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ABSTRACT

Statement of the problem: The use of machinable monolithic lithium disilicate (LD) ceramics has been frequently used in fixed 
prosthodontics with well-known marginal adaptation values. However, information about the newly developed zirconia reinforced 
lithium silicate glass ceramics (ZLS) regarding marginal adaptation is of concern.  Aim of the study: The aim of this study was 
to evaluate the vertical marginal gap of CAD\CAM lithium disilicate and zirconia reinforced lithium silicate glass ceramics before 
and after thermomechanical cycling. Methodology: Twenty crowns were fabricated using Cerec in-Lab CAD\CAM system, and 
divided into two groups (10 IPS. E.max CAD and 10 VITA SUPRINITY). The completed crowns were cemented on epoxy resin 
die and the vertical marginal gap was evaluated. The cemented crowns were subjected to thermomechanical cycling for 75000 
cycles and the vertical marginal gap was evaluated again after cyclic loading. The collected data was statistically analyzed using 
Student t-test and Paired t-test and the significance level was set at P ≤ 0.05.

Results: There was no statistical significant difference between the two tested groups or between measurements before and 
after thermomechanical cycling. Conclusion: Neither the material type nor the thermomechanical cycling has an effect on the 
vertical marginal gap measurements of the two tested groups. 

INTRODUCTION 

All ceramic restorations are a metal-free alterna-
tive with excellent aesthetic, mechanical and bio-
compatibility properties (1).        

Nowadays, glass ceramics are mainly lithium 
disilicate–based pressable ingots or CAD/CAM 
blocks. These restorations have satisfactorily served 
as monolithic restorations (2).  

Zirconia reinforced lithium silicate glass 
ceramic (ZLS) for dental CAD/CAM restorations 
has been introduced to the dental market. This glass 
ceramic is enriched with zirconia (≈10% by weight) 
to combine the positive benefits of translucency 
of glass ceramics and mechanical properties of 

zirconia (ZrO2). Incorporation of zirconia particles 
is claimed to improve mechanical properties by 
interruption of crack propagation (3, 4).  

 One of the most critical aspects for success of 
prosthetic restoration is to achieve optimal marginal 
adaptation. Improper marginal adaptation will 
lead to the accumulation of bacterial plaque and 
can cause gingival inflammation, caries, pulp and 
periodontal lesions, finally resulting in failure of 
the restoration (5,6). Mechanical failure due to fatigue 
could occur during mastication as a result of direct 
contact between maxillary and mandibular teeth and 
finally limits the survival probability and lifetime of 
the restorations (7).
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In vitro testing of dental materials provides part of 
the view over the prosthetic behavior of restorations 
with simplicity in performance Mechanical cyclic 
loading tests are aimed at stimulating the conditions 
of mastication in the oral cavity by inducing alternate 
stresses in the samples thus reflects the behavior of 
restorations under function (8,9).

The null hypothesis is there is no difference in the 
vertical marginal gap between CAD\CAM lithium 
disilicate and zirconia reinforced lithium silicate 
glass ceramics before and after thermomechanical 
cycling.

 MATERIALS AND METHODS

An upper premolar acrylic tooth was selected 
and mounted vertically in special designed mold 
by aids of parallometer device, then the tooth was 
prepared for placement of all-ceramic crowns using 
a milling survivor and diamond stones to ensure 
accurate preparation parameters. The preparation 
design included a 1.0-mm chamfer, and a 12˚ 
convergence angle. An occlusal reduction of 2 mm 
was prepared and controlled by guidance grooves 
and rubber index taken before reduction.

Special mold was fabricated, consists of flat wide 
base, stopper part and mounting part responsible 
for tooth mounting and replication. The tooth after 
preparation and finishing was duplicated 20 times 
by epoxy resin materials by aids of special deigned 
tray, to give 20 identical epoxy dies. Epoxy dies 
were randomly divided into two groups according 
to the ceramic material used as follow:  

·	 IPS E.max CAD blocks have used for fabrication 
of ceramic crowns (n=10).

·	 VITA SUPRINITY blocks have used for 
fabrication of ceramic crowns (n=10).  

Machining fabrication technique Cerec 3 D 
System is used for fabrication of the twenty crowns 

where experimental crowns will be milled from 
ceramic blocks*. All crowns are etched with 9% 
hydrofluoric acid gel for 20 seconds, rinsed with 
water and dried with air. A layer of silane coupling 
agent is applied on the fitting surface of the crowns 
which is left completely to dry for 60 seconds. 
Each ceramic crown was cemented with self-etch 
self-adhesive resin cement (TOTAL CEM) under 
standardized static load (70 N) (10). 

The Marginal fit was evaluated by measuring the 
vertical marginal gap between crown margin and 
finish line of the prepared tooth and is determined 
at twelve specific locations before and after 
thermomechanical cycling. 

The mean of all readings was calculated from the 
mean values of cervical circumferential measuring 
locations; represented the mean marginal fit value 
for each crown and measured by digital microscope 
and magnification X 35. The results were calculated, 
recorded, tabulated and submitted to statistical 
analysis.

All samples were subjected to thermomechani-
cal cyclic loading 75000 cycles under 50 N which 
resemble function of 6 months using ROBOTA 
chewing simulator. Finally the results were calcu-
lated, recorded, tabulated and submitted to statisti-
cal analysis.

RESULTS

A.  Effect of type of ceramic material on the vertical 
marginal gap measurements:

 There was no statistical significant difference 
(P >0.05) between IPS e.max CAD group and 
VITA SUPRINITY group.

B. Effect of application of thermomechanical 
cycling on the mean of vertical marginal gap 
measurements:

*  Sirona dental system GmbH. D-64625 Bensheiu, German
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There was no statistical significant difference  
(P >0.05) between IPS e.max CAD group measured 
before (44.9 ± 1.76 μm) and after (43.9 ± 2.28 μm) 
thermomechanical cycling. There no statistical 
significant difference (P >0.05) between VITA 
SUPRINITY group measured before (46.5±1.79 
μm) and after (45.1±1.74μm) thermomechanical 
cycling as represented in (table 1).

TABLE (1): Comparison between the vertical mar-
ginal gap measurements of the 2 studied groups 
represented by (Min, Max, mean and Standard de-
viation) according to the ceramic material used and 
application of thermomechanical cycling.

Ceramic 
material

Application of 
thermomechanical 

cycling

Vertical 
marginal gap 

(μm) p
Min.  

– Max.
Mean 
± SD.

IPS e.max 
CAD  

(n=10)

Before 
thermomechanical 

cycling

43.3  
– 62.8

44.9  
± 1.76

0.
01

8*

After 
thermomechanical 

cycling

41.2  
– 60.3

43.9  
± 2.28

VITA 
SUPRINITY 

(n=10)

Before 
thermomechanical 

cycling

44.1  
– 66.2

46.5  
± 1.79

<0
.0

01
*

After 
thermomechanical 

cycling

42.9  
– 65.6

45.1  
± 1.74

DISCUSSION

Recent inventions in the strengthening of dental 
ceramics have led to the development of metal free 
ceramic restorations that are biologically safe and 
able to withstand relatively high compressive forces 
under function (11).

CAD/CAM technology was chosen to control 
thickness, anatomy and ensure greater accuracy, 
standardization, and increased efficiency(12). Marginal 
accuracy is considered to be the major determining 
factor for successful clinical performance of a 

restoration. Increased marginal discrepancy causes 
accumulation of bacterial plaque which results in a 
high risk of periodontal diseases, secondary caries, 
pulpal inflammation, and eventually pulpal death 
and necrosis results in biologic failure. Furthermore 
S.Wolfart et al 2003 concluded that the marginal 
gap has the most clinical relevance and should be 
the most critical in crown evaluation therefore, the 
vertical marginal gap measurement was selected as 
the most frequently used to evaluate the fit of the 
restoration (13). 

The tooth chosen to represent the master die was 
an acrylic model of maxillary first premolar and 
prepared according to manufacturing instruction 
of lithium disilicate ceramic restoration by aids 
of parallometer device and special mold to give 
accurate mounting and preparation as well as 
elimination of the human errors and mistakes as 
much as possible (14). 

The prepared tooth was duplicated by epoxy resin 
material which was reported to have a modulus of 
elasticity similar to human dentine and have several 
important advantages including strength, abrasion 
resistance, and detail reproduction. Also duplicated 
epoxy resin dies are more standardized in diameter 
and mechanical properties than selecting natural 
teeth (15).

In this study, marginal fit was evaluated by direct 
viewing with external measurements using a stereo 
microscope at fixed magnification of 35x before 
and after thermomechanical cycling. This technique 
has the advantage of noninvasive, accurate and 
reproducible measurements and is, therefore, 
useful to determine the precision of fit of the whole 
specimen margin (16).  

However, it is difficult to repeat the measurements 
from an identical angle and to distinguish the real 
marginal gap from its projection. For this reason and 
for the purpose of measurements standardization, a 
specially designed sample positioning device (SPD) 
was used to hold the tested specimens in place 
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allowing the repeating of the measurements from an 
identical angle aligned with the focal plane of the 
microscope (17). 

The null hypothesis of this study was accepted 
as there is non-statistically significant deference 
between the two ceramic materials used in this study 
regarding the vertical marginal gap measurements; 
also there is non-statistically significant deference 
between the vertical marginal gap measurements 
before and after thermomechanical cycling.   

Regarding thermomechanical cycling, it was 
found that no significant effect on the marginal 
adaptation in both groups before and after loading. 
This result supported by Guess P et al. 2009  which 
report that the simulated five-year ageing of the 
all ceramic partial coverage restorations (using  
indenter  6 mm width, and 98 N occlusal force) had 
no effect on the marginal fit (18). 

Finally, considerable controversy exists in 
the literature regarding the ideal marginal gap 
for ceramic crowns, a few studies have reported 
that the ideal marginal gap should be 25 to 40μm 
for cemented restorations. Many other studies 
considered the marginal gap values of 100 to 200μm 
to be clinically acceptable for cemented restorations. 

More recent studies have considered the clinically 
acceptable values of marginal gap to be less than 
100 mm. Therefore, the results of marginal gaps 
for the both groups presented in this study can be 
considered clinically acceptable (19).

LIMITATIONS OF THIS STUDY  

1.  Using only 75000 loading cycle which resembles 
6 months under function, more load cycles my 
affect the results.        

2.  Only single spacer thickness (60 microns) have 
been evaluated. Different spacer thickness 
might influence the results.     

3.  Using different material thickness and finish 
line curvature may affect the results.       

4.  The research was done in vitro study (in vivo 
study gives better clinical trial and evaluation).

CONCLUSION

Within the limitations of this study, the following 
conclusions can be drawn: 

1. IPS e.max CAD and Vita suprinity have 
comparable marginal adaptation and both 
within the clinical acceptance range. 

2. There was no significant effect of thermome-
chanical cycling or the material type on the 
mean values of vertical marginal gap measure-
ments of IPS e.max CAD or Vita suprinity 
groups. 
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