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Abstract
Purpose: The aim of this study was to determine effect of compressive cyclic loading
on fatigue resistance and microleakage of monolithic CAD/CAM molar ceramic and
composite crowns.
Materials and Methods: Thirty-two extracted molars were prepared to receive
CEREC crowns according to manufacturer’s guidelines using a special paralleling
device (Parallel-A-Prep). Sixteen feldspathic ceramic crowns (VITABLOCS Mark II)
(VMII) and 16 resin-composite crowns (Paradigm-MZ100 blocks) (PMZ) were milled
using a CEREC-3D machine. Eight crowns of each group were cemented to their re-
spective teeth using self-etching resin cement (Panavia-F-2.0) (PAN), and eight were
cemented using self-adhesive resin cement (RelyX-Unicem-Clicker) (RXU). Follow-
ing storage for 1 week in water, specimens were subjected to uniaxial compressive
cyclic loading in an Instron testing machine at 12 Hz for 1,000,000 cycles. Load
was applied at the central fossa, and the cycle range was 60–600 N. Specimens were
then subjected to microleakage testing. Data were statistically analyzed using factorial
ANOVA and Post Hoc (Tukey HSD) tests.
Results: All composite crowns survived compressive cyclic loading without fracture,
while three ceramic crowns from the subgroup cemented with RXU developed surface
cracks at the center of occlusal surfaces, extending laterally. Microleakage scores of
ceramic crowns cemented with PAN were significantly lower than those of the other
three subgroups (p < 0.05).
Conclusions: After 1,000,000 cycles of compressive cyclic loading, PMZ composite
molar crowns were more fatigue-resistant than VMII ceramic crowns. Cement type had
a significant effect on fatigue resistance of the ceramic crowns but not the composite
ones. Microleakage scores of ceramic crowns cemented with PAN were significantly
lower than those of the other subgroups (p < 0.05).

The increasing demand for esthetics in the posterior region
of the mouth and environmental concerns about restorations
containing metal were behind the evolution of new techniques
for fabrication of posterior inlays, onlays, and crowns.1 Such
restorations have several advantages, including lifelike appear-
ance, biocompatibility,2 wear resistance, and color stability.3

However, their drawbacks include brittleness, especially glass
or feldspathic ceramics,4,5 susceptibility to fracture, causing
excessive wear to opposing dentition, requiring more in-
volved tooth reduction, and being technique-sensitive.6 When
nonmetallic crowns undergo fracture, the fracture typically
originates from flaws or defects in the intaglio surfaces.
Subcritical crack growth follows,7,8 which is enhanced in the
aqueous environment.9

Nonetheless, there has been an increase in the use of ceram-
ics and composites in the last two decades in posterior teeth
due to significant improvements in their mechanical properties,
as well as the development of improved adhesive cements.10,11

Such cements bond to tooth enamel and dentin as well as to
the restoration. This produces reinforcement and reduces mi-
croleakage, postoperative sensitivity, marginal staining, and re-
current caries.12

The introduction of computer-aided design/computer-aided
manufacturing (CAD/CAM) technology in dentistry enabled
dentists to use new treatment modalities.13 CAD/CAM ma-
chines are gaining popularity and are clinically proven.14 They
were further developed to enable fabrication of monolithic pos-
terior crowns.15 The aim of this study was to determine the
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Figure 1 The parallelometer device used to control the handpiece orien-
tation during tooth preparation to ensure the same angle of convergence
for all preparations.

effect of compressive cyclic loading on fatigue resistance
and microleakage of monolithic molar ceramic and compos-
ite crowns fabricated using CEREC-3D and cemented with two
adhesive resin cements.

Materials and methods
Thirty-two caries-free extracted molars were selected from a
collection of recently extracted teeth. Teeth were first sterilized
with gamma irradiation (2.5 mRad) for 20.5 hours (Gamma
cell 220, Atomic Energy Ltd, Mississauga, Canada).16 They
were then assigned to four groups (n = 8) according to their
type (upper vs. lower) and size (small, medium, large). Each
tooth was prepared to receive a crown as recommended for the
CEREC-3D system (1.2-mm axial reduction, cuspal reduction
of 2 and 1.5 mm for functional and nonfunctional cusps, respec-
tively). The central fissure area was reduced by 1.5 mm, and the
gingival margin was a circumferential shoulder positioned just
occlusal to the cementoenamel junction. All line angles were
prepared rounded, and the angle of convergence was maintained
at 6o to 8o with the aid of a parallelometer (Parallel-A-Prep,
Dentatus-USA, New York, NY). A high-speed handpiece with
copious water cooling along with diamond burs was used for
this purpose (Fig 1). The CEREC-3D system (Sirona Dental
Systems GmbH, Bensheim, Germany) was used to design and
mill crowns from two materials: ceramic, VITABLOCS Mark II
(VMII) for CEREC, size I14 and shade A3.5 (Vita Zahnfab-
rik, Bad Sackingen, Germany); and resin composite, Paradigm
MZ-100 Block (PMZ) for CEREC, size 14 and shade A3.5
(3M/ESPE, St Paul, MN). Milled crowns were finished and
polished following manufacturer’s instructions. Crown thick-
nesses were verified with a digital caliper to ensure consistent
dimensions. All specimens were mounted in round resin bases
(SR Ivolen, Ivoclar Vivadent, Schaan, Liechtenstein) to facili-
tate their attachment to the Instron universal testing machine.

Internal surfaces of VMII crowns were etched with 9.6% hy-
drofluoric acid-etching gel (Pulpdent Corp., Watertown, MA),
while internal surfaces of PMZ crowns were grit-etched for 5
seconds with 50 μm Al2O3 powder at 80 psi. A silane-coupling
agent (Clearfil Ceramic Primer, Kuraray America Inc., New

York, NY) was then applied to the intaglio surfaces of ce-
ramic crowns to be cemented with a self-etching resin ce-
ment (Panavia-F-2.0 [PAN], Kuraray America Inc.) while a
silane-coupling agent (RelyX Ceramic Primer, 3M/ESPE AG,
Seefeld, Germany) was applied to crowns to be cemented with
a self-adhesive resin cement (RelyX-Unicem-Clicker [RXU],
3M/ESPE AG)).

One subgroup of eight composite crowns and one of eight
ceramic crowns were cemented with PAN according to manu-
facturer’s instructions. Crowns of the remaining two subgroups
were cemented with RXU also following manufacturer’s in-
structions. The crowns were seated on their respective teeth
using finger pressure for 2 minutes. They were then maintained
under 2.2-kg static pressure for 5 minutes. Excess cement was
removed, and light polymerization with an LED light (Demi
Plus, Kerr Corporation, Orange, CA) followed for 20 seconds
per surface.

One hour after cementation, specimens were stored in water
at 37◦C for 1 week. Crowns were then subjected to compres-
sive cyclic loading along the long axis with a 3.0-mm-diameter
hardened steel ball centered at the central fossa of the occlusal
surface. Crowns were subjected to 1,000,000 load cycles of 60
to 600 N each at 12 Hz. The Instron machine was adjusted
to stop if specimen deformation increased beyond 0.15 mm.
Crowns were maintained under distilled water at room temper-
ature throughout the duration of cyclic loading. After test com-
pletion, each crown was examined under magnification (10×)
for presence of cracks.

Crowns were then subjected to microleakage testing by im-
mersion in 0.5% aqueous solution of red basic fuscin dye for
24 hours after sealing root surfaces with nail polish. Specimens
were then thoroughly rinsed in water and sectioned mesiodis-
tally using a low-speed saw with a diamond blade (Isomet 1000,
Buehler Ltd., Lake Bluff, IL). Images of tooth sections were
captured with a digital camera, and a five-point scale was used
to score microleakage at both mesial and distal aspects of each
section as follows:

0 = no leakage.
1 = microleakage up to one third of axial wall.
2 = microleakage up to two-thirds of axial wall.
3 = microleakage along full length of axial wall.
4 = microleakage extending onto occlusal surface.
The microleakage score for each specimen was calculated as

the average of the two scores at the mesial and distal aspects of
both sections. Microleakage scores were statistically analyzed
using SPSS v13.0 (SPSS Inc., Chicago, IL). Factorial ANOVA
test, one-way ANOVA test, and Tukey’s HSD post hoc test were
used. All tests were performed at an alpha level of 0.05 where
p ≤ 0.05 is considered significant.

Results
At the culmination of cyclic loading all PMZ crowns (16) sur-
vived without any fractures or cracks, while 3/16 VMII crowns
developed crack lines that extended from the central fossa, the
loading point, to the axial walls of the crowns (Fig 2). These
were all cemented with RXU.

ANOVA indicated significant differences in mean microleak-
age scores among the four subgroups (p < 0.05). Tukey’s test
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Figure 2 Ceramic crown cemented with RelyX-Unicem-Clicker after
1,000,000 load cycles. A crack line that developed at the central fossa
and extended to the proximal surface can be seen. Arrow points to a
vertical crack line on the proximal surface of crown.

revealed that mean microleakge scores of crowns cemented
with PAN were significantly lower than those of crowns ce-
mented with RXU, irrespective of the type of crown material
(p < 0.05). Also, mean microleakge scores of ceramic crowns
were significantly lower than those of composite ones, irrespec-
tive of the type of cement used (p < 0.05).

Further analysis with Tukey’s test revealed that mean mi-
croleakage scores of ceramic crowns cemented with PAN were
significantly lower than those of ceramic crowns cemented with
RXU and those of the two composite crowns groups. Means,
standard deviations, minimum, maximum, lower bound, and
upper bound of microleakage scores are shown in Table 1.
Figure 3 shows representative images of tooth sections from
the four subgroups after die immersion.

Discussion
Using natural teeth might have some inherent disadvantages,
including variations in shape/size and difference in mechanical
properties.17 However, teeth were assigned to groups so as to
keep effects of such variability to a minimum. Typically, steel or
epoxy resin dies are used for fatigue testing of crowns.18 How-
ever, using natural teeth has been recommended due to modulus
of elasticity, bonding characteristics, thermal conductivity, and
strength characteristics that better match the clinical situation.19

Cementation of crowns followed standard techniques, and load
applied during cementation was similar to that reported in a
previous investigation.20

Humans perform an average of 250,000 chewing cycles per
year.21,22 In this study, 1,000,000 load cycles were preformed,
estimated to equate to 5 to 10 years of normal function.23

Normal masticatory loads range from 50 to 250 N, while in
parafunctional behavior such as clenching and bruxism, loads
between 500 to 800 N may be generated.24,25 In this study, all

Table 1 Microleakage scores of ceramic and composite crowns

Group N Mean SD Minimum Maximum Lower bound Upper bound

PA/CO 8 3.5 0.9 2 4 2.7 4.3
RX/CO 8 3.4 0.9 2 4 2.6 4.1
PA/CE 8 0.5 0.5 0 1 .1 1
RX/CE 8 3.4 1.1 1 4 2.5 4.3

PA/CO = composite crown cemented with PAN; RX/CO = composite crown

cemented with RXU; PA/CE = ceramic crown cemented with PAN; RX/CE =
ceramic crown cemented with RXU.

specimens were subjected to 60 to 600 N load cycles, which
fall well within the above ranges.

High-frequency (20 Hz) cyclic loading was previously used
with leucite-reinforced all-ceramic crowns with a range of

Figure 3 Representative tooth sections made after die immersion. (A)
Ceramic crown cemented with Panavia-F-2.0 (PAN). Notice minimal leak-
age limited to gingival shoulder. Arrows point to a die-free crown/dentin
interface. (B) Composite crown cemented with RelyX-Unicem-Clicker
(RXU). Notice massive leakage that included the whole dentin. (C) Ce-
ramic crown cemented with RXU. Notice massive leakage that included
the whole dentin. This was one of three ceramic crowns that developed
cracks during fatigue test. Arrows point to two crack lines. (D) Compos-
ite crown cemented with PAN. Notice massive leakage that included
the whole dentin.
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100 to 600 N in water.26 This frequency is higher than what
was used in this study (12 Hz); however, a smaller ball was
used in this study to simulate the contact pressure of the crown
by opposing cusp. The contact pressure is influenced by the
ratio of the elastic modulus of the porcelain or composite to the
elastic modulus of the loading ball, and also by the radius of
the loading ball.27

Myers et al reported that ceramic crowns showed a liability
to stress-corrosion fatigue when tested in water.28 Cyclic load-
ing, especially when performed under wet conditions, leads to
propagation of small cracks that start from porosities within
the crown surfaces.29 The small cracks combine to form larger
ones that weaken the crown and lead to failure.29,30 A stress-
dependent chemical reaction occurs between water and surface
flaws in crowns, resulting in their growing to a critical size,
causing crack propagation with subsequent fracture.31 In this
study, all eight ceramic crowns cemented with PAN survived
the 1,000,000 load cycles while three of the eight crowns ce-
mented with RXU developed surface cracks. This suggests a
significant effect of cement type on the fatigue resistance of
the ceramic crowns. This is in agreement with the findings
of Zahran et al, although they used only 500,000 load cycles.
They also reported a 100% survival of all VMII CEREC crowns
cemented with PAN without any crack formation.32

An in vitro microleakage test carried out with a dye gives
reliable results that can be correlated to the clinical condi-
tions. Therefore, if a restoration responds positively (resists
microleakage well) to in vitro testing, it would be expected to
perform even better clinically.33 Also, while one may antici-
pate a difference in microleakage between vital and nonvital
teeth, which lack the so-called “pulpal pressure,” Schneider et
al stated that microleakage did not differ significantly between
vital and nonvital dentin.34

Crowns cemented with PAN had significantly lower mean
microleakage scores than those cemented with RXU. This dif-
ference might be related to the mechanism of adhesion of each
cement. The etch-prime agent of PAN has a 2.4 pH and has
monomers with low molecular weight that diffuse selectively
into dentin,35 forming a hybridized complex.36,37

Therefore, these monomers produce a small degree of dentin
demineralization that results in bonding between cement and
dentin. This is not the case with RXU, which has multifunc-
tional phosphonic acid methacrylates that react with the dentin
hydroxyapatite.38 In a recent study, RXU showed no evidence
of decalcification/infiltration into dentin despite an initial acidic
pH.39 The nature of interface between cement and dentin was
reported to resemble that of some conventional cements.40 This
might explain the significantly higher microleakage scores re-
ported in this study for crowns cemented with RXU as com-
pared to ones cemented with PAN.

It is intriguing to find crowns made of a resin composite
to be highly resistant to failure under conditions of mechani-
cal fatigue. Unlike direct composite restorations, the CEREC
composite blocks are manufactured under optimum conditions.
These enhance the degree of polymerization of the monomers
and eliminate incorporation of voids, thus optimizing their me-
chanical properties. Crowns made out of these blocks would be
expected to be less abrasive to the opposing dentition than ce-
ramic ones would be; however, in the clinical situation, crowns

are subjected to a multitude of challenges that may act col-
lectively to cause them to undergo failure. These include tem-
perature changes when different foods/drinks are consumed,
variable pH, enzymatic challenges, and loading in multiple di-
rections, not just vertical, that occur over a prolonged period of
time. This study did not replicate all of the above challenges
and, therefore, its findings must be interpreted with caution, as
crowns may react differently under conditions of the oral cavity.

Conclusions
Within the limitations of this study the following was con-
cluded:

1. Molar crowns made of CEREC resin composite blocks
(PMZ) sustained 1,000,000 load cycles each of 60 to 600
N without any fractures or cracks, irrespective of the resin
cement used.

2. Molar crowns made of CEREC ceramic blocks (VMII)
sustained 1,000,000 load cycles each of 60 to 600 N with-
out any fractures or cracks when PAN was used for their
cementation.

3. Crowns made with PMZ showed significantly higher mean
microleakage scores than those made with VMII.

4. Crowns cemented with PAN had mean microleakage scores
significantly lower than those obtained with ones cemented
with RXU.

Acknowledgments

Materials were provided by 3M/ESPE, Vita Zahnfabrik,
Kuraray, and Sirona.

References

1. Tsitrou EA, Northeast SE, van Noort R: Evaluation of the
marginal fit of three margin designs of resin composite crowns
using CAD/CAM. J Dent 2007;35:68-73

2. Sjogren G, Sletten G, Dahl JE: Cytotoxicity of dental alloys,
metals, and ceramics assessed by millipore filter, agar overlay,
and MTT tests. J Prosthet Dent 2000;84:229-236

3. Siervo S, Pampalone A, Siervo P, et al: Where is the gap?
Machinable ceramic systems and conventional laboratory
restorations at a glance. Quintessence Int 1994;25:773-779

4. Anusavice KJ: Recent development in restorative dental
ceramics. J Am Dent Assoc 1993;124:72-82

5. McLean JW: The failed restoration: causes of failure and how to
prevent them. Int Dent J 1990;40:354-358

6. Blatz MB: Long-term clinical success of all-ceramic posterior
restorations. Quintessence Int 2002;33:415-426

7. Evans AG: Slow crack growth in brittle materials under dynamic
loading conditions. Inter J Fract Mech 1974;10:251-259

8. Evans AG, Johnson H: Fracture stress and its dependence on
slow crack growth. J Mater Sci 1975;10:214-222

9. Wiederho SM: Moisture-assisted crack growth in ceramics. Int J
Fract Mech 1968;4:171-177

10. Trajtenberg CP, Caram SJ, Kiat-amnuay S: Microleakage of
all-ceramic crowns using self-etching resin luting agents. Oper
Dent 2008;33:392-399

11. Christensen GJ: Porcelain-fused-to-metal vs. nonmetal crowns.
J Am Dent Assoc 1999;130:409-411

Journal of Prosthodontics 21 (2012) 28–32 c© 2011 by the American College of Prosthodontists 31



Fatigue Resistance and Microleakage of Ceramic and Composite Crowns Kassem et al

12. Burke FJ, Watts DC: Fracture resistance of teeth restored with
dentin-bonded crowns. Quintessence Int 1994;25:335-340

13. Jedynakiewicz NM, Martin N: CEREC: science, research
and clinical application. Compend Contin Edu Dent
2001;22:7-13

14. Otto T, De Nisco S: Computer aided direct ceramic restorations:
a 10-year prospective study of Cerec CAD/CAM inlays and
onlays. Int J Prosthodont 2002;15:122-128

15. Pfeiffer J: The character of CEREC 2. In Mormann WH (ed):
CAD/CAM in Aesthetic Dentistry: CEREC 10-Year Anniversary
Symposium. Chicago, Quintessence, 1996, pp. 255-265

16. White JM., Goodis HE, Marshall SJ, et al: Sterilization of teeth
by gamma radiation. J Dent Res 1994;73:1560-1567

17. Rosentritt M, Plein T, Kolbeck C, et al: In vitro fracture force
and marginal adaptation of ceramic crowns fixed on natural and
artificial teeth. Int J Prosthodont 2000;13:387-391

18. Hwang JW, Yang JH: Fracture strength of copy-milled and
conventional in-ceram crowns. J Oral Rehabil 2001;28:678-683

19. Chitmongkolsuk S, Heydecke G, Stappert C, et al: Fracture
strength of all-ceramic lithium disilicate and porcelain-
fused-to-metal bridges for molar replacement after dynamic
loading. Eur J Prosthodont Restor Dent 2002;10:15-22

20. Goracci C, Cury AH, Cantoro A, et al: Microtensile bond
strength and interfacial properties of self-etching and
self-adhesive resin cements used to lute composite onlays
under different seating forces. J Adhes Dent 2006;8:327-335

21. Sakaguchi RL, Douglas WH, DeLong R, et al: The wear of a
posterior composite in an artificial mouth: a clinical correlation.
Dent Mater 1986;2:235-240

22. DeLong R, Douglas WH: Development of an artificial oral
environment for the testing of dental restoratives: bi-axial force
and movement control. J Dent Res 1983;62:32-36

23. Wiskott HW, Nicholls JI, Belser UC: Stress fatigue: basic
principles and prosthodontic implications. Int J Prosthodont
1995;8:105-116

24. Kampe T, Haraldson T, Hannerz H, et al: Occlusal perception
and bite force in young subjects with and without dental fillings.
Acta Odont Scand 1987;45:101-107

25. Kiliaridis S, Kjellberg H, Wenneberg B, et al: The relationship
between maximal bite force, bite force endurance, and facial
morphology during growth. A cross-sectional study. Acta Odont
Scand 1993;51:323-331

26. Kelly JR: Clinically relevant approach to failure testing of
all-ceramic restorations. J Prosthet Dent 1999;81:652-661

27. Kelly JR: Dental ceramics: current thinking and trends. Dent
Clin North Am 2004;48:513-530

28. Myers ML, Ergle JW, Fairhurst CW, et al: Fatigue
characteristics of a high-strength porcelain. Int J Prosthodont
1994;7:253-257

29. Sobrinho LC, Cattell MJ, Glover RH, et al: Investigation of the
dry and wet fatigue properties of three all-ceramic crown
systems. Int J Prosthodont 1998;11:255-262

30. Ohyama T, Yoshinari M, Oda Y: Effects of cyclic loading on the
strength of all-ceramic materials. Int J Prosthodont
1999;12:28-37

31. Attia A, Kern M: Influence of cyclic loading and luting agents
on the fracture load of two all-ceramic crown systems. J Prosthet
Dent 2004;92:551-556

32. Zahran M, EL-Mowafy O, Tam L, et al: Fatigue resistance of
all-ceramic molar crowns manufactured with CAD/CAM
technology. J Prosthodont 2008;17:370-377

33. Pashley DH: Clinical considerations in microleakage. J Endod
1990;16:70-77

34. Schneider H, Frohlich M, Erler G, et al: Interaction patterns
between dentin and adhesive on prepared class V cavities in
vitro and in vivo. J Biomed Mater Res 2000;53:86-92

35. Al-Assaf K, Chakmakchi M, Palaghias G, et al: Interfacial
characteristics of adhesive luting resins and composites with
dentine. Dent Mater 2007;23:829-839

36. Reis A, Grandi V, Carlotto L, et al: Effect of smear layer
thickness and acidity of self-etching solutions on early and
long-term bond strength to dentin. J Dent 2005;33:549-559

37. Walker MP, Wang Y, Spencer P: Morphological and chemical
characterization of the dentin/resin cement interface produced
with a self-etching primer. J Adhes Dent 2002;4:181-189

38. Moszner N, Salz U, Zimmermann J: Chemical aspects of
self-etching enamel-dentin adhesives: a systematic review. Dent
Mater 2005;21:895-910

39. Yang B, Ludwig K, Adelung R, et al: Micro-tensile bond
strength of three luting resins to human regional dentin. Dent
Mater 2006;22:45-56

40. Behr M, Rosentritt M, Regnet T, et al: Marginal adaptation in
dentin of a self-adhesive universal resin cement compared with
well-tried systems. Dent Mater 2004;20:191-197

32 Journal of Prosthodontics 21 (2012) 28–32 c© 2011 by the American College of Prosthodontists



Copyright of Journal of Prosthodontics is the property of Wiley-Blackwell and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


