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ABST T

ript

Purpose: ewmaluate the marginal fit of CAD/CAM all ceramic crowns made from lithium

G

disilicate igonia using two different fabrication protocols (model and model-less).

Materialmthods: Forty anterior all ceramic restorations (20 lithium disilicate, 20
zirconia) were Eaiicated from digital impression using a CEREC Bluecam scanner. Two

different dﬂrkﬂows were used: a fully digital model-less approach and a printed

model digi oach. The crowns were cemented on the respective prepared typodont teeth

and margmvvas evaluated using Micro-CT. Each specimen was analyzed in sagittal and
trans-axg i ions, allowing evaluation of the marginal fit (vertical and horizontal) on
each surfac rithmic transformation was used with a significance of 0.05. After that a
reliability analysis was performed by re-measuring four randomized selected images for each

specimen Morming intra-class correlations to determine any systematic bias in the

measurew@

Results: @ertical measurements in the lingual, distal and mesial views had an estimated

marginal ﬁp raaiing from 101.9 to 133.9 microns for lithium disilicate crowns and 126.4 to

165.4 microns for zirconia. No significant differences were found between model and model-
less techniques. i

Both workflows are valid protocols for the fabrication of monolithic ceramic
restorations. se of a printed model did not improve the marginal fit of lithium disilicate

or zirconia crowns.
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Both materials are also clinically acceptable, no matter which workflow was used to obtain

the restoration.

T

Q.

N
KEYWO[!:S: CAD/CAM; Zirconia; Lithium Disilicate; Micro-CT.

C

IN TRODUCTIEiV

Dental cr torations have been used for decades to restore compromised, heavily
restored teCthy, for esthetic and functional improvements. The fabrication process of these
restoratiomeen traditionally performed using elastomeric impression materials after
tooth followed by fabrication of a master cast with a die preparation. In the
conventi orkflow, the crown or the crown coping is produced by the lost wax
technique, and where a compatible ceramic veneer is applied by layering or pressing.1
Computerwesign/ Computer Aided Manufacturing (CAD/CAM) technology expanded
the choicq @ ntemporary ceramic materials and presents a viable alternative for the

fabrica‘rfal restorations. The increased demand of contemporary ceramic material

use is

xcellent biocompatibility, strength, esthetics and reduced fabrication cost.

Although !mer ing evidence indicates that all-ceramic restorations are viable alternatives to

metal cerami orations, there is a need for a systematic comparisons of the marginal fit of
full cov D/CAM restorations and processing techniques. > Multiple recent studies
examined the inal fit of ceramic restorations fabricated using digital impression systems.
3-10

Many of these studies, compared the marginal fit using digital and conventional

This article is protected by copyright. All rights reserved.
3



impressions and concluded that both protocols result in clinically acceptable marginal

4 11,12
346,711, Nonetheless,

adaptation for the fabrication of indirect all ceramic dental restorations.
another are t require further investigation is the validity of various digital workflows
currently iged for digital crown fabrication.

It is wgll mnted that long-term success in fixed prosthodontics is influenced by the
accuracy inal adaptation of the restoration.”> Marginal gaps can result in dissolution
of cememased plaque accumulation, periodontal inflammation and secondary
caries.'*! vivo study by Felton et al. the marginal fit was strongly correlated with
gingival inflammMation'®. Furthermore, Zoellner, et al. correlated the marginal adaptation of
single restorations with secondary carious lesions using histologic evaluation and found that
when takigigyi ccount the extension of secondary caries lesions undermined crown by up
to Imm hmly and 1.3mm vertically."’

When technology is used for the fabrication of all-ceramic restorations, multiple

workflows ¢ implemented; indirect method involving milling or printing and investing

of resin replicas that are later heat pressed, or a direct method which include the milling of
various cimic and composite materials. Two popular contemporary ceramic materials that
can be mi dental offices or laboratories are lithium disilicate and zirconia. Lithium
disilicate b are partially sintered and relatively soft; they are easier to mill and obtain the
desired r&ration; after this process, the material is usually heated to 850°C for 20-30
minuteworm the material to the fully crystalized stage. This sintering step is
associated with ;).2% shrinkage accounted for by the CAD software.'® On the other hand,
zirconia ceramag@® blocks can be milled in a partially sintered state (green state), or in a fully
sintered S e green state is easier and faster to mill; however, volume shrinkage of 25 to
35% occurs during the sintering process. Fully sintered zirconia requires more time and

intensive milling process; this process may cause “micro defects” in the restoration or surface
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flaws that can degrade the final strength and potentially result in chipping of the marginal

areas of the final restoration.'

T

Capturing& preparation details via a final impression is a critical step in fixed

prostho?losmarapy. Currently this can be performed utilizing conventional elastomeric
impressiongmategials or digitally by an optical surface scanner. Seelbach, et al. demonstrated
that convm impression techniques using vinyl polysiloxane were no better than digital
impressiow using several intraoral scanners.'” The aim of this investigation was to
compare @croCT( uCT) technology the marginal fit of crowns fabricated using a
model-lesﬁnodel approach for both lithium disilicate and zirconia materials.

Additiona Iso evaluated the overall marginal fit of lithium disilicate and zirconia

crowns. The hypothesis is that crowns fabricated using the two different workflows

would Sr marginal adaptation.

MATERIALS AND METHODS

Forty typgont maxillary left canine teeth were prepared for all ceramic crowns by dental

students e in the preclinical fixed course at the University of North Carolina School of
Dentistry. reparation parameters were: 1.3-1.5mm chamfer finish line, axial reduction
of 1.5-1. m, 2mm incisal reduction and occlusal palatal clearance of 1.5 mm with a

rounde(w)utline. All the preparations were scanned using laser-based intraoral
scanner (CEEBlue Cam, Sirona, Charlotte NC) after coating the preparation, adjacent
teeth and o g teeth with scanning powder (CEREC Optispray, Sirona, Charlotte NC).
For bite tion, maxillo-mandibular relations were captured using a buccal scan for
virtual articulation. The digital files were sent via Cerec-Connect software to two different

commercial dental laboratories for crown fabrication. Forty anterior all ceramic restorations
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(20 lithium disilicate, 20 zirconia) were fabricated. Two different workflows were used: a

fully digital model-less approach and a printed cast digital approach.

{

For the m oup the files were downloaded and transferred to the CAD software for

[
crown desaggn (Cerec In Lab 4.2.3). Crowns were designed and then sent to the CAM nesting

software fg@ th&gnilling process (Fig 1). Luting space and adhesive gap were set at 80 um.

G

One dental ratory used a 5-axis Roland DWX-50 milling machine to fabricate crowns

S

from Arg translucency zirconia discs (98mm). Milled crowns were sintered at 1530-

1560°F degrees. Bhe second laboratory fabricated lithium disilicate crowns (IPS e.max CAD,

u

Ivoclar Vi Vident) using an MC XL milling machine (Sirona) and crowns were

1,

crystalliz 5°F for 17 minutes. All restorations were stained, glazed, and returned for

seating and ¢ tation.

a

The model workflow the files were also downloaded and transferred to the CAD

V]

software for crown design (Cerec In Lab 4.2.3). Casts for each specimen were also obtained

1

after digi ssion and virtual model acquisition (Sirona Infinident, Charlotte, North

Carolina). ntal laboratory received the printed casts to verify the marginal fit and

0

contacts of the restorations previously designed using the virtual models and milled in

1

monol ic materials. If needed the restorations were adjusted, then stained and

{

glazed. , they were returned for seating and cementation.

All the cro r both groups were seated by the dental students under faculty supervision

Au

following a rdized protocol consisting of evaluating the proximal contacts, marginal fit
clinically using a dental explorer and GC fit checker silicone based material (GC Fit Chek,
GC America), occlusal contacts and axial contours. After the crowns were approved by the

This article is protected by copyright. All rights reserved.
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supervising faculty they were cemented to the typodont tooth using a dual cure self-adhesive
resin cement (Rely X Unicem, 3M ESPE). After the completion of the laboratory exercise all

I

specimens collected and submitted for analysis using pCT scanner.

All 40 s-p ?enswere scanned for marginal fit analysis using a quantitative micro-computed
tomograp s@anner (Scanco micro-CT 40 scanner; Scanco Medical AG, Ziirich,
Switzerlan e Biomedical Research Imaging Center (BRIC) at the University of North
Carolina. Wmaging and Communications in Medicine (DICOM) files were generated
using a 7(@t peak (kVp) with a resolution of 1024x1024 pixels; the pixel size for the

slice widtl& microns nominal isotropic with a scan time of approximately 40 minutes.

All the imere analyzed in the sagittal and transaxial views with the a processing

softwa , Bruker Corporation, Kontich, Belgium). The analysis protocol consisted

of a total of ages within the 360 degree perimeter. Thus, 13 images per perspective
(sagittal and transaxial) were evenly distributed around the cervical margin (Fig 2). For each
image twadghorizontal and two vertical measurements corresponding to the buccal and lingual
or mesial Qﬂ were taken at 400x magnification (Fig 3). Totaling 56 measurements per
tooth. The cal measurements were made from the external crown margin to the most
external p@int of the tooth. For the horizontal marginal fit, measurements are made from the
most eWt of the margin of the tooth to the crown margin (Fig 4).

The examiner Was calibrated according to previous experiments®' before starting all
measureme results were computed and organized in a Microsoft Excel document for
statisti(m Descriptive statistics were performed; there were 10 specimens for each
group with 13 correlated images with measurements for each surface according to previous

publications *'*°. Four continuous outcomes (Buccal, Lingual, Mesial and Distal), were

This article is protected by copyright. All rights reserved.
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measured on each image for horizontal and vertical marginal fit. Logarithmic transformation
was used for each outcome variable. Each of the variables were normally distributed after
transformat:': Linear mixed models were used to assess the main effect of two explanatory

variables, (model and model-less) and material (Lithium disilate and Zirconia), on

each OIEC miable. The interaction term was not included due to the small sample size.
The analysis wag,conducted separately for each direction. A compound symmetric variance-
covariance re was assumed. Level of significance was set at 0.05. Least square means
for each w were calculated for the main effects from the linear mixed models. All
analyses were pcsformed with SAS 9.3 (SAS institute, Cary, NC).

A reliabilit sis was performed by re-measuring four randomized selected images for
each specﬁ

performing intra-class correlations to determine any systematic bias in the

measurement

a

RESULTS

Table 1 and table 2 shows the statistical analysis of marginal fit. Table 1 presents the results
of margin% each surface and different materials. For all outcomes, the average
marginal rger for zirconia than for lithium disilicate. Table 2 shows the difference
between gro model and model-less) and materials (lithium disilicate and zirconia)
according‘ the different directions (buccal-lingual and mesio-distal) and outcomes (vertical
and horﬁe average marginal fit as determined by micro-CT analysis for the surfaces
that showe@ically significant results were estimated as follows: the estimated
horizontal 1 fit of the buccal view was 133.9 um for lithium disilicate and 156.3 um
for zirc%3 6); the horizontal marginal fit in the lingual surface was 122.7 um and
165.4 um for lithium disilicate and zirconia (P<0.001) respectively. On the other hand, the

vertical marginal fit in the lingual view was 101.9 um for lithium disilicate and 140.2 pm for

This article is protected by copyright. All rights reserved.
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zirconia (P=0.006); the marginal fit in the distal surface was 104.6 um for lithium disilicate
and 126.4 um for zirconia (P=0.048); the marginal fit in the mesial surface was 111.8 um for

lithium dim!i and 142.9 um (P=0.045), respectively. In regard to the fabrication technique

marginal ies values were statistically different only for horizontal lingual between
N
model-lesg(127um) and model (158.8) (P<.001). Table 3 shows the mean difference,

standard w and paired t-test from the reliability analysis. The intraclass correlation

coefficient s were 0.99 indicating high concordance between measurements beyond

that expecgiediby 8hance and there is no statically significant values from the paired tests

indicating :e is no systematic bias and high consistency between measurements.

Figures 58 also show the values of horizontal and vertical marginal fit for each group
according oth surfaces. The percentage of restorations that were under 120 microns
was 48% f0F 1 m disilicate and 25% for Zirconia restorations.

The intra—EEorrelation coefficients results were 0.99 indicating high concordance
betwee ents beyond that expected by chance and there is no statistically
signiﬁcan!values from the paired tests indicating that there is no systematic bias and high

consistency €en measurements.

DISCUS!: EN

Based on eriments and results the null hypothesis that the different fabrication
protocols (ModeL vs. Model-less) would not affect the marginal fit of the restorations was
accept secondary outcome showed that marginal fit of lithium disilicate crows was
different from zirconia crowns. One major limitation of this study was the fact zirconia and

lithium disilicate crowns were fabricated by different laboratories and these could have

This article is protected by copyright. All rights reserved.
9



affected the marginal fit of the restorations Nonetheless these two materials have different

milling protocol and this also can be the reason for the different marginal fit.

Christense 66) suggested that clinically detectable supragingival and subgingival

margins a e of 2-51 microns and 34-119 microns, respectively'’ McLean (1971)
N _ . .. .

suggestedsthat 120 microns should be the limit for clinically acceptable marginal

discrepancigs™ mEhere are other classifications of acceptable marginal fit. Neves et. al showed

different a le marginal discrepancies described in the literature and also suggested a
new accewﬂt under 120 microns®'. Holmes, et al. defined absolute marginal fit for
the first @ affirmed that that marginal fit should be considered as the angular
combinatio e vertical and horizontal error”. Evaluation techniques for clinical and
laboratory, ment of marginal fit include the use of direct view and clinical evaluation

techniquem-sectioning technique, replica technique, profile projector, digimatic

reconstruction and micro computed tomography (uCT).> The main

advantages D reconstruction and pCT methods is that angulation and deformation are
not incorporated 1n the analysis of the specimens and they represent non-destructive methods

. . . 21
of investigation.

g

It is imp note that the crown marginal fit is a culmination of an entire digital

0O

workflow. arginal fit in CAD/CAM is dependent on the size of the cutting instrument,

3

precision 8f the milling unit, digital cast rendering, the machine calibration and system for

{

image ¥So, to make a fair comparison, it is necessary to consider the system, its

version, the mea8urement technique, the type of restoration (crowns, inlays, onlays), and

H

21,24
1 B

restorative . The materials per se do not represent the only variable in the process.

A centra ce in the fabrication of the zirconia versus lithium disilicate crowns was the

A

CAD/CAM mill. This is complicated by the dry versus wet nature of milling zirconia versus

lithium disilicate, the potential differences in nesting programs, tool path determination and

This article is protected by copyright. All rights reserved.
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integral dimensional constraints or calibration effects of the individual mills. Further, the
dimensional inaccuracies associated with shrinking during the sintering process and
individual ing may have affected the fabrication of the zirconia crowns.

Moreover ician’s impact on design also influences outcomes; for example, the

. I . . .
virtual co!1gurat10n of the die spacer between the tooth and the restoration is essential for
the accurthe marginal adaptation. Studies have demonstrated that the difference of
1

marginal een CAD/CAM restorations is directly related to the gap parameters from

S

the comp eglen and also related to the intrinsic properties of the CAD/CAM system™.

Recent studies pared restorations fabricated utilizing digital impression systems to ones

u

compared ditional impression techniques and found out that both techniques results in

1

acceptabl al fit**'2. Although, CAD/CAM fabricated restorations provide acceptable

marginal fit, t evidence still show improved marginal fit . with heat pressed fabricated

d

cerami 192 Also, in commercial laboratories protocols should be established to

evaluated fit wns that are fabricated and avoid errors in calibration and wear and tear of

M

machines.

The appr@ach employed in the present study was to simulate a realistic environment to

§

evaluate r ns made by clinicians on daily basis were no standardized preparations are

O

used, the ity of the investigations focus primarily in achieving the best possible

h

accurac t can be obtained from the systems under ideal conditions eliminating the

L

influen on clinical errors. For a precise analysis of the materials and systems used

in this study a m@re standardized protocol would help to support the results and understand

G

the differen tween the different materials. In relation to the CEREC system, most

investiga essed inlay and onlay restorations based on previous CEREC casts before

A

CEREC Bluecam; this data cannot be directly compared to the actual system as the

manufacturer has improved the camera, software and hardware since then. More recently

This article is protected by copyright. All rights reserved.
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during the preparation of this manuscript after the acquision of data an even more recent
scanner has been released (Cerec Omnicam) that could also affect our results. Recent

vitro studies from Lee et al. reported a mean marginal fit of 89.5 microns

blocks?’. More recently, Neves et al. reported a marginal fit of 39.2
microns fs lithium disilicate in a standardized in vitro study from the Roland DWX-50
milling mﬁl. Another important factor to consider is the cement and the cementation

process. T ent generally can increase the fit of marginal extent, since the excesses

S

adhere to ooth surface and in the restoration. Additionally, the specimens in this study

were cemente ing a resin cement and by students performing their first cementation

U

exercise. Thi help explain the larger that usual marginal fit of the restorations that were

1

deemed acceptable by the supervising faculty utilizing conventional crown

marginal fit e w ation methods.

d

An importa ing of our study is that there is no significant difference between the

)]

marginal fit of crowns fabricated with a fully model-less digital approach versus the digital

protocol Wfilizing printed casts. Our results are in agreement with a previous study which

g

reported icant difference between the marginal fit of crowns fabricated with a full

0O

model-less approach versus the conventional technique using stone casts >. Thus, both

h

workflowseare valid protocols for the fabrication of monolithic ceramic restorations. The

L

elimina st fabrication would facilitate and expedite the manufacturing process

without comproniising the marginal adaptation of restoration. Also, the fabrication of casts

U

with differe rinters have to be evaluated as this can also be a source of error in this

process. ortantly all the equipment used in fabrication of an all ceramic restoration

A

including, intra-oral scanners, 3d printers and milling machines have to be evaluated on a

routine basis to ensure proper calibration.

This article is protected by copyright. All rights reserved.
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DuringWﬁon process, dental laboratories use stone or printed casts mainly to check

proximal mcclusal contacts and contours. The process is very standardized and

predictable once clinicians reach the learning curve of the digital system they use for crown
H

fabricationer, having casts for verification is not as important for monolithic

restoratio@al dentistry is a great tool for evaluation of restorations during the

fabricatio s as it provides ways view restoration in magnified fashion and also
X1

al and occlusal contacts.

-

No statistlca;: significant differences were observed when comparing model or model-less

quantifies

CONCL

workflow processing of single unit lithium disilicate and zirconia crowns, in regards

to thei inal tit. Within the limitation of this study and equipment used both workflows
are vali cols for the fabrication of monolithic ceramic restorations. The use of a printed
model did not improve the marginal fit of lithium disilicate or zirconia crowns. Both

materials h clinically acceptable, no matter which workflow was used to obtain the

restoratio

O

Auth
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Table 1: Result of linear mixed models with compound symmetric covariance structure for

S

each outco direction.

N E— ' ,
Table 2: Lgast square means from the linear mixed models.

Table 3. ifference and paired t-test.

O
Table 1: Result of linear mixed models with compound symmetric covariance

structure Tor each outcome by direction

Num DF / Den

Direction Outcome Effect DE F P value*
: Model type 1/37 0.93 0.341
Vertical B Material 1/37 0.14 0.713
. Model type 1/37 0.38 0.543
Suditta Vertical L Material 1/37 8.56 0.006*
g Horontal g Model type 1/37 0.07 0.793
Material 1/37 476 0.036*
. Model type 1/37 17.48 <.001*
Horizontal L Material 1/37 20.46 <.001*
. Model type 1/37 3.57 0.067
Vertical D Material 1/37 4.20 0.048*
. Model type 1/37 0.83 0.367
Transaial Vertical M Material 1/37 4.30 0.045*
Horizontal D Model type 1/37 1.51 0.227
Material 1/37 2.92 0.096
. Model type 1/37 0.30 0.585
Horizontal M Material 1/37 0.83 0.367
*Statistically_sigfficant difference (p<0.05)
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cript

S

Table 2: Least’squ

J

are means from the linear mixed models (p<0.05)

Log-10 transformed

Re-transformed to

Direction Outcome Effect values raw values
Est Difference Est Ratio
M |
ode 2.06 115.82
Model_Type Model-less p 1 -0.06 13254 0.88
Vertical B lithium
_ disilicate ~ 2-08 120.67
Material Zirconia -0.02 0.95
2.10 127.03
Model 2.09 123.65
Model_Type Model-less 505 0.03 15 64 1.07
Vertical L lithium
Sagittal . disilicate 2.01 101.95
Material Zirconia -0.14 0.73*
2.15 140.25
Model 2.16 146.05
Model_Type 0.01 1.02
- Model-|
0aeHIess 5 16 143.35
Horizontal B lithium
) disilicate 2.13 133.91
Material Zirconia -0.07 0.86*
2.19 156.35
Horizontal L Model Type Mode! 2.20 0.10 159.85  1.26*
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Transaxial

Vertical D

Vertical M

Horizontal D

Horizontal M

Material

Model_Type

Material

Model_Type

Material

Model_Type

Material

Model_Type

Material

Model-less
lithium
disilicate
Zirconia
Model
Model-less
lithium
disilicate
Zirconia
Model
Model-less
lithium
disilicate
Zirconia
Model
Model-less
lithium
disilicate
Zirconia
Model
Model-less
lithium

disilicate
Zirconia

2.10

2.09

2.22

2.10

2.02

2.02

2.10

2.08

2.13

2.05

2.16

2.19

2.15

2.14

2.19

2.12

2.14

2.14

212

-0.13

0.08

-0.08

-0.05

-0.11

0.04

-0.05

-0.02

0.03

127.06

122.77

165.42

125.55

105.39

104.62

126.47

119.78

133.44

111.84

142.92

153.57

141.22

138.90

156.13

132.31

137.25

138.90

130.74

0.74*

0.83*

0.90

0.78*

1.09

0.89

0.96

1.06

Abbreviati ' B,
(p<0.05

Table

ee table 2.

ifference and paired t-test

Direction Va Se

ccal; L, lingual, D, distal; M, mesial. *Statistically significant difference

Original (matched to

Reassessment Paired t-test
r Reassessment)

Mean Std Dev Mean Std Dev t DF P
147.55 95.47 148.29 92.87 -0.66 39 0.51
Sagittal LM 142.87 97.19 141.97 98.17 0.51 39 0.62
agitta 151.30 48.55 153.32 47.95 2.03 39 0.05
HLM 156.32 78.47 156.68 77.04 -0.27 39 0.79
VBD 136.37 79.38 137.62 77.73 -1.00 39 0.33

Trans-axial

VLM 139.51 94.39 138.78 94.12 0.63 39 0.53

19
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HBD 157.19 61.92 154.89 60.68 1.30 39 0.20
HLM 141.72 57.47 141.19 57.30 0.38 39 0.71

script
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Image Projection Help
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Fig. 4. AMatic representation of the vertical marginal fit to be evaluated in the

Micro orizontal marginal fit.
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Lithium Disilicate Model
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Sample View

Fig. 5. BcCepresentation of the horizontal and vertical values (um) for lithium
Disilicateith a cast. Graphic representation of the specimen medians for the 4
groupSgi iag quartiles. A) lithium disilicate model B) lithium disilicate model-less C)

Zirconia m ) Zirconia model-less

Lithium Disilicate Model-Less
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Fig. 6. Box plot representation of the horizontal and vertical values (um) for lithium
Disilicate group model-less.
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Zirconia Model
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Fig. 7. representation of the horizontal and vertical values (um) for Zirconia
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group with a cast.
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Zirconia Model-less
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Fig. 8. representation of the horizontal and vertical values (um) for Zirconia
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group model-less.
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