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ABSTRACT

Statement of problem. Several additively and subtractively manufactured resin-based materials indicated for interim and definitive fixed
dental prostheses have been launched. However, knowledge of the bond strength of these materials to different implant abutment
materials is limited.

Purpose. The purpose of this in vitro study was to evaluate the shear bond strength (SBS) of additively and subtractively manufactured
resin-based materials to different implant abutment materials.

Material and methods. One hundred and ten disk-shaped specimens (@3x3 mm) were fabricated either additively from 2 resins indicated
for definitive use (Crowntec; AM_CT and VarseoSmile Crown Plus; AM_VS) and 1 resin indicated for interim use (FREEPRINT temp; AM_FP) or
subtractively from a nanographene-reinforced polymethyl methacrylate (G-CAM; SM_GC) and a high-impact polymer composite
(breCAM.HIPC; SM_BC). After allocating 2 specimens from each group for scanning electron microscope evaluation, the specimens were
divided according to the abutment material (CopraPeek; polyetheretherketone, PEEK and Dentium Superline Pre-Milled Abutment; titanium,
Ti) (n=10). All specimens were airborne-particle abraded with 50-um aluminum oxide. After applying a resin primer (Visio.link) to PEEK and
an adhesive primer (Clearfil Ceramic Primer Plus) to Ti specimens, a self-adhesive resin cement (PANAVIA SA Cement Universal) was used for
cementation. All specimens were stored in distilled water (24 hours, 37 °C), and a universal testing device was used for the SBS test. SBS data
were analyzed with 2-way analysis of variance and Tukey honestly significant difference tests, while the chi-squared test was used to
evaluate the difference among the abutment-resin pairs in terms of failure modes (0=.05).

Results. The interaction between the material type and the abutment type and the main factor of material type affected the SBS (P<.001).
SM_BC-PEEK and SM_GC had the lowest SBS followed by SM_BC-Ti, whereas AM_VS-PEEK had the highest SBS (P<.001). AM_CT-Ti had
higher SBS than AM_FP-PEEK (P=.026). SM_GC had the lowest and AM_VS had the highest SBS, while AM_CT and AM_FP had higher SBS
than SM_BC (P<.004). The distribution of failure modes was significantly different among tested material-abutment pairs, and only for
AM_CT among tested materials (P<.025). Most of the material-abutment pairs had a minimum of 80% adhesive failures.

Conclusions. Regardless of the abutment material, additively manufactured specimens had higher bond strength and one of the
subtractively manufactured materials (SM_GC) mostly had lower bond strength. The abutment material had a small effect on the bond
strength. Adhesive failures were observed most frequently. (J Prosthet Dent XXXX;XXX:XXX-XXX)
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Clinical Implications

The tested additively manufactured resins may be
more resistant to debonding than nanographene-
reinforced polymethyl methacrylate and high-
impact polymer composite when cemented on
polyetheretherketone and titanium abutments.

Early and immediate loading of implants has become a
common treatment option to maintain esthetics and
provide favorable soft tissue healing,' increasing the
importance of interim restorations.” For implant-sup-
ported restorations, titanium (Ti) has been the preferred
abutment material”’; however, esthetic issues might be
encountered because of its grayish color, particularly in
those with a high smile line or thin phenotype.” High-
performance polymers with their tooth-like color have
been introduced as an alternative to Ti.” Poly-
etheretherketone (PEEK) is a commonly used high-
performance polymer with favorable mechanical prop-
erties, biocompatibility, and chemical stabﬂity1 and has
been used as an interim abutment for implant-sup-
ported restorations.” However, achieving an adequate
bond strength to PEEK has been reported to be chal-
lenging given the material’s low surface energy and
hydrophobicity.”

The range of restorative materials has shown a par-
allel increase with computer-aided design and com-
puter-aided manufacturing (CAD-CAM) technologies,”
and new materials have become available for implant-
supported restorations.” Subtractively manufactured
(SM) nanographene-reinforced polymethyl methacry-
late (PMMA) is among these newly introduced mate-
rials'’ and has been shown to have favorable mechanical
and optical properties associated with the presence of
graphene particles.'" '’ Another new material that can
also be SM is a high-performance polymer that consists

Table 1. List of restorative materials tested

of cross-linked composite resin and is referred to as
high-impact polymer composite (breCAM.HIPC; bre-
dent Medical GmbH & Co KG)."" Additive manu-
facturing (AM) has emerged as an alternative to
subtractive manufacturing with reported advantages,
and interim restorations can be fabricated with this
technology.”'® Recently introduced AM definitive
composite resins are also indicated for interim restora-
tions'” and may be suitable for long-term interim re-
storations.

Even though the bond strength of AM resins for
interim use has been evaluated,'™'*'% 2! knowledge on
that of the AM composite resins for definitive use””” "’
and the SM resin-based materials is limited. In addition,
previous studies on the bond strength of AM resins for
interim use did not consider the abutment material as a
factor.”'*'"?!" Because the knowledge of the bond
strength between the restorative material and various
abutment materials would elaborate on the applicability
of newly introduced CAD-CAM resins for implant-
supported restorations, the present study aimed to
evaluate the shear bond strength (SBS) of additively or
subtractively manufactured resin-based materials to
PEEK and Ti specimens by simulating abutment mate-
rials and the failure modes. The null hypotheses were
that the material and abutment type would not affect the
SBS or the failure modes.

MATERIAL AND METHODS

A total of 110 disk-shaped specimens (J3x3 mm) were
fabricated from 3 additively (Crowntec; Saremco
DENTAL AG [AM_CT], FREEPRINT temp; Detax
[AM_FP], and Varseosmile Crown Plus; Bego [AM_VS])
and 2 subtractively (G-CAM; Graphenano Dental
[SM_GC] and breCAM.HIPC; bredent Medical GmbH
& Co KG [SM_BC]) manufactured CAD-CAM materials
(n=22) (Table 1). To fabricate AM_CT, AM_FP, and

Material Material Type
Crowntec Additively manufactured
(AM_CT) composite resin for definitive use

FREEPRINT temp
(AM_FP)

VarseoSmile Crown
Plus (AM_VS)

G-CAM
(SM_GQ)

breCAM.HIPC
(SM_BQ)

Additively manufactured resin for
interim use

Additively manufactured
composite resin for definitive use

Subtractively manufactured
nanographene-reinforced
polymethyl methacrylate
Subtractively manufactured high-
impact polymer composite

Chemical Composition

Esterification products of 4.4~ isopropylphenol, ethoxylated
and 2- methylprop—2enoic acid, silanized dental glass,
pyrogenic silica, initiators. Total content of inorganic fillers:
30-50 wt%

45 - <60 wt% Iso- propylidenediphenol Peg—2 Dimethacrylat,
1 - <5wt% 2 Hydroxyethylmethacrylat, 1 - <5 wt% Diphenyl
(2,4,6 trimethylbenzoyl) phosphinoxid, 1 - <5 wt% Hydrox-
ypropylmethacrylat, < 1 wt% Phenyl-bis(2,4,6-
trimethylbenzoyl)- phosphinoxid

Esterification products of 4.4’- isopropylphenol, ethoxylated
and 2- methylprop—2enoic acid, silanized dental glass, methyl
benzoylformate, diphenyl (2,4,6-trimethylbenzoyl) phosphine
oxide. Total content of inorganic fillers: 30-50 wt%

Not disclosed

Not disclosed

Manufacturer

Saremco Dental
AG

Detax

Bego

Graphenano DENTAL

bredent Medical
GmbH & Co KG
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AM_VS specimens, a disk-shaped standard tessellation
language (STL) file was designed with a software pro-
gram (Meshmixer v3.5.474; Autodesk Inc), transferred
into a nesting software program (Composer v1.3;
ASIGA), and placed vertically on the build platform. The
supporting structures were generated automatically, and
this design was duplicated for standardization. A digital
light processing technology-based 3-dimensional (3D)
printer (MAX UV; ASIGA) was used to fabricate each
specimen with a layer thickness of 50 pm. After fabri-
cation, the residual resin on the AM_CT specimens was
removed with ethanol-soaked cloths, while AM_FP and
AM_VS specimens were ultrasonically cleaned either in
isopropanol (AM_FP, precleaning: 3 minutes, main
cleaning: 3 minutes) or ethanol (AM_VS, precleaning: 3
minutes, main cleaning: 2 minutes). The support struc-
tures of the AM_CT specimens were removed before
cleaning, those of AM_FP were removed after pre-
cleaning, and those of AM_VS were removed after main
cleaning. AM_FP specimens were polymerized for 4000
light exposures (2000 x 2) under nitrogen oxide gas at-
mosphere with a xenon polymerization unit (Otoflash
G171; NK Optik). The surfaces of AM_CT and AM_VS
specimens were abraded by using 50-pm glass beads
(Rolloblast; Renfert) at 0.15-MPa and polymerized either
for 4000 (AM_CT, 2000 x 2) or 3000 light exposures
(AM_VS, 1500 x 2) with the same polymerization
unit.”*?° To fabricate the SM_GC and SM_BC speci-
mens, a @3x15-mm cylinder was designed in the same
software program, and imported into the nesting soft-
ware program (PrograMill CAM V4.2; Ivoclar AG) of a
5-axis milling unit (PrograMill PM7; Ivoclar AG). The
cylinders were wet sliced (Mecatome T180; Presi Me-
tallography) into @3x3-mm disks. After fabrication, the
bonding surfaces of all the specimens were standardized
with the silicon carbide abrasive papers (Atlas Water-
proof Sheet, 600-1200 grit; Saint-Gobain Abrasives)
under water. Then, the specimens of each restorative
material group were randomly (Excel; Microsoft Corp)
divided into 2 subgroups based on the abutment ma-
terial for cementation (n=10). The number of specimens
per group was calculated with a priori power analysis
(@=95%, 1-p=80%, and effect size f=0.42),”” and 8 spe-
cimens per group were adequate. To increase the sta-
tistical power, 10 specimens per group were fabricated.

Fifty rectangular (7x7x2 mm) PEEK specimens
(CopraPeek; Whitepeaks Dental Solutions GmbH) were
prepared by using the same water-cooled precision
cutter. Additionally, 50 disk-shaped (@15.8x2 mm) Ti
specimens were prepared by cutting premilled Ti im-
plant abutment blanks (Dentium Superline Pre-Milled
Abutment; Dentium) with the same precision cutter
under water cooling. All specimens were embedded into
autopolymerizing acrylic resin (Meliodent; Heraulz
Kulzer GmbH) cylinders (20x30 mm), wet ground with
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silicon carbide abrasive papers, and divided into 5
groups by using the randomization function of a soft-
ware program (Excel; Microsoft Corp) (n=10).

The bonding surfaces of all restoration and abutment
specimens were airborne-particle abraded (0.2 MPa
pressure for 10 seconds from 10 mm) with 50 pm alu-
minum oxide (Cobra; Renfert) and steam cleaned (Vap-8
Steamer; Zhermack GmbH) for 10 seconds. The surface
topography of a representative nonabraded and airborne-
particle abraded specimen for each restorative material
group was evaluated with a scanning electron microscope
(SEM) (SU 1510; Hitachi High-Technologies Corp) at
x2500 magnification after sputter-coating with gold na-
noparticles. Then, a thin layer of adhesive primer (Clearfil
Ceramic Primer Plus; Kuraray Europe GmbH) that con-
tained 10-methacryloyloxydecyl dihydrogen phosphate
(MDP) was applied to the bonding surfaces of the re-
storative materials and the Ti framework specimens. Ten
seconds after adhesive application, the surfaces were
dried with oil-free air. The bonding surfaces of the PEEK
specimens were treated with a resin primer (Visio.link;
bredent Medical GmbH & Co KG) and polymerized with
a polymerization unit (Labolight DUO; GC Corp) for 90
seconds’ A self-adhesive dual-polymerizing resin cement
(PANAVIA SA Cement Universal; Kuraray Europe
GmbH) was applied to the bonding surfaces of the re-
storative materials with a refillable syringe, and the re-
storative material specimens were cemented either to
PEEK or Ti. A loading device was used to apply a stan-
dardized 2-N force onto the restorative materials during
cementation.” The excess cement was removed with a
disposable brush, and the resin cement was light poly-
merized (Elipar $10; 3M) with 1200 mW/cm? power
output for 10 seconds. Any excess was then removed with
a scalpel. Four minutes after mixing the resin cement, the
force was removed, and all specimens were stored in
distilled water for 24 hours at 37 °C. All surface treatment
and cementation procedures were performed by a single
operator (A.S.K.).

A universal testing device (AGS-10 kNX; Shimadzu
Co) was used to conduct the SBS test. Each restorative
material abutment complex was placed on the lower
holder of the testing device, and a knife-edged tip applied
a force to the bonding interface between the restorative
material and the abutment material at a crosshead speed
of 1 mm/minute until failure (Fig. 1). The maximum force
at failure (N) was divided by the bonding surface area
(mm?) to calculate the SBS values in megapascals (MPa).
Failure modes were examined under x200 magnification
with a stereomicroscope (Leica SP1600; Leica Biosystems
Nussloch GmbH) and described as adhesive (residue on
the abutment surface after debonding <33%), mixed (33%
<residue on the abutment surface after debonding <66%),
or cohesive (residue on the abutment surface after de-
bonding >66%).'
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Restorative
material

Acrylic resin

Figure 1. Schematic representation of shear bond strength test.

The Shapiro-Wilk test was used to evaluate the
normality of the SBS data, which did not refute normal
distribution. Therefore, a 2-way analysis of variance
(ANOVA) and Tukey honestly significant difference
tests were performed. The chi-squared test was used to
evaluate the difference among tested material-abutment
pairs in terms of failure modes.” A statistical analysis
software program (IBM SPSS Statistics, v23; IBM Corp)
was used for all analyses (a=.05).

RESULTS

The SEM images of both airborne-particle abraded and
nonabraded specimens had porous and rough surfaces
with irregularities and cavities, which were more pro-
minent and intense on the airborne-particle abraded
ones. The AM specimens had many small and superficial
surface irregularities, but the SM specimens had larger
and deeper irregularities (Fig. 2).

The 2-way ANOVA showed that the material type
(P<.001), abutment type (P=.014), and their interaction
(P<.001) affected the SBS (Table 2). However, post hoc
tests revealed that the difference between PEEK and Ti

abutments was not statistically significant (P=.450).
Among tested material-abutment pairs, AM_VS-PEEK
had the highest SBS (P<.001). SM_BC-PEEK and
SM_GC had the lowest SBS followed by SM_BC-Ti
(P<.001). Also, AM_FP-PEEK had lower SBS than
AM_CT-Ti (P=.026). Among the tested materials,
AM_VS had the highest and SM_GC had the lowest SBS
(P<.004). In addition, SM_BC had lower SBS than
AM_CT and AM_FP (P<.001) (Table 3).

Table 4 shows the distribution of the failure modes
within each material-abutment pair, while Figures 3 and 4
show representative specimens from tested materials
within each abutment type. The chi-squared test showed a
significant difference among material-abutment pairs in
terms of the failure modes (P=.008). Among tested mate-
rials, the distribution of failure modes was only significant
for AM_CT (P=.025), which had 80% adhesive failures and
no cohesive failures. No cohesive failures were observed,
and a minimum of 80% adhesive failure was observed
within most of the restorative material-abutment pairs. For
AM_VS-PEEK, the failures were 40% adhesive and 60%
mixed, whereas for AM_CT-Ti and AM_VS-Tij, the failures
were 60% adhesive and 40% mixed.

DISCUSSION

Regardless of the abutment material, AM specimens had
significantly higher SBS values than SM specimens
(P<.05). SM_BC had higher SBS values when cemented
to Ti, and AM_VS had higher values when cemented to
PEEK. Considering these results, the null hypothesis
that the material would not affect the SBS was rejected.

A 5-MPa minimum SBS value between a resin-based
material and a substrate is specified by the International
Organization for Standardization (ISO) 10477-2020
standard.”” The mean SBS values of all groups (5.80 MPa
to 17.56 MPa) were above this threshold value. In ad-
dition, the SBS of AM specimens (12.91MPa to
17.56 MPa) were above a reported minimum clinical

Figure 2. SEM images (original magnification x2500) of additively (AM) and subtractively manufactured (SM) CAD-CAM restorative resin materials.
Nonabraded and airborne-particle abraded Crowntec (A, B), Freeprint temp (C, D), VarseoSmile Crown Plus (E, F), G-CAM (G, H) and breCAM HIPC (I, J)

groups.
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Table 2.Results of 2-way analysis of variance test

Type Il Sum of Squares df Mean Square F P Partial Eta Squared
Material type 1631.149 4 407.787 239.962 <.001 914
Abutment type 10.719 1 10.719 6.308 014 .065
Material type x Abutment type 105.736 4 26.434 15.555 <.001 409

R?=.920 (Adjusted R?=.911)

Table 3. Mean + standard deviations values with 95% confidence intervals (Cl) for SBS values (MPa) within each restorative material-abutment pair

Polyetheretherketone

Titanium

Total

Material Mean tStandard Deviation (95%Cl) Mean tStandard Deviation (95%Cl) Mean +Standard Deviation (95%Cl)
AM_CT 14.13 +1.83P (12.82-15.43) 14.94 +1.73° (13.70-16.17) 14.43 £1.34° (13.42-15.06)

AM_FP 12.91£0.84 (12.31-13.51) 14.59 +1.16° (13.76-15.42) 13.80 +1.22° (13.23-14.37)

AM_VS 17.56 +1.69% (16.35-18.77) 14.79 +1.04<P (14.05-15.53) 16.18 +1.83¢ (15.32-17.03)

SM_GC 5.80 +1.33* (4.86-6.76) 5.88 +0.85" (5.27-6.48) 5.89 +£1.02% (5.42-6.37)

SM_BC 6.09 +0.96" (5.40-6.78) 9.57 +1.12% (8.77-10.37) 7.83 +1.99° (6.90-8.76)

Total 11.30 £4.76* (9.94-12.65) 11.95 +£3.80* (10.87-13.04)

Different superscript lowercase letters indicate significant differences among tested material-abutment pairs. Different superscript uppercase
letters indicate significant differences among materials, while different superscript symbols indicate significant differences between abutments. Total

values derived from pooled data (P<.05)

Table 4. Distribution of failure modes (n and %) within each restorative material-abutment pair

Polyetheretherketone Titanium Total

Adhesive Mixed Cohesive Adhesive Mixed Cohesive Adhesive Mixed Cohesive
AM_CT 10 0 0 6 4 0 16 4 0

(100%) (0%) (0%) (60%) (40%) (0%) (80%) (20%) (0%)
AM_FP 9 1 0 8 2 0 17 3 0

(90%) (10%) (0%) (80%) (20%) (0%) (85%) (15%) (0%)
AM_VS 4 6 0 6 4 0 10 10 0

(40%) (60%) (0%) (60%) (40%) (0%) (50%) (50%) (0%)
SM_GC 8 2 0 10 0 0 18 2 0

(80%) (20%) (0%) (100%) (0%) (0%) (90%) (10%) (0%)
SM_BC 8 2 0 10 0 0 18 2 0

(80%) (20%) (0%) (100%) (0%) (0%) (90%) (10%) (0%)
Total 39 1 0 40 10 0

(78%) (22%) (0%) (80%) (20%) (0%)

value of 10 MPa,” regardless of the abutment material.
Therefore, even though there were significant differ-
ences among tested restorative materials, the SBS of all
restorative materials should be clinically acceptable.
However, given that all restorative material specimens
received a standardized pretreatment that involved air-
borne-particle abrasion and MDP-containing primer
application and that a single resin cement was used for
luting, the differences among tested materials may have
been related to the surface topography. SM resins are
fabricated under standardized conditions with high
temperature and pressure to minimize defects and in-
crease structural integrity,””' whereas AM resins are
fabricated by the chemical bonding of consecutive layers
and postpolymerization procedures.’’ The surface of AM
specimens may have had irregularities and voids caused
by the improper bonding between layers that improved
penetration and interlocking of the resin cement.'”
Such irregularities and voids were seen in the SEM
images (Fig. 2). In addition, while there were fewer
adhesive residues on the abutments in the stereo-
microscope images of AM specimens, the adhesive
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remnants were more prominent in the images of SM
specimens (Figs. 3, 4). The differences in failure modes
led to the rejection of the null hypothesis that the ma-
terial and abutment type would not affect the failure
mode. These differences can also be attributed to the
better bonding of AM specimens to the tested adhesive
agent. However, future studies should investigate the
surface roughness and wettability of tested restorative
materials for corroboration.

The only significant difference among the SBS of
tested AM resin-based materials was observed when
AM_VS was bonded to PEEK (P<.05). In addition, only
the SBS of AM_VS to PEEK was higher than its SBS to Ti
among the tested AM resin-based materials. A possible
explanation for these results may be the chemical
composition” and postpolymerization process’’ of
AM_VS. AM_VS has a similar chemical composition to
AM_CT with only slight differences. Even though all AM
specimens were fabricated according to the respective
manufacturer’s recommendations, AM_VS was post-
polymerized for a shorter time than AM_CT or AM_FP.
Therefore, AM_VS may have had a more porous surface
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Figure 3. Representative stereomicroscope images (original magnification x200) of polyetheretherketone abutment specimens after shear bond
strength testing. Adhesive type fracture of Crowntec (A), adhesive and mixed type fractures of Freeprint temp (B, C), VarseoSmile Crown Plus (D, E),

G-CAM (F, G) and breCAM HIPC (I, J) restorative material groups.

TR

Figure 4. Representative stereomicroscope images (original magnification x200) of titanium abutment specimens after shear bond strength testing.
Adhesive and mixed type fractures of Crowntec (A, B), Freeprint temp (C, D), VarseoSmile Crown Plus (E, F), and adhesive type fractures of G-CAM (G),

and breCAM HIPC (H) restorative material groups.

that was further roughened by the airborne-particle
abrasion as seen in the SEM images (Fig. 2). Airborne-
particle abrasion not only increased the surface irregu-
larities but also severed polymer chains that generated
free radicals, new binding sites for the adhesive agent
and resin material.”*"”

The bonding performance of polymer-based re-
storative materials to different frameworks has been
evaluated in recent studies,””® and it has been stated
that the dimethacrylate- (DMA) based veneering ma-
terial had better bonding to polyaryletherketone than
the PMMA veneering material, attributed to the similar
chemical composition of DMA veneering and resin ce-
ment materials.”® The multifunctional molecules of
DMA-based resin materials provide cross-linked con-
nections with adhesives, whereas the monofunctional
molecules and linear structures in PMMA-based resins
may be accountable for the lower SBS.” In the present
study, SM_BC had significantly higher SBS than SM_GC
when cemented to a Ti abutment (P<.05). Even though
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the precise chemical composition of SM_BC and
SM_GC was not disclosed by their manufacturers, the
presence of graphene in SM_GC, which possibly leads
to a more heterogeneous structure, might be related to
the lower SBS when bonded to Ti.

The authors are unaware of a previous study on the
SBS of the tested SM materials; therefore, comparison
with previous studies on these materials was not pos-
sible. However, the bond strength of AM resins for
definitive®”>”* and interim restorations'”'*'*" has
been investigated. One of the studies on resins for de-
finitive use evaluated the SBS of AM_CT and AM_VS to
different substrates (dentin and Ti) and concluded that
the differences between the materials were not sig-
nificant.” Even though this result was consistent with
the findings of the present study, Donmez et al” also
reported that tested SM polymer-infiltrated ceramic
network had higher SBS values, regardless of the sub-
strate. This contradiction may be related to the differ-
ences in tested materials and resin cements. The higher
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SBS of the SM polymer-infiltrated ceramic network
when compared with AM_VS was also reported in an-
other study, which evaluated the pull-off bond strength
values of crown-shaped specimens.”’ The other study on
AM definitive resins showed that different pretreat-
ments affected the SBS of the 2 resins, one of which had
a similar chemical composition to that of AM_VS.”? The
studies on the bond strength of AM interim resins have
been investigated for the effect of material type, "
print orientation, ° cleaning methods,'® and surface
treatments. %1921 Nevertheless, a direct comparison of
the present study might be misleading because of
methodologic differences.

Limitations of the present study included that only
one milling unit and one 3D printer were used. All AM
specimens were fabricated with a standardized and
manufacturer-recommended layer thickness and build
orientation, and different results may be achieved if
these settings are changed. To standardize the ce-
mentation procedures between different abutment ma-
terials and CAD-CAM restorative materials, PEEK
specimens were also airborne-particle abraded with
aluminum oxide, and different surface treatments have
been proposed for PEEK.” A single resin cement was
used to perform cementation, and different resin ce-
ments with different polymerization methods may have
affected these results. In addition, the study only focused
on the inherent SBS of tested materials, and the absence
of aging is another limitation. The SBS test does not
require any additional steps after cementation. How-
ever, localized high-stress areas that result in under-
estimated bond strength values might be generated
during SBS testing”; thus, these results should be
substantiated with other bond strength tests such as
tensile bond strength. Future studies focusing on the
mechanical and optical properties of tested resin-based
materials when cemented on abutments of different
materials with different resin cement after aging are
needed to elaborate this study’s findings.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The tested additively manufactured resins had
higher bond strength than the subtractively man-
ufactured ones, regardless of the abutment ma-
terial.

2. One of the additively manufactured resins
(VarseoSmile Crown Plus) mostly had higher and
subtractively manufactured nanographene-re-
inforced polymethylmethacrylate mostly had lower
shear bond strength values. The abutment material
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had a small effect on measured shear bond strength
values.

3. Adhesive failures were observed more frequently,
and no cohesive failures were observed.

REFERENCES

1. Wang D, Han X, Luo F, et al. Adhesive property of 3D-printed peek
abutments: Effects of surface treatment and temporary crown material on
shear bond strength. ] Funct Biomater. 2022;13:288.

2. Al-Qahtani AS, Tulbah HI, Binhasan M, et al. Surface properties of polymer
resins fabricated with subtractive and additive manufacturing techniques.
Polymers ((Basel)). 2021;13:4077.

3. Turksayar AAD, Atsti SS. Fracture resistance of zirconia,
polyetheretherketone, and polyetherketoneketone implant abutments after
aging. Int | Oral Maxillofac Implants. 2021;36:332-340.

4. Cakmak G, Cuellar AR, Santos AT, et al. Color and translucency of milled
polymethyl methacrylate crowns on non-tooth-colored interim abutments
with different surface treatments. | Prosthet Dent. 2024;13:102-109.

5. Tirksayar AAD, Bulut AC, Atsii SS. Evaluation of the effect of different
abutment materials on the final color of the restoration after aging: An in
vitro study. Int | Prosthodont. 2022;35:676-683.

6. Parate KP, Naranje N, Vishnani R, Paul P. Polyetheretherketone material in
dentistry. Cureus. 2023;15:e46485.

7. Kili¢ M, Dede D, Kiiciikekenci AS. Comparing the shear bond strength of
veneering materials to the PAEKs after surface treatments. BMC Oral
Health. 2023;23:185.

8. Donmez MB, Cakmak G, Yilmaz D, et al. Bond strength of additively
manufactured composite resins to dentin and titanium when bonded with
dual-polymerizing resin cements. | Prosthet Dent 2023.

9. Cevik P, Schimmel M, Yilmaz B. New generation CAD-CAM materials for
implant-supported definitive frameworks fabricated by using subtractive
technologies. Biomed Res Int. 2022;2022:3074182.

10. Cakmak G, Rusa AM, Donmez MB, et al. Trueness of crowns fabricated by
using additively and subtractively manufactured resin-based CAD-CAM
materials. | Prosthet Dent. 2024;131:951-958.

11. Abad-Coronel C, Calle C, Abril G, et al. Fracture resistance analysis of CAD/
CAM interim fixed prosthodontic materials: PMMA, graphene, acetal resin
and polysulfone. Polymers ((Basel)). 2023;15:1761.

12. Cakmak G, Herren KV, Donmez MB, et al. Effect of coffee thermocycling on
the surface roughness and stainability of nanographene-reinforced
polymethyl methacrylate used for fixed definitive prostheses. | Prosthet Dent.
2023;129:507 .el-.e6.

13. Selva-Otaolaurruchi EJ, Fernandez-Estevan L, Sola-Ruiz MF, et al.
Graphene-doped polymethyl methacrylate (PMMA) as a new restorative
material in implant-prosthetics: In vitro analysis of resistance to mechanical
fatigue. J Clin Med. 2023;12:1269.

14. The Bredent website. Available at: (https://www.bredent.co.uk/wp-content/
uploads/2017/03/000500GB_20170217_breCAM_consumables_
210x297mm_screen.pdf). Accessed March 18, 2024.

15. Khanlar LN, Revilla-Leén M, Barmak AB, et al. Surface roughness and shear
bond strength to composite resin of additively manufactured interim
restorative material with different printing orientations. J Prosthet Dent.
2023;129:788-795.

16. Lankes V, Reymus M, Liebermann A, Stawarczyk B. Bond strength between
temporary 3D printable resin and conventional resin composite: Influence of
cleaning methods and air-abrasion parameters. Clin Oral Investig.
2023;27:31-43.

17. Atria PJ, Bordin D, Marti F, et al. 3D-printed resins for provisional dental
restorations: Comparison of mechanical and biological properties. | Esthet
Restor Dent. 2022;34:804-815.

18. Mangoush E, Lassila L, Vallittu PK, Garoushi S. Shear-bond strength and
optical properties of short fiber-reinforced CAD/CAM composite blocks. Eur
J Oral Sci. 2021;129:e12815.

19. Jeong K-W, Kim S-H. Influence of surface treatments and repair materials
on the shear bond strength of CAD/CAM provisional restorations. | Adv
Prosthodont. 2019;11:95-104.

20. Revilla-Leén M, Morillo JA, Att W, Ozcan M. Chemical composition, knoop
hardness, surface roughness, and adhesion aspects of additively
manufactured dental interim materials. | Prosthodont. 2021;30:698-705.

21. Filokyprou T, Kesterke MJ, Liu X, et al. Effect of different surface treatments
on the retention force of additively manufactured interim implant-
supported crowns. ] Prosthodont 2023.

22. Kang Y-J, Park Y, Shin Y, Kim J-H. Effect of adhesion conditions on the
shear bond strength of 3D printing resins after thermocycling used for
definitive prosthesis. Polymers ((Basel)). 2023;15:1390.

THE JOURNAL OF PROSTHETIC DENTISTRY


http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref1
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref1
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref1
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref2
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref2
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref2
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref3
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref3
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref3
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref4
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref4
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref4
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref5
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref5
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref5
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref6
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref6
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref7
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref7
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref7
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref8
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref8
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref8
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref9
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref9
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref9
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref10
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref10
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref10
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref11
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref11
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref11
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref12
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref12
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref12
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref12
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref13
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref13
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref13
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref13
https://www.bredent.co.uk/wp-content/uploads/2017/03/000500GB_20170217_breCAM_consumables_210x297mm_screen.pdf
https://www.bredent.co.uk/wp-content/uploads/2017/03/000500GB_20170217_breCAM_consumables_210x297mm_screen.pdf
https://www.bredent.co.uk/wp-content/uploads/2017/03/000500GB_20170217_breCAM_consumables_210x297mm_screen.pdf
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref14
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref14
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref14
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref14
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref15
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref15
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref15
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref15
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref16
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref16
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref16
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref17
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref17
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref17
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref18
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref18
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref18
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref19
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref19
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref19
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref20
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref20
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref20
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref21
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref21
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref21

1.e8

Volume xxx Issue xx

23.

24.

25.

26.

27.

28.

29.

30.

31

THE

Graf T, Erdelt KJ, Giith JF, et al. Influence of pre-treatment and artificial
aging on the retention of 3D-printed permanent composite crowns.
Biomedicines. 2022;10:2186.

The Saremco website. Available at: (https://www.saremco.ch/wp)- content/
uploads/2022/03/D600248_GA_saremco-print-CROWNTEC_EN_ USA_
edited-02-2022_DRUCK _frei.pdf. Accessed March 18, 2024.

The Bego website. Available at: (https://www.bego). com/fileadmin/
user_downloads/Mediathek/3D-Druck/Materialien/XX_ Manuals/
VarseoSmileCrown-plus/de_20740_0008_ga_xx.pdf. Accessed March 18,
2024.

The Detax website. Available at: (https://www.detax.de/de-wAssets/docs/
dental/IFU-dental/TFU_3D-Kunststoffe/IFU_Freeprint_Dental_Temp.pdf).
Accessed March 18, 2024.

Serichetaphongse P, Chitsutheesiri S, Chengprapakorn W. Comparison of
the shear bond strength of composite resins with zirconia and titanium
using different resin cements. | Prosthodont Res. 2022;66. 109-6.

Dede DO, Kiigiikekenci AS, Kahveci C. Influence of chairside surface
treatments on the shear bond strength of PEKK polymer to veneering resin
materials: An in vitro study. | Prosthet Dent. 2021;125:703. el-.e7.
International Organization for Standardization. ISO 10477:2020.
Dentistry—polymer-based crown and bridge materials. Available at: (https://
www.iso). org/standard/80007.html.

Ates SM, Caglar I, Yesil Duymus Z. The effect of different surface
pretreatments on the bond strength of veneering resin to
polyetheretherketone. | Adhes Sci Technol. 2018;32:2220-2231.

Jain S, Sayed ME, Shetty M, et al. Physical and mechanical properties of 3D-
printed provisional crowns and fixed dental prosthesis resins compared to

JOURNAL OF PROSTHETIC DENTISTRY

32.

33.

34.

CAD/CAM milled and conventional provisional resins: A systematic review
and meta-analysis. Polymers ((Basel)). 2022;14:2691.

Lee K-S, Shin M-S, Lee J-Y, et al. Shear bond strength of composite resin to
high performance polymer PEKK according to surface treatments and
bonding materials. | Adv Prosthodont. 2017;9:350-357.

Astudillo-Rubio D, Delgado-Gaete A, Bellot-Arcis C, et al. Mechanical
properties of provisional dental materials: A systematic review and meta-
analysis. PLoS One. 2018;13:e0193162.

Donmez MB, Okutan Y, Yucel MT. Effect of prolonged application of single-
step self-etching primer and hydrofluoric acid on the surface roughness and
shear bond strength of CAD/CAM materials. Eur ] Oral Sci. 2020;128:542-549.

Corresponding author:

Dr Mustafa Borga Dénmez

Department of Reconstructive Dentistry and Gerodontology
School of Dental Medicine

University of Bern

Freiburgstrasse 7

Bern 3010

SWITZERLAND

Email: mustafa-borga.doenmez@unibe.ch

Copyright © 2024 The Authors. Published by Elsevier Inc. on behalf of the
Editorial Council of The Journal of Prosthetic Dentistry. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1016/j.prosdent.2024.07.019

Kiglkekenci et al


http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref22
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref22
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref22
https://www.saremco.ch/wp
https://www.bego
https://www.detax.de/de-wAssets/docs/dental/IFU-dental/IFU_3D-Kunststoffe/IFU_Freeprint_Dental_Temp.pdf
https://www.detax.de/de-wAssets/docs/dental/IFU-dental/IFU_3D-Kunststoffe/IFU_Freeprint_Dental_Temp.pdf
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref23
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref23
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref23
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref24
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref24
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref24
https://www.iso
https://www.iso
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref25
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref25
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref25
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref26
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref26
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref26
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref26
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref27
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref27
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref27
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref28
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref28
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref28
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref29
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref29
http://refhub.elsevier.com/S0022-3913(24)00500-6/sbref29
mailto:mustafa-borga.doenmez@unibe.ch
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.prosdent.2024.07.019
https://doi.org/10.1016/j.prosdent.2024.07.019

	Bond strength of recently introduced computer-aided design and computer-aided manufacturing resin-based crown materials to p...
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	References




