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ABSTRACT
Purpose: The purpose of this study was to evaluate the effect of pattern construction technique 

on the marginal accuracy, internal fitness and fracture resistance of E-max crowns.

Materials and methods: Thirty caries-free human maxillary first premolars were selected, 
cleaned by scaling, and stored in 0.9% standardized saline solution at room temperature. Using an 
industrial lathe machine, the teeth were prepared to receive all ceramic crowns with standardized 
dimensions of 6 degrees angle of convergence. The preparation had 5mm occluso-cervical height, 
6mm cervical diameter and 1 mm deep chamfer finish line. The prepared teeth were divided into 
three groups (n=10) according to the pattern fabrication techniques used:  Group1: Conventional 
wax patterns. Group2: CAD/CAM wax patterns. Group3: 3D Printing of resin patterns. All patterns 
were invested to construct E-max crowns. The ceramic crowns were seated on their corresponding 
prepared teeth and the vertical marginal gap was measured with a binocular microscope (90X). 
Then internal gap of each ceramic crown was measured using the silicone replica technique. After 
cementation, each ceramic crown was statically, compressively and axially loaded until fracture 
at a cross head speed of 1 mm/min using a steel rod placed centrally at the occlusal surface of the 
crowns to evaluate the fracture resistance of the crowns.

Results:  Group 1 showed the largest marginal gap mean (85.74±2.58μm) followed by group 2; 
(74.06±3.27µm) and then group3 (69.35± 3.44µm).  These differences were statistically significant 
among the groups. The results of internal gap distances in group 1 (112±7.66µm) followed by group 
2 (100±5.76µm) and then group3 (82± 7.2µm), the differences between the groups were statistically 
significant. The mean fracture resistance values of groups 1, 2 and 3 were 850.67±25.30N, 
1080.01±47.06N and 1412.18±28.92N respectively.  Post hoc test revealed that the differences 
between groups 1 and 2 as well as between groups 2 and 3 were statistically insignificant; however, 
the difference between groups 1 and 3 was statistically significant. Spearman’s rank correlation 
coefficient showed value of - 0.781. The negative sign indicates that the fracture resistance of the 
samples decreased as the internal gaps increased

Conclusions:  The 3D printed pattern resulted in an E-max crown with better marginal 
adaptation and internal fitness. The fracture resistance of E-max crown was improved as its internal 
adaptation was enhanced. 
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INTRODUCTION 

The interest and demand for metal-free 
biocompatible restorations from both clinicians 
and patients has encouraged researchers to seek 
alternatives. To meet this need, all-ceramic 
restorations with the advantages of soft tissue 
biocompatibility, color stability, improved wear 
resistance, low thermal conductivity, and excellent 
light transmitting properties have been developed. 
After aesthetic and mechanical properties, crown 
marginal adaptation and internal fit are crucial 
for the clinical success. High marginal adaptation 
minimizes plaque accumulation, micro-leakage, 
and cement breakdown. Subsequently, the risk of 
carious lesions, periodontal disease, and endodontic 
inflammation are reduced.‎1 The internal fit of the 
crown is critical for its retention and resistance 
form; having a better fitness will increase success 
and longevity.‎1-‎7 However, an increase in the 
internal gap could decrease the fracture resistance 
of ceramic crowns because these areas with a higher 
internal gap would induce stress concentrations.‎8-‎11

Crown adaptation is detrmined by the measure-
ments of its marginal and internal gaps. According 
to Holmes et al; ‎12 internal gap is the measurement 
between the axial wall of the prepared tooth and the 
internal surface of the crown, while the same mea-
surement at the margin is called marginal gap. 

Fabrication of accurate pattern is a key factor 
that can affect the marginal adaptation and internal 
fit of heat pressed ceramic crowns. Traditionally, 
patterns for these restorations have been constructed 
from inlay casting wax. This technique combines 
familiarity and ease of manipulation with good 
reproduction of details and low cost. In the same 
time, waxes have two main disadvantages; a high 
coefficient of thermal expansion and tendency for 
stress relaxation.‎13

By introducing different subtractive as well as 
additive computer-aided design and computer-aided 

manufacturing (CAD/CAM) systems, it is possible 
to fabricate patterns made from materials that can be 
burned out without any traces as waxes and resins, 
and omit several limitations of the conventional 
waxing technique.‎14 Fabrication of patterns from 
machinable blocks is known as subtractive CAD/
CAM. A more recent technology where a three-
dimensional component can be built up layer-by-
layer using a computerized numerical control (CNC) 
machine; the additive CAD/CAM approaches also 
known as 3D printing technology are beginning to 
be used in dental CAD/CAM systems. ‎15

Using CAD/CAM systems have many 
advantages such as producing higher and more 
uniform-quality patterns, standardizing shaping 
processes and reducing production costs, labor 
and time.‎16 Another advantage is the potential to 
enhance accuracy as they omit several fabrication 
steps during the conventional waxing technique.‎17 
Given the simplicity of automatic margin detection 
and pattern design compared to manual waxing, it 
makes the most sense to use the CAD/CAM features 
where possible.‎18

Little data is available about the marginal 
adaptation and internal fitness afforded by the newer 
methods of pattern construction in comparison with 
the conventional method. The aim of this study was 
to evaluate the effect of different pattern construction 
techniques on marginal accuracy, internal fitness 
and fracture resistance of E-max crowns.

Materials and methods

Samples Preparation

Thirty caries-free human maxillary first 
premolars were selected, cleaned by scaling, and 
stored in 0.9% standardized saline solution* at room 
temperature throughout the course of the study to 
protect them against drying. The teeth were visually 
examined, and only those that were found to have 

*. ADWIC, pharmaceutical division, Abu-Zaabal, Egypt
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approximately similar dimensions and free from 
hypoplastic defects and cracks were used. The roots 
of the teeth were embedded in epoxy resin blocks* 

up to 2mm apical to the cemento-enamel junction.

Using an industrial lathe machine, the teeth 
were prepared to receive all ceramic crowns with 
standardized dimensions of 6 degrees angle of 
convergence. The preparation had 5mm occluso-
cervical height, 6mm cervical diameter and 1 mm 
deep chamfer finish line.‎19  An occlusal notch was 
made using a round bur for exact repositioning of 
the non-anatomic E-max crowns.‎20

Samples Grouping:

The prepared teeth were divided into three 
groups (n=10) according to the pattern fabrication 
techniques used for the construction of heat-pressed 
lithium-disilicate crowns: 

Group1: Conventional wax patterns.

Group2: CAD/CAM wax patterns. 

Group3: 3D Printing of resin patterns. 

Fabrication of the Patterns:

Conventional Wax Pattern (Group 1):

Impression of each prepared tooth was made 
with polyvinyl siloxane impression material**  using 
custom made tray and poured into stone die*** . 
The stone dies were trimmed, and two coats of die 
spacer**** were applied 1mm coronal to the finish 
line with a brush. The bottles were kept closed 
between applications, and the brush was cleaned 
frequently with a thinner agent. According to the 

product manual, each layer of die spacer has a 
thickness between 12-15µm (approximately equal 
to 30µm by 2 applications, for standardization 
between the 3 groups). After drying, a thin layer of 
separating medium*****  was also applied to the walls 
of the stone dies by the aid of a painting brush. 

For the purpose of standardization, a copper 
counter die was constructed; it provided 1mm 
space for the wax pattern construction. Using inlay 
casting wax******, wax patterns were constructed on 
the stone dies and then the counter die was applied 
around the stone die to verify the 1mm thickness of 
the wax pattern. The finished patterns were checked 
with a magnifying lens (10X) for any marginal 
or body discrepancy. The cervical margins of the 
wax were corrected just before investing; a well 
heated instrument, PKT No.l*******  was used to melt 
completely the wax around the preparation margin, 
then wax was added to fill any deficiencies. When 
wax has cooled, the excess wax at the margin was 
carefully trimmed by a carver. The wax pattern was 
checked for any imperfection and proper adaptation 
on the finish line.

CAD/CAM Wax Patterns (Group 2):

The prepared teeth were covered with a thin, 
opaque layer of powder******** before scanning. 
Optical impressions of the powdered prepared teeth 
and the external shape of the finished conventional 
wax patterns (Group 1) were made by using a non-
contact 3D optical scanner*********.  Based on the 
scanned files, the patterns were designed by CAD 
software********** with cement gap set to be 30µm 
started 1mm coronal to the finish line. 

* Kemapoxy 150, solvent free transparent epoxy resin, CMB International, Egypt
** Imprint II, 3M, ESPE, Minnesota USA
*** Degussa, AG, Frankfurt, Germany
**** PICO-FIT red; Renfert GmbH, Hilzingen, Germany
***** Picosep; Renfert GmbH, Hilzingen, Germany
****** Renfert casting wax, Renfert GmbH, Hilzingen, Germany
******* PKT waxing 1; Dental USA Inc, McHenry, USA
******** Okklu-Exact, Germany
********* Identica Blue, Medit Co., LTD, Seoul, Korea
********** Exocad software
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A 5-axis milling unit* was used for CAM 
processing of the designed patterns from wax discs**. 

3D Printing of Resin Patterns (Group 3):

For the purpose of standardization, the 3D 
CAD data (Group 2) was reformatted in order 
to be used for software specific for 3D printing; 
STereoLithography (STL) file format. The patterns 
were produced using a 3D printer***, this printer 
utilizes the art of Direct Light Projection (DLP®) 
from Texas instruments® to cure the wax-filled 
photopolymer resin material**** . 

Fabrication of Monolithic IPS e.max Press Crowns

All patterns were invested with a special type of 
phosphate-bonded investment material*****. After 
the burn-out of the pattern in the conventional pre-
heating furnace, ceramic ingot****** was plastified at 
920o C and pressed under vacuum into the investment 
mold in the furnace*******. All crowns were checked 
for the macroscopic fit on their corresponding 
prepared teeth. Crowns that had deficiencies at the 
margins were not included in the study. The intaglio 
surfaces of the crowns were then checked for fit 
with an aerosol indicator-marking spray********. 
Any discontinuity of the spray that indicated fitting 
surface interferences was eliminated with a small 
diamond bur********* under copious water irrigation. 
Finally, the crowns were ultrasonically(10)  cleaned 

in a distilled water bath for five minutes, and then 
dried in air.

Testing Procedures

Vertical Marginal Fit Assessment

The ceramic crowns were seated on their 
corresponding prepared teeth and the vertical marginal 
gap distance between the outer cervical margin of 
each crown and the finish line of the prepared tooth 
was measured. A specially designed holding device 
was used to fix and ensure the seating accuracy of 
the tested crowns on their corresponding teeth during 
the examination with a binocular microscope********** 

(90X). Digital images of the margins were captured 
at the cervical circumference of the 4 aspects of each 
crown; buccal, lingual, mesial, and distal aspect. 
These images were then analyzed with image analysis 
software***********. Five measurements were made at 
each of the four points, for a total of 20 measurements 
per crown. The mean of the 20 values represented the 
mean vertical marginal gap for each crown.

Internal Fit Assessment

The internal fit was assessed by measuring the 
internal gap distance. The internal gap of each 
ceramic crown was measured using the silicone 
replica technique. A light-body silicone rubber 
impression material************* was used. Each crown 

* Vhf-S1, Germany
** Copra wax, White Peaks, Germany
*** Perfractory Desktop Digital Dental Printer (DDDP, EnvisionTEC, Germany
**** Press-E-cast, EnvisionTEC, Germany
***** IPS-PressVEST Speed; Ivoclar Vivadent
****** IPS e.max Press; Ivoclar Vivadent
******* EP 600; Ivoclar Vivadent
******** Okklufine Premium; FINO GmbH, Bad Bocklet, Germany
********* Mani Dia-Burs; Mani Inc, Tochigi-Ken, Japan
********** Vitasonic, VitaZahnfabrik, Bad Sackingen Germany
********** SZ-PT; Olympus, Tokyo, Japan
************ Optimas 6.5; Media Cybernetics, Rockville, Md
************* Aquasil LV, green color, Dentsply, Germany
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was filled with the light-body material and placed 
on the corresponding prepared tooth with a constant 
load of 5kg for 3 minutes using a universal testing 
machine*. 

After setting of the silicone rubber, the crowns 
were removed from the teeth. The film of the 
impression material adherent to the inner surface 
of the crown represents the internal gap. To support 
this thin silicone film, a heavy-body material with 
a contrasting color**  was placed in the crown to 
form one piece with the light body film. After 
setting of the supporting heavy-body material, each 
silicone replica was removed from the crown and 
carefully segmented with a sharp surgical blade 
bucco-lingually and mesio-distally into four pieces. 
The thickness of the light body silicone replica 
was measured using the binocular microscope 
(90X). Measurements were taken at 4 different 
points; 1mm occlusal to the finish line, mid – axial, 

occluso – axial and mid – occlusal, Figure 1. The 
mean thickness of those four measurements on all 
quadrants of each specimen was considered as the 
mean internal gap width. All measuring procedures 
were performed by the same operator.

Cementation of the ceramic crowns:

After removal of the silicone film, each ceramic 
crown was ultrasonically cleaned and its fitting 
surface was etched for 2 minutes with hydrofluoric 
acid***, then silane treated****  according to the 
manufacturer’s recommendations.

The ceramic crowns were cemented onto their 
corresponding prepared teeth using RelyX Unicem 
resin cement*****; the cementation process followed 
the manufacturer’s instructions. 

Ceramic crowns were initially seated on the 
prepared teeth with finger pressure then a static load 
of 5kg was applied for 5minutes using the universal 
testing machine. Then the ceramic crown-tooth 
assemblies were stored in distilled water for 24 
hours at  room temperature.

Fracture Resistance Test:

Each assembly of the ceramic crown cemented 
to its corresponding tooth was vertically mounted 
in the lower fixed grip of the computer operated 
universal testing machine. Each ceramic crown 
was statically, compressively and axially loaded 
until fracture at a cross head speed of 1 mm/min 
using a steel rod placed centrally at the occlusal 
surface of the crowns, Figure 2. For each assembly, 
the failure manifested by audible crack and 
confirmed by sudden drop in the load-deflection 
curve was recorded in Newton by the machine  
software******. 

* Model 3345; Instron Instruments Ltd, USA
** Aquasil Putty, blue color, Dentsply, Germany
*** Ivoclar, Vivadent, Schaan, Liechtenstein
**** Monobond-S, Vivadent, Schaan, Liechtenstein
***** 3M ESPE, Seefeld, Germany
****** Bluehill Lite; Instron Instruments Ltd

Fig. (1) Diagram representing the silicone replica (light body; 
L.B. and heavy body; H.B.). The four measurment 
points for the internal fit acessment:  1mm occlusal 
to the finish line, mid –  axial, occluso – axial and 
mid – occlusal are represented by points 1, 2, 3 and 4 
respectively.
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Statistical analysis

The obtained results were checked for normality 
of distribution. Normally distributed values were 
summarized as mean and standard deviation 
(SD) and compared by Analysis of Variance 
(ANOVA) test at level of significance p=0.01. 
Significantly different results were investigated to 
detect which technique  resulted in this difference 
using the Tukey’s Post Hoc multiple comparisons 
for observed means test at level of significance  

p ≤ 0.01. Sperman’s test was used for assessment of 
the correlation between the internal gap distance of 
each cemented crown and its corresponding fracture 
resistance. All statistical analyses were performed 
using SPSS 20.0 for Windows.

Results 

Vertical marginal fit and internal fit

Values of marginal vertical gap distances 
can be demonstrated in Figure 3. Table 1 and 
Figure 4 and Figure 5 show the means and 
standard deviations of vertical marginal gaps as 
well as internal gaps respectively in each group. 
The vertical marginal gap of group 1; E-max 
crown constructed using conventional wax 
pattern showed the largest marginal gap mean 
(85.74±2.58μm) followed by group 2; CAD/CAM 
wax pattern (74.06±3.27µm) and then group3; 3D 
printing of resin patterns (69.35± 3.44µm).  These 
differences were statistically significant among  
the groups.

The results of internal gap distances followed 
the same pattern as the highest mean values 
for the internal gap were found in group 1 
(112±7.66µm) followed by group 2 (100±5.76µm) 
and then group3 (82±7.2µm). Once again, the 
differences between the groups were statistically  
significant.

Fig. (2) Fracture resistance of cemented samples evaluated 
using Instron testing machine.

Table (1) Means and standard Deviation of vertical marginal gap and internal gap distance in µm

Group 1 Group 2 Group 3
One Way 
ANOVA

Mean SD Mean SD Mean SD P-value
Vertical marginal 
gap distances 85.74 a 2.58 74.06 b 3.27 69.35 c 3.44 0.000
Internal  gap 
distances 112.00 a 7.66 100.00 b 5.76 82.00 c 7.20 0.000

In each row, values sharing the same letters are statistically insignificant.
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Fracture resistance

Table 2 and Figure 6 show the means and 
standard deviations of fracture resistance in each 
group in Newton. The mean fracture resistance 
values of groups 1, 2 and 3 were 850.67±25.30N, 
1080.01±47.06N and 1412.18±28.92N respectively.  
Post hoc test revealed that the differences between 
groups 1 and 2 as well as between groups 2 and 
3 were statistically insignificant; however, the 
difference between groups 1 and 3 was statistically 
significant.

Fig. (3) Vertical marginal gap evaluation using a binocular 
microscope in µm

Fig. (5) Mean internal gap distance values in µm

Fig. (4) Mean vertical marginal gap values in µm

Table (2) Means and standard Deviation of fracture resistance in Newton

Group 1 Group 2 Group 3
One Way 
ANOVA

Mean SD Mean SD Mean SD P-value

Fracture resistance 850.67 a 25.30 1080.01 ab 47.06 1412.18 b 28.92 0.000

Values sharing the same letters are statistically insignificant.
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Correlation between internal fit and fracture 
resistance

Spearman’s rank correlation coefficient showed 
value of - 0.781. The negative sign indicates that the 
fracture resistance of the samples decreased as the 
internal gaps increased, Table 3 and Figure 7 

Table (3) Results of Spearman’s rank correlation 
coefficient

Internal fit

R p-value

Fracture resistance -0.781 0.000

Discussion

Fabrication of an accurate pattern is a crucial step 
that can affect the marginal and internal adaptation of 
all-ceramic restorations. Pattern formation employs 
materials like inlay casting wax, auto- polymerizing 
and light cured resins. Distortion of wax pattern 
like shrinkage due to relaxation of internal stresses 
contributes to detrimental effects on the final 
restoration.‎21-‎23 Resins were recommended as pattern 
forming materials to overcome the shortcomings of 
wax.  They offer strength, rigidity, and dimensional 
stability if immediate investment is not possible. 
However, the disadvantage of these materials is 
its polymerization shrinkage.  Hence, newer light 
polymerized dimethacrylate modeling resins were 
used which can be manipulated with increased 
precision and stability after light polymerization.‎24-‎26

CAD/ CAM pattern construction technique is 
carried out using either polymethyl methacrylate 
(PMMA) or wax blocks. The CAD/CAM system 
is a type of subtractive manufacturing that cuts 
the materials to the desired shape and size. This 
technique of pattern construction has the advantage 
of elimination of human variability and time saving. 
Furthermore, five-axis milling technology that 
was used in the current study is said to improve 
productivity and precision by using the machine’s 
additional axes; the 2 additional orientation axes 
allow the machining of more accurate complex  
patterns, which cannot be machined with 3-axis 
machines. Also, it has superior cutting conditions 
and improves the efficiency of the milling process 
by creating efficient tool paths which improve the 
dimensional accuracy, surface texture, and surface 
finish of the milled products.‎27, ‎28

 	 However, there are three main factors that 
could affect the fit of restorations fabricated by these 
systems: the precision of the scanner that reads the 
abutments, how the software can transform the 
scanning data into a 3D model in the computer  
and the precision of the milling machine that will 

Fig. (6) Mean fracture resistance (load) values in Newton

Fig. (7) Correlation between internal gap distance in µm and 
fracture resistance in Newton
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CAM the objects from the CAD data.‎29-‎32 Bornemann 
et al; ‎33 stated that “these systems tend to reduce 
accuracy through the different steps of scanning 
process, software design, milling, and other related 
processes”.  Moreover, these systems  result in too 
much consumption of raw material and cutting 
tools. Accordingly, the additive manufacturing 
as 3D printing method, has been introduced as an 
appropriate technology-intensive alternative in this 
field.‎33

Among the various studies, different methods 
were used to measure vertical marginal gap 
distances as direct microscopic examination of the 
marginal area, microscopic examination of cross 
sectioned cemented specimens, measurement of 
light body silicone replica, x-ray microtomography, 
profilometry and laser videography.‎34 In this study, 
marginal adaptation was evaluated using direct 
microscopic examination which is a simple and 
convenient method, while internal fitness was 
measured using light body silicone replica. Replica 
technique is a reliable and accurate method for 
evaluation of accuracy of dental restorations, which 
also allows quantification of discrepancies on the 
inner surfaces and marginal edge of the crown.‎34‎

In the literature there is no agreement concerning 
the number of measure sites necessary to evaluate 
the marginal fit. Yet, this parameter seems critical 
because within a distance of 300 µm, the marginal 
opening can fluctuate by100 µm on the same 
specimen.‎35 Groten et al;‎36 suggested taking 50 
measurements for the marginal fit to limit the 
numerical variance to ±5 µm. In 2004, Gassino et 
al;‎37 argued that the results of Groten et al;‎36 were 
erroneous and concluded that at least 18 observation 
points were necessary to evaluate experimental 
crowns. In the current study, 20 readings were 
measured for each crown.

Many studies attempted to determine whether 
measurements made on the die differed from those 
made on the abutment tooth.‎38-‎44 Only some of these 

studies noted a significant discrepancy among the 
values of marginal fit measured on the die and on 
the tooth.‎38, ‎42 Measurements in this study were 
performed on the prepared teeth to assure better 
simulation to the real clinical conditions.

Measurements in this study were conducted before 
cementation, as measurements after cementation do 
not allow for either the determination of a system’s 
intrinsic precision or the relative impact of the 
cementation process on the marginal fit.‎36 

An occlusal groove (notch) was prepared on the 
teeth. This groove acts as both, a guide to ensure 
that the crown was placed in the exact position as 
well as an anti rotational mean. Similar technique 
was described by Quintas et al; ‎20 and Farid et al.‎45

The reason for comparatively high marginal 
gap and low internal fitness; Table 1, Figure 4 
and Figure 5 for group 1 may be due to human, 
materials and technical variability as impression 
process, shrinkage during cooling of the wax pattern, 
and stress relaxation.  In contrast, in group 2 with 
subtractive CAD/ CAM wax pattern construction 
technique, materials and technical variability were 
eliminated and thermal changes as well.  However, 
this method showed some inaccuracies due to the 
limitation of finite resolution, which can result in 
edges that are slightly rounded. The point clouds 
obtained in scanning are transformed through a CAD 
software algorithm into a smooth and continuous 
surface, which can also lead to some internal 
inaccuracies. This can lead to interfering contacts 
at the incisal/occlusal edges and can be detrimental 
if they occur at the margins.18 Moreover, a large 
marginal gap could result from an internal cutting 
bur larger than the desired fine details in the milled 
pattern. ‎46,‎47

The enhanced adaptation of group 3 for 3D 
printed pattern (both at the margin and internally) 
may be due to enhanced precision without any 
chance of manual errors during fabrication process.
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The results of marginal and internal gaps for all 
the groups presented in this study can be considered 
clinically acceptable. Studies considered the 
marginal gap values of 100 to 200µm to be clinically 
acceptable for cemented restorations.‎2,‎44,‎48-‎51  More 
recent studies have considered the clinically 
acceptable marginal gap values to be less than 
100 µm.‎7, ‎8,‎44,‎52 On the other hand many studies 
considered the ideal internal gap distance  to be 
between 50 and 100µm and this could result in 
the most favorable resin cement performance. An 
internal gap distance of 200 to 300 µm also may 
be clinically acceptable, but this requires in vivo  
confirmation. ‎53-‎55

In this study, a thicker internal gap distance in 
groups 1 and 2 had adverse impact on the fracture 
resistance of E-max crowns, as higher strength was 
recorded in the group with lower cement space; 
group 3;Table 3 and Figure 7. This result of the 
current study is in agreement with Tuntiprawon 
and Wilson ‎56 who reported that all-ceramic crowns 
exhibited greater fracture strength with 73μm 
cement thickness at the axial wall. When cement 
thickness was increased to 122μm, lower fracture 
strength was obtained. They attributed it to the 
fact that ceramic materials have inherent brittle 
nature so that as low deflection as 0.1 to 0.2% 
would result in complete displacement of atomic 
plains from their equilibrium positions. Hence, 
the increase in the luting cements thickness would 
result in greater deformation of ceramic crowns 
and therefore less force was needed to fracture the 
ceramic crowns. Furthermore, poorly fitting indirect 
ceramic restorations are supported mainly by the 
luting cement rather than the tooth substance, which 
might influence the longevity of the restorations.‎57 
Moreover, viscoelastic deformation of a thick 
cement layer may cause residual stresses on the 
tensile surface of a ceramic crown under loading, 
this increased tensile stresses may initiate fracture 
of this crown.‎58 

Conclusions 

1.	 The 3D printed pattern resulted in an E-max 
crowns with  better marginal adaptation and in-
ternal fitness.

2.	 Fracture resistance of E-max crown was im-
proved as their internal adaptation were en-
hanced.
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