Material Matters:

Dennis J. Fasbinder, DDS

Abstract

The continued evolution of chairside computer-assisted design/
computer-assisted manufacture (CAD/CAM) technology for delivering
single-appointment restorations has had a significant impact on

the array of materials available for in-office fabrication of dental
restorations. For ease in understanding their properties and clinical
applications, these restorative materials may be categorized based on
material composition. Chairside CAD/CAM represents the fabrication
process, but the clinical outcome of the restoration is influenced more
by the restorative material and how it is handled. This article presents a
review of currently available materials for chairside CAD/CAM systems
in an effort to help clinicians make the most informed decision on
restoration options for predictable success.
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With more and more dentists utilizing
CAD/CAM technology and manufacturers
continually expanding their offerings of
materials, an informed understanding of
the myriad CAD/CAM restorative materials
will aid a clinician’s selection process. 99
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Introduction

The technology and the quality of materials used are critical

in achieving esthetically superior restorations. With more and

more dentists utilizing CAM/CAD technology and manufac-
turers continually expanding their offerings of materials, an
informed understanding of the myriad CAD/CAM restorative
materials will aid a clinician’s selection process.

CAD/CAM technology is a digital workflow to fabricate res-
torations. This process requires three general sequences:

1. Recording the intraoral condition to a computer software
program using an intraoral scanner or camera.

2. Manipulating the digital data in the design sequence using
a software program to create the desired contours, occlu-
sion, and contacts of the restoration.

3. Fabricating the designed restoration using a subtractive
manufacturing process to shape or mill the desired restora-
tion contour from a preformed block of material based on
the volumetric design created with the software program.
Digital technology for dental treatment generally refers to

equipment and software required for restoration fabrication.

It is incumbent on the clinician to determine what specific

equipment is optimal for leveraging the CAD/CAM process in

the dental office. Digital impression systems focus on intraoral

Table 1. Chairside CAD/CAM Restorative Materials

imaging, limited to the first sequence of CAD/CAM technology.
The recorded data file is transmitted to a dental laboratory for
design and processing of the restoration. Alternatively, using a
chairside system, the entire CAD/CAM workflow can be lever-
aged for chairside fabrication of the restoration.

Restorations typically are referred to by their system name
(e.g., a PlanScan restoration, a Carestream restoration, a CEREC
restoration). However, these terms actually denote the digital
design and fabrication process, not the composition of the re-
storative material. Features unique to all CAD/CAM materials
are that they are monolithic and industrially processed. This
results in a dense, single homogeneous material throughout
the restoration rather than a bilayer restoration consisting of a
coping and veneer layer.

CAD/CAM materials for chairside processing in a single ap-
pointment may be categorized based on material composition
for ease in understanding their properties and clinical applica-
tions (Table 1).'? Each of the categories offers unique physi-
cal properties and indications for specific clinical applications.
The chairside CAD/CAM system represents the fabrication pro-
cess, but the clinical outcome of the restoration is more likely
influenced by the category of restorative material and how it is
handled.

Material Category Description Brand Manufacturer
feldspathic glass Vitablocs Mark II Vita Zahnfabrik
Adhesive Ceramic CEREC Blocs Dentsply Sirona
leucite-reinforced glass IPS Empress CAD Ivoclar Vivadent
lithium disilicate IPS e.max CAD Ivoclar Vivadent
High-Strength Ceramic zirconia-reinforced lithium .
. . Celtra Duo Dentsply Sirona
silicate (precrystallized)
nanoceramic Lava Ultimate 3M
- . Cerasmart GC America
Resilient Ceramic
hybrid ceramic (PICN) Enamic Vita Zahnfabrik
. . . . Paradigm MZ100 3M
EpesEl e HEA G ResS Brilliant Crios Coltene/Whaledent
CEREC Zirconia Dentsply Sirona
Zirconia presintered zirconia e.max ZirCAD Ivoclar Vivadent
Katana Zirconia Kuraray Noritake Dental
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Materials

Adhesive Ceramics

The introduction in the 1980s of the first CAD/CAM systems ush-
ered in a dramatic change in the fabrication of chairside restora-
tions. Adhesive ceramic materials were the first millable materials
developed for CAD/CAM systems. This category includes materi-
als with a significant glass component, resulting in higher translu-
cency; this provides a “chameleon” effect that allows the material
to blend well with the existing tooth shade. Exhibiting a moderate
flexural strength of 125 to 175 megapascals (MPa), these materials
are not independently strong enough to be delivered with tradi-
tional cements. However, the glass component of the material can
be etched with hydrofluoric acid to create micromechanical reten-
tion for adhesive bonding. Adhesive bonding not only provides
dependable retention, but it also seals the internal aspect of the
restoration against cracks and improves resistance to functional
fracture.’

Feldspathic and leucite-reinforced materials: Two types of ma-
terials are marketed in this category. One group is composed of fine-
grained feldspathic porcelain (Vitablocs Mark II, Vita Zahnfabrik;
Bad Sackingen, Germany, and CEREC Blocs, Dentsply Sirona; York,
PA) (Figs 1-3); the other group is composed of leucite-reinforced
ceramic (IPS Empress CAD, Ivoclar Vivadent; Schaan, Liechten-
stein) (Figs 4-6).>* These materials are available as monochromatic
blocks in a variety of classic shades, as well as polychromatic blocks
with a progression of chroma and translucency that simulates the
shade transition from cervical to incisal in natural dentition.

Most laboratory studies typically evaluate only one or two spe-
cific material properties, making it difficult to compare overall
properties across studies. One in vitro study measured a variety of
physical properties of adhesive ceramic materials.* Feldspathic glass
material was significantly harder than leucite-reinforced material,
which may make the feldspathic material more resistant to surface
scratches and wear. Leucite-reinforced material had a greater flex-
ural strength and fracture toughness, which may make it more resis-
tant to fracture. Physical property differences described within this
material category have not been found to influence clinical longev-
ity between the two types of adhesive ceramic materials.

Adhesive ceramic materials may be either hand-polished or
glaze-fired with custom characterization to influence their esthetic
outcome. Hand polishing creates an optimally smooth surface for
functional wear with antagonist teeth. This category of materials is
indicated for single-tooth restorations (e.g., inlays, onlays, veneers,
and crowns).

Clinical studies: One of the first clinical studies on chairside
CAD/CAM inlays was published in 1991.> A CEREC 1 unit (Dentsp-
ly Sirona) was used to deliver 35 premolar and 59 molar feldspathic
porcelain inlays (Vitablocs Mark I) between September 1985 and
August 1987. Two fractured inlays were reported after three years of
clinical service. This early study was one of the first to indicate that
milled ceramic restorations had the potential for desired clinical
outcomes and longevity in a chairside application.

Fasbinder

Figures 1-3: Feldspathic ceramic onlay (Vitablocs Mark Il) #19 at
one-month, three years, and five years.
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As adhesive ceramic materials have been available for more
than 25 years, numerous long-term clinical studies have been
published. A series of articles on 1,011 chairside CAD/CAM res-
torations placed with the CEREC system between June 1987
and September 1990 was published from 1991 to 2006. The
restorations, performed on 299 patients in a private practice,
were recalled for up to 18 years. After five years, the survival
probability was 95%; after seven years, the Kaplan-Meier curve
dropped to 91.6%.%” The survival probability was 90% at 10
years and declined to 84.9% at 16.7 years.® No significant dif-
ference in survivability based on the number of tooth surfaces
restored was reported.

The clinical research published on chairside CAD/CAM
restorations prior to 2004 was based on adhesive ceramic ma-
terials, as they were the only category of chairside CAD/CAM
material available. A comprehensive review of clinical studies
published prior to 2005 was published in 2006 and provides
additional detailed information on these studies.’

High-Strength Ceramics

Lithium disilicates and zirconia-reinforced lithium silicates:
The introduction of ceramic materials with improved strength
properties marked an important development in CAD/CAM
materials. IPS e.max CAD was introduced in 2006 as a lithium
disilicate material with a significantly greater flexural strength
and fracture toughness than previous adhesive glass ceram-
ics.'*" The block consists of 0.2-1.0 micron (pm) lithium me-
ta-silicate crystals 40% by volume. The manufactured block is a
blue-violet color, which accounts for the commonly used “blue
block” description. This partially crystallized “soft” state (i.e.,
~140 MPa) allows the block to be milled easily without exces-
sive diamond bur wear or damage to the material. Post milling,
the restoration must be subjected to a two-stage firing cycle in
a ceramic furnace at 850° C under vacuum to complete the
crystallization process. During crystallization, the meta-silicate

Each of the categories
offers unique physical

Figures 4-6: Leucite-reinforced ceramic onlay (Empress CAD) #3 at
the time of delivery, two years, and five years.

properties and
indications for specific
clinical applications.
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Figures 7 & 8: Glazed zirconia-reinforced lithium silicate crown (Celtra Duo) #19 at the time of delivery and at one year.

crystals are dissolved, the lithium disilicate crystallizes, and
the ceramic is simultaneously glazed. The restoration changes
from the blue color to the chosen shade and achieves the ma-
terial’s maximum flexural strength potential (i.e., 500 MPa).
The crystallization firing produces a glass ceramic restoration
with a grain size of approximately 1.5 pm with a 70% crystal
volume incorporated in a glass matrix, as well as creates the
optimum translucency for the material.!?

Another example of a high strength CAD/CAM ceramic,
Celtra Duo (Dentsply Sirona) was introduced in 2012 as a zir-
conia-reinforced lithium silicate (ZLS). The ZLS microstructure
has a high content of ultra-fine glass ceramic crystals (i.e., <1.0
pm). Zirconium dioxide (10%) is unique to the composition
of Celtra Duo and is completely diluted in amorphous glass.
It creates a fine-grained structure that increases the material
strength, yet allows the material to be readily machined. The
manufacturer provides Celtra Duo in a fully crystallized state
that may be either hand-polished or glaze-fired in a ceramic
furnace prior to delivery. Hand polishing the restoration re-
sults in a material that has a flexural strength of 210 MPa, while
glazing it in a porcelain oven results in a restoration with a
flexural strength of 370 MPa (Figs 7 & 8).!* Both IPS e.max
CAD and Celtra Duo are also available to dental laboratories
as press-fit ingots.

The category of high-strength ceramic materials has become
the most popular for chairside restorations. Clinicians appreci-
ate the combination of the materials’ improved strength and
good translucency with their ease of use in surface finishing
to fabricate natural-looking restorations. Maximum strength
is dependent on oven glazing for ZLS restorations and oven
crystallization for lithium disilicate restorations. Clinicians
apparently find these additional in-office processing steps ac-
ceptable, since they result in restorations with higher strength
properties. This category of materials is indicated for single-
tooth restorations (e.g., inlays, onlays, veneers, and crowns).

Lithium disilicate also is available in specifically designed
blocks for short-span fixed partial dentures and the restoration
of dental implants.

Clinical studies: The introduction of high-strength CAD/
CAM materials offered an opportunity to evaluate the degree
to which higher strength influenced clinical outcomes. One
clinical study evaluated the performance of chairside CAD/
CAM lithium disilicate (IPS e.max CAD) crowns fabricated
with the CEREC system during a single appointment.!* Forty-
one full crowns were cemented with a dual-cure, self-adhesive
resin cement (Multilink Sprint, Ivoclar Vivadent). At the two-
year recall, 39 crowns were available for examination. Kaplan-
Meier analysis resulted in a two-year survival rate of 97.4%.
The failures observed were not due to material fracture; one
crown exhibited secondary caries and two crowns received root
canal treatment. A four-year follow-up was conducted and a
success rate of 96.3% was reported.!>

A retrospective study of lithium disilicate restorations in-
cluded the clinical performance of 21 monolithic lithium dis-
ilicate (IPS e.max CAD) posterior crowns fabricated chairside
with the CEREC system. All crowns were adhesively cemented
using either a self-adhesive (RelyX Unicem, 3M; St. Paul, MN)
or a dual-cure resin cement (Multilink Automix, Variolink II
[Ivoclar]). The crowns were recalled for up to six years of clini-
cal service. Minor cohesive fractures (i.e., chipping) occurred on
three of the monolithic crowns. Posterior monolithic crowns
showed cumulative survival and success rates of 96.2%.'°

Another longitudinal clinical study evaluated the perfor-
mance of 100 lithium disilicate (IPS e.max CAD) crowns at
two, four, and five years.!”"” All crowns were fabricated chair-
side with a CEREC unit and delivered during a single appoint-
ment (Figs 9-11). The first 62 crowns were placed with either a
self-etching bonding agent and adhesive resin cement or a self-
adhesive resin cement. The last group consisted of 38 crowns
that were delivered using experimental self-etching, self-curing
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cement. No crown failures were reported during the first two
years, resulting in a 100% survival rate. At five years, a total
of five failures were recorded—one crown fractured and four
crowns debonded (three of which had been delivered with
the experimental cement). All of the debonded crowns were
recemented with a dual-cure resin cement and remained func-
tional without problems through the five-year recall. This ac-
counted for a 99% clinical survival rate at five years.

A short-term clinical study reported on glazed ZLS (Celtra
Duo) restorations placed with the CEREC system.?® A total of
78 partial premolar and molar crowns were delivered with a to-
tal etch adhesive cementation technique. All restorations were
intact without fractures and asymptomatic at the two-year re-
call. One restoration required endodontic treatment. The Ka-
plan-Meier success rate was 98.8%.

Another short-term clinical study evaluated ZLS (Celtra
Duo) inlays after one year of clinical service.? There were 27
inlays and 33 onlays fabricated with the CEREC system and
adhesively delivered in a single appointment. The 60 restora-
tions were divided between hand polishing and oven glazing
to create the final surface finish. One polished molar onlay and
one oven glazed molar onlay failed due to bulk fracture. The
authors reported a 96.7% success rate after one year.

Resilient Ceramics

This newer category of chairside CAD/CAM materials is de-
signed to take advantage of the lower brittleness and greater
fracture resistance properties of polymers, while combining
the esthetic characteristics of glass ceramics. Resilient ceramic
materials—also referred to as resin nanoceramics, hybrid ce-
ramics, or polymer-infiltrated-ceramic network (PICN) materi-
als in an attempt to specifically distinguish within the catego-
ry—all contain a resin matrix structure and a lower modulus
of elasticity. Materials with a lower modulus of elasticity may
be considered more resilient and able to resist a higher func-
tional load without brittle fracture. Since these materials are
less dense than ceramics, they mill efficiently with less margin
chipping.*

Nanoceramics: Lava Ultimate (3M) is a nanoceramic CAD/
CAM material that contains silica particles of 20 nanometers
(nm), zirconia particles of 4 to 11 nm, and agglomerated nano-
sized particles of silica and zirconia, all embedded in a highly
cross-linked polymer matrix with an approximately 80% ce-
ramic load. According to the manufacturer, an advantage for
the nanoceramic material over CAD/CAM composite blocks is
the former’s ability to retain a high-gloss surface finish over
Figures 9-11: Lithium disilicate crown (e.max CAD) #19 at the time time.” The manufacturer reports a flexural strength of 200 MPa
of delivery, two years, and five years. for Lava Ultimate, which is greater than the flexural strength
of the feldspathic and leucite-reinforced porcelain blocks, and
of veneering porcelains for porcelain-fused-to-metal (PFM)
crowns (i.e, < 100 MPa).? The manufacturer indicates it for
veneers, inlays, and onlays, but not for crowns. Independent
laboratory studies have reported flexural strength of 170 MPa
for Lava Ultimate.?>?
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Its manufacturer describes Cerasmart (GC America; Alsip,
IL) as a flexible nanoceramic with a resin matrix containing
homogeneously distributed nanoceramic filler particles. The
material, which is radiopaque, is a high-density composite
resin with 71% silica and barium glass nanoparticles filler by
weight.?? The reported flexural strength of Cerasmart is 230
MPa and it is indicated for single-tooth restorations (e.g., ve-
neers, inlays, onlays, and crowns).?

PICN hybrids: Introduced in 2013, Enamic (Vita) is de-
scribed as a PICN. It is a resin-based (14% by weight) hybrid
ceramic comprising an interpenetrating structure of a leu-
cite-based and zirconia-reinforced ceramic network (86% by
weight).?? The material’s mechanical properties are intermedi-
ate to those of adhesive ceramics and highly filled composites.?
The ceramic network may improve wear resistance; however, it
may make the material more brittle and susceptible to fracture.
The polymer network can improve the material’s fracture resis-
tance due to its capability of undergoing plastic deformation.?
This material is indicated for inlays, onlays, and crowns, and
the manufacturer reports a flexural strength of 150 MPa. The
latter is consistent with the results of an independent study,
which reported the flexural strength to be approximately 135
+ 25 MPa.?? A more recent introduction, Enamic IS is based on
identical chemistry, but comes in a block design specific for
milling implant restorations.

Resilient CAD/CAM materials offer a very good combina-
tion of fast and accurate milling with efficient finishing and
polishing to minimize processing time for chairside restora-
tions. While hand polishing quickly results in surface smooth-
ness comparable to ceramics, shade modification is limited
to the use of visible light-cured (VLC) surface tints and glaz-
es. This category of materials does not exhibit the inherent
strength to be cemented and must be adhesively bonded to the
tooth structure.

Clinical studies: Limited clinical studies on resilient ceram-
ic materials have been reported due to their relatively recent
introduction. One randomized clinical study evaluated onlays
fabricated with Lava Ultimate and IPS Empress CAD materi-
als.?® A total of 86 patients received 120 CEREC chairside CAD/
CAM onlays equally divided between the two materials. All on-
lays were adhesively cemented with either a self-etch process
and dual-cure resin cement (RelyX Ultimate) or a total-etch
process and dual-cure resin cement (Variolink IT). At the end of
three years, there were five failed onlays (Figs 12-14). Two of
the Lava Ultimate onlays required endodontic treatment; three
other onlays (i.e., two IPS Empress CAD onlays and one Lava
Ultimate onlay) fractured. No significant changes in surface
finish or contour were reported for either material.

A second clinical study on Lava Ultimate included 42 onlays
fabricated with the CEREC system and adhesively delivered
with a dual-cure resin cement (Variolink II) for 30 patients.?”
Within the first 12 months, two onlays debonded and required
replacement; this resulted in a success rate of 95%. There were
two fractured onlays and one additional debonded onlay that
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Figures 12-14: Nanoceramic onlay (Lava Ultimate) #12 at the time
of delivery, one year, and three years.
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The introduction of ceramic
materials with improved

strength properties marked
an important development
in CAD/CAM materials.

required replacement after two years of clinical function; this
accounted for a cumulative success rate of 85.7%.

One clinical study compared Enamic onlays to Vitablocs
Mark IT onlays for restoration of endodontically treated teeth.?
A CEREC system was used to deliver 101 onlay restorations
(i.e., 67 Enamic and 34 Vitablocs Mark II) that were recalled
for three years. Five failures were recorded—two Enamic on-
lays and three Vitablocs Mark II onlays. One Enamic onlay
debonded at 12 months and one fractured at 12 months. Two
Vitablocs Mark I onlays debonded at 24 months and one frac-
tured at 18 months. The reported survival rates were 97% for
Enamic and 90.7% for Vitablocs Mark II (p>0.05). There were
no significant differences between the success rates of restoring
extensively damaged teeth and short clinical crowns between
the two groups (p>0.05).

Another clinical study evaluated 103 Enamic restorations
(i.e., 45 inlays and 58 onlays) over three years of clinical ser-
vice.?? All restorations were fabricated chairside using a CEREC
Bluecam system and adhesively delivered using a dual-cured
resin cement (Variolink II) in a single appointment. Three res-
torations fractured requiring replacement. The reported surviv-
al rates were 97.4% for inlays and 95.6% for onlays.

Composite Materials

Introduced in 2000, composite resin CAD/CAM materials
for chairside applications have not been particularly popular.
However, recent developments in the ease of use and efficiency
of CAD/CAM technology have lead to an increased use of com-
posite materials. Development of accurate occlusion, desired
proximal contacts, and avoidance of postoperative sensitivity
can prove problematic when using sectional matrices for the
placement of large, multi-surface direct composite restora-
tions. The chairside CAD/CAM workflow may offer a more pre-
dictable result while avoiding postoperative sensitivity using
monolithic composite blocks, as there is no polymerization
shrinkage to the milled restoration.

Paradigm MZ100 (3M) was the first composite block intro-
duced. It is radiopaque, has zirconia-silica filler particles, and is
85% filled by weight with an average particle size of 0.6 pm.*
A proprietary processing technique is used to maximize the de-
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gree of cross-linking in the Bis-GMA composite.® Paradigm
MZ100's reported flexural strength is 157 + 30 MPa, which is
similar to the flexural strength of adhesive ceramic materials.??

Brilliant Crios (Coltene/Whaledent; Cuyahoga Falls, OH),
which was introduced in 2016, is a reinforced composite con-
taining amorphous silica particles (< 20 nm) and barium glass
ceramic particles (< 1.0 pm) in a cross-linked methacrylate
matrix. The manufacturer reports a filler weight of 70.7% and
filler volume of 51.5% with a flexural strength of 198 MPa and
a modulus of elasticity of 10.3 GPa. The modulus of elasticity,
similar to that of dentin, is suggested to minimize stress con-
centration in the restoration and avoid brittle fracture.

Clinical studies: Minimal clinical research currently exists
on CAD/CAM composites, but one clinical study reported the
three-year, six-year, and 10-year results of a randomized clini-
cal trial of 40 Paradigm MZ100 inlays and 40 Vitablocs Mark
IT inlays.”*" All inlays were cemented using a total-etch bond-
ing technique with a dual-cure resin cement (RelyX ARC) (Figs
15-17). At the 10-year recall, 89% of the inlays were available
for evaluation. The composite inlays exhibited no significant
change in color match from baseline, while the porcelain in-
lays exhibited a decrease in color match at six months. This col-
or discrepancy, attributed to changes in tooth color, remained
unchanged. There was one composite inlay fracture and five
porcelain inlays fractures at 10 years, with a calculated survival
rate of 95% for Paradigm MZ100 inlays versus 87.5% for Vita-
blocs Mark II inlays. The calculated annual failure rates were
0.5% for composite inlays and 1.25% for ceramic inlays.

Zirconia

The newest material category for chairside CAD/CAM materi-
als is full-contour zirconia. CEREC Zirconia (Dentsply Sirona),
precolored zirconia blocks for full-contour restorations, was
introduced in 2016. A concomitant development and intro-
duction of an innovative induction-sintering oven (SpeedFire,
Dentsply Sirona) significantly reduced the sintering process to
less than 20 minutes, thus allowing for single-appointment
processing and delivery. Zirconia has a flexural strength and
fracture toughness that is typically at least three times that
of adhesive glass ceramic materials.>> The reported flexural
strength for CEREC Zirconia is more than 1000 MPa.* Zirco-
nia’s high strength allows for conventional cementation rather
than adhesive bonding for retention, assuming adequate resis-
tance and retention form exist.

As a new category of chairside CAD/CAM material, zirconia
is likeliest to experience the most developments going forward.
In general, zirconia materials have been evolving into formu-
lations with greater translucency and sufficient strength to be
cemented rather than adhesively bonded. Newer full-contour
zirconia materials for chairside CAD/CAM application, such as
Katana Zirconia (Kuraray Noritake Dental; Tokyo, Japan) and
IPS e.max ZirCAD, have been introduced with improved trans-
lucency and polychromatic esthetic shading. However, to date,
limited clinical evidence exists regarding these materials.



Figures 15-17: CAD/CAM composite onlay (Paradigm MZ100) #3 at
the time of delivery, three years, and six years.

Fasbinder

Summary

The term chairside CAD/CAM restoration obviously is not par-
ticularly descriptive of the actual restoration that is fabricated,
based on the diverse array of material options available. Un-
derstanding the material categories and their differing proper-
ties and handling characteristics will play an influential role in
selecting a specific material for a particular clinical situation.
A significant amount of clinical evidence supports the premise
that attention to the unique properties and features of the vari-
ous categories of CAD/CAM materials can result in excellent
clinical outcomes.
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