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PURPOSE. To evaluate the influence of cyclic loading on phase transformation of zirconia abutments and to 
compare the effectiveness of three different quantitative ageing assessment techniques. MATERIALS AND 
METHODS. Thirty two Y-TZP prostheses fabricated from two brands, InCoris ZI and Ceramill ZI, were cemented 
to titanium bases and equally divided into two subgroups (n=8): control group without any treatment and aged 
group with cyclic loading between 20 N and 98 N for 100,000 cycles at 4 Hz in distilled water at 37°C. The 
tetragonal-to-monoclinic phase transformation was assessed by (i) conventional x-ray diffraction (XRD), (ii) micro 
x-ray diffraction (µXRD), and (iii) micro-Raman spectroscopy. The monoclinic-phase fractions (M%) were 
compared by two-way ANOVA. RESULTS. InCoris Zi presented significantly higher M% than Ceramill Zi in both 
control and aged groups (P<.001). Both materials exhibited significant phase transformation with monoclinic-
phase of 1 to 3% more in aged groups than controls for all three assessment techniques. The comparable M% 
was quantified by both µXRD and XRD. The highest M% was assessed with micro-Raman. CONCLUSION. 
Cyclic loading produced significant phase transformation in tested Y-TZP prostheses. The micro-Raman 
spectroscopy could be used as an alternative to XRD and µXRD. [ J Adv Prosthodont 2019;11:253-61]
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INTRODUCTION 

As an implant abutment material, titanium is a traditional 
material of  choice due to its excellent mechanical proper-
ties.1 Titanium abutments are also favorable for the peri-
implant soft tissues health and biocompatibility by deterring 
the incidence of  galvanic and corrosive reactions in the 

implant/abutment interface. Yet, there may be a problem in 
the titanium/porcelain systems because of  excessive oxida-
tion of  this material at ceramic melting temperatures and 
the low adhesion of  the oxides to the surface of  it.2 In addi-
tion, metal abutments could not fully satisfy the esthetical, 
functional, and hygienic requirement fundamental to the 
implant-restorations success. To provide metal-free restora-
tions with more esthetically pleasing results, tooth-colored 
implant abutments and prostheses have become fascinating 
alternatives.3 Amongst high strength ceramics, zirconia is 
particularly favorable due to its high strength and high frac-
ture toughness.4

However, an occurrence of  ageing or low temperature 
degradation (LTD) of  yttria-stabilized tetragonal zirconia 
polycrystals (Y-TZP) due to a slow tetragonal to monoclinic 
(t-m) phase transformation in a humid environment at rela-
tively low temperatures (150 - 400°C) has drawn an enor-
mous attention from the researchers.5,6,7 The concern about 
the lifetime of  zirconia-based prostheses has been raised in 
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medical and dental fields after distribution of  the reports on 
premature failure of  zirconia hip implants8 and FDA 
announcement for zirconia femoral heads fracture due to 
LTD.9 LTD of  zirconia typically initiates at the surface of  
polycrystalline zirconia and then progresses toward the bulk 
of  the material. The transformation of  one grain leads to an 
increase in volume that causes stresses on the nearby grains 
and microcracking. This offers a path for the water to pene-
trate and then exacerbates the process of  surface degrada-
tion and the transformation progresses from neighbor to 
neighbor.5,7 Studies have shown that an increase in mono-
clinic content is directly related to the degradation of  zirco-
nia material.10-14

In dentistry, clinical studies following the use of  zirconia 
frameworks for posterior fixed partial dentures for more 
than 5 years15 and Y-TZP abutments supporting single 
tooth crowns for 11 years16 have revealed the excellent clini-
cal success of  zirconia prostheses. With an increased inter-
est of  zirconia to be used as an implant prosthesis, research-
es have paid much attention on LTD and the effect of  long-
term aging on this material. Although some studies have 
stated autoclaving as an effective ageing protocol,7,10-14 the 
ageing results that measured well above the room tempera-
ture or body temperature could not reflect in vivo oral condi-
tions. For better understanding of  ageing process of  dental 
zirconia, in vitro study’s the ageing conditions should resem-
ble the oral environments. For this reason, zirconia implant 
prostheses should be tested under cyclic loading in the pres-
ence of  moisture at human body temperature in order to 
simulate oral environments. 

The objectives of  this study were to study the effects of  
cyclic loading on zirconia implant prostheses fabricated by 
two different computer aided-design and computer-aided 
manufacturing systems (CAD/CAM) and to assess the 
effectiveness of  three different ageing assessment tech-
niques for quantitative phase transformation analysis. To 
fulfill these objectives, different ageing assessment tech-
niques - conventional X-ray diffraction, micro X-ray diffrac-

tion, Raman microscopy and scanning electron microscopy 
- were used in this study. 

MATERIAL AND METHODS

An implant replica for fixture diameter of  3.5 mm (Astra 
Tech, Dentsply, Bensheim, Germany) was embedded in 
polyvinyl chloride cylinder using autopolymerized epoxy 
resin. Each replica was embedded 3 mm below the implant 
shoulder in order to simulate bone resorption according to 
the ISO-Norm 14801.17 The replica was then assembled 
with a titanium base (AT OS 3.5/4.0 L, Sirona, Bensheim, 
Germany) (Fig. 1A) to be scanned and designed for fabrica-
tion of  implant-supported zirconia prostheses from two dif-
ferent brands of  presintered yttria-stabilized zirconia blocks 
(inCoris ZI meso, Sirona, Bensheim, Germany and Ceramill 
Zi, Amann Girrbach, Koblach, Australia) using Sirona and 
Amann Girrbach CAD/CAM systems respectively. The 
material composition and density is shown in Table 1.The 
prosthesis design is shown in Fig. 1B with 30-degree angula-
tion at the occlusal surface. After designing and milling of  
pre-sintered zirconia blocks, the zirconia prostheses were 
sintered to obtain the final density and dimension according 
to a manufacturer’s instruction. Then, the prostheses fabri-
cated from each CAD/CAM system were sandblasted at the 
gluing surfaces with 50 µm aluminum oxide at 2.0 bar, 
cemented to the titanium bases using a resin cement 
(Panavia F2.0, Kuraray, Osaka, Japan), and equally divided 
into two subgroups (n = 8): the control with no cyclic load-
ing group and the mechanical ageing group. For the 
mechanical ageing, the cyclic loading was applied on the zir-
conia prostheses with a tungsten carbide ball (4.75 mm in 
diameter) for 100,000 cycles with the load between 20 and 
98 N at 4 Hz in distilled water at 37ºC using a servo hydrau-
lic testing machine (Model E10000, Instron Corp., London, 
UK). These prostheses were loaded at lingual surfaces with 
a 30º angulation to the long axis as shown in Fig. 1C. 

Fig. 1.  An implant replica with a titanium base embedded in polyvinyl chloride cylinder (A) without a 
zirconia abutment (B) with a zirconia abutment and (C) a set up for cyclic loading.

A B C
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Phase transformation was assessed on the flat area at the 
lingual aspect of  each prosthesis using X-ray diffraction 
technique	with	CuKα	 1.5418	Å,	 at	 40	 kV,	 and	 40	mA	
(Bruker AXS, D75181, Karlsruhe, Germany). The diffrac-
tion data were collected by two techniques: (i) conventional 
X-ray diffraction (XRD) and (ii) micro X-ray diffraction 
(µXRD).

For XRD, the diffraction data were collected conven-
tionally	in	the	2θ	range	of 	20	to	80	degrees,	with	a	step	size	
of  0.01 degrees and a counting time of  1 s/step. For µXRD, 
the Gobel mirror parallel beam optics with exchangeable pin-
hole collimator of  100 µm inner diameter and two dimension-
al general area detector diffraction system (GADDS) were 
used. Data were collected with a fixed incident angle of  15º 
to the flat lingual surface (at the cyclic loading area). µXRD 
profiles were generated from 20 to 80 degrees with a step 
size of  0.01 degrees and a scan speed of  1 s/step.

Monoclinic phase fraction was determined from both 
XRD and µXRD data using the Match phase identification 
software version 3.3 (Crystal Impact, Bonn, Germany) with 
the standard models recorded in the Crystallography Open 
Database (COD) and Rietveld refinement method. The 
refined parameters were scale factors, specimen displace-
ment, unit cell parameters, background, profile shaped, 
overall isotropic displacement, and preferred orientation.

The Raman Spectrophotometer (Senterra, BrukerOptik, 
Ettlingen, Germany) was used to perform a phase analysis 
using an argon laser with a wavelength of  532 nm and 20 
mW power. An optical microscope with 100× objective was 
used to focus the laser spot on the prosthesis surface (at the 
cyclic loading area). The specimen integration time was 40 s. 
The spectra were collected from 3 consecutive spots on the 
cyclically loaded surface of  each specimen with a pinhole 
aperture of  50 µm. The monoclinic phase concentration 
(Cm) was calculated according to Equation 1.18

                                                                               (1)

where Im and It represent the integrated intensities of  the 
monoclinic and tetragonal peaks, respectively. The super-
scripts refer to the Raman shift of  the characteristic peaks. 
In order to gain more information on the monoclinic phase 
transformation, the micro-Raman spectral mapping at the 
cyclically loaded area (approximately 100 µm2) of  a zirconia 
prosthesis in each experimental group was performed with a 
Raman spectrometer (LabRAM HR Evolution, Horiba 
Instruments Pte Ltd., Singapore). An area of  interest was 
selected and images (20 points per image) were recorded 
with a 785 nm-wavelength laser with an acquisition time of  
30 - 60 s using a 50 × objective. 

The representative specimens from each group were 
prepared for a surface evaluation using the scanning elec-
tron microscopy (SEM). They were cleaned in an ultrasonic 
cleanser with absolute ethanol for 10 min and then air-blow 
dried. Then the zirconia prostheses were fixed on a metal 
stub with carbon adhesive tape and coated with gold in a 

sputter coater (PolaronSC7620, Quorum Technologies Ltd., 
East Sussex, UK), and observed using a scanning electron 
microscope (JSM-6610LV, JEOL USA Co. Ltd., Peabody, 
MA, USA) under high vacuum and a secondary electron 
imaging mode with an accelerating voltage of  20 kV.

Monoclinic phase fractions of  all experimental groups 
were analyzed by the Shapiro-Wilk normality tests and two-
way ANOVA to determine the difference with regard to 
material and cyclic loading within each ageing assessment 
technique	at	α	=	0.05.

RESULTS 

The tetragonal and monoclinic peaks were detected in all speci-
mens of  both control and cyclically loaded groups assessed by 
two x-ray diffraction techniques as shown in Fig. 2 and Fig. 
3. The monoclinic phase fractions observed in each group 
are summarized in Table 2.

For the Raman spectroscopy, the typical Raman bands 
of  tetragonal phase were clearly observed for all specimens. 
The monoclinic doublets were evident in cyclically loaded 
specimens as shown in Fig. 4. However, the monoclinic 
phase intensity of  the same specimen collected from the 
three consecutive points in the cyclic-loading area was var-
ied and the variation is illustrated in Fig. 5. In this case, the 
highest monoclinic phase intensity was used to represent 
the amount of  phase transformation from a cyclic loading. 
The monoclinic phase contents calculated according to 
Equation 1 of  all groups are summarized in Table 2. The 
micro-Raman spectral images are shown in Fig. 6. The pat-
terns of  monoclinic phase distribtion appeared to be con-
centrated at the protruded surface (pointed by the arrows) 
of  both InCoris ZI and Ceramill ZI.

The results obtained from two-way ANOVA indicated 
that the material and cyclic loading had significant effects 
on the amount of  monoclinic phase transformation 
obtained from all ageing assessment techniques except those 
obtained from the micro-Raman technique (P < .03). InCoris 
ZI exhibited significantly greater amounts of  monoclinic 
phase than Ceramill ZI for both control and cyclically load-
ed groups. After cyclic loading, a significant increase in 
monoclinic phase was also observed for both InCoris ZI 

Table 1.  Normal composition and density of Y-TZP mate-
rials stated by manufacturers

Composition Ceramill ZI InCoris ZI

ZrO2+ HfO2 + Y2O3 > 99% ≥ 99.0%

Y2O3 4.5 - 5.6% 4.5 - 6%

HfO2 < 5% ≤ 5%

Al2O3 < 0.5% ≤ 0.5%

Other oxides < 0.5% ≤ 0.3%

Density 6.05 gcm-3 6.05 ± 0.2 gcm-3

Ageing assessment of zirconia implant prostheses by three different quantitative assessment techniques
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Fig. 2.  The representative XRD patterns obtained from the surface of zirconia specimens. 

Fig. 3.  µXRD pattern of representative specimens obtained from the surface of zirconia specimens.
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Table 2.  Monoclinic phase content (%) of control and test abutments prepared from two Y-TZP ceramics and assessed 
by three different techniques

Materials
XRD (wt%) Micro XRD (wt%) Micro-Raman (vol%)

Control Cyclic loading Control Cyclic loading Control Cyclic loading

Ceramill ZI 2.79 (0.8)A 4.31 (2.0)a 2.83 (1.11)B 4.09 (1.42)b 5.88 (4.5)C 9.1 (7.08)C

Incoris ZI 6.66 (1.01)D 7.36 (1.07)d 6.71 (1.32)E 7.59 (1.25)e 9.96 (4.91)C 11.85 (7.38)C

Values with different superscripts represent statistically different within each material (cyclic loading effect) or within each column (material type effect).

Fig. 4.  The representative micro-Raman spectra obtained from the surface of zirconia specimens.

Fig. 5.  Micro-Raman spectra obtained from three 
sequential spots of a cyclically loaded surface.

and Ceramill ZI. There was no significant increase in the 
monoclinic phase after cyclic loading for both InCoris ZI 
and Ceramill ZI assessed from the micro-Raman technique. 
The correlations among three quantitative phase analysis 
methods were also determined using a linear regression 
model. A positive agreement was achieved between XRD 
and µXRD results (r2 = 0.81). However, a large scattered 
data with very low correlation (r2 = 0.1) was observed 
between XRD and micro-Raman spectroscopy results. 

The surface morphology of  the control and cyclically 
loaded prostheses are shown in Fig. 7. The zirconia prosthe-
ses were prepared from two dental milling machines and 
some differences could be observed from the milled surfac-
es. The surface of  Ceramill ZI control prosthesis was rela-
tively smooth compared with that observed from InCoris 
ZI control abutment. When observed at higher magnifica-
tion, some protruded grains were observed on the surface 
of  Ceramill ZI control prosthesis but deep grooves were 
generally observed on the surface of  InCoris ZI control 
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specimen. The submicron zirconia grains with equiaxial 
shape were detected in both materials. After cyclic loading, 
the flattening of  the zirconia surfaces was noticeable in 
both Ceramill ZI and InCoris ZI abutment (Fig. 7B, 7D). 
Some of  the zirconia grains were not clearly distinguished 
in these areas. No significant crack or fracture line was dis-
cerned in the cyclic-loading area. There were also some trac-
es of  tungsten carbide material left on the cyclic-loading 
area.

DISCUSSION
 

In this study, the phase transformation of  zirconia implant-
supported prostheses was assessed after cyclic loading in the 
presence of  moisture at body temperature, to mimic oral 
environment. Our findings were in agreement with recent 
studies19-21 that cyclic loading could cause an increase in the 
monoclinic phase content (Table 2). Cotes et al.19 observed 
an increasing trend of  monoclinic phase from 0% to 2.5% 

Fig. 6.  The Raman spectral images obtained from the cyclic loading area in (A) InCoris 
ZI (B) Ceramill ZI. The arrows point to the area with strong monoclinic peak intensity.

A B

Fig. 7.  The representative scanning electron micrographs of Y-TZP abutments: Ceramill 
ZI control and aged (A and B), InCoris ZI control and aged (C and D).

A B

C D

J Adv Prosthodont 2019;11:253-61



The Journal of Advanced Prosthodontics    259

after application of  200 N cyclic loading for 15,000,000 
cycles to disc-shaped specimens. The same trend was 
detected in the study by Egilmez et al.,21 in which monoclin-
ic phase increased from 13.35% in control specimens to 
16.5% after cyclic loading for 200 N for 20,000 cycles. 
Similarly, Basilio et al.20 reported the presence of  monoclinic 
phase contents in four out of  eight Y-TZP implant abut-
ment specimens ranging from 14.4% to 19.3% after cyclic 
loading from 11 to 211 N for 1,000,000 cycles. In this study, 
the implant-supported prostheses have been made from two 
well-known CAD-CAM systems. The testing conditions 
were set-up to simulate function in the oral environment. 
Even these zirconia-based dental ceramics were not affected 
much in terms of  the monoclinic phase transformation after 
a mechanical loading, but the difference in the material char-
acteristics such as material composition, surface characteris-
tics after milling, and topographical surface alteration after 
cyclic loading would provide some useful information for 
dental clinical use on how these materials would perform 
during function.

Comparing between materials, InCoris ZI exhibited great-
er amounts of  monoclinic phase than Ceramill ZI for both 
control and cyclically loaded groups. The difference in mono-
clinic fraction of  these two materials could be due to the dif-
ferent material formulation and processing procedures car-
ried out by two different CAD/CAM systems. Technically the 
monoclinic phase transformation depends on the grain size 
and shape,22,23 which in turn is influenced by the composition 
and processing conditions.24 Therefore, different composition 
and sintering procedures recommended by different manu-
facturers could cause the differences in the microstructures 
and monoclinic contents before and after cyclic loading of  
the two materials used in this study. 

For the ageing assessment techniques, the monoclinic 
phase content obtained from the micro-Raman technique 
appeared to be higher than those obtained from XRD and 
µXRD techniques (Table 2). This difference might be due to 
the differences in the nature of  each assessment technique. 
XRD is a traditional method used for quantitative assessment 
of  the phase transformation in zirconia ceramics. Several 
studies have used XRD method to assess the phase trans-
formation caused from zirconia ageing procedures.10-14 It is 
a nondestructive technique and should be considered as the 
initial step for assessment of  ageing sensitivity of  zirconia 
samples. However, it would be difficult to obtain accurate 
information when the small amount of  transformation 
occurs, as the accuracy of  measurement is restricted by the 
signal-to-noise ratio especially where the monoclinic frac-
tion is less than 5%.25 In addition, a local information is not 
available with a conventional XRD, which generally charac-
terizes the overall components of  a sample with an x-ray 
beam scanning over the whole surface of  a specimen, while 
the results can vary at different locations on the same speci-
men surface.25 Therefore, the results obtained from the 
XRD analysis would provide an average value of  all phases. 
The cyclic loading in this study also would not produce 
homogenous phase transformation throughout the speci-

men surface and the signal-to-noise ratio was optimized by 
increasing the step time. 

The µXRD used in this study utilizes a parallel beam 
optics with exchangeable pin hole collimator that can focus 
directly to the cyclic-loading area within the diameter of  100 
µm. The parallel beam technique provides a higher intensity 
beam and improved resolution than that obtained from a 
divergent beam configuration.26 However, one of  the draw-
backs of  small spot sizes is prolonged measurement time 
and possible poor crystallite statistics in the evaluated volume, 
dependent on the size of  the crystallites. Use of  two dimen-
sional detector systems could solve this problem because the 
most noticeable advantage of  GADDS is saving the data 
collection time with better diffraction profiles when com-
pared with the diffraction profiles collected by a conven-
tional diffractometer.27,28

In this study, the µXRD was used to examine the exact 
area of  a stressed surface. A satisfactory agreement was 
observed between XRD and µXRD. While the amount of  
the transformed monoclinic phase was very minor, the area 
of  the transformed zone appeared to be in a micrometer 
level as shown in Fig. 6. As the focusing diameter of  the 
µXRD beam was in a 100 µm range, the results appeared to 
be comparable either examining the whole surface or a 100 
µm-diameter area because the phase to be detected was very 
small in size and very little in quantity. Nevertheless, the 
µXRD would be a better tool for assessment of  localized 
small area in a large specimen especially when we would like 
to assess the effect of  cyclic loading from a relatively large 
occlusal surface of  dental crowns. 

 Raman spectroscopy can be used as an alternative to 
XRD for phase transformation quantification.29,30 Both the 
tetragonal and monoclinic variants of  zirconia have very 
strong Raman signals with distinct and characteristic vibra-
tional spectra. The advantage of  Raman spectroscopy over 
the XRD is its better spatial resolution, which provides 
information about not only transformation at the surface 
but diffusion into the bulk of  the material.29 Moreover, as 
monoclinic zirconia shows a stronger Raman scattering than 
tetragonal one, the Raman spectroscopy can be a useful tool 
in detecting the amount of  monoclinic phase, especially 
when the monoclinic content is low.31 In this study, the 
micro-Raman spectra were obtained from the spots on a 
specimen surface. A cyclic loading was performed at a spe-
cific area and a phase transformation occurred locally. The 
lower stress level and 100,000 cycles of  cyclic loading used 
in this study induced just a small amount of  phase transfor-
mation. Since the area assessed with this technique was in 
the order of  a micrometer diameter, the resultant peak 
intensity depended on the point where the spectrum was 
collected, i.e., one point might catch the monoclinic spot 
while the other might not be. The representative result 
obtained from three different points is shown in Fig. 5 and 
it would be well explained by the Raman spectral images 
displayed in Fig. 6. However, it should be noted that the 
spectra collected from the points with strong monoclinic 
signal was used to represent the tetragonal-to-monoclinic 
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transformation. If  the transformation was homogeneous in 
the affected area, the spectrum collected from any point 
would yield a comparable result. On the other hand, when 
the transformation was inhomogeneous, there would be 
points with low or high monoclinic peak intensity as 
observed in this study. Even so, the Raman spectroscopy 
appeared to be a suitable analysis tool to identify the effect 
of  a mechanical loading in this study.

Comparing between the assessment techniques, Muñoz-
Tabares et al.32 compared the amount of  monoclinic phase 
assessed by XRD and the prediction amount on the surface 
using data from Raman spectroscopy measured at different 
depth on the cross section of  hydrothermal degraded Y-TZP 
samples at different ageing times. They reported that the 
satisfactory agreement was observed for ageing time more 
than 10 hours where there was large transformation. 
However, for shorter ageing times where transformation 
was not homogenous, the results from XRD were always 
higher than that calculated from the Raman spectroscopy 
data. Likewise, Siarampi et al.33 studied the effect of  hydro-
thermal ageing on the phase transformation and flexural 
strength of  two zirconia ceramics. Monoclinic phase frac-
tion was quantitatively evaluated by XRD and Raman spec-
troscopy and higher monoclinic values were extracted by 
XRD than the latter one. In this study, the monoclinic vol-
ume fractions assessed by XRD and µXRD were lower than 
that obtained by the micro-Raman and the correlations 
between monoclinic content obtained from XRD and 
micro-Raman were disproved. The reasons for this disparity 
could be explained by the difference in sample volume that 
each assessment technique explored for crystalline content 
calculation. Also for the micro-Raman analysis, the point 
with strong monoclinic signal was used to represent mono-
clinic content generated in that area. As a result, the results 
obtained from the micro-Raman analysis were not the aver-
age values, and they would reasonably be higher than those 
obtained from XRD and µXRD techniques in both control 
and cyclic loading groups.

The surface area assessed by XRD, µXRD, and micro- 
Raman spectroscopy were different. While the XRD tech-
nique scanned the entire surface of  a specimen, the focusing 
area of  the µXRD beam was only 100 µm in diameter. The 
focusing spot of  the micro-Raman analysis was even smaller. 
The depth of  x-ray penetration into a surface from XRD and 
µXRD is ~13 µm34 and was considered to be farther than 
that of  the micro-Raman analysis (< 5 µm).35 Therefore, the 
sample volume explored by the micro-Raman technique was 
the smallest when compared with those assessed with XRD 
and µXRD. In this study, cyclic loading between 20 and 98 
N for 100,000 cycles under distilled water at body tempera-
ture (37ºC) produced an increase in monoclinic phase frac-
tion with an inhomogeneous tetragonal-to-monoclinic trans-
formation on the zirconia loading surface. With the small 
amount of  monoclinic content, an assessment of  a small or 
a large surface area to point out the monoclinic spots would 
make a significant difference as evaluating the whole surface 
would yield a number of  monoclinic as an average value. 

While examining the transformation grain would be more 
difficult and the result might be more specific, the nature of  
transformation should be identified beforehand in order to 
correctly interpret the outcome. In this study, investigation 
of  a small cyclically loaded area to point out the monoclinic 
spot would be more preferable. The advantage of  using 
µXRD or micro-Raman spectroscopy over the use of  XRD 
could not be clearly identified in this study, but it was more 
reasonable to use µXRD or micro-Raman spectroscopy to 
investigate the area of  interest, not the entire specimen sur-
face. 

In this laboratory study, we performed cyclic loading on 
the complex geometric anatomical samples in the presence 
of  moisture at body temperature to make it clinical resem-
blance. However, there are some limitations in our study. 
According to the study of  normal chewing force by Fontijn-
Tekamp et al.,36 the load of  98 N in our study corresponds 
to the physiological loading of  maxillary anterior teeth only. 
Besides, the number of  stress cycles we used here represent 
just the initial clinical service periods. To understand the 
ageing behavior of  dental zirconia that covers over all den-
tal prosthesis, extended upper stress limit and more number 
of  mechanical cycling are necessary. Apart from this, dental 
restorations are also susceptible to the effects of  thermal 
changes and pH variations in the oral environment, and age-
ing behavior of  zirconia in response to these factors should 
also be studied. 

CONCLUSION

Based on the findings of  our study, the following conclu-
sions can be drawn. Mechanical cyclic loading in the pres-
ence of  moisture at body temperature produced a signifi-
cant phase transformation in Y-TZP prostheses fabricated 
from two different CAD/CAM systems. For the quantita-
tive assessment of  a phase transformation of  zirconia-based 
dental ceramics, the results obtained from XRD and µXRD 

were comparable. However, µXRD or micro-Raman spec-
troscopy could be used to investigate the area of  interest 
more appropriately when the studied area was small com-
pared with the specimen surface.
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