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CLINICAL STUDIES

ABSTRACT
Aim of the study was the comparative analysis of the experimental dilation of some materials used in the fabrica-
tion of physiognomic fixed prosthetic restorations.
Material and methods. 3 biomaterials used in the fabrication of physiognomic fixed prosthetic restorations, pressed 
ceramic IPS e.max Press Ivoclar Vivadent, WhitePeaks Copra Smile (ZrO2, 600 MPa) and WhitePeaks Copra Supreme 
(ZrO2, 1100 MPa) were comparatively analyzed. 
The temperature increase was carried out from 20OC to 400OC, with the speed of 2 degrees/minute in a dilatometer. 
The repetition of the heating was done 2 times, with a 30-minute break between attempts.
Results. The smallest expansion occurred for the e.max sample, followed by Zr600 and Zr1100.
Conclusions. The present study demonstrated the production of a thermal expansion at the level of pressed ceram-
ics and biomaterials based on zirconium dioxide upon experimental heating in the range of 20-400OC in dilatome-
ter. Subjecting pressed ceramic or zirconium dioxide prosthetic restorations to high temperatures during the clin-
ical-technical phases of occlusal processing/adaptation without adequate cooling may introduce residual thermal 
stresses into the material structure, which may subsequently lead to cracking of the prosthetic restorations under 
stress conditions determined by masticatory forces.
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INTRODUCTION

Thermal expansion [1-4], is a phenomenon of in-
creasing the macroscopic dimensions of the materi-
al upon heating, due to the thermal vibrations of the 
crystalline network (or of the constituent particles 
of the amorphous state). At any temperature, the at-
oms of the solid vibrate with amplitudes of the or-
der of 10-9 cm and the frequency of approx. 1013 Hz. 
When the temperature increases, there is a change 
in the distances between the atoms, resulting in a 
change in the macroscopic dimensions of the body. 
It was found experimentally that the relationship 

between the variation in linear dimensions and the 
variation in temperature ΔT is given by a relation-
ship [5] of the type:

Dl = a . lo . DT

where: α is the thermal expansion coefficient, 
being a material constant

i.e. α represents the relative change in material 
length at a 1 K temperature rise.
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Surface expansion ΔS and volume expansion ΔV 
were similarly defined, i.e.:

DS = b . So . DT

DV = g . Vo . DT

where β ≈ 2α and γ ≈ 3α are the coefficients of sur-
face expansion and volume expansion, respectively.

The explanation of the phenomenon of thermal 
expansion can only be given in an anharmonic ap-
proximation of the oscillation energy of atoms. For 
this we will note that, since the atoms in the network 
vibrate continuously, the dimensions of the bodies 
are not given by the instantaneous distances be-
tween the atoms, but only by the average distances.

Thermal analysis [6,7] is part of the group of 
methods by which the physical and chemical prop-
erties of some substances (compounds) are deter-
mined, depending on the variation in temperature 
or time, based on the thermal effects that accompa-
ny the transformations that take place in the sample 
in heating, cooling, isothermal holding time, etc. 
These methods are called “thermoanalytical meth-
ods”, and the Figures obtained from the determina-
tions are called thermograms or “thermal analysis 
curves”.

The aim of the present study was the compara-
tive analysis of the experimental dilation of some 
materials used in the fabrication of physiognomic 
fixed prosthetic restorations.

MATERIAL AND METHODS

3 biomaterials used in the fabrication of physiog-
nomic fixed prosthetic restorations, pressed ceram-
ic IPS e.max Press Ivoclar Vivadent, WhitePeaks Co-
pra Smile (ZrO2, 600 MPa) and WhitePeaks Copra 
Supreme (ZrO2, 1100 MPa) were comparatively ana-
lyzed. 

From each material, a parallelepiped sample was 
made in the dental laboratory, with a length of 40 
mm and a section side of 4 mm. The e.max sample 
was obtained by pressing, and the Zr600 and Zr1200 
samples were obtained by milling into ZrO2 discs 
and sintering according to the manufacturers’ spec-
ifications.

The dilatometer on which the dilatometric 
curves were quantified is a vertical, high-tempera-
ture one, Unitherm 1161V model, from the Thermo-
physical Testing Laboratory of the Faculty of Materi-
als Science and Engineering, Polytechnic University 
of Bucharest.

This apparatus is fully computerized and is in-
tended to measure linear variations of samples due 
to thermal changes, according to ASTM E-228 [8].

In the present study, the temperature increase 
was carried out from 20ºC to 400ºC, with the speed 
of 2 degrees/minute. Each sample was kept at the 

maximum set temperature for 5 minutes, after 
which it cooled down controlled at the same rate. 
The repetition of the heating was done 2 times, with 
a 30-minute break between attempts.

The diagrams provided by the dilatometer soft-
ware were compared with each other. Based on the 
diagrams, the software calculated the coefficients of 
linear thermal expansion specific to each material, 
which were later used to calculate the length L of 
each sample at a given temperature, but also the dif-
ference ΔL between the length after heating and the 
initial length.

RESULTS

The Figure 1 shows the dependence of expansion 
on temperature in the two heating/cooling cycles of 
the e.max material. Red shows the first heating/cool-
ing cycle, and pink the second cycle. The Figure 
have a stepwise evolution as the heating is done step 
by step under computer control. We note that the 
expansion produced in the first heating/cooling cy-
cle was slightly higher than in the second cycle. The 
phenomenon can be explained by a stabilization 
produced at the material level after the first cycle.

The Figure 2 shows the average of the thermal 
expansion produced during the two cycles, the aver-
age of the instantaneous thermal expansion coeffi-
cient and the average of the linear thermal expan-
sion coefficient. While the first two have a linear, 
constantly increasing evolution, the third initially 
has a more accelerated growth, followed by a slow 
growth.

The Figure 3 shows the dependence of expansion 
on temperature in the two heating/cooling cycles for 
Zr600 material. As with the e.max, the first heating/
cooling cycle is shown in red, and the second cycle 
in pink. The Figures also have a gradual evolution 
because the heating is done step by step, under com-
puter control.

We note that the expansion produced in the first 
heating/cooling cycle was slightly higher than in the 
second cycle. The phenomenon can also be ex-
plained by a stabilization produced at the material 
level after the first heating/cooling cycle.

The Figure 4 shows the average of the thermal 
expansion produced during the two cycles, the aver-
age of the instantaneous thermal expansion coeffi-
cient and the average of the linear thermal expan-
sion coefficient. While the first two have a linear, 
constantly increasing evolution, the third initially 
has a more accelerated growth, followed by a slow 
growth.

The Figure 5 shows the dependence of expansion 
on temperature in the two heating/cooling cycles for 
Zr1100 material. As with the e.max and Zr600, red 
shows the first heating/cooling cycle and pink the 
second cycle. The Figures also have a gradual evolu-
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FIGURE 1. Graphic representation of the two heating/cooling cycles for e.max

FIGURE 2. A) Thermal expansion average produced during the two cycles for e.max (top), B) The average of instantaneous 
thermal expansion coefficient for e.max (middle) and C) The average of linear thermal expansion coefficient for e.max 
(down)
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FIGURE 3. Graphic representation of the two heating/cooling cycles for Zr600

FIGURE 4. A) Thermal expansion average produced during the two cycles for Zr600 (top), B) The average of instantaneous 
thermal expansion coefficient for Zr600 (middle) and C) The average of linear thermal expansion coefficient for Zr600
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tion because the heating is done step by step, under 
computer control. We note that the expansion pro-
duced in the first heating/cooling cycle was slightly 

higher than in the second cycle. The phenomenon 
can also be explained by a stabilization produced at 
the material level after the first heating/cooling cycle.

FIGURE 5. Graphic representation of the two heating/cooling cycles for Zr1100

FIGURE 6. A) Thermal expansion average produced during the two cycles for Zr1100 (top), B) The average of instantaneous 
thermal expansion coefficient for Zr1100 (middle) and C) The average of linear thermal expansion coefficient for Zr1100
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The Figure 6 shows the average of the thermal 
expansion produced during the two cycles, the aver-
age of the instantaneous thermal expansion coeffi-
cient and the average of the linear thermal expan-
sion coefficient. While the first two have a linear, 
constantly increasing evolution, the third initially 
has a more accelerated growth, followed by a slow 
growth.

Based on the Figures, it was possible to calculate 
the coefficients of linear thermal expansion for the 
3 studied materials. The values of the respective co-
efficients are recorded in table 1. 

TABLE 1. Linear thermal expansion coefficients for the 3 
studied materials

Material e.max Zr600 Zr1100
Coefficient of linear thermal 
expansion, ×10-6 [degree-1] 9.725 10.227 10.784

Table 2 shows the average lengths of the samples 
during the two heating cycles from 10 to 10 degrees 
Celsius, as well as the size ΔL, which represents the 
value of the average expansion.

TABLE 2. The average size of the samples after the expansion produced at different temperatures and the ΔL value, which 
represents the value of the average expansion

Material

Temperature, °C

e.max Zr600 Zr1100

L [mm] ΔL [mm] L [mm] ΔL [mm] L [mm] ΔL [mm]
20 40.007780 0.007780 40.008182 0.008182 40.008627 0.008627
30 40.011670 0.011670 40.012272 0.012272 40.012941 0.012941
40 40.015560 0.015560 40.016363 0.016363 40.017254 0.017254
50 40.019450 0.019450 40.020454 0.020454 40.021568 0.021568
60 40.023340 0.023340 40.024545 0.024545 40.025882 0.025882
70 40.027230 0.027230 40.028636 0.028636 40.030195 0.030195
80 40.031120 0.031120 40.032726 0.032726 40.034509 0.034509
90 40.035010 0.035010 40.036817 0.036817 40.038822 0.038822

100 40.038900 0.038900 40.040908 0.040908 40.043136 0.043136
110 40.042790 0.042790 40.044999 0.044999 40.047450 0.047450
120 40.046680 0.046680 40.049090 0.049090 40.051763 0.051763
130 40.050570 0.050570 40.053180 0.053180 40.056077 0.056077
140 40.054460 0.054460 40.057271 0.057271 40.060390 0.060390
150 40.058350 0.058350 40.061362 0.061362 40.064704 0.064704
160 40.062240 0.062240 40.065453 0.065453 40.069018 0.069018
170 40.066130 0.066130 40.069544 0.069544 40.073331 0.073331
180 40.070020 0.070020 40.073634 0.073634 40.077645 0.077645
190 40.073910 0.073910 40.077725 0.077725 40.081958 0.081958

200 40.077800 0.077800 40.081816 0.081816 40.086272 0.086272

210 40.081690 0.081690 40.085907 0.085907 40.090586 0.090586
220 40.085580 0.085580 40.089998 0.089998 40.094899 0.094899
230 40.089470 0.089470 40.094088 0.094088 40.099213 0.099213
240 40.093360 0.093360 40.098179 0.098179 40.103526 0.103526
250 40.097250 0.097250 40.102270 0.102270 40.107840 0.107840
260 40.101140 0.101140 40.106361 0.106361 40.112154 0.112154
270 40.105030 0.105030 40.110452 0.110452 40.116467 0.116467
280 40.108920 0.108920 40.114542 0.114542 40.120781 0.120781
290 40.112810 0.112810 40.118633 0.118633 40.125094 0.125094
300 40.116700 0.116700 40.122724 0.122724 40.129408 0.129408
310 40.120590 0.120590 40.126815 0.126815 40.133722 0.133722
320 40.124480 0.124480 40.130906 0.130906 40.138035 0.138035
330 40.128370 0.128370 40.134996 0.134996 40.142349 0.142349
340 40.132260 0.132260 40.139087 0.139087 40.146662 0.146662
350 40.136150 0.136150 40.143178 0.143178 40.150976 0.150976
360 40.140040 0.140040 40.147269 0.147269 40.155290 0.155290
370 40.143930 0.143930 40.151360 0.151360 40.159603 0.159603
380 40.147820 0.147820 40.155450 0.155450 40.163917 0.163917
390 40.151710 0.151710 40.159541 0.159541 40.168230 0.168230
400 40.155600 0.155600 40.163632 0.163632 40.172544 0.172544
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The evolution of the length of the samples during 
heating (Figure 7) and the evolution of the expan-
sion of the samples during heating (Figure 8) were 
graphically illustrated comparatively.

From the analysis of the Figures, it is visible that 
the smallest expansion occurred for the e.max sam-
ple, followed by Zr600 and Zr1100.

DISCUSSIONS

In the oral environment, the biomaterials used 
for the direct or indirect restoration of the functions 
of the dento-maxillary apparatus are subject to par-
ticular conditions – variations in pH, temperature 
and pressure [9-19]. The pH variations are given by 
the food/drinks ingested, by the eventual reflux of 
gastric contents [20], but also by the presence of var-
ied microbial flora. The temperature in the oral en-
vironment varies when cold or hot food/drinks are 
ingested, and the occlusal pressures during mastica-
tion stress the masticatory units and the supporting 
alveolar bone through the dento-periodontal liga-
ments.

Ceramic materials exhibit increased hardness, 
abrasion resistance, reduced density compared to 
metallic alloys, and dimensional stability [21] up to 
the sintering temperature.

Systematic reviews evaluating clinical trials re-
ported a higher incidence of failure in zirconium 
dioxide-based restorations compared to metal 
framework restorations [22]. The main factor that 
produced the chipping of the material seems to be 
the development of internal stresses, which zirconi-
um dioxide, as a brittle material, is less able to com-
pensate than the classical form of the metal sub-
strate. Therefore, it is important to keep the overall 
stress state of the restorations as low as possible 
[23]. The general stress state includes the sum of the 
stresses that appear externally, as a result of per-
forming the functions of the dento-maxillary appa-
ratus (incision, trituration and pressing) and inter-
nally, due to residual stresses [23]. These internal 
residual stresses are primarily thermal stresses that 
are applied to the restoration during manufacture 
and “stored” in its structure during cooling [24].

Similar to our research, the tests performed by 
Preis et al. [25] on zirconia and a glass-ceramic ma-
terial, which were subjected to heating up to 55oC, 
demonstrated that ceramics and zirconia exhibit co-
efficients of expansion at moderate temperature in-
creases relative to sintering temperatures.

FIGURE 7. Evolution of the length of the samples during heating

FIGURE 8. Evolution of sample expansion during heating
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CONCLUSIONS

The present study demonstrated the production 
of a thermal expansion at the level of pressed ce-
ramics and biomaterials based on zirconium diox-
ide upon experimental heating in the range of 20-
400oC in dilatometer.

Among the 3 materials analyzed comparatively, 
within the limits of this study, e.max presented the 
lowest coefficient of expansion, and Zr1100 had the 
highest coefficient of expansion.

Subjecting pressed ceramic or zirconium dioxide 
prosthetic restorations to high temperatures during 
the clinical-technical phases of occlusal processing/
adaptation without adequate cooling may introduce 
residual thermal stresses into the material struc-
ture, which may subsequently lead to cracking of 
the prosthetic restorations under stress conditions 
determined by masticatory forces.
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