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ABSTRACT

Purpose: This study aimed to evaluate the marginal adaptation of monolithic ceramic crowns 
with minimally invasive vertical preparation design utilizing different machinable blocks.

Materials and method: Stainless steel die was designed to simulate all ceramic crown 
preparation with 0.1mm featheredge margin. A total of 50 monolithic crowns were constructed 
from five different tested ceramic materials; 10 crowns from each material: Group EX for lithium 
disilicate ceramic (IPS. emax), group VE for polymer infiltrated ceramic (Vita Enamic), group 
CD for zirconia-reinforced lithium silicate ceramic (glazed Celtra Duo), group TZ for translucent 
zirconia (inCoris TZI) and group HTZ for high translucent zirconia (Ceramill zolid zirconia). 
After surface treatments, adhesive cementation and thermocycling, stereomicroscope with a digital 
camera and image analysis software were used to measure the vertical gaps between the cervical 
margin of the crown and the outer end of the finish line. The mean vertical gap for each crown was 
then calculated.

Results: High translucent zirconia crowns (group HTZ) showed the lowest mean marginal gap 
value (29.04 ±7.77μm) with statistically significant difference than all the other tested materials. 
While e.max crowns EX showed the highest mean marginal gap value (95.37 ±13.84μm) which 
was statistically significant from all the other tested groups. 

Conclusion: High translucent zirconia crowns showed superior marginal adaptation compared 
to all other tested materials, while lithium disilicate crowns showed the least accuracy. For the all 
tested materials, the marginal vertical gap readings recorded in this study were within the limits of 
clinically acceptable standards. 

KEY WORDS: Monolithic crowns, all ceramic, hybrid ceramic, marginal adaptation, vertical 
preparation
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INTRODUCTION 

Tooth preparation for a prosthetic crown has been 
always considered invasive in nature since it leads to 
inevitable irreversible loss of tooth hard tissues. In 
the case of tooth preparation with vital dental pulp 
there is always the risk of irritation, inflammation, 
necrosis, and endodontic treatment in the future. A 
variety of attempts have been suggested throughout 
years to develop methods of tooth preparation with 
minimum loss of sound tooth structure. (1) However, 
since marginal integrity plays a substantial role in the 
longevity and long-term success of restorations, it 
would be of great importance that these preparation 
approaches would not jeopardize adequate marginal 
fit and emergency profile. (2) 

Generally, there are two types of preparation: 
preparation with finish lines called horizontal 
preparation, and preparation without finish lines 
described as vertical or feather-edge preparation. 
(3) The use of shoulder and chamfer as horizon-
tal finish lines for the preparation has been com-
monly implemented in practice attributed to their 
presumed advantages in avoiding overhangs and 
over-contouring of the restorations leading to bet-
ter lab-clinician communication and enhanced 
workflow. (4) In the past, vertical preparation was 
usually indicated for periodontally involved abut-
ments for fixed prostheses as this approach may be 
more conservative than horizontal preparation un-
der different clinical situations. (3) However, some 
drawbacks of vertical preparation have been no-
ticed like overhangs, over-contouring, lack of con-
trol on marginal seal and integrity, unpredictable 
tissue healing and difficulties in removing excess  
cement. (5) In addition, the difficulty to locate these 
tapered thin margins based on data obtained from 
gingival tissue by laboratory technician and the li-
ability to chipping fracture of the restorations have 
always complicated the decision to use vertical 
preparation designs. (6) 

However, since the ultimate goal of reconstruc-
tive dentistry recently is to obtain excellent esthetic 
results while simultaneously respecting the biologi-
cal structures, shifting toward a more conservative 

preparation approach has been widely emerging 
back.(7) Currently, both clinicians and technicians 
have versatile range of choices  for different ce-
ramic materials and fabrication techniques that can 
enable adopting the minimally invasive conserva-
tive approach  with increased predictability. (8) The 
rapid development of ceramic systems empowered 
the treatment of teeth in both the anterior and pos-
terior areas, with the primary objectives of properly 
restoring form, function and esthetic excellence 
without the presence of metal. Computer aided de-
sign/ Computer aided manufacturing (CAD/CAM) 
systems have dramatically enhanced dentistry with 
the introduction of new systems demonstrating ex-
panded capabilities, improved quality, and wide 
range of applications. (9)

Among the dental ceramics, both lithium disili-
cate, zirconium dioxide and their derivatives have 
emerged widely because of their biological, me-
chanical and optical properties, which has certainly 
accelerated their routine use in CAD/CAM tech-
nology for different types of prosthetic solutions. 
New zirconia compositions with optimized esthetic 
properties have emerged due to the fast-growing 
technology in zirconia manufacturing. (10)

Materials with mechanical properties like those 
of sound teeth have been introduced recently and 
proved enhanced reliability of the restorative 
system. An example is zirconia reinforced lithium 
silicate or ZLS, which is a new addition to the 
lithium ceramic family with the addition of 10% 
by weight zirconia to the composition offering 
“a  homogeneous, fine crystalline structure with 
an average crystal size of 0.5 μm compared to the 
needle-shaped crystals with an average size of 1.5 
μm found in the lithium disilicate ceramic.” (11-13) 

Another example are Hybrid ceramics which are 
polymer infiltrated ceramic material that combines 
the properties of ceramic and polymer. It consists of a 
hybrid structure with two interpenetrating networks 
of dominating ceramic and a reinforcing composite 
forming the so-called double network hybrid 
ceramic material. (14) One of the main advantages 
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of this material as a new dental restorative material 
is the reasonable brittleness index which makes the 
material a suitable CAD/CAM candidate. (13,15)

It is worth mentioning that high degree of dis-
crepancy in marginal fit is observed for these differ-
ent ceramic systems taking in consideration impor-
tant factors like finish line design, cement type and 
the type of material used. (16, 17) Feather edge mini-
mally invasive finish line has already been tested in 
several in vitro studies and in vivo trials with zirco-
nia crowns. (18)  However, further research is needed 
to investigate the use of feather-edge margins with 
lithium disilicate ceramics and other available ce-
ramic materials in the market. 

The purpose of this in vitro study was to as-
sess the marginal adaptation of monolithic ceramic 
crowns fabricated for minimally invasive vertical 
preparation design utilizing different machinable 
ceramic blocks. The null hypothesis tested was that 
there is no difference in the marginal adaptation be-
tween the ceramic crowns fabricated for minimally 
invasive vertical preparation designs using the dif-
ferent tested materials.

MATERIALS AND METHODS

A stainless-steel master die was prepared by 
a milling machine to simulate all ceramic full 
coverage crown preparation of a maxillary premolar. 

The steel die was machined with height 5.5 mm, 12 
degrees total occlusal convergence angle and flat 
occlusal surface. Feather edge margin design 0.1 
mm in thickness was prepared as shown in (Fig.1 
a,b). Four equidistant marks were engraved on each 
die to orient the stereomicroscope for marginal gap 
measurement. An occlusal bevel was prepared at 
the occluso-axial line angle of the buccal surface of 
the die for exact repositioning of the crowns during 
cementation.

Impression of the master die was taken with a 
silicone duplicating material (Dupliflex, Protechno, 
Spain) using perforated plastic tube. As recommended 
by the manufacturer, the two components of the 
silicone duplicating material were mixed with equal 
proportions (1:1) for 30 seconds until uniformly 
colored dough was obtained. The mixing was done 
slowly to avoid the air trapping then it was put in 
the plastic tubes and seated on the metal die until the 
material was set. For the measurement of vertical 
marginal gap, epoxy resin dies were fabricated 
(Fig.1c), the impression was poured using a non-
shrink epoxy resin material (Kemapoxy 150, CMB, 
Egypt). The liquid components A (resin) and B 
(hardener) were mixed in ratio 2A:1B by weight to 
a homogenous color for 3 minutes on the vibrator 
and introduced inside the impression slowly with a 
blunted probe on the vibrator to avoid air entrapment.   

Fig. (1) a) diagram showing the dimensions of the master die, b) master steel die with 0.1 mm feather edge vertical preparation 
design, c) duplicated resin die
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Impressions were removed after 24 hours to ensure 
that epoxy resin dies had their maximum hardness. 
For the ease of identification, serial numbers were 
engraved on the bottom of the dies. 

The CEREC AC system (Sirona, Germany) 
were used for fabrication of the ceramic crowns 
after scanning the epoxy dies with Omnicam. 
CEREC 3D Software (version 4.3) was used for 
designing standardized ceramic crowns. A total of 
50 monolithic all ceramic crowns were constructed 
from five different tested ceramic materials; 10 
crowns from each material: Group EX for lithium 
disilicate ceramics (IPS. emax), group VE for 
polymer infiltrated ceramics (Vita Enamic), group 
CD for zirconia-reinforced lithium silicate ceramics 
(glazed Celtra Duo), group TZ for translucent 
zirconia (inCoris TZI) and group HTZ for super 
high translucent zirconia (ceramill zolid zirconia). 
Tested materials are listed in Table 1. EX, VE, 
CD & TZ crowns were milled using Cerec MCXL 
milling machine. EX crowns were crystallized in 
a compatible ceramic furnace (Programat CS4, 
Ivoclar Vivadent, United States) at 840 ℃. Polishing 
was performed according to each manufacturer 
recommendation; VE crowns were polished using 
VITA ENAMIC Polishing Set, Celtra duo CD 
crowns were cleaned with a steam cleaner and 
Celtra glaze (Dentsply Sirona ,United States) was 
mixed with  liquid and applied to the crown surface 
using a brush, then glaze firing was done in in a 
compatible ceramic furnace (Programat CS4, Ivoclar 
Vivadent,) at 820◦C. Translucent zirconia crowns 
were milled with an oversize of approximately 25% 
to compensate for the later sintering shrinkage and 
then sintered for approximately 90 minutes in inFire 
HTC speed furnace (Sirona, Germany) at a sintering 
temperature of 1540◦C. For the fabrication of HTZ 
crowns,  STL file of the crown design was transferred 
to the Cerec MCX5 milling machine to be milled in 
an oversize dimension with the green stage zirconia 
blanks (Ceramill® Zolid HT+ White; Amann 
Girrbach AG,  Austria) in order to compensate for 

the dimensional shrinkage of 25–30%. They were 
then sintered in a furnace (Ceramill® Therm 3; 
Amann Girrbach AG, Austria), according to the 
manufacturer’s recommended firing parameters, at 
a temperature of 1450°C for a 120-minute holding 
period, which concluded with a sintering process 
that took a total of 7.5 hours for each zirconia 
crown. After fabrication, all the restorations were 
tried on their corresponding resin dies and checked 
for complete seating.

For adhesive cementation of the crowns, each 
group of crowns was cemented following the 
manufacturer recommendations. The internal 
surfaces of the zirconia crowns (TZ, HTZ) were 
sandblasted to provide micro-retentive roughening 
by the one-way blasting process with 50 μm 
corundum (Al2O3) and pressure 2.5 bar. Etching 
of the bonding surfaces of the crowns was done 
using hydrofluoric acid gel 4.5% (Porcelain etch, 
Ultradent Products, UT, United Stated) for 20, 60, 
30 seconds for EX, VE and CD crowns, respectively. 
The crowns were then rinsed thoroughly and dried 
with oil free air. The surfaces were then silanized by 
a primer (Porcelain silane, Ultradent Products, UT, 
United Stated) and left to react for 60 seconds. Self-
adhesive resin cement (RelyX Unicem2 Automix, 
3M ESPE, Seefeld, Germany) was applied using 
the automix tip to the fitting surface of the crowns 
which were placed on their relevant dies by static 
finger pressure then axially loaded with a 1 kg load 
using a specially designed device. The crowns 
were left under the static load for 5 minutes then 
exposed to a brief light curing for only 2 seconds. 
The excess cement was removed with a scaler, 
and then light curing was done for 20 seconds for 
each side. Thermocycling was performed for 5000 
cycles between 5 ℃ and 55℃ water (Dwell time 30 
seconds) for all the specimens. 

For measurements of the cervical vertical 
marginal discrepancies, a specially designed 
metal jig was used to secure the specimens during 
the measurements. For each specimen, four 
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stereomicrographs, at the four predetermined marks, 
were captured by a digital camera (DP10, Olympus, 
Japan) mounted on a Zoom Stereo microscope (SZ-
PT, Olympus, Japan) at a magnification 13.5X. 
Images were then transferred to the computer 
system for analysis. Using the image analysis 
software (Image J, 1.46r, NIH, USA) phase analysis 
was calculated automatically to measure the vertical 
gaps between the cervical margin of the crown and 
the outer end of the finish line at 5 different points 
in each stereomicrograph. (Figs. 2). Therefore, the 
measurements were carried out at 20 points for each 
crown. The mean vertical gap (in microns) for each 
specimen was then calculated and tabulated for 
statistical analysis.

Initially descriptive statistics for each group were 
held. Shapiro-Wilk test was used to assess data nor-
mality and data was assumed normally distributed. 
One-Way ANOVA test was used to examine effect 
of material on the marginal adaptation. P-value is 
the level of significance, if P > 0.05: Nonsignificant 
(NS), P ≤ 0.05: Significant (S).

RESULTS

Descriptive statistics (mean and standard 
deviations) of marginal gap results measured (μm) 
for the tested groups are presented in (Table 2) 
(Fig.3). The results of one-way ANOVA showed 
that the type of material had a statistically significant 
effect on the marginal adaptation of monolithic 
ceramic crowns fabricated for minimally invasive 
vertical preparation designs. 

TABLE (1) The materials tested in this study:

Group Material Manufacturer Lot Number Ceramic type Chemical composition

EX e.max CAD Ivoclar 
Vivadent,United 
States

T50232 Lithium disilicate glass 
ceramic

SiO2, Li2O, K2O, P2O5, 
ZrO2, ZnO, Al2O3, MgO and 
coloring oxides. 

VE Vita Enamic VITA-Zahnfabrik, 
Germany

100022 Polymer infiltrated 
ceramic

Si02, Al2O3, Na2O, 
K2O, B2O3, CaO, TiO2, 
TEG-DMA, UDMA

CD Celtra Duo Dentsply, United 
States

16004647 Zirconia-reinforced 
lithium silicate ceramic

SiO2, Li2 O, ZrO2, P2O5, 
Al2O3, K2O, CeO2, pigments

TZ inCoris TZI Sirona, Germany 2011271569 Translucent zirconia ZrO2+HfO2+Y2O3 ≥ 99.0% 
Y2O35.6%, Al2O3 ≤ 0.35% 
Other oxides≤ 0.2%

HTZ Ceramill 
Zolid 
HT+ White 

Amann Girrbach AG, 
Austria

1906001 High translucent zirconia ZrO2+HfO2+Y2O3 ≥ 99.0, 
Y2O3 6.7 – 7.2, HfO2≤ 5, 
Al2O3≤ 0.5,other oxides≤ 1 

Fig. (2) Example on marginal gap measurements A: area of ste-
reomicrograph around predetermined mark; B: five equi-
distant marks for measurements (with a virtual ruler).
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High translucent zirconia crowns (group HTZ) 
showed the lowest mean marginal gap value (29.04 
±7.77μm) with statistically significant difference than 
translucent zirconia crowns TZ (74.9 ±13.22μm), 
Vita Enamic crowns VE (71.67±11.58μm) and Cel-
tra Duo crowns CD (64.61 ±10.78μm). While Emax 
crowns EX showed the highest mean marginal gap 
value (95.37 ±13.84μm) which was statistically sig-
nificant from all the other tested groups. 

TABLE (2) Comparison between marginal gap 
results (mean and standard deviation) in 
(μm) for the tested groups:

Group Mean (μm) Standard deviation

EX 95.37 c 13.84

VE 71.67 b 11.58

CD 64.61 b 10.78

TZ 74.9 b 13.22

HTZ 29.04 a 7.77

*Different superscript letters indicate significance

Fig. (3) Column chart representing mean marginal gap values 
(μm) for the tested materials

DISCUSSION

Conservative dentistry faces a challenge of 
attaining optimal esthetics and at the same time 
minimizing its adverse effects on the biological 
structures involved. (19) A variety of CAD/CAM 
materials which differ in chemical composition and 
indications are available in the dental market with 
variable indications. (20) 

The importance of adaptation between the tooth 
and the restoration has been recognized as a crucial 
factor affecting the long-term success of restorations. 
(21) Marginal gap values of ranging from 100-200 
μm have been reported in previous studies to be 
clinically acceptable for cemented restorations. (22, 

23) Excessive marginal gaps may affect periodontal 
tissues, increase dental plaque retention, favor the 
development of recurrent caries or pulp lesions, and 
lead to bone resorption. (24)

Either shoulder or chamfer finish lines can be 
selected for all-ceramic crowns bonded to prepared 
teeth. Recommended finish line depths for all-
ceramic crowns have ranged from 0.5 to 1.0 mm. (25) 

Recently, feather edge margins for zirconia crowns 
have been evaluated in vitro as a less invasive 
preparation design that allows acceptable clinical 
performance. (26)  A study by Reich et al (27) indicated 
that anterior zirconia crowns with feather-edged 
preparations presented a promising alternative to 
traditional finish lines. Clinical performance results 
suggest that for zirconia crowns, feather-edge 
margins allow clinical performance similar to that 
reported with other margin designs (26,28-30)

However, there is not enough information in 
literature regarding the best CAD/CAM material to 
be used with vertical preparations or feather-edge 
margins. The aim of this in vitro study was to assess 
the marginal adaptation of different monolithic 
ceramic crowns bonded to feather edge margin, 
targeting to present a minimally invasive prosthetic 
approach where a full crown is required, guided 
by the study of Cortellini et al (18) . In a study by 
Cömlekoglu et al (31), it was concluded that the 
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feather-edge type of finish line exhibited the least 
marginal discrepancy. This was attributed to the 
fact that the more the restoration margin ends with 
an acute angle, the shorter the distance between the 
restoration margin and the tooth which had been 
described previously by Schillinburg et al. (32)

In the present study, all the procedures were 
carried out by the same operator for the purpose 
of standardization. Each stainless steel die was 
machined with height 5.5 mm and 12˚ total occlusal 
convergence angle as recommended by Goodacre 
et al (25) for the preparation of an all-ceramic 
restoration. An occlusal bevel was prepared at 
the occluso-axial line angle in one side of the 
die for exact repositioning of the crowns during 
cementation.

Epoxy resin material was selected as a die 
material in the present study on which the test 
specimens were cemented for investigating their 
marginal adaptation since its modulus of elasticity is 
similar to the reported modulus of human dentin and 
they are easily available and their dimensions can be 
standardized. (33) The use of extracted natural teeth 
as specimens has been found to simulate clinical 
conditions more closely than resin abutments. 
However, standardization of natural teeth is difficult 
because of several factors such as age, anatomy, 
size, shape and storage time after extraction. (34) 

The assessment of the marginal adaptation of 
the crowns was performed using stereomicroscope. 
Direct viewing with external measurements which 
was used in this study has the advantage of not 
being invasive and, therefore, applicable to clinical 
practice but it is difficult to repeat the measurements 
from an identical angle and to distinguish the actual 
marginal gap from its projection. (35) The vertical 
cervical marginal gap measurement was selected as 
the most frequently used to quantify the accuracy of 
fit of a restoration. (36)

The results of the current study revealed 
that high translucent zirconia crowns (group 
HTZ) showed the lowest mean marginal gap value  

(29.04±7.77μm) with statistically significant 
difference compared to other test groups. Marginal 
accuracy of CAD/CAM restorations can be affected 
by several factors including: scanning technique, 
designing software and milling process. Carbide 
milling tools were used to mill zirconia blocks while 
diamond tools were used for other CAD blocks. 
Also, the zirconia blanks were dry milled while 
other blocks were wet milled which could explain 
the difference in marginal gap values recorded. 
In addition, the pre-sintered state is less hard than 
other ceramic materials, it can be milled with less 
pressure and greater ease offering the advantage 
of producing thin edge design due to its excellent 
toughness and strength and ease of milling. (37)

While Translucent zirconia crowns TZ (74.9± 
13.22μm), Vita Enamic crowns VE (71.67± 
11.58μm) and Celtra Duo crowns CD (64.61± 
10.78μm) mean marginal gaps were statistically 
insignificant. Vita Enamic crowns are milled in their 
final shape and no additional processing is required 
and does not entail any dimensional changes. As 
for Celtra Duo, the microstructure of the material 
is claimed by the manufacturer to present high 
edge stability providing acceptable margins. (12) In 
addition, variations in mean gap values recorded 
for both types of zirconia tested could be due to the 
different number of milling axis of both systems  
(4-axis milling unit of the Cerec MCXL and the 
5-axis unit of the Cerec MCX5). Bosch et al. (38) 
stated that five-axis milling produces high trueness 
and permits a more effective milling of surfaces 
close to the insertion axis and a better outcome can 
be produced with steep walls and small angles. 

Moreover, e.max CAD crowns EX showed the 
highest mean marginal gap value (95.37 ±13.84μm) 
which was statistically significant compared to all 
the other tested groups. The differences could be 
due to the variations in materials’ properties. For 
example, Vita Enamic blocks are softer than lithium 
disilicate CAD/CAM blocks, that can be milled 
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faster producing less wear of the milling burs. This 
came in accordance with previous studies by Farid 
et al (39) and Park et al (37), where the inferior marginal 
fit was attributed to the dimensional changes that 
occur during crystallization firing of e.max CAD. 
The authors proposed that as e.max CAD is weaker 
than zirconia, which makes it more vulnerable to 
dimensional changes taking place during firing 
and compromising the marginal fit of the milled 
restorations. 

The findings can also be explained by the 
variable machinability of the different materials. In 
a previous study it was reported that the CEREC 
TM system (Sirona Dental Systems, Bensheim, 
Germany) can produce restorations with different 
marginal angles (shoulder, chamfer or bevel) with 
clinically acceptable marginal gaps. However, 
the integrity of the margins is not necessarily the  
same. (40) Consequently the machinability of the 
chosen material can influence the integrity of a 
minimally designed restoration. The machinability 
of a material can be measured with the calculation 
of its brittleness index (BI) and marginal chipping 
factor (CF). In a study by Tsitrou et al (40) to measure 
the machinability of different materials, it was 
concluded that machinable lithium disilicate (IPS 
e.max CAD) demonstrated the highest BI and CF 
and it doesn’t represent a preferred candidate when 
a minimal preparation design is desired, as it would 
result in a restoration with high chipping factor 
which would compromise its marginal fit. Another 
possible justification for the results may be that the 
thin margins of the brittle glass materials is the most 
difficult to mill and that the milling instruments 
pressure and the material resistance might cause 
fractures at the margin. (41)

Nonetheless, despite of the statistical differences 
among the various groups in the current study, the 
marginal gap values of monolithic ceramic crowns 
were all within the range of clinical acceptability. 
From the discussed results, the null hypothesis 
of the present study was rejected, as there were 

significant differences in the marginal adaptation of 
single crowns constructed from different monolithic 
ceramic materials bonded to minimally invasive 
vertical preparation design.

Further studies on natural extracted teeth and 
randomized controlled clinical trials, for evaluation 
of the marginal adaptation of different monolithic 
ceramic crowns are suggested to assess the long-
term success of ceramic crowns made with different 
margin designs.

CONCLUSION

Within the limitations of this in vitro study, the 
following conclusions could be drawn:

1. High translucent zirconia crowns showed 
superior marginal adaptation compared to all 
other tested materials, while lithium disilicate 
crowns showed the least accuracy.

2. For all tested materials, the marginal vertical 
gap readings recorded in this study were within 
the limits of clinically acceptable standards. 
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