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WEAR AND SURFACE ROUGHNESS OF 3D PRINTED AND MILLED
CAD-CAM RESTORATIVE MATERIALS

Ahmed Mohamed Arafa'”, Lomaya Ghanem?

ABSTRACT

Objective: to assess wear behavior and surface roughness of CAD-CAM restorative materials and their opposing enamel
antagonists. Materials and methods: Rectangular-shaped specimens (n=22) (14x12x1.5 mm) were prepared; 3D printed
VarseoSmile Crown plus (VS) (n=11) and milled brilliant crios (BC) (n=11). Both groups were finished with composite polishing
kit. Wear testing was performed in chewing simulator with twenty-two freshly extracted mandibular premolars antagonists. The
wear of specimens and opposing enamel antagonists was calculated by weight loss. The surface roughness (Ra) of the specimens
and their opposing enamel antagonist was analyzed by using a digital image analysis software at baseline and after chewing
simulation then inspected by SEM. Data were statistically analyzed using Paired t-test, Independent t-test, and Chi square test (p
=0.05). Results: A significant weight loss in tested groups and their opposing enamel antagonists after chewing simulation was
noticed by Paired t-test (p < 0.05) where insignificant percentage change of weight between tested groups (p = 0.93) and between
their antagonists (p = 0.79) was noticed by Chi square test. Also, A significant difference in Ra value after chewing simulation
between tested groups was noticed (p < 0.05) where insignificant percentage change in Ra value between tested groups (p =0.74)
and between their antagonists (p = 0.88) was noticed by Chi square test. Conclusions: Based on their properties, each material
was affected by chewing simulation at different intensities; The tested CAD-CAM restorative materials and their opposing enamel
antagonists showed wear demonstrated by weight loss and difference in surface roughness.
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INTRODUCTION In dentistry, subtractive manufacturing using

Indirect restoration fabrication using CAD-CAM CNC machines resulted in a prosthesis with fewer

. . orosities and a more homogenous consistenc
systems in fixed prosthodontics has undergone P & y

. . ) N ..
several innovations over the last decade. This results from solid materials (blocks and discs) . Additive

in widespread use for both laboratory and in-office manufacturing is an alternative method that includes

ones due to their simplicity, decreasing the human
variations with reduced time and cost. Therefore,
more reliable made, precise prostheses can be
obtained from a uniform design and fabrication
process by skillful technicians with fewer errors
than the conventional method, specifically steps
such as impression-making, waxing, and casting .

3D printing technologies in which the creation of a
3D object @ through the fusion of liquid or powder
materials together layer by layer. It is commonly
used to produce metal copings, provisional
restorations, occlusal splints, surgical guides, and
removable prostheses (V. Compared to subtractive

manufacturing, additive manufacturing has many
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advantages due to less material waste, the ability to
produce larger objects, and fine detail production.

Several years of innovation in 3D printing tech-
nology allow the printing of the digital object from
a polymeric material in layers that are deposited in
the XY plane as a cross-sectional slice on a movable
platform in the Z-axis degree. It includes digital
light processing (DLP), stereolithography (SLA),
material jetting (MJ), fused deposition modeling
(FDM), and selective laser doping (SLS)®.

The more common in-office 3D printers are
SLA and DLP types which are similar in the use of
a monomeric resin, producing prosthetics through
photo-polymerization . They differ in that DLP
utilizes a light projector to polymerize a full resin
layer in the XY-axis simultaneously, while in SLA,
a moving laser beam is the light source @ that
sweeps across the resin tank to solidify the material
layer by layer on the horizontal axis. Although the
DLP method is a promising technology in dentistry
due to its rapid processing with high resolution and
low cost @, it does not offer the same homogenous
surface finish and texture in the printed object as
SLA because of the pixel projection. In SLA, the
point-by-point resin polymerization on the print
bed leads to no loss of surface quality making this
technology ideal for millimeter-scale printing .

Nowadays with the continuous evolution of light-
cured resin composite materials, the 3D printing of
adhesively cemented restorations becomes possible
as a treatment option®. VarseoSmile Crown plus
(VS) is a newly developed tooth-colored, ceramic-
filled hybrid resin material, light-cured plastic based
on methacrylic acid esters. Their ability to withstand
high occlusal forces allows the manufacturing of
inlays, onlays, veneers, and permanent crowns®. On
the side, different families of materials are available
for subtractive manufacturing of desired restorations
through CAD-CAM technology with acceptable
mechanical, physical, and esthetic properties ©.
It includes glass-matrix ceramics, polycrystalline
ceramics, and resin-matrix ceramics”.
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The exclusively introduced resin-matrix ceram-
ics for CAD-CAM combine advantages of both or-
ganic and inorganic phases of parent ceramics and
resins. It offers shock-absorbing ability due to its
modulus of elasticity that is very close to those of
dentin, and friendly to opposing enamel antagonists.
The improved fracture resistance makes it advisable
in the area with high occlusal loads®. Moreover,
easy milling and polishing procedures in addition to
simplified intra-oral repair with composite resin add
more benefits for their clinical use in single-visit
restoration””. This improvement in the mechani-
cal properties of CAD-CAM composites (flexural
strength ~ 200-300 MPa) was attributed to polym-
erization under high pressure and temperature!'?,

Brilliant Crios (BC) (Colténe, Whaledent A.G.
Altstatten, Switzerland) is one of the available
materials for subtractive manufacturing which
is reinforced composite resin with amorphous
silica and glass ceramic fillers in a cross-linked
methacrylate matrix having a modulus of elasticity
10.3 GPa V.

Wear resistance is an important physical prop-
erty in dentistry as it can predict the durability and
longevity of different restorative materials during
function V. Excessive wear may reduce the vertical
dimension of occlusion causing premature contact
in the anterior segment, reduction in the masticatory
efficiency, muscles of mastication fatigue, and im-
paired esthetics'V. In parallel, the surface roughness
of restorative materials is another crucial factor af-
fecting plaque accumulation, staining ability, shade
and resultant patient satisfaction !?. In addition, the
surface finish of the restoration and antagonist plays
a significant role in wear.

Although the complexity of both the masticatory
system and the wear process, wear simulation
research can predict wear rates of different materials
and opposing enamel antagonists to compare these
results with a standard material of proved acceptable
laboratory and clinical performance .
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Lack of available data on the wear behavior and
surface roughness of newly introduced 3D printed,
and their opposing enamel antagonists is critical
to have proper selection criteria for the restorative
material.

So, this study aimed to assess the wear behavior
and surface roughness of CAD-CAM restorative
materials whether 3D printed or milled, and their
opposing enamel
hypotheses of this study were that no difference

antagonist. The tested null

would be found: (1) in the wear behavior of the
tested 3D printed or milled CAD-CAM restorative
materials under increased loads, (2) in the wear
behavior of the opposing enamel antagonists, (3) in
the surface roughness of the tested 3D printed or
milled CAD-CAM restorative materials at baseline
and after chewing simulation, (4) in the surface
roughness of the opposing enamel antagonists
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at baseline and after chewing simulation and that
(5) there will be no correlation between the wear
behavior and the surface roughness of both the
tested 3D printed and milled CAD-CAM restorative
materials and their opposing enamel antagonists.

MATERIALS AND METHODS

Sample size was detected according to a previous
study " in which 9 per group was the minimally
accepted sample size when the response within
each subject group was normally distributed with a
standard deviation of 0.49, the true mean difference
was 0.68 when the power was 80 % & type I error
probability was 0.05. Sample size increased to 11
per group to compensate 15 % dropout. The details
of the materials’ composition and their filler content
utilized in this study are listed in Table 1.

TABLE (1) Materials’ composition and their manufacturers utilized in the study.

Trade name Manufacturer

Filler Mass
(weight %)

Modulus of

elasticity

Composition

Varseo Smile  Bego, Bremen,

- 40-isopropy lidiphenol, ethoxylated and

0.7 pum particle size 4.09 GPa

Crown plus Germany 2-methylprop-2enoic acid. forming
VS) - Silanized dental glass, methyl benzoyl formate, 30-50 wt. % inorganic
diphenyl (2.4 ,6-trimethyl benzoyl) phosphine oxide. filler
Brilliant Crios Coltene, - 70.7% <20 nm Amorphous silica (Si0, < 20 nm, 10.3 GPa

BC) Whaledent

and <1 um barium glass.
A.G. Altstatten,

Switzerland

(Bis-GMA, Bis-EMA, TEGDMA)

- 29.3% Cross-linked methacrylate resin matrix

barium glass <1 um

forming

70.7 wt.% inorganic
filler

Bis-GMA, bisphenol A-glycidyl methacrylate, Bis-EMA, ethoxylated bisphenol A-glycol dimethacrylate,

TEGDMA, triethylene glycol dimethacrylate; UDMA urethane dimethacrylate, SiO,, silicon dioxide.
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Teeth specimen preparation:

Twenty-two recently extracted mandibular first
premolars for orthodontic causes were selected
having intact crowns without abrasion cavities and/
or caries. (All procedures were performed after
the approval of the Research Ethics Committee
(FDBSU-REC) of Faculty of Dentistry, Beni-Suef
University, Egypt (Approval number: # REC-
FDBSU/03112022-03/AA).

The selected teeth were stored in 0.9% saline
(ADWIC, Pharmaceutical division, Abu Zabal,
Egypt) after scaling to remove any organic debris
until testing procedures to prevent dehydration
during storing time. In order to standardize the
acrylic blocks, a machine-milled split brass mold
was used to vertically mount the tooth specimen
in self-curing poly-methyl-methacrylate (PMMA)
resin (Acrostone, Egypt), along its long axis. Teeth
specimens were centralized in the mold at a prede-
termined depth using a paralleling device (BEGO,
Germany) until resin blocks polymerize completely
then stored again in 0.9% saline.

3D printed discs fabrication:

STL file of rectangular-shaped discs with desired
dimensions (14x12x1.5 mm) was designed using a
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software program (exocad Dental DB 3.0 Galway,
exocad GmbH, USA). The finished STL file was
printed using DLP technology utilizing a 3D
printer (Anycubic photon S, Shenzhen, China). The
composite resin discs were printed vertically to the
platform from a liquid material VarseoSmile plus
(VS) as shown in Figure 1.3D printing preprocessing
software (Chitubox V1.9.0, Shenzhen, China) was
used to prepare resin optimized for VS with a layer
height 0.05 mm, bottom layer count 8, exposure
time 6.5s, bottom exposure 20s, lift distance 5 mm
and lift speed 60 mm/s.

On completion of printing, the eleven 3D printed
specimens were separated from the build platform
using the spatula and then were cleaned following
manufacturing recommendation in two steps with
ethanol (96 %) using an unheated ultrasonic bath
(Anycubic 3D Printer Wash and Cure Machine 2.0).
First, for 3 min in a reusable ethanol solution (96
%) then cleaned carefully for another 2 min in a
freshly used ethanol (96 %) solution. Finally, the 3D
printed specimens were removed from the ethanol
bath and sprayed with additional ethanol (96 %) to
totally get rid of any remaining resin residue. After
cleaning, the 3D printed specimens were dried using
compressed air under an extraction unit.

-

FIG (1) 3D printed (VS) specimens using a 3D printer (a) pre-processing before 3D printing.
(b) printed specimen on build platform of the 3D printer. (¢) Varseo Smile Crown plus com-

posite resin bottle.



AJ.D.SS. Vol.26, No. 2

The post-curing of the printed specimens was
performed two times for 45 min, then left to cool
for 3-5 min in an ultraviolet light curing device
(Anycubic 3D Printer Wash and Cure Machine 2.0)
suitable for post-curing of 3D printed composite
resin materials to ensure full polymer conversion
reducing residual monomer thus obtaining the
highest mechanical properties. Cutting of all
supporting structures of the final printed end product
was performed with cutting wheel.

Milled discs fabrication:

Eleven rectangular-shaped discs with desired
dimensions (14x12x1.5 mm) were cut of Brilliant
Crios (BC) CAD-CAM blocks (Coltene, Whaledent
A.G. Altstatten, Switzerland) using an electrical
high-precision saw (Isomet 4000, microsaw,
Buehler Ltd, USA) under water cooling system with
two anticorrosive agents rotating at a speed 2500
rpm and feeding rate 5 mm/min utilizing diamond
disc (Buehler instrument, USA) with a thickness of

0.6 mm.
Finishing of discs:

After checking the final thickness for all
specimens of tested groups using a digital caliper
to have a thickness of 1.5 mm with an accuracy
of £0.01 mm, all specimens of tested CAD-CAM
restorative materials (n=22) were secured in a teflon
mold using self-curing poly-methyl-methacrylate
(PMMA) resin blocks (Acrostone, Egypt) to match
the jig of chewing simulator then finished with
a composite polishing kit (AZDENT RAO0309,
Mainland, China) according to a previous study >
to get a perfect smooth surface. All specimens of
tested groups and enamel antagonists were steam
cleaned, dried with absorbent paper then air dried
before weighing.

Wear testing procedures:

Two-body wear testing was performed under a
load of 98 N for 60000 cycles simulating 6 months
of clinical use "® in a chewing simulator (Robota,
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model ACH-09075DC-T, AD Tech technology Co.
Ltd, Frankfurt, Germany) having four chambers
resembling the horizontal and vertical movements
simultaneously with thermocycling to perform two-
body wear in distilled water. Each chamber consists
of an upper Jackob’s chuck as an antagonist holder
that can be tightened with a screw and a lower plastic
specimen holder to which the tested specimen can
be attached. A schematic diagram representing the
wear testing configuration is presented in Figure
2 and the wear testing parameters are presented in
Table 2.

( N\

{l 10 kg /98 N

Weight

Distilled Water S

Speci Holder

FIG (2) Schematic diagram of chewing simulation.

TABLE (2) Wear testing parameter applied in the
study.

Wear testing parameters

Cold/hot bath temperature: Horizontal movement: 3mm

5°C/55°C

Vertical movement: 3 mm Forward speed: 40 mm/s

Rising speed: 90 mm/s Backward speed: 40 mm/s

Descending speed: 40 mm/s ~ Weight per specimen: from

10 kg
Cycle frequency 1.6 Hz Torque; 2.4 N.m

Dwell time: 60 s

After completion of wear testing procedures,
all tested specimens and their opposing enamel an-
tagonists were retrieved, dried with paper towels,
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and compressed air then weighed again. Wear quan-
tification of specimens and their opposing enamel
antagonists was calculated by weight loss using an
analytical balance (Quintix124-1S, Sartorius AG,
Gottingen, Germany) with 0.0001 gm accuracy to
determine the variation in weight at baseline and af-
ter 60000 cycles of chewing simulation.

Scanning electron microscope (SEM) (Quanta
FEG 250, FEI Company, Hillsboro, Oregon-USA)
was used to examine a representative specimen from
each tested group at baseline and after the wear test-
ing procedures at 10.1 mm distance with an excita-
tion voltage of 20 kV at different magnification.

A digital image analysis software (WSxM, Ver 5
develop 4.1, Nanotec, Electronica, SL, San Diego,
CA) coupled with a USB Digital microscope hav-
ing a built-in camera (U500X Capture Digital Mi-
croscope, Guangdong, China) fixed at a magnifica-
tion of 120X connected to a personal computer was
utilized to build up a 3D image of the specimens’
surface profile and their antagonist enamel at base-
line and after wear testing procedures. The images
were saved with a resolution of 1280 x 1024 pixels
per image then cropped to 350 x 400 pixels to iden-
tify the selected area measuring roughness 7 then
analysis was performed by using software to turn
the pixels into absolute units by comparing a ruler
with a scale of software to determine the average of
heights (Ra) expressed in microns (um) which is a
reliable index of surface roughness ®.

Data were presented as mean and standard
Shapiro-Wilk test and
Kolmogorov-Smirnov test were used to explore the

deviation for values.

given data for normality. It revealed that both tested
groups regarding specimens and their opposing
enamel antagonists originated from normal
distribution (parametric data) resembling normal
Bell curve. Accordingly, a comparison between
different intervals was performed by using Paired
t-test, a comparison between different groups was
performed by Independent t-test and Chi square test

was used to compare between percentage changes.
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Significance was set at p < 0.05. Statistical analysis
was performed with a statistical software program
(IBM SPSS 16 ® Statistical Package for Scientific
Studies, IBM Corp).

RESULTS

Regarding the wear behavior, the mean values,
standard deviations, and statistical results of the
weight loss recorded in gm for the tested groups
and their opposing enamel antagonists at baseline
and after 60000 cycles of chewing simulation were
listed in Table 3.

Paired t-test revealed a significant weight
loss (wear) in all tested CAD-CAM restorative
materials and in their opposing enamel antagonists
after chewing simulation (p < 0.05). Chi square
test revealed an insignificant percentage change
of weight between tested groups (p = 0.93) and
between their opposing enamel antagonists (p =
0.79) where a higher percentage change of weight
was found in VS group (-1.09%) and their opposing
enamel antagonists (-1.32%).

Regarding the surface roughness evaluation, the
mean values, standard deviations, and statistical
results recorded in um for the tested groups and
their opposing enamel antagonists at baseline and
after 60000 cycles of chewing simulation were
listed in Table 4.

Paired t-test revealed an insignificant difference
in Ra value of the 3D printed (VS) group and
their opposing enamel antagonists (p > 0.05). A
significant reduction in Ra value was found in the
milled (BC) group (p < 0.05), while their opposing
enamel antagonists showed insignificant differences
(p > 0.05). Chi square test revealed an insignificant
percentage change in Ra value between tested
groups (p =0.74) and between their opposing
enamel antagonists (p = 0.88) where a higher
percentage change of Ra was found in milled (BC)
group (-3.57%) their opposing enamel antagonists
(-0.53%).
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TABLE (3) Mean and standard deviation of 3D printed and milled groups regarding specimens and antago-

nists” weight (gm) at baseline and after chewing simulation and comparison between them:

. Difference
3D P““\tfsd 8rOUP  \rilled group (BC)
Weight (VS) 95% CI
MD + SEM P value
M SD M SD L U
Baseline 0.3651 0.0038 0.5175 0.0214 -0.152 £ 0.006 <0.0001* -0.16 -0.13
After 0.3616 0.0029 0.5135 0.0201 -0.152 £ 0.006 <0.0001* -0.16 -0.12
Specimen
P value 0.0001%* 0.004*
Change% -1.09 -0.77 093
Baseline 1.0587 0.1565 0.9031 0.1083 0.155+0.05 0.009%* 0.04 0.26
After 1.0442 0.1482 0.9003 0.1088 0.144 £0.05 0.01* 0.03 0.25
Antagonist
P value 0.001* 0.0001*
Change% -1.32 -0.29 0.79

M: mean, SD: standard deviation, Change %: percentage of change, MD: mean difference, SEM: standard error

of mean, CI: confidence interval. *Significant difference as p <0.05

TABLE (4) Mean and standard deviation of 3D printed and milled groups regarding specimens and an-

tagonists surface roughness (um) at baseline and after chewing simulation and comparison between them:

Difference
3D Printed group (VS) Milled group (BC)
Surface 1l{'oughness 95% CI
(Ra) MD + SEM P value
M SD M SD L U
Baseline 0.2596 0.0045 0.2605 0.0041 -0.0009 = 0.002 0.61 -0.004 0.001
=
g After 0.2562 0.0036 0.2512 0.0007 0.005 +0.001 0.0001* 0.002 0.007
)
é. P value 0.052 0.0001*
Change % -1.31 -3.57 0.74
Baseline 0.2604 0.0029 0.2613 0.0045 -0.0009 + 0.002 0.56 -0.004 0.002
2
£ After 0.26 0.0019 0.2599 0.0062 0.01 £0.002 0.59 -0.003 0.004
on
£ Pvalue 0.65 053
<
Change % -0.15 -0.53 0.88

M: mean, SD: standard deviation, Change %: percentage of change, MD: mean difference, SEM: standard error

of mean, CI: confidence interval.

There was

insignificant

weak correlation
between surface roughness and weight loss of both

tested groups and their opposing enamel antagonists

*Significant difference as p <0.05

calculated by using Pearson’s correlation coefficient
as listed in Table 5.
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TABLE (5) Correlation between surface roughness (Ra) and weight loss of both groups:

r P Indication
Ra
Specimen 0.15 047 Insignificant / Weak / Positive
3D Weight
Printed group (VS) Ra
Antagonist 0.01 09 Insignificant / Weak / Positive
Weight
Ra
Milled Specimen Weight 0.27 0.19 Insignificant / Weak / Positive
group (BC)
Ra
Antagonist 0.22 0.29 Insignificant / Weak / Positive
Weight

Representative SEM images of the tested groups
are presented in Figure 2 and 3. All tested specimens
showed wear scar with few detached fillers with

sliding direction of enamel antagonists on the worn

surface indicating an abrasive wear behavior.

Ve

1000 x

-

———— 100 pm ———

0 kV

20.00 KV

1P
414 ym

1 000 X

Y pol
10.9 mm | 3.5

J

FIG (3) SEM of tested CAD-CAM restorative materials (1000x): (a) VS specimen at baseline showing very shallow and superficial
flaws, grooves. (b) VS after chewing simulation, arrows showing very few detached fillers. (c), BC specimen at baseline
showing very shallow and superficial flaws, grooves. (d), BC specimen after chewing simulation, arrows showing very

few detached fillers.
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10.9 mm

FIG (4) SEM of tested CAD-CAM restorative materials (3000x) showing similar filler distribution (a) VS specimen at baseline.
(b) VS specimen after chewing simulation. (¢) BC specimen at baseline. (d) BC specimen after chewing simulation.

Representative 3D images of the surface profile
of tested groups and their opposing antagonist
enamel at baseline and after wear chewing
simulation are presented in Figures 4 and 5. The
3D images revealed an insignificant reduction of Ra
for the tested groups and their opposing antagonist
enamel after chewing simulation except for the
milled group (BC) with a pattern of lower peaks and
shallower valleys.

FIG (5) Representative 3D images of the surface profile of test-
ed groups A: VS specimen at baseline, B: VS specimen

after chewing simulation, C: BC specimen at baseline,

and D: after chewing simulation. . J
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FIG (6) Representative 3D images of the surface profile of an-
tagonist enamel. A: antagonist enamel at baseline to VS
specimen, B: antagonist enamel after chewing simula-
tion to VS specimen. C, antagonist enamel at baseline
to BC specimen. D: antagonist enamel after chewing
simulation to BC specimen.

DISCUSSION

In this in-vitro study, assessment of the wear
behavior and surface roughness of CAD-CAM
restorative materials whether 3D printed (VS) or
milled (BC), and their opposing enamel antagonist
was performed. The first and second null hypotheses
of the study was rejected. The results of the study
showed a significant reduction in weight (weight
loss) in the 3D printed (VS), milled (BC) and
their opposing enamel antagonists after chewing
simulation (p < 0.05). Nevertheless an insignificant
percentage change of weight was noticed between
tested groups (p = 0.93) and between their opposing
enamel antagonists (p = 0.79), a higher percentage
change of weight was found in VS group (-1.09%)
and their opposing enamel antagonists (-1.32%).

This may be attributed to relatively low filler
content (about 30-50 wt. % inorganic fillers with 0.7
um particle size) *® with low modulus of elasticity
(409 GPa) compared to hard dental tissue in
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addition to damage caused by mechanical abrasion
and chemical degradation induced by hydrolysis
effect of water @, On the other side, the milled
group (BC) and their opposing enamel antagonists
revealed the least percentage change of weight
which may be attributed to higher filler content
(about 70.7 wt.% inorganic filler with a mixture
of small-sized (SiO, < 20 nm) and medium-sized
fillers (barium glass < 1 um) dispersed in composite
resin ® with a resultant higher modulus of elasticity
(10.3 GPa). This is consistent with the findings of
a previous study @V stated that increasing the filler
content of composites will increase their elastic
modulus.

A possible explanation for the difference in
wear (weight loss) may be related to the difference
in microstructures, filler content and ceramic or
polymer content which may have a detrimental
effect on wear behavior and surface roughness of
tested CAD-CAM restorative materials ®?. Also,
the material with a low modulus may be subjected
to elastic deformation inducing fatigue than those
with a high modulus that may be subjected to
abrasion ®®, The abrasive wear has worn away the
soft polymeric matrix with subsequent plucking
out of the exposed filler particles. Additionally,
stress concentration at the filler-matrix interface
may cause detachment of loose superficial filler,
subsurface cracks, and finally loss of the material
@9, So, initially, the wear may be influenced by the
antagonists’ surface roughness, but later on, it was
affected by the material’s intrinsic properties 2.
Also, artificial aging in different storage mediums
and environmental conditions to simulate the oral
environment’s destructive capacity is beneficial to
better predict material durability and enhance the
clinical implications of data ®.

The results of this study were in accordance
with a previous study @ that explained the wear
behavior of the resin composites may be due to the
type and size of dispersed fillers. They assumed that
resin composites with larger filler size should reveal
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higher wear, while those with smaller filler size
could be compacted densely exposing less polymer
matrix to the wear process and thus assumed to
reveal less wear.

SEM micrograph after chewing simulation
confirm this suggestion showing a few detached
numbers of medium-sized fillers for 3D printed
(VS) specimens instead of small and medium-sized
filler for milled (BC) specimens as shown in Figures
2 and 3 which are probably responsible for the
opposing antagonist enamel abrasion. The chipping
of enamel occurs because it is loaded transversally
to its prismatic structure which is weaker than when
stressed parallel to its prismatic orientation @7

The third null hypothesis tested in this study
was partially rejected. No significant difference
in Ra value was noticed at baseline between the
tested groups but after chewing simulation, the
milled (BC) group showed a significant reduction
in Ra value, and smoother surfaces were obtained
as shown in Table 4, Figure 4. Nevertheless, an
insignificant percentage change in Ra value between
tested groups (p =0.74) was noticed by Chi square
test, a higher percentage change of Ra was found
in the milled (BC) group (-3.75%). This could be
attributed to the bidirectional sliding as scratches
from one sliding direction were overrun by the
abrader in the opposite direction ¥,

This recorded Ra value at baseline is comparable
to that recorded in a previous study ® following
the same polishing protocol. All recorded Ra
values were not above 0.2 um which is critical for
bacterial adhesion with subsequent risk of caries
and periodontal inflammation. The recorded Ra
values recorded in this study were consistent with
previously published data (Ra 0.2-3.0 um) ®. The
polishing action to the opposing enamel antagonist
may be attributed to the lower elastic modulus of the
indirect resin composite ®”. SEM images illustrate
a similar pattern of angular fillers distribution in
the resin composite as shown in Figure 3. Little
variations in surface roughness between the tested
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groups at baseline highlight efficient polishing
protocol followed. No significant difference in Ra
value was noticed at baseline and after chewing
simulation for the enamel antagonists opposed by
tested groups, So the fourth null hypothesis in this
study was accepted. Nevertheless, an insignificant
percentage change in Ra value between enamel
antagonists opposed by tested groups (p =0.88)
was noticed by Chi square test, a higher percentage
change of Ra was found in antagonist opposed with
the milled (BC) group (-0.53%).

The correlation between surface roughness
and weight loss (wear) of the tested groups was
calculated by using Pearson’s correlation coefficient
which showed an insignificant weak correlation
in both the specimens and their opposing enamel
antagonists. Accordingly, the fifth null hypothesis
was accepted. These results are consistent with that
of Ludovichetti et al ® who found lack of relation
between the two properties, while some studies ¢3!
reported opposite results to findings of the present
study.

A higher load of 98 N was applied in this study
according to a previous study ©? to simulate the
situation in patients with increased chewing forces.
The chewing simulation was performed for 60000
cycles to simulate 6 months of clinical performance
subjecting the specimens to a mixture of attrition and
fatigue wear "® with incorporation of thermocycling
inducing artificial aging to maximize the wear effect
@3 The flat surface of the specimens was preferred
to allow a balanced stress distribution in the tested
CAD-CAM Though
enamel is considered the gold standard antagonist,

restorative materials (%,

but its highly variable form, fluoride content, and
amount of aprismatic hydroxyapatite present make
its standardization difficult ¥,

Although, there is similarity in the composition
between of 3D printed (VS) and Z250 composite
resin in the percentage of inorganic fillers and
presence of Bis-EMA organic matrix. The data
available about the 3D printed (VS) material still
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limited, so future studies still needed to completely
clarify its properties. Also, long term in vivo studies
are required to confirm the obtained results.

Limitations of the study

pH cycling is required to evaluate their effect on
the wear behavior of a newly introduced 3D printed
(VS) restorative materials.

CONCLUSIONS

Within the limitations of this study, the followings
were concluded:

1. All tested CAD-CAM restorative materials
whether 3D printed (VS) or milled (BC) and
their opposing enamel antagonists revealed
increased wear as demonstrated by weight loss.

2. Chewing simulation had statistically reduced
the surface roughness of milled (BC) group.

3. Chewing simulation had similar effect on
the surface roughness of enamel antagonists
opposed by all tested CAD-CAM restorative
materials.

4. The wear demonstrated by weight loss and
surface roughness after chewing simulation
did not revealed positive correlation within the
tested CAM-CAM restorative materials and
their opposing enamel antagonists.
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