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Abstract: The aim of this study is presenting AFM analysis of surface roughness of Lithium disilicate glass 
ceramic (IPS e.max CAD) under different finishing procedure (techniques): polishing, glazing and grinding. 
Lithium disilicate glass ceramics is all-ceramic dental system which is characterized by high aesthetic quality 
and it can be freely said that properties of material provide all prosthetic requirements: function, 
biocompatibility and aesthetic. Experimental tests of surface roughness were investigated on 4 samples 
with dimensions: 18 mm length, 14 mm width and 12 mm height. Contact surfaces of three samples were 
treated with different finishing procedure (polishing, glazing and grinding), and the contact surface of the 
raw material is investigated as a fourth sample. Experimental measurements were done using the Atomic 
Force Microscopy (AFM) of NT-MDT manufacturers, in the contact mode. All obtained results of different 
prepared samples are presented in the form of specific roughness parameters (Rа, Rz, Rmax, Rq) and 3D 
surface topography. 
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1. INTRODUCTION 
 

In dentistry, it has always strived to find a 
new restorative material, whose properties 
would precisely change natural structure of 
teeth. With the development of science in 
general and the development of dentistry 
through various scientific and technical 
researches, restorative dental materials have 
been developed to a high level of aesthetic 
quality. One of these advanced materials in 
aesthetic dentistry is all-ceramic systems. 
Their properties of material provide all 
prosthetic requirements: function, 
biocompatibility and aesthetic. Today the big 
and enduring problem of every man is tooth 

loss and excessive wear of contact surface 
(tooth or ceramic restoration). Studying the 
surface roughness of material is of great 
importance in dentistry, so that today the 
world's attention is focused on tribological 
investigations in that direction. 

One of the essential problems of all-ceramics 
in aesthetic dentistry is the surface roughness 
under different finishing procedure of materials 
[1]. Surface roughness has a large impact on 
aesthetic appearance of the surface of material 
and discoloration of restorations, secondary 
caries and gingival irritation and wear of 
opposing and adjacent teeth or ceramic 
restauration. It is known that if the dental 
restoration has a surface roughness of 0.2 mm 
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or more increasing the risk for accumulation of 
dental plaque and caries [2-3]. On the other 
side, the best oral comfort and hygiene patient 
has with smoother surface of intraoral 
structures. [4-6]. Moreover, irregular polished 
surface can lead to residual surface roughness 
which impairs the mechanical and aesthetic 
properties of the surface material [7-9]. 

In recent years, as the most reliable 
technology for experimental determination of 
the surface roughness of material has been 
used Atomic Force Microscopy (AFM). AFM 
was developed by Binning and Quate in 1986 
[10], as the first technology for high-precision 
measurement and displaying images in real-
time. Its application until today is largely 
present in all scientific fields, including and 
aesthetic dentistry. AFM enables 3D scanning 
topography of the contact surfaces of different 
materials at micro and nano level, in the form 
of 3D images with high-resolutions [11-15]. 
Due to the sharper tip and small loading force, 
the lateral resolution in AFM is extremely 
improved in comparison with the conventional 
profilometer. However, the maximum 
measuring range of AFM is limited to the 
surface of 100 × 100 μm. 

Based on above mentioned, aim of this study 
is presenting AFM analysis of surface roughness 
under different finishing procedure (polishing, 
glazing and grinding) of Lithium disilicate glass 
ceramic (IPS e.max CAD, Ivoclar Vivadent, 
Schaan, Liechtenstein). All obtained results of 
different prepared samples are presented in the 
form of specific roughness parameters (Rа, Rz, 

Rmax, Rq) and 3D surface topography. 
 
2. MATERIALS AND METHODS  
 

First breakthroughs in development of all-
ceramic systems have done the company 
Ivoclar Vivadent AG from Liechtenstein, with 
IPS Empress system (1991 year). After that, the 
company Ivoclar Vivadent was developed a 
new all-ceramic system IPS e.max that is used 
in PRESS and CAD/CAM technology. The blocks 
are cast in one piece and they are partially 
crystallized. As a raw material, the value of 
their strength is small. Partial crystallization 
ensures that the blocks can be easily 

processed in an intermediate crystalline phase, 
enabling rapid machining with CAD/CAM 
systems, Fig. 1a. In crystallization process, 
blocks getting the final state of lithium 
disilicate crystals (Li2Si2O5) and high strength 
of 400 MPa, Fig. 1b [16-18]. 

 

 
Figure 1. Lithium disilicate blocks (IPS e.max CAD): 
(a) partially crystallized blocks and (b) final state of 

crystallized blocks 

Lithium disilicate glass ceramic (IPS e.max 
CAD) is all-ceramic system which is 
characterized by high aesthetic quality, and it 
can be freely said that properties of material 
provides all prosthetic requirements: function, 
biocompatibility and aesthetic. The material 
has a clear advantage in the translucency as 
compared to other related material of this 
type. In combination with the high strength 
that material has, it can be used in the 
restoration of high load areas. Table 1 shows 
the chemical composition of lithium disilicate 
glass ceramic (IPS e.max CAD). 
 
2.1 Samples preparation 
 

Experimental tests of surface roughness 
were investigated on 4 samples of commercial 
all-ceramic lithium disilicate glass ceramic (IPS 

(a)

(b)



14th International Conference on Tribology – Serbiatrib ‘15 516 

e.max CAD, Ivoclar Vivadent, Schaan, 
Liechtenstein). All samples are in the shape of 
a block, with dimensions: 18 mm length, 14 
mm width and 12 mm height (Figs. 1a and b). 
Contact surfaces of three samples were 
treated with different finishing procedure 
(techniques): polishing (Fig. 2a), glazing (Fig. 
2b) and grinding (Fig. 2c), while the contact 
surface of the raw material is investigated as a 
fourth sample (Fig. 2d). All contact surfaces of 
the 4 samples (Fig. 2) were obtained by using 
the optical microscope CSM with 5 × 
magnification, at the Tribology Center on the 
Faculty of Engineering in Kragujevac. 

Table 1. Chemical composition of IPS e.max CAD [15] 

Standard composition (in % by weight) 

SiO2  57.0 – 80.0 

Li2O  11.0 – 19.0 

K2O  0.0 – 13.0 

P2O5  0.0 – 11.0 

ZrO2  0.0 – 8.0 

ZnO  0.0 – 8.0 

Al2O3  0.0 – 5.0 

MgO  0.0 – 5.0 

Colouring oxides  0.0 – 8.0 

 
All samples, except raw material, are firstly 

crystallized in a furnace at a prescribed 
temperature according to manufacturer's 
instructions (Ivoclar Vivadent). After 
crystallization, the contact surfaces of three 
samples are prepared with different finishing 
procedure (techniques). The first sample was 
polished under controlled speed. Polishing 
procedure was done by using diamond 
sandpaper with different grits (280, 400, 600, 
800, 1200, 2000) under the water. Fine 
polishing was done on the end of procedure, 
by using the liquid emulsion with grain size of 6 
and 0.04 µm (DP-suspension, and the O-M In 
Suspension). The contact surface of the second 
sample was grinded by using diamond borer 
(Meisinger, 837LF FG 014, 27–76 μm, Neuss, G). 

On the end, contact surface of the third 
samples was glazed according to the 
manufacturer’s recommendations (Ivoclar 
Vivadent). 

 

 

 

 
Figure 2. Contact surfaces of lithium disilicate glass 

ceramic (IPS e.max CAD) treated with different 
finishing procedure: (a) polished surface, (b) glazed 
surface, (c) ground surface, and (d) contact surface 

of raw materials 

(a)

(b)

(c)

(d)
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2.2 Atomic Force Microscopy (AFM) 
 

All experimental measurements of 3D 
surface topography and roughness parameters 
were obtained using the Atomic Force 
Microscopy (AFM) of NT-MDT manufacturers, 
which is located at the Tribology on the 
Faculty of Engineering in Kragujevac (Fig. 3).  

 
Figure 3. NT-MDT Atomic Force Microscopy (AFM), 

at the Tribology Center on the Faculty of 
Engineering in Kragujevac 

Prior to the AFM analysis the surfaces of 
the samples were cleaned with 70 % alcohol, 
and allowed to dry at room temperature. 

AFM can operate in several different modes, 
depending on the measurement. The 
experiment was performed in the contact 
mode at room temperature, where the top of 
the AFM cantilever (radius of 10 nm) is in 
constant contact with the surface of the 
lithium disilicate sample. At the end of the 
cantilever is placed a sensor. Sensor detects 
movement of the cantilever when changing 
forces acting between the cantilever and the 
contact surface of the sample. Software all 
time of the process measured and monitored 

bending and/or twisting the cantilever over 
the tops unevenness of surface roughness. On 
that way, the 3D surfaces topographies of the 
different prepared samples are reconstructed 
on a very precision method. 

 
3. RESULTS AND DISCUSSION 

 
The surface roughness of each sample is 

measured along the same reference length 
(diagonally), what can be seen on the 2D view 
of Figures 4-7. The obtained results of 
differently prepared surfaces of lithium 
disilicate glass ceramic (IPS e.max CAD) are 
presented in the form of high resolution 3D 
images. The measurement range on all 
samples is 50 × 50 μm. The Figures 4-7 shows 
3D topographies and roughness profiles under 
different finishing procedure of lithium 
disilicate glass ceramic (IPS e.max CAD). 

Also, following roughness parameters are 
being presented as obtained results of AFM 
analysis (Table 2): 

• Arithmetic average roughness (Rа), 
• Mean height of roughness in ten points 

(Rz), 
• Maximum height of the profile (Rmax), 
• Root mean square roughness (Rq). 
From presented results in the Table 2, it can 

be said that lowest values of roughness 
parameters have polished finishing procedure, 
as expected. Up to now, a few studies have 
done comparison of different finishing 
procedure (polishing and glazing) [19-22]. It 
should be noted that in aesthetic dentistry is 
always strived to a finer finishing surface 
procedures of ceramic restorations. Moreover, 
a well-polished surface can improve the 
overall strength of ceramic restorations [23]. 

Table 2. Comparative display of roughness parameters (Rа, Rz, Rmax, Rq) under different finishing procedure 
of lithium disilicate glass ceramic (IPS e.max CAD) 

Roughness parameters 
Measuring range, 50 × 50 μm 

Rа Rz Rmax Rq 

The polished surface 2.049 nm 8.382 nm 11.201 nm 2.532 nm 

The glazed surface 17.195 nm 76.242 nm 113.565 nm 21.788 nm 

The grinding surface 0.188 µm 0.466 µm 0.898 µm 0.226 µm 

The surface of raw material 2.365 nm 11.592 nm 21.119 nm 3.086 nm 
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Figure 4. 3D topography and roughness profile of polished surface of the lithium disilicate glass ceramic 

 

 
Figure 5. 3D topography and roughness profile of glazed surface of the lithium disilicate glass ceramic 
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Figure 6. 3D topography and roughness profile of grinding surface of the lithium disilicate glass ceramic 

 

 
Figure 7. 3D topography and roughness profile of raw surface of the lithium disilicate glass ceramic 
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In addition to polishing process, as a form 
of coatings glazing procedure is used on the 
surface of all-ceramic restorations like 
finishing procedure. Primarily, glazing is 
procedures that reduce porosity, reduce the 
surface roughness of the material and 
improves the aesthetic appearance of all-
ceramic restauration in the form of aesthetic 
shine [1,24-26]. It should emphasize that the 
glazing process on surface of material does not 
improve the strength of the all-ceramic 
restauration [27]. Obtained results of 
roughness parameters for the glazed surface 
(presented in Table 2), can be considered as 
good because the roughness values are slightly 
higher in comparison with the polished surface. 

Grinding surface as finishing procedure is 
undesirable in clinical practice, but in many 
cases is inevitable. A standard clinical practice 
before the final cementation is that to first 
adjust occlusal the surface of an unglazed 
ceramic restoration by grinding and then to 
glaze the restoration. Very often after the 
cemented glazed restoration are necessary 
additional surface modifications in order to 
correct minor occlusal interferences [24]. This 
finishing procedure leads to removal layers of 
glaze and significantly increases the surface 
roughness of the material, whereby is 
impossible to return original state of surface 
restoration. This effect has major risk for 
creation negative effects caused by high surface 
roughness of contact surface: accumulation of 
dental plaque, retention of bacteria, 
discoloration of restorations, secondary caries 
and gingival irritation and wear of opposing and 
adjacent teeth or ceramic restauration [3-5,13]. 
Therefore, there is general agreement among 
dentists that roughened ceramic surfaces must 
be polished to prevent or at least minimize 
numerous negative effects, as well as to 
enhance aesthetics and restoration longevity, 
by removing the defects produced after surface 
grinding [27]. 
 
4. CONCLUSION 

 
AFM analysis provides very detailed 

information about the structural details of the 

materials surface. Based on this, the 
comparative display of surface roughness of 
lithium disilicate (IPS e.max CAD) using AFM 
was shown in this experiment under different 
finishing procedure. 

Based on the obtained results, it can be 
concluded that surface roughness mostly 
depends on the finishing procedure 
(techniques). In order to avoid numerous 
negative effects, that are consequence of the 
high surface roughness, it should be strived to 
a finer finishing surface technique of ceramic 
restorations. 
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