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Abstract

Objectives Indirect CAD/CAM restorations can be fabricated using both subtractive and additive CAD/CAM technology. This
study investigated the fracture load of crowns fabricated from three particle-filled composite CAD/CAM materials and one 3D-
printed composite material.

Materials and methods Lava Ultimate, Cerasmart and Brilliant Crios were used as particle-filled composite CAD/CAM material
and els-3D Harz as 3D-printed composite material. For each group, crowns with three different material thicknesses (0.5/1.0/
1.5 mm) were fabricated. Control group was composed of ceramic-based CAD/CAM materials e.max CAD and Enamic. Totally,
n =180 crowns were fabricated and adhesively seated on SLA fabricated dies. Thermomechanical loading and fracture testing
were performed. The data for fracture loading force were statistically analyzed by two-way ANOVA followed with multiple
comparisons by post hoc Tukey’s test (oc=0.05).

Results In contrast to ceramics, all particle-filled composite crowns with 0.5-mm thickness survived fatigue testing. Forces varied
statistically significantly. Brilliant Crios showed highest maximum loading force with 1580.4+521.0 N (1.5 mm). Two-way
ANOVA indicated that both the material and the thickness affected the fracture load (p < 0.05).

Conclusions Particle-filled composite resin CAD/CAM materials may have advantageous material characteristics compared to
ceramic CAD/CAM materials for minimal restoration thicknesses.

Clinical relevance Composite-based CAD/CAM materials may offer new possibilities in minimally invasive restorative
treatment concepts.

Keywords Resin nano ceramic - Hybrid ceramic - Particle-filled composite - Lithium disilicate ceramic - 3D printing - CAD/
CAM - CEREC

Introduction

Both ceramic and composite resin materials are used for the
fabrication of indirect CAD/CAM (computer-aided-design/
computer-aided-manufacturing) restorations. While esthetic
characteristics have been reported to be superior for ceramics,
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composite-based materials may behave advantageously in
terms of intraoral reparability [1-3]. Up-to-date, CAD/CAM
composite materials are mostly available for subtractive fab-
rication procedures with a CAD/CAM milling machine in the
form of industrially homogenously fabricated blocks. These
blocks have been shown to have superior characteristics com-
pared to direct composite materials [4, 5]. These materials are
used for permanent single restorations. Composite-based
CAD/CAM materials are composed of a composite resin poly-
mer matrix and embedded ceramic-based filler particles. The
composition and percentage of the relative compartment dif-
fers for the respective CAD/CAM materials and might be the
main reason for the different material characteristics [2, 6, 7].
Composite-based CAD/CAM materials are often referred to
as “particle-filled composites” because of their high filler per-
centage which is exemplarily reported to be 79% for Lava
Ultimate (3 M ESPE; St Paul, MN, USA) and 71% for
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Cerasmart (GC Corporation; Tokyo, Japan). Up-to-date, only
few 3D-printable composite materials are available for fixed,
permanent single restorations. 3D-printable composite mate-
rials are additively built up layer-by-layer with a 3D printer
typically using DLP (digital light processing) technology.

Few clinical studies are available for composite-based
CAD/CAM materials, and most in vitro studies in terms of
fatigue and fracture behavior only address veneer restorations
[8-13]. However, there are no studies available investigating
the fracture load of composite-based CAD/CAM materials as
a function of different material thicknesses.

The aim of this study was to evaluate the fracture load of
three particle-filled composite CAD/CAM materials and one
3D-printed composite as a function of different material thick-
nesses. The hypothesis was that there are no statistically signif-
icant differences for the fracture load of CAD/CAM-fabricated
crowns made from different materials and thicknesses.

Materials and methods

The study comprised fatigue loading and subsequent fracture
loading of adhesively seated single molar CAD/CAM crowns.
Four composite CAD/CAM materials were investigated:
LU =Lava Ultimate (3M ESPE; St. Paul, MN, USA), GC=
Cerasmart (GC Corporation; Tokyo, Japan); BC = Brilliant
Crios (Colténe AG; Altstatten, Switzerland); 3D =els-3D
Harz (Saremco Dental AG; Rebstein, Switzerland). Control
group was composed of two ceramic-based CAD/CAM ma-
terials: EC = lithium disilicate ceramic e.max CAD (Ivoclar
Vivadent AG; Schaan, Liechtenstein); VE =hybrid ceramic
VITA Enamic (VITA Zahnfabrik; Bad Sidckingen,
Germany). For each material, three different material thick-
nesses were investigated (0.5 mm, 1.0 mm, and 1.5 mm).
For each group, n =10 crowns were fabricated with a CAD/
CAM system (CEREC Bluecam, CEREC MCXL milling
unit) (Dentsply Sirona; York, PA, USA) (groups LU, GC,
BC, EC, VE) respectively a 3D printing device (Freeform
Pro 2, ASIGA; Anaheim Hills, CA, USA) (group 3D). In total
180 crowns were fabricated. Groups are shown in Table 1.

Table 1 Overview groups and material characteristics; Lava Ultimate
(LU), Cerasmart (CE), Brilliant Crios (BC), els-3D (3D), VITA Enamic
(VE), emax CAD (EC): each group was composed of three subgroups

Estimation of total sample size for the respective study setup
with six test groups based on cc=10.05 significance level was
performed by means of a power analysis with statistical power
analysis program G*Power v3.1 (Open Source; HHU
Diisseldorf) in respect of an estimated effect size of 0.3 and
an observed power of 0.85.

All crowns were adhesively seated to methacrylate dies (n =
180) fabricated with stereolithography (SLA) technology
(Viper Si2, 3D Systems; Rock Hill, SC, USA). Dies were de-
signed with special CAD Software (Pro Engineer Wildfire 4.0,
PTC; Needham, MA, USA). There were three different designs
for each 0.5 mm, 1.0 mm, and 1.5 mm groups. Design for the
dies was in accordance with the preparation guidelines for full-
ceramic restorations. Z-axis solution was 100 pum for the base
of the die and 50 um for the body of the die. Material charac-
teristics for the die material (inCoris SLS, infiniDent;
Darmstadt, Germany) were as follows: E-Modulus 2.5 GPa,
fracture strength 110-130 MPa, shore hardness 80—84 Shore D.

CAD design of single molar crowns for each group was
done using CEREC software v.4.0 (Dentsply Sirona; York,
PA, USA). CAD software tools “cursor details” and “show
minimum thickness” were applied to ensure the respective
thickness of the restoration for each group. Restoration for
group 0.5 mm was designed manually. CAD design mode
“biocopy” was used to transfer and adapt this design for
groups 1.0 and 1.5 mm. For these means, a 0.5-mm crown
was scanned with the intraoral scanning device CEREC
Bluecam (Dentsply Sirona; York, PA, USA) after dusting with
scanspray (VITA Powder Scan Spray, VITA Zahnfabrik; Bad
Sickingen, Germany). For all restorations, the spacer param-
eter was set to 80 pm whereas all other parameters were set to
0 um. CAM fabrication was performed with the 3+ 1 axis
milling unit CEREC MCXL (Dentsply Sirona; York, PA,
USA) equipped with cylinder pointed bur 12 § and step bur
12. Milling mode was set to “standard.” Milling instrument
was renewed after milling one group respectively, i.e., after
ten milling cycles to prevent damage of the restorations by
used instruments. Printing of crowns for group 3D was per-
formed with the DLP-based 3D printer Freeform Pro 2
(ASIGA; Anaheim Hills, CA, USA) after STL data file import

(n=10) with 0.5 mm, 1.0 mm, and 1.5 mm material thickness; totally
180 specimens were fabricated: *E-Moduli values derived from manufac-
turers’ safety sheet data

Group Material class Material label Post-processing E-Modulus*
LU Particle-filled composite Lava Ultimate Only milling 15 GPa
CE Particle-filled composite Cerasmart Only milling 12 GPa
BC Particle-filled composite Brilliant Crios Only milling 10 GPa
3D 3D-printed composite els-3D Light curing 4.5 GPa
VE Hybrid ceramic VITA Enamic Only milling 30 GPa
EC Lithium disilicate ceramic e.max CAD Glaze firing 95 GPa
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into the software. Parameters were set to slice thickness
50 pm, exposure time 0.6 s, minimum/maximum light inten-
sity 13.14 mW/cm?, z compensation 0 um, xy compensation
0 pm. Crowns underwent different post-processing proce-
dures after fabrication. Crowns of group EC were crystallized
according to manufacturer’s recommendations (Programat
CS, Ivoclar Vivadent AG; Schaan, Liechtenstein). Crowns
of group 3D were first cleaned and washed in isopropanol
98% for 2 x 3 min using ultrasonic and then light cured with
4000 lighting exposures using Otoflash G171 device under
nitrogen oxide gas atmosphere. No further manipulation was
done to crowns of groups LU, BC, CE, VE. Die and restora-
tion for thickness 0.5 mm is exemplarily shown in Fig. 1.
Different cross-sections of restorations for 0.5 mm, 1.0 mm,
and 1.5 mm restorations are shown in Fig. 2.

All crowns were adhesively seated to SLA-fabricated dies
in accordance with a standardized protocol with a dual-
polymerizing composite resin system (Variolink II high vis-
cosity, Ivoclar Vivadent AG; Schaan, Liechtenstein).
Application of an oxygen layer inhibitor material
(Oxyguard, Kuraray Noritake; Tokyo, Japan) was performed.
Polymerization of the luting composite resin was done with a
polymerization lamp (Satelec MiniLED, KaVo Dental;
Biberach, Germany) using 1600 mW/cm? from the occlusal,
mesial, distal, buccal, and lingual aspects for 60 s each.
Preparations of dies and restorations prior to luting were
carefully ensured following a standardized protocol. Dies

Fig. 1 SLA fabricated die and CAD designed restoration for 0.5 mm
material thickness CAD/CAM restoration: view from buccal and mesial
aspect each

were airborne-particle abraded with Si-coated aluminum ox-
ide (Cojet, 3M ESPE; St. Paul. MN, USA) (diameter <
50 um, 200 kPa). Silanization of the dies was done with a
silane for at least 60 s (Monobond Plus, Ivoclar Vivadent
AG: Schaan, Liechtenstein). Bonding agent Heliobond
(Ivoclar Vivadent AG: Schaan, Liechtenstein) was applied
without light-curing. Restorations were cleaned with ultra-
sonic and degreased with ethanol. Restoration’s preparation
for adhesive luting was in accordance with the respective
manufacturer’s recommendations. Five percent HF acid etch-
ing was applied in group VE (60 s) and group EC (20 s).
Restorations of groups LU, CE, BC, and 3D were airborne-
particle abraded with aluminum oxide (diameter <30 um,
200 kPa). Silanization with a silane (Monobond Plus;
Ivoclar Vivadent AG; Schaan, Liechtenstein) for at least
60 s and application of a bonding agent (Heliobond;
Ivoclar Vivadent AG; Schaan, Liechtenstein) was performed
for all restorations.

After adhesive seating, crowns were prepared for fatigue
testing and fracture loading. Restorations were centrally fixated
in test blocks with a methacrylate (Paladur; Heraeus Kulzer;
Hanau, Germany). Storage of crowns was done in distilled
water at 37° in a heating cabinet. Thermomechanical loading
was performed in respect to standardized protocol in a specially
designed mastication device (1.2 million eycles, 1.7 Hz, invari-
able occlusal load 49 N = 0.7 N, thermal cycling 5-55 degrees,
dwell time 120 s, 12,000 cycles, water change time 10 s) [14].
The antagonist was the cusp of a natural molar. Load was ap-
plied to the central fissure. Examination of restorations for
cracks was performed with a stereomicroscope at x 14 magni-
fication with transmitted light after thermomechanical loading
(Wild LeitzM 1B, Walter Products; Windsor, ON, Canada). If
restorations showed failures such as cracks or chipping frac-
tures, they were eliminated for further investigation. Surviving
specimens were loaded until fracture in a universal testing ma-
chine (Allround Line z010; Zwick: Ulm, Germany) using a
standardized protocol (crosshead speed 1 mm/min, ball diame-
ter 5 mm). The maximum loading force to fracture values (N)
were recorded automatically. The data for maximum loading
force were statistically analyzed by two-way ANOVA followed
with multiple comparisons by post hoc Tukey’s test (o= 0.05).

Results

Results for survival after fatigue testing and values for fracture
loading are shown in Table 2. The maximum fracture loading
forces significantly varied among the groups tested. There was
a statistically significant two-way interaction between material
and thickness F(8, 141)=3.075, p=0.003. Detailed statistical
results after two-way ANOVA followed with multiple compar-
isons by post hoc Tukey’s test (o = 0.05) are shown in Table 3.
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Fig. 2 Cross-section CAD design
for CAD/CAM crown restoration
with 0.5 mm, 1.0 mm, and

1.5 mm; view from buccal aspect

Compared to ceramic materials, all particle-filled compos-
ite crowns with 0.5-mm thickness survived fatigue testing.
None of the crowns for group VITA Enamic (VE) and one
crown for group e.max CAD (EC) with 0.5-mm thickness
survived fatigue testing. One crown with thickness 1.0 mm
in group CE, BC, and LU showed cracks after fatigue loading.
For particle-filled composite materials group, Brilliant Crios
(BC) showed highest mean loading force until fracture with a
mean of 1580.4 N for group 1.5 mm. Mean loading force for
Lava Ultimate (LU) restorations was highest with a mean of
1516.2 N for group 1.5 mm. Mean loading force for Cerasmart
(CE) restorations was highest with a mean of 1251.1 N for
group 1.5 mm. Mean loading force for 3D-printed materials
els-3D Harz (3D) was highest with a mean of 1478.7 N for
group 1.5 mm. No statistically significant differences were
found among all four particle-filled composite resin CAD/

CAM materials for all material thicknesses. VITA Enamic
(VE) showed lowest mean loading force for ceramic-based
materials with 729.1 N for group 1.0 mm.

Discussion

In this study, the fracture load of three particle-filled composite
CAD/CAM materials (Lava Ultimate, Cerasmart, Brilliant
Crios) and one 3D-printed composite (els-3D Harz) was inves-
tigated as a function of three different material thicknesses (0.5/
1.0/1.5 mm). The control group was composed of two ceramic-
based CAD/CAM materials (e.max CAD, Enamic). Molar
crowns were fabricated either with a subtractive CAD/CAM
system for groups LU, CE, BC, VE, and EC or an additive
3D printing system for group 3D. Crowns were adhesively

Table 2 Overview results
maximum loading force of CAD/
CAM-fabricated and 3D-printed

95% confidence interval

composite crowns in Newton (N); thick. n n* mean SD Min Max lower upper
n number of specimens: #* num-
ber of specimens survived fatigue LU 0.5 10 10 654.5 101.6 550.0 803.0 581.8 727.1
testing and forwarded to fracture 1.0 10 9 8314 2514 5318 1307.1 638.2 1024.6
kg 15 10 10 15162 2829 10020 18948 13118 1718.5
CE 0.5 10 10 858.3 59.1 770.0 951.1 816.0 900.6
1.0 10 9 1170.2 279.7 822.4 1528.6 955.2 1385.2
15 10 10 1251.1 430.9 795.5 1970.6 942.8 1559.4
BC 05 10 10 800.2 109.2 633.4 984.7 722.1 878.3
1.0 10 9 1255.7 2339 659.4 1416.1 10759 14355
1.5 10 10 1580.4 521.0 947.2 2356.7 1207.6 1953.1
3D 0.5 10 10 571.1 89.1 350.0 651.5 507.4 634.8
1.0 10 10 1055.1 133.8 860.3 1306.2 959.3 1150.8
135 10 10 1478.7 168.2 1190.1 1740.8 13584 1599.0
VE 0.3 10 0 - - - - - -
1.0 10 10 729.1 165.6 528.7 1009.6 610.6 847.6
15 10 10 1016.8 176.4 701.7 1302.9 890.5 1143.0
EC 0.5 10 1 636.1 - - - - -
1.0 10 10 838.0 108.4 715.1 1073.6 760.5 915.5
15 10 10 1221.2 1113 1104.2 1432.2 1141.6 1300.8
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Table3  Results for fracture loading force: statistical analysis with two-
way ANOVA and post hoc Tukey’s test (significance level o« =0.05); all
values are mean + SD: within the same row, the values with the same

small letter are not statistically different (p > 0.05); within the same col-
umn, the values with the same capital letter are not statistically different
(p>0.05)

Material

LU CE BC iD VE EE
05 mm 654.5+101.6Aa 858.3+359.Ba 800.2+109.2a 571.1+89.1a -
1.0 mm  831.4+251.4Abcefg  1170.24+279.7BCbedeg  1255.7+2339Dcde  1055.1 + 133.8bedefg  729.1 £ 165.6Ebfg  838.0 + 108.4bcfg
1.5 mm 1516.2+282.9hi 1251.1 +430.9Chi 1580.4 + 521.0Dhi 1478.7 + 168.2hi 10168+ 176 4Eil 12212+ 111.3hi

luted to SLA-fabricated methacrylate dies. Thermomechanical
loading and fracture testing were performed.

Statistically significant differences were found for the fracture
loading force depending on the respective material used. Both
the material and the thickness affected the fracture load
(p <0.05). None of the 0.5 mm ceramic crowns survived fatigue
testing whereas all resin-based crowns survived. High fracture
loading forces were found for the resin-based material Brilliant
Crios (BC) showing the highest loading force with 15804 N
(1.5 mm). Based on the results found in this study, the hypoth-
esis that there are no statistically significant differences for the
fracture load of CAD/CAM-fabricated crowns made from dif-
ferent materials and thicknesses has to be rejected. Results of
this study must be discussed under various aspects.

It is important to emphasize the fact that when evaluating
the fracture behavior of CAD/CAM materials, the whole study
setup system comprised of the test material characteristics, the
abutment design and its material characteristic, and the param-
eters for fatigue loading and fracture loading have to be con-
sidered [14-17]. The cement thickness has also been shown to
influence the values for maximum occlusal loading of crowns
[18]. Additionally, the material strengthening effect of adhe-
sive bonding procedures has to be considered in due consid-
eration of its varying effects on resin-based and ceramic-based
CAD/CAM materials [19, 20]. Different study setup settings
will result in different values found for the fracture force of
CAD/CAM materials. In literature, there is the unanimity that
the crown material and thickness are of primary importance
when evaluating the relative contribution of the variables pre-
viously mentioned [21]. However, the E-Modulus of the
supporting structure has been also shown to play an important
role in flexural fracture [1]. The fracture load of all-ceramic
crowns has been shown to be increased with the increase of
the E-Modulus of the supporting material [22].

In this study, the E-Modulus of the die fabricated with SLA
technology was 2.5 GPa and the E-Modulus of the luting resin
was 8.3 GPa. The E-Modulus of human dentine is reported to
be between 7 and 13 GPa [23]. The study setup thus represents
a worst-case scenario for the respective CAD/CAM material
and might undervalue the actual clinical material properties.
Because of the high E-Modulus of the SLA fabricated

abutment, the study setup represents a scenario that may tend
to favor composite materials. It is thus important to emphasize
that results found in this study cannot be transferred directly to
in vivo conditions with a far more complex parameter setting.
Human teeth or materials with a comparable E-Modulus
might be preferable for in vitro fracture tests. Several studies
have shown that fatigue loading simulating the wear mecha-
nism and temperature changes within the oral environment are
important when evaluating the fracture loading of dental ma-
terials [14, 24]. There are studies, questioning the clinical
validity of in vitro tests due to the fact that clinical failure
mechanisms can differ from the behavior observed in
in vitro tests [25, 26]. However, in vitro test such as this study
represents a first viable and valuable approach when consid-
ering the respective limitations of the study setup.

The choice of group’s material thickness has to be
discussed as it is below the manufacturers’ recommendations
for groups 0.5 and 1.0 mm. The reduction of restoration’s
minimum thickness to 0.5 mm and 1.0 mm was performed
to simulate clinical situations such as occlusal veneers or
minimal-invasive crown preparations. Occlusal veneers repre-
sent a viable treatment approach for clinical cases of severe
abrasion and erosion [27]. As tissue loss in severe erosion
cases often includes all surfaces of the abutment teeth,
minimal-invasive crowns instead of only occlusal covering
restorations were chosen for the study setup. Minimally inva-
sive restorations are clinically preferable as the conservation
of tooth substance helps to preserve tooth vitality and to re-
duce postoperative sensitivity. Approximately 63 and 72% of
coronal tooth structure has to be removed when teeth are pre-
pared for all-ceramic and metal-ceramic crowns [28, 29].
Literature has shown that 2 mm or more of remaining dentine
is a crucial threshold after preparation [30]. CAD/CAM ma-
terials that might persevere unnecessary tooth structure re-
moval might be favorable for clinical application. Results of
this study show that CAD/CAM materials might be suitable to
fulfill these requirements. In this study, all composite-based
restorations with thickness 0.5 mm have survived fatigue
loading. Particle-filled composite CAD/CAM materials
showed maximum loadings fracture values that are above
the normal occlusal loading force for the posterior region.
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In this study, three different abutment geometries have been
fabricated from SLA material for 0.5 mm, 1.0 mm, and 1.5 mm
CAD/CAM restorations. It is important to understand that ge-
ometries for the abutment dies were specifically designed by
downsizing respectively by using specific CAD design tools to
ensure a homogenous material thickness of the crowns.
Parameters such as the cement layer thickness were also stan-
dardized by applying identical CAD design tools such as “set
cement layer thickness” and the use of identical machining
tools during the CAM process. All standardization methods
applied for this study setup tended to homogenize results within
one material group. However, it has to be mentioned that for the
interpretation of results between different material groups, such
as composite and ceramic, the consideration of the complex
abutment-adhesive layer-restoration material is predominantly
important as it will be discussed later on.

The choice of the CAD/CAM materials for the control
groups has to be discussed. VITA Enamic represents a hybrid
ceramic CAD/CAM material with a ceramic network infiltrat-
ed with a polymer matrix, and e.max CAD represents a lithi-
um disilicate material. Both materials require HF acid etching
prior to adhesive bonding and their indication range covers the
same spectrum than for the particle-filled composite resin
CAD/CAM materials. With an average flexural strength of
370 MPa for e.max CAD, the material is on the upper thresh-
old of glass ceramic CAD/CAM materials currently available
on the market [6].

Interpretation of results of this study has to be based on
very specific knowledge on the material characteristics of
the respective CAD/CAM materials. The microstructural
composition of composite CAD/CAM materials is less favor-
able to risks of fractures that have been reported especially for
ceramics. In literature, the typical ceramic risk factors have
been identified as pores, side wall grinding damage, micro-
structural flaws, and inclusions [31]. Composite CAD/CAM
materials have higher margin stability than ceramic materials
[32]. Ceramic-based materials often show marginal chipping
when not milled properly [33]. The edge chipping resistance
of composite-based CAD/CAM materials has been found to
be superior to ceramic-based materials [34, 35]. Composite-
based CAD/CAM restorations might thus be favorable when
milling thin margins and could be used also for non-prep
clinical situations without the risk of marginal chipping during
the fabrication procedure.

The effect of adhesive bonding on the fracture loading
force of CAD/CAM restorations has to be discussed.
Adhesive bonding of restorations has been shown to increase
the fracture load values when compared to conventional luting
[36-38]. For composite-based materials, the combination of
bonding strength and resilient material characteristics has to
be taken additionally into account. There are recent studies
that have investigated the effect of elasticity on the stress
distribution in dental crowns of ceramics and composite
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resin-based materials using finite element (FE) analysis [39].
Other studies are available, which demonstrate that the higher
the E-Modulus of the restoration material, the lower the equiv-
alent stress that occurred in the composite luting cement [40].
These findings suggest that restorations made of stiff materials
are less prone to debonding than those made of composite
resin [40]. There are also finite element analysis studies pre-
viously published, which support the thesis of high stress con-
centration as a possible factor for debonding [41]. Several
studies are available investigating the bonding strength of
composite-based CAD/CAM materials [42, 43]. Studies
assessing the pretreatment method of restorations prior to ad-
hesive luting suggest that the conditioning is predominantly
important for composite-based CAD/CAM materials [44-46].
Strict observance of manufacturer’s recommendations for
bonding procedure is thus highly mandatory when using
composite-based CAD/CAM materials.

In this study, debonding events did not occur during the
fatigue loading of CAD/CAM-fabricated composite crowns,
In recent literature, a high number of clinical debonding
events have been reported for one of the CAD/CAM compos-
ite materials tested in this study (LU) [47]. Fractographical
analysis of specimens that had been adhesively luted to zirco-
nia implant abutments revealed that debonding events might
have been the reason for premature fractures of the restora-
tions [48]. It is thus obvious that special attention has to be
drawn to the complex abutment-adhesive layer-restoration
material when discussing CAD/CAM materials in general
and results of this study specifically. Even if CAD/CAM com-
posite materials might appear advantageously in terms of re-
duced material thicknesses as demonstrated in this study, spe-
cial attention has to be drawn to their adhesive bonding effi-
cacy in terms of long-term clinical survival. Specific material
characteristics of CAD/CAM composite materials such as
elastic constants and flexural strength have been recently eval-
uated in detail emphasizing the specific damping effect of
CAD/CAM composites [49, 50]. For CAD/CAM composite
materials, crack propagation has been described to propagate
through the resin matrix and matrix-particle interface with
strengthening mechanisms as a result of crack deflection and
the effect of bridging [51]. Effects of chemical and mechanical
degradation have been recently analyzed for CAD/CAM com-
posite materials revealing adverse characteristics compared to
ceramics (52, 53]. The fact that CAD/CAM composite mate-
rials show both a higher resiliency, a higher water-up-take, and
a higher thermal expansion compared to ceramic CAD/CAM
materials is one essential point of the studies previously men-
tioned that might negatively influence the adhesive bonding
efficiency of CAD/CAM composite materials and must be
considered when evaluating results of this study. However,
the role of the abutment material characteristics might be es-
pecially crucial for the evaluation of CAD/CAM composite
materials. When the abutment complex shows hardly any



Clin Oral Invest

resiliency, most of the deformation might occur within the
CAD/CAM composite restoration because of its relatively
low E-Modulus. The deformation might be thus transferred
directly to the adhesive layer and might result in a higher
number of debonding events. This observation might explain
the high number of debonding events observed in the study of
Schepke et al. with CAD/CAM composite restorations adhe-
sively bonded to zirconia implant abutments [47]. In our
study, a relatively low E-Modulus was chosen for the abut-
ment material with only 2.5 GPa. It might be thus concluded
that because of the resilient material characteristics of the
abutment, the effect of debonding events might be
underestimated as a result of lower stress exhibition on the
adhesive layer interface during the fatigue loading. On the
other hand, the high resiliency of the abutment might also
explain the fact that brittle ceramics with only low flexural
strength did not survive fatigue testing for ultrathin restora-
tions in contrast to resilient CAD/CAM composite materials.
When critically discussing results found in this study with
focus on the respective study setup, it might be thus concluded
that on the one hand, results found for CAD/CAM composites
might be underestimated in terms of debonding events and
overestimated in terms of fracture load force, and that on the
other hand, results found for CAD/CAM ceramics might be
underestimated in terms of fracture load force. Further studies
are necessary to elucidate the specific role of the complex
abutment-adhesive layer-restoration material more in detail.

Conclusion

Particle-filled composite resin CAD/CAM materials may
have advantageous material characteristics for minimally
invasive restorations allowing a more conservative ap-
proach in patient therapy.
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