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Abstract
The effect of the die materials on the fracture strength of CAD/CAM monolithic ceramic crowns was studied in this research. Three
different types of die materials (dentin, Ni-Cr alloy, epoxy resin) were prepared. The monolithic crowns were fabricated using a
CAD/CAM System; CEREC 4. The CAD/CAM crowns were cemented to dies using a resin cement. The specimens were tested
under compressive load at a crosshead speed of 1 mm/min using a universal testing machine until fracture occurred. Recorded data
were statistically analyzed using one-way analysis of variance and LSD Post hoc tests (p=0.05). While CAD/CAM crowns on Ni-Cr
alloy dies showed the highest fracture resistance values, CAD/CAM crowns on dentin dies showed the lowest fracture resistance
values. There is no significant difference between groups statistically. Ni-Cr alloy and epoxy resin dies could be used alternatively
instead of teeth for in vitro studies.
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Introduction
The fracture resistance of all-ceramic and glass ceramic
materials is of major worry in the clinical use of these
materials [1]. Fracture resistance connected the elastic
modulus of the die materials, the fabrication technique,
preparation design, properties of the luting cement, method of
luting, surface roughness, residual stress, microstructure of
ceramic material, crown thickness, the surface finish of the
restorations, cyclic preload and thermal cycling [1-10].

Using natural teeth can cause difficulties in standardization
because natural teeth show a large variation depending on
anatomy, patient age and storage time after extraction [11].
Therefore many studies using metal [12-15], brass [16,17],
epoxy resin [18,19], and acrylic resin [20] as supporting die
materials for evaluating fracture resistance of all-ceramic
crowns [20-23]. In this way, preparation of tooth is
standardized and the same physical properties of materials are
used [11]. But elastic modulus of die materials is dissimilar.
The fracture resistance of CAD/CAM ceramic crowns is
increased as a result of raise in elastic modulus of the
supporting die [1].

Fracture test of ceramic specimens produced in the form of
anatomic configuration of teeth can be a beneficial tool for
determination their behavior [24]. The in vitro test contains
loading the anatomic specimens (bridges, crowns, inlays) until
the result of failure. Mechanical properties of a new
restorative material can be determined upon by comparing the
results achieved from these in vitro studies with the results of
well described and accepted materials in the same trial
[25-27].

The purpose of this study was to evaluate and compare the
effect of die materials on the fracture resistance of CAD/CAM
monolithic crown restorations. The hypothesis was
CAD/CAM crowns on Ni-Cr dies would show the highest
fracture resistance values and CAD/CAM crowns on epoxy
resin and dentin dies would show the similar fracture
resistance.

Materials and Methods
Ethical approvial (no:17/2013) was obtained from the Ataturk
University Faculty of Dentistry Ethical Committee for the
study. Non-carious and non-cracked human premolars were
selected for this study. Calculus deposits and soft tissues were
removed and teeth were stored in % 0.1 thymol solution.
These teeth were prepared for CEREC restorations according
to manufacturer’s recommendations.

There are various finish lines, described by researchers [10,
28], could be used for all-ceramic crown preparations; such as
0.9 or 1.2 mm chamfer, 1 or 1.2 or 1.5 mm shoulder finish
line. In this in vitro study, a circumferential shoulder finish
line of 1 mm was used.

The teeth were prepared with a 12 degree angle cervico-
occlusally, and a 1 mm wide shoulder finish line. This master
core was duplicated with metal (Ni-Cr alloy) and epoxy resin
(Epoxy-Die, Ivoclar AG). Tooth immobility has been shown
to play an important role when evaluating fracture strength
[29, 30]. They were fixed in the center of specimen holders
with a chemically polymerizing resin (Paladur, Kulzer,
Wehrheim, Germany). Feldspatic ceramic crowns were milled
using a CEREC 4 (Sirona Dental Systems.GmbH, Bensheim,
Germany) machine. A spray (CEREC Optispray) consists of
fluorinated hydrocarbon including pigment was used to reflect
the light of the intraoral camera of the CEREC 4 and a digital
impression was taken. CEREC 4 software (Version,
4.2.0.57192) was used for designing and milling the crowns.
The spacer was set at 80 µm. Following milling, the
restorations were examined for defects or cracks and their fit
was assessed on the tooth using a 2.5x magnification. Five
crowns were seated on each die materials using adhesive
technique (n=5).

The CAD/CAM crowns were fabricated according to the
manufacturer’s instructions to produce optimum sequels. All
monolithic crowns were manufactured to the same shape and
size to ensure standardization and polished with porcelain
polisher (KENDA AG, Vaduz, Liechtenstein) after
fabrication. No failure was determined to happen between the
cement and crown material.
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Before cementation, the internal surface of all crowns were
etched for 60 s using 4.9 % hydrofluoric acid (Ceramics Etch,
Vita) and thoroughly rinsed and dried. Then a resin cement
(RelyXTM U200; St.Paul, MN 55144-1000, USA) was used
to cement the crowns to the prepared samples. Adequate
amount of adhesive resin cement was mixed and applied to
the milled surface of each crown. While cementation, the
crowns were held in position for 3 minutes with finger
pressure. Excess cement was removed from the margins were
finished and polished with flexible disks. (Sof-lex) A 22 N
static load was applied for 5 minutes with a loading apparatus.
One hour after cementation, the specimens were immersed in
water bath at 37°C for 1 week before testing.

A stainless steel bar with a 3.5 mm diameter ball mounted
on the crosshead of the universal testing machine (Instron)
was used to apply compressive loads along the long axis of
restored teeth at a crosshead speed of 1 mm/min until fracture
[31]. The compressive load was centered on the central
groove of each crown, so that the load was applied to the
triangular ridges of both fasial and palatal cusps. The
compressive load (N) required for causing fracture was
recorded for each specimen.

Fracture strength data were statistically analyzed with one-
way analysis of variance and LSD Post hoc tests (α=0.05).

Results
The mean fracture resistance for CAD/CAM monolithic
crowns on the epoxy resin, dentin, and Ni-Cr dies were 595 N,
578N, and 606 N respectively. CAD/CAM monolithic crowns
on Ni-Cr dies showed the highest fracture resistance among
groups (Table 1) (Figure 1). No significant differences were
found in the fracture resistance between groups (p>0.05).

Figure 1: Boxplot of the fracture resistance of CAD/CAM
monolithic crown. The box represents the spreading of the data
between the first and third quartile. The whiskers extend to the
minimum and maximum value measured.

Discussion
The outcomes of this study suggest that the elastic modulus of
the die material has not an important effect on the fracture
resistance of CAD/CAM monolithic crowns. In the present
study, CAD/CAM monolithic crowns on dentin and epoxy
resin dies showed lower fracture resistance values than Ni-Cr
dies. Metal dies are very rigid and have a higher elastic
modulus than dentin and epoxy resin so that these dies deform
less, resulting in a lower shear stress at the inner crown
surface [32]. Scherer and Rijk 1 studied the effect of three
different die materials (acrylic resin that was polymerized
with heat: Paragon, and two kinds of composite resin that
were polymerized with visible light: Herculite XR, Kerr,
Romulus, MI and Dr J.M. Antonucci, NIST, Gaithersburg,
MD ) on the fracture resistance; reported that the mean
fracture load value of feldsphatic porcelain crowns were 960
N, on acrylic resin dies; and 1600 N and 2800 N, on
composite resin dies that was polymerized with visible light.

Table 1. Mean and standard deviation values of the fracture
resistance of CAD/CAM monolithic crowns that cemented to different
die materials.

Die
Materials N Mean

Std.
Deviation Std.

Error

95%
Confidence
Interval for
Mean

Minimum

Maximum

Lower
Bound

Upper
Bound

Ni-Cr 5 606,29 1,03,369 46,228 477,94 734,64 490 718

Natural
tooth 5 578,00 78,679 35,186 480,31 675,69 462 663

Epoxy
resin 5 594,98 1,08,712 48,617 459,99 729,96 439 729

Total 1
5

593,09 91,340 23,584 542,51 643,67 439 729

They concluded that die material had an effect on the
fracture resistance. They found that the fracture loads of all-
ceramic crowns increased with the elastic modulus of the
supporting structure. In the present study, results are in
agreement with this finding.

For fracture testing, an epoxy resin die might be used rather
than a metal die to achieve realistic fracture resistance values
[32]. In this study the master die was prepared according to
the CEREC 4 recommendation to receive an all ceramic
restoration. 90-degree shoulder line angle is recommended for
all ceramic restorations in vivo [33]. In the present study 1
mm 90-degree shoulder line angle and 12 degree taper was
prepared. This preparation was duplicated using epoxy resin
and Ni-Cr casting. Epoxy resin, a material which has a
elasticity similar to that of dentin (12.9 GPa). In addition,
epoxy resin responds to 34% phosphoric acid etching by
forming micro-roughness for bonding [34]. Zahran et al [19]
concluded that the epoxy resin dies are able to be etched with
phosphoric acid and bonded well to resin cements. Therefore,
the risk of debonding between epoxy resin dies and adhesive
resin cement is reduced. This investigation aimed to compare
natural teeth (dentin die) with artificial materials (Ni-Cr and
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epoxy die). The dimensions of the natural tooth were chosen
close to each other.

In humans, the mean masticatory forces during mastication
and swallowing to be almost 40 N. But, the mean maximum
posterior masticatory forces may change from 150 N to 665
N. 2, [34, 35]. In this in-vitro study, the mean fracture load of
the monolithic crowns were higher than the mean masticatory
forces. Consequently, it may be supposed that monolithic
CAD/CAM crowns made from Cerec Blocs machinable
ceramics withstand the maximum intraoral masticatory forces
[36].

Kelly [37] stated that testing the material by preparing in
the form that it will be used in the mouth, will lead to more
realistic results. In this study, some of the experimental
samples that were prepared in the form of the natural teeth
were used. Conducting the study by using the natural teeth is
advised because of the better comparison in terms of clinical
features; strength character, thermal conductivity, bonding
characteristic, and elasticity modulus [25]. Rosentritt et al.
[38] researched the marginal adaptation and fracture
resistance of ceramic crowns. They used natural teeth and
supported teeth that were made of liquid crystal, and
examined the differences between the two. They stated that
when natural teeth were used, it was observed that marginal
adaptation and fracture resistance decreased, so the use of
natural teeth would lead to more realistic results.

Hui et al. [39] examined the effect of different preparations
on the endurance of porcelain laminates; they used acrylic
replicas that were obtained from natural and plastic teeth. As a
result, they reported higher fracture resistance in laminates
that were applied on natural teeth. In the present study, natural
tooth, epoxy resin, and Ni-Cr dies were compared; the natural
teeth were served as control group. It was found that crowns
that were tested on Ni-Cr dies had higher fracture resistance.

Beschnidt and Strub [40] used extracted human central
incisor teeth; and stated that they could not reach a total
standardization of the samples because these teeth showed a
variety in terms of their age, size, anatomy, storage conditions
after extraction, and storage time. As a result, many
researchers [10,19,20,41,42] used metal or resin die while
assessing the fracture resistance. However, samples obtained
from metal or resin dies cannot completely reflect the natural
condition of the tooth.

Skoguchi et al [42] examined two different composite resin
crowns fracture as a result of cyclic loading test by using
epoxy resin, metal and composite as die materials; and they
concluded that crowns that were cemented over resin dies
showed more fracture resistance than those that were
cemented over metal dies regardless of crown material.

Bindl et al. [20] reported that elasticity modulus affected
the fracture sensitivity of cemented ceramic crowns, so they
used hybrid resin composite as die material because its
elasticity modulus was close to the elasticity modulus of the
tooth. (Hybrid resin composite: 11.5 GPa and the tooth:
5.2-19.3 GPa)

Kwon et al. [43] preferred Ni-Cr alloy as die material while
comparing the fracture resistances of two different zirconium
restorations prepared using a CAD/CAM device. They

reported that elasticity modulus of Ni-Cr (218 GPa) was
different from the elasticity of the tooth (12 GPa). They also
stated the reasons why they had preferred this metal alloy: It
was not possible to reach a standardization of the size of the
natural teeth, mineralization, internal fissure, pulpal size, and
mechanical features; and it was possible for the natural teeth
to fracture during the testing process.

Conclusion
Using three different materials for the supporting dies under
either a complete CAD/CAM monolithic crown design, it can
be concluded that, the fracture resistance of Feld spathic all-
ceramic crowns is not dependent on the die materials.

While CAD/CAM crowns on Ni-Cr alloy dies showed the
highest fracture resistance values, CAD/CAM crowns on
dentin dies showed the lowest fracture resistance values

CAD/CAM crowns on epoxy resin dies showed similar
fracture resistance values with CAD/CAM crowns on dentin
dies.

References
1. Scherrer SS, de Rijk WG. The fracture resistance of all-

ceramic crowns on supporting structures with different elastic
moduli. International Journal of Prosthodontics. 1993; 6: 462-467.

2. Yoshinari M, Derand T. Fracture strength of all-ceramic
crowns. International Journal of Prosthodontics. 1994; 7: 329-338.

3. Rosenstiel SF, Land MF, Crispin BJ. Dental luting agents: A
review of the current literature. Journal of Prosthetic Dentistry.
1998; 80: 280-301.

4. Tsai YL, Petsche PE, Anusavice KJ, Yang MC. Influence of
glass-ceramic thickness on Hertzian and bulk fracture mechanisms.
International Journal of Prosthodontics. 1998; 11: 27-32.

5. Campbell SD. A comparative strength study of metal ceramic
and all-ceramic esthetic materials: modulus of rupture. Journal of
Prosthetic Dentistry. 1989; 62: 476-479.

6. Sarafianou A, Kafandaris NM. Effect of convergence angle on
retention of resin-bonded retainers cemented with resinous cements.
Journal of Prosthetic Dentistry. 1997; 77: 475-481.

7. Cho L, Song H, Koak J, Heo S. Marginal accuracy and
fracture strength of ceromer/fiber-reinforced composite crowns:
effect of variations in preparation design. Journal of Prosthetic
Dentistry. 2002; 88: 388-395.

8. Friedlander LD, Munoz CA, Goodacre CJ, Doyle MG, Moore
BK. The effect of tooth preparation design on the breaking strength
of Dicor crowns: Part 1. International Journal of Prosthodontics.
1990; 3: 159-668.

9. Oh SC, Dong JK, Luthy H, Scharer P. Strength and
microstructure of IPS Empress 2 glass-ceramic after different
treatments. International Journal of Prosthodontics. 2000; 13:
468-472.

10. Chen HY, Hickel R, Setcos JC, Kunzelmann KH. Effects of
surface finish and fatigue testing on the fracture strength of CAD-
CAM and pressed-ceramic crowns. Journal of Prosthetic Dentistry.
1999; 82: 468-475.

11. Potiket N, Chiche G, Finger IM. In vitro fracture strength of
teeth restored with different all-ceramic crown systems. Journal of
Prosthetic Dentistry. 2004; 92: 491-495.

12. BM AL-M, Razak AA, Abu-Hassan MI. Evaluation of load
at fracture of Procera AllCeram copings using different luting
cements. Journal of Prosthetic Dentistry. 2008; 17: 120-124.

13. Hwang JW, Yang JH. Fracture strength of copy-milled and
conventional In-Ceram crowns. Journal of Oral Rehabilitation.
2001; 28: 678-683.

167

OHDM - Vol. 15 - No. 3 - June, 2016



14. Akesson J, Sundh A, Sjogren G. Fracture resistance of all-
ceramic crowns placed on a preparation with a slice-formed finishing
line. Journal of Oral Rehabilitation. 2009; 36: 516-523.

15. BM AL-M, Razak AA, Abu-Hassan MI. Comparison of the
load at fracture of Turkom-Cera to Procera AllCeram and In-Ceram
all-ceramic restorations. Journal of Prosthodontics. 2009; 18:
484-488.

16. Lee SK, Wilson PR. Fracture strength of all-ceramic crowns
with varying core elastic moduli. Australian Dental Journal. 2000;
45: 103-107.

17. Webber B, McDonald A, Knowles J. An in vitro study of the
compressive load at fracture of Procera AllCeram crowns with
varying thickness of veneer porcelain. Journal of Prosthetic
Dentistry. 2003; 89: 154-160.

18. Wood KC, Berzins DW, Luo Q, Thompson GA, Toth JM,
Nagy WW. Resistance to fracture of two all-ceramic crown materials
following endodontic access. Journal of Prosthetic Dentistry. 2006;
95: 33-41.

19. Zahran M, El-Mowafy O, Tam L, Watson PA, Finer Y.
Fracture strength and fatigue resistance of all-ceramic molar crowns
manufactured with CAD/CAM technology. Journal of
Prosthodontics. 2008; 17: 370-377.

20. Bindl A, Luthy H, Mormann WH. Strength and fracture
pattern of monolithic CAD/CAM-generated posterior crowns. Dental
Materials. 2006; 22: 29-36.

21. Preuss A, Rosentritt M, Frankenberger R, Beuer F, Naumann
M. Influence of type of luting cement used with all-ceramic crowns
on load capability of post-restored endodontically treated maxillary
central incisors. Clinical Oral Investigations. 2008; 12: 151-156.

22. Sarafidou K, Stiesch M, Dittmer MP, Jorn D, Borchers L,
Kohorst P. Load-bearing capacity of artificially aged zirconia fixed
dental prostheses with heterogeneous abutment supports. Clinical
Oral Investigations. 2012; 16: 961-968.

23. Rosentritt M, Kolbeck C, Handel G, Schneider-Feyrer S,
Behr M. Influence of the fabrication process on the in vitro
performance of fixed dental prostheses with zirconia substructures.
Clinical Oral Investigations. 2011; 15: 1007-1012.

24. Tinschert J, Zwez D, Marx R, Anusavice KJ. Structural
reliability of alumina-, feldspar-, leucite-, mica- and zirconia-based
ceramics. Journal of Dentistry. 2000; 28: 529-535.

25. Chitmongkolsuk S, Heydecke G, Stappert C, Strub, JR.
Fracture strength of all-ceramic lithium disilicate and porcelain-
fused-to-metal bridges for molar replacement after dynamic loading.
European Journal of Prosthodontics and Restorative Dentistry. 2002;
10: 15-22.

26. Strub JR, Beschnidt SM. Fracture strength of 5 different all-
ceramic crown systems. International Journal of Prosthodontics.
1998; 11: 602-609.

27. Mormann WH, Bindl A, Luthy H, Rathke A. Effects of
preparation and luting system on all-ceramic computer-generated
crowns. International Journal of Prosthodontics. 1998; 11: 333-339.

28. Cho L, Choi J, Yi YJ, Park CJ. Effect of finish line variants
on marginal accuracy and fracture strength of ceramic optimized

polymer/fiber-reinforced composite crowns. Journal of
Prosthodontics. 2004; 91: 554-560.

29. Rosentritt M, Behr M, van der Zel JM, Feilzer AJ. Approach
for valuating the influence of laboratory simulation. Dental
Materials. 2009; 25: 348-352.

30. Kelly JR, Tesk JA, Sorensen JA. Failure of all-ceramic fixed
partial dentures in vitro and in vivo: analysis and modeling. Journal
of Dental Research. 1995; 74: 1253-1258.

31. Burke FJ. The effect of variations in bonding procedure on
fracture resistance of dentin-bonded all-ceramic crowns.
Quintessence International. 1995; 26: 293-300.

32. Yucel M, Yondem I, Aykent F, Eraslan, O. Influence of the
supporting die structures on the fracture strength of all-ceramic
materials. Clinical Oral Investigations. 2012; 16: 1105-1110.

33. Doyle MG, Goodacre CJ, Munoz CA, Andres CJ. The effect
of tooth preparation design on the breaking strength of Dicor crowns:
3. International Journal of Prosthodontics. 1990; 3: 327-340.

34. Attia A, Abdelaziz KM, Freitag S, Kern M. Fracture load of
composite resin and feldspathic all-ceramic CAD/CAM crowns.
Journal of Prosthodontics. 2006; 95: 117-123.

35. Probster L. Compressive strength of two modern all-ceramic
crowns. Journal of Prosthodontics. 1992; 5: 409-414.

36. Attia A, Kern M. Influence of cyclic loading and luting
agents on the fracture load of two all-ceramic crown systems.
Journal of Prosthetic Dentistry. 2004; 92: 551-556.

37. Kelly JR. Clinically relevant approach to failure testing of
all-ceramic restorations. Journal of Prosthetic Dentistry. 1999; 81:
652-661.

38. Rosentritt M, Plein T, Kolbeck C, Behr M, Handel, G. In
vitro fracture force and marginal adaptation of ceramic crowns fixed
on natural and artificial teeth. International Journal of
Prosthodontics. 2000; 13: 387-391.

39. Hui KK, Williams B, Davis EH, Holt RD. A comparative
assessment of the strengths of porcelain veneers for incisor teeth
dependent on their design characteristics. British Dental Journal.
1991; 171: 51-55.

40. Beschnidt SM, Strub JR. Evaluation of the marginal accuracy
of different all-ceramic crown systems after simulation in the
artificial mouth. Journal of Oral Rehabilitation. 1999; 26: 582-593.

41. Yucel MT, Yondem I, Aykent F, Eraslan, O. Influence of the
supporting die structures on the fracture strength of all-ceramic
materials. Clinical Oral Investigations. 2012; 16: 1105-1110.

42. Sakoguchi K, Minami H, Suzuki S, Tanaka T. Evaluation of
fracture resistance of indirect composite resin crowns by cyclic
impact test: influence of crown and abutment materials. Dental
Materials Journal. 2013; 32: 433-440.

43. Kwon TK, Pak HS, Yang JH, Han JS, Lee JB, Kim SH, Yeo
IS. Comparative fracture strength analysis of Lava and Digident
CAD/CAM zirconia ceramic crowns. Journal of Advanced
Prosthodontics. 2013; 5: 92-97.

168

OHDM - Vol. 15 - No. 3 - June, 2016


	Contents
	Effect of Die Materials on the Fracture Resistance of CAD/CAM Monolithic Crown Restorations
	Abstract
	Key Words:
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References





