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ABSTRACT

Objective: As the high strength glass ceramics had attained a profound contribution in prosthodontics, it was aimed 
to evaluate the fatigue performance of two machinable high strength glass ceramics with further fracture mode analysis.  
Materials and methods: Twenty crowns were fabricated using Cerec in-Lab CAD\CAM system, ten crowns were fabricated from 
IPS. E.max CAD: group (EM-LDS) as control group and ten crowns were fabricated from VITA SUPRINITY: group (VS-ZLS). The 
completed crowns were cemented on epoxy resin dies. The cemented crowns were subjected to thermomechanical cycling for 75000 
cycles, then loaded until fracture by using universal testing machine. Failure mode were assesses guided by Brukes’ classification 
for all specimens. The collected data was statistically analyzed using Student t-test and Paired t-test while the significance level 
was set at P ≤ 0.05, in addition to descriptive statistics of the fracture mode analysis. Results: There was no statistically significant 
difference in fatigue performance between the two tested groups with the major fracture occurrence in type III central fracture.  
Conclusion: both tested high strength glass ceramics are considered as acceptable modalities for restoration of single tooth 
restoration as both materials have comparable strength and exceeded the reported range of human masticatory forces. 
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INTRODUCTION 

Advanced ceramic systems as a metal-free 
prosthesis have been labeled with excellent 
aesthetics, mechanical and friendly biocompatible 
to the oral tissues (1-2). At the end of twentieth 
century with the emergence of polycrystalline 
ceramics and coupled with CAD/CAM fabrication, 
it revealed continuous surge in popularity relaying 
on high mechanical properties (3). A major concern 
was raised toward zirconia-based restorations 
regarding the optical properties as an opaque 
substrate which hindered further consideration as 
an absolute solution for esthetics (4). Although with 
recent alteration of zirconia structure to enhance 

the esthetic outcome, further cutback with minimal 
porcelain application is deemed (5). 

A breakthrough with the advent of high strength 
glass ceramic has established profound participation 
of lithium disilicate (LDS) in in both the conventional 
and the advanced prosthesis rehabilitation (6). 

Later introduction of zirconia reinforced lithium 
silicate (ZLS) has resulted in expansion of the high 
strength glass ceramic family (7,8). Desirable optical 
properties of such materials along with sufficiently 
high strength, gave the chance for improved 
esthetics when compared to zirconia restorations 
in addition to implementation of adhesive resin 
bonding (9). Whatever presentation of glass ceramic 
either as pressable ingots or machinable blocks, the 
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restorations have satisfactorily served as monolithic 
restorations without further veneering (10). The 
extended range of glass ceramic application falls 
within single anterior and posterior restoration or 
short spans fixed dental prosthesis only with (LDS) 
while the long spans is solely managed by tetragonal 
zirconia (11,12). 

On the level of microstructure, the original de-
mand for improving the mechanical properties of 
glass ceramics is the motive for the introduction of 
(ZLS). This glass ceramic is enriched with zirco-
nia nano particles approximately 10 percent of its 
weight to combine the positive benefits of both es-
thetics with mechanical survivability. Incorporation 
of zirconia nano particles is claimed to post the me-
chanical properties by interruption of crack propa-
gation especially on conservative thin restoration 
(13). A lot of controversies have emerged regarding 
the mechanical performance of (ZLS) when com-
pared to (LDS). Some claims about superiority (14), 
while slight deterioration in performance was also 
reported (15). 

In vitro testing with aim of exploring the 
mechanical performance of prosthetic materials is 
traditionally directed toward static loading (16). Static 
loading applied on the test specimens until failure is 
still inadequate to predict the long-term survivability 
of the dental restoration during function and the 
material related factor, attributes to unrealistic 
extravagant values in relation to the physiologic 
forces exerted by the masticatory system (17).  
Aging in the form mechanical cyclic loading test is 
aimed at simulating the conditions of mastication 
by inducing alternate stresses in the samples thus 
partially reflects the behavior of restorations under 
function (18,19). Specimens under fatigue testing shall 
be subjected to cycles of thermomechanical loading 
and further static loading released by failure of the 
specimen (20). 

The aim of the present study was to assess fatigue 
performance of (ZLS) as compared to (LDS) with 
further failure mode analysis.  The null hypothesis 
was that there will be no difference in the fracture 

resistance values between (ZLS) & (LDS) glass 
ceramics after cyclic loading.

 MATERIALS AND METHODS

In the present study invitro testing of two 
types of high strength glass ceramics: (EM-LDS); 
Lithium disilicate group:IPS e.max CAD (Ivoclar 
Vivadent, Liechtenstein), n =10 and (VS-ZLS); 
Zirconia reinforced lithium silicate group, VITA 
SUPRINITY (VITA Zahnfabrik H. Rauter GmbH & 
Co. KG, Germany), n=10. The total number of the 
fabricated crown shaped specimens: N= 20.   

An upper premolar typodont tooth was mounted 
in custom cylindrical mold filled with acrylic. 
To assure proper vertical orientation tooth, dental 
surveyor was used for holding the tooth till 
hardening of the mold material. Tooth was prepared 
as to receive all ceramic crown using a milling 
surveyor to ensure accurate preparation parameters. 
Laboratory diamond stones with 6˚ taper were 
used in the preparation to guarantee resultant total 
occlusal convergence of 12˚. The axial preparation 
was firnished with a 1.0-mm deep chamfer, & 
occlusal reduction of 2 mm. Occlusal reduction 
was controlled by placing pre-preparation guiding 
grooves and checked via rubber index taken before 
reduction. The tooth after preparation and finishing 
was duplicated by polyvinyl siloxane impression 
material (Elite HD, Putty &light body, Zhermack 
SpA, Italy) & poured using epoxy resin materials. 

The resin dies were used in fabrication of the test 
specimens for both glass ceramics. A CAD/ CAM 
system; (Sirona dental system GmbH, Bensheim, 
Germany) was used in the scanning, designing 
and fabrication of the crown specimens with the 
following components: Indirect laboratory scanner 
(In Eois Blue), Designing software (Cerec 3D, 4.2 
software) and milling machine (In lab MCXL). Each 
die was scanned separately, crown designed with 
the aid of preparation scan of the typodont tooth. 
The resultant raw milled crowns were subjected to 
post milling heat processing in porcelain furnace 
(Programat 310, Ivoclar Vivadent, Liechtenstein.)
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Surface treatment for the finished crowns were 
executed with application of hydrofluoric acid 
etching (BISCO’s PORCELAIN ETCHANT 9.5%, 
BISCO, Inc., USA) for 20 seconds then thoroughly 
rinsed and dried. Etched crowns were subjected 
to salinization (Monobond Plus, Ivoclar Vivadent, 
Liechtenstein) of the intaglio surface which 
maintained for 60 seconds while unevaporated 
residues were gently dried. Final resin cementation 
of crown specimens (TOTALCEM Self-etching, 
self-adhesive resin cement, ITENA, France). To 
assure consistent complete seating of all crowns, 
each one was statically loaded under load of 70 N 
till setting of the cement (21). 

Testing of samples were conducted on two levels; 
the first level is fatigue testing, and the second level 
is the failure mode analysis. Fatigue testing were 
executed in two stages, initial thermomechanical 
cyclic loading followed by final static loading 
till failure of the specimens. Thermomechanical 
cyclic loading mimicking intraoral 6 months in 
function was implemented by application of 50 N 
load along 75000 cycles using chewing simulator 
(ROBOTA, Egypt; powered by servo motors model  
ACH-09075DC-T, AD-TECH TECHNOLOGY 

TABLE (1) Comparison between facture resistance measurements of the two studied groups represented 
by Min, Max, Mean and SD values.

FR (N) EM-LDS    (n=10) VS-ZLS     (n=10) t P

Min. – Max. 1390.40 – 1605.3 N 1399.3 – 1630.2 N

0.058 0.955Mean ± SD. 1457.29 ± 64.6 N 1459.1 ± 67.9 N

Median 1445.7  N 1.2 N

TABLE (2) Frequency (N) and percentage (%) of fracture mode for the two tested groups:

Brukes’ Classification

GROUPS Class I Class II Class III Class IV Class V

N % N % N % N % N %

EM-LDS - - 1 10 5 50 2 20 2 20

VS-ZLS 1 10 1 10 4 40 3 30 1 10

CO., LTD., Germany). The second stage was 
followed by application of static load as performed 
for fracture resistance testing induced by universal 
testing machine (Instron®, Illinois Tool Works Inc., 
USA). Resultant values were recorded for further 
statistical analysis. The failure mode was analyzed 
according to Burke’s Classification.

RESULTS

Student t-test and Paired t-test with a significance 
level was set at P ≤ 0.05 were used for the statistical 
analysis of fracture resistance value after cyclic 
loading. The mean, standard deviations (±SD), 
minimum (Min), maximum (Max) and mean values 
of the fracture resistance (FR) in Newton (N) for 
both ceramic materials; (EM-LDS) & (VS-ZLS) 
(are presented in (Table 1). It was revealed that 
there is non-significant difference between the two 
studied groups.

The fracture mode was analyzed with descriptive 
statistics, all specimens were visually examined 
and classified according to Brukes’ classification 
(Figure 1). Frequency (N) and percentage (%) 
of fracture mode for the two tested groups were 
presented in (Table 2).
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DISCUSSION

High strength glass ceramics has achieved strong 
participation in restoration of complex cases, thanks 
for the balanced esthetic and mechanical properties 
which is superseded with convenient etchable pat-
tern for durable adhesive bonding (22,23). Digital fab-
rication has added a lot of consistency in prosthesis 
fabrication leading to accurate reproduction, fast, & 
easier integration in the interdisciplinary approach 
became more feasible (24).

Compromised survival rate of restorations was 
attributed to its existence under fluctuated impacts, 
damp atmosphere and oscillating temperatures. 
Such collapse is directly correlated to the mechani-
cal properties and structure of the material. In vitro 
fatigue testing was advocated as valuable resort in 
mimicking of the intraoral load exerted on func-
tioning restoration by chewing and thermal cycles  
applied (25,26).

       During specimens’ preparation, standardiza-
tion of fabrication was followed along the course 
of the study to obtain as much as consistent results. 
This was evident in many aspects and guided by 
previous studies. Initially, selecting typodont tooth 
to be duplicate after preparation as it is difficult to 
collect natural teeth with similar dimensions for all 
specimens while   proper and aligned mounting of 
the tooth using the dental surveyor (27). Also, the die 
material selection resembling the modulus of elas-
ticity of the actual dentin structure (28). Also, During 
the cad designing preparation scan was used to ob-
tain matchable design with all specimens (29). 

As the aim of the present study was focused on 
exploration of fatigue behavior of the two tested 
high strength glass ceramics and proposed null 
hypothesis of the absence of significant difference, 
the results of the study were aligned with the null 
hypothesis confirming non-significant difference 
between both materials. The numerical values have 
revealed slight but nonsignificant higher resistance 
to fatigue fracture for VS-ZLS group.

Generally, both types on the structural level 
have the crystal phase within glassy matrix but for 
ZLS its matrix has characteristic zirconia oxide in 
a homogeneous manner clammed for improved 
strength (14). One of the reflections arose from the 
zirconia addition in ZLS is being harder in grinding 
as indication of inferior machinability when 
compared to LDS. The forces involved in grinding 
showed surging in magnitude up to 30% but it is 
indicative of its strengthening effect (30). 

Microstructure of ZLS showed extra fine 
crystals namely the metasilicate or the disilicate 
one which reported to be in a range between 0.5and 
0.7 µ supporting enhanced esthetics. Consequently, 
polishabilty and gloss was reported to be higher with 
ZLS than LDS and attributed to partial enhancement 
of strength. (31). Weibull modulus is also reported 
to be high in case of ZLS in concomitant with our 
previous justification as indicative parameter for 
microcrack and flaws resistance (14), but care should 
be taken to avoid adding more time to the firing 
cycle as this could jeopardize the Weibull value (32).

FIG (1) Fracture mode: (A) Class I: Minimal fracture or crack in the crown. (B, C, D) About half of the crown fractured, (E) More 
than half of the crown fractured, (F) Severe fracture of the restoration.
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Regarding the fracture mode analysis, the 
most common fracture pattern occurs in this 
study according to Burkes’ classification were the 
restorations fracture through midline into two parts 
buccal half and palatal half (Class III). This could 
be mainly a response to centrally loaded occlusal 
forces, an effect which is jeopardized indirectly 
by tension created on thin cervical margin leading 
to bucco–palatal expansion of the circumference 
cervically and consequently more central load 
collected. 

Behavioral difference between epoxy die 
material and ceramic specimens has impact on the 
values obtained. Although the epoxy die material 
bearing similarity to modulus of elasticity of 
dentin, it responds to the applied static and dynamic 
load with more deformation before failure. (33) 

Consequently, resiliency of the die material will 
show sustained support to the brittle ceramic 
specimens. Thus, the invitro mechanical testing 
usually will reveal exaggerated higher load values 
than physiological biting force limits (34). From the 
other side, the reported physiological biting force is 
highly variable and correlated to numerous factors 
as age, gender & position of the tooth in the arch 
with prevalence of first molar biting force usual 
assessment in the literature reaching up to 800 N (35). 

The catastrophic failure, which includes complete 
loss of crown or combined fracture of the crown, 
and the epoxy resin die could be also correlated 
to the same behavioral difference between the die 
material and the test specimen. 

While material behavior during the conducted 
invitro testing may vary from the actual intra oral 
condition, it is considered as indicative of survival 
rather than stating definite limit. The resultant mean 
fracture load for EM-LDS is (1457.2 N), and for 
VS-ZLS is (1459.1 N) superseding the reported 
normal physiologic range, which supports that both 
materials tested can withstand the maximum bite 
force without fracture.   

Limitations of this study  

The use of loading cycles representative of 6 
months within function (75000) could be extended 
to assess performance over longer intervals. CAD/
CAM parameter applied single spacer thickness of 
(60 microns) could be modified to tackle the effect 
other thicknesses implementation. Justification 
of in vitro testing is difficult compared to the 
physiological scenario. As related to fatigue testing 
parameter settings modification and combination 
with other testing as finite element analysis could 
add more reliability. 

CONCLUSION

Within the limitations of this study, crowns made 
of IPS e.max CAD and VITA SUPRINITY, are 
considered as acceptable modalities in restoration of 
single tooth restoration, they revealed comparable 
strength and exceeded the reported range of human 
masticatory forces. 

REFERENCES
1. Dudhekar AU, Nimonkar SV, Belkhode VM, Borle A, 

Bhola R. Enhancing the esthetics with all-ceramic pros-
thesis. Journal of Datta Meghe Institute of Medical Sci-
ences University. 2018 Jul 1;13(3):155.

2. Lohbauer U, Scherrer SS, Della Bona A, Tholey M, van 
Noort R, Vichi A, Kelly JR, Cesar PF. ADM guidance-
Ceramics: all-ceramic multilayer interfaces in dentistry. 
Dental Materials. 2017 Jun 1;33(6):585-98.

3. Lawson NC, Frazier K, Bedran-Russo AK, Khajotia S, 
Park J, Urquhart O. Zirconia restorations: an American 
dental association clinical evaluators panel survey. The 
Journal of the American Dental Association. 2021 Jan 
1;152(1):80-1.

4. Silva LH, lima ED, Miranda RB, Favero SS, Lohbauer 
U, Cesar PF. Dental ceramics: a review of new materi-
als and processing methods. Braz. Oral Res. 2017 Aug 
;31(suppl):e58: 133-146.

5. Shahmiri R, Standard OC, Hart JN, Sorrell CC. Optical 
properties of zirconia ceramics for esthetic dental restora-
tions: A systematic review. The Journal of prosthetic den-
tistry. 2018 Jan 1;119(1):36-46.



422 Mohamed R Mahmoud, et al. A.J.D.S. Vol. 25, No. 4 

6. Fu L, Engqvist H, Xia W. Glass–ceramics in dentistry: A 
review. Materials. 2020 Feb 26;13(5):1049.

7. Chen Y, Yeung AW, Pow EH, Tsoi JK. Current status and 
research trends of lithium disilicate in dentistry: A biblio-
metric analysis. The Journal of Prosthetic Dentistry. 2021 
Oct 1;126(4):512-22.

8. Zarone F, Ferrari M, Mangano FG, Leone R, Sorrentino R. 
“Digitally oriented materials”: focus on lithium disilicate 
ceramics. International journal of dentistry. 2016 Aug; 
Volume 2016, Article ID 9840594, 10 pages.

9. Gierthmuehlen PC, Jerg A, Fischer JB, Bonfante EA, 
Spitznagel FA. Posterior minimally invasive full‐veneers: 
Effect of ceramic thicknesses, bonding substrate, and 
preparation designs on failure‐load and‐mode after fa-
tigue. Journal of Esthetic and Restorative Dentistry. 2022 
Jan;34(1):145-53.

10. Hamza TA, Sherif RM. Fracture resistance of monolithic 
glass‐ceramics versus bilayered zirconia‐based restora-
tions. Journal of Prosthodontics. 2019 Jan;28(1):e259-64.

11. Donovan TE, Alraheam IA, Sulaiman TA. An evidence-
based evaluation of contemporary dental ceramics. Dental 
Update. 2018 Jun 2;45(6):541-6.

12. Bajraktarova-Valjakova E, Korunoska-Stevkovska V, 
Kapusevska B, Gigovski N, Bajraktarova-Misevska C, 
Grozdanov A. Contemporary dental ceramic materials, a 
review: chemical composition, physical and mechanical 
properties, indications for use. Open access Macedonian 
journal of medical sciences. 2018 Sep 9;6(9):1742.

13. Falahchai M, Babaee Hemmati Y, Neshandar Asli H, 
Rezaei E. Effect of tooth preparation design on fracture 
resistance of zirconia‐reinforced lithium silicate overlays. 
Journal of Prosthodontics. 2020 Aug;29(7):617-22.

14. Mavriqi L, Valente F, Murmura G, Sinjari B, Macrì M, 
Trubiani O, Caputi S, Traini T. Lithium disilicate and zir-
conia reinforced lithium silicate glass-ceramics for CAD/
CAM dental restorations: biocompatibility, mechanical 
and microstructural properties after crystallization. Jour-
nal of Dentistry. 2022 Apr 1;119: 104054.

15. Liu C, Eser A, Albrecht T, Stournari V, Felder M, Heintze 
S, Broeckmann C. Strength characterization and lifetime 
prediction of dental ceramic materials. Dental Materials. 
2021 Jan 1;37(1):94-105.

16. Zamzam H, Olivares A, Fok A. Load capacity of occlu-
sal veneers of different restorative CAD/CAM materials 
under lateral static loading. Journal of the Mechanical Be-
havior of Biomedical Materials. 2021 Mar 1;115: 104290.

17. Ordinola-Zapata R, Lin F, Nagarkar S, Perdigão J. A criti-
cal analysis of research methods and experimental models 
to study the load capacity and clinical behaviour of the 
root filled teeth. International Endodontic Journal. 2022 
Apr;55:  471-94.

18. Arola D. Fatigue testing of biomaterials and their inter-
faces. Dental Materials. 2017 Apr 1;33(4):367-81.

19. Husain NA, Dürr T, Özcan M, Brägger U, Joda T. Me-
chanical stability of dental CAD-CAM restoration mate-
rials made of monolithic zirconia, lithium disilicate, and 
lithium disilicate–strengthened aluminosilicate glass ce-
ramic with and without fatigue conditions. The journal of 
prosthetic dentistry. 2021 Feb 3.

20. Akan E, Velioğlu E, Erhan Çömlekoğlu M, Dündar 
Çömlekoğlu M. Fatigue and Stress Distribution Analyses 
of Ceramic-Reinforced PEEK Abutments Restored with 
Monolithic Zirconia Crowns as an Alternative to Conven-
tional Esthetic Abutments. International Journal of Oral & 
Maxillofacial Implants. 2022 May 1;37(3).

21. Carvalho AO, Bruzi G, Giannini M, Magne P. Fatigue re-
sistance of CAD/CAM complete crowns with a simplified 
cementation process. The Journal of prosthetic dentistry. 
2014 Apr 1;111(4):310-7.

22. Aziz A, El‐Mowafy O, Tenenbaum HC, Lawrence HP, 
Shokati B. Clinical performance of chairside monolithic 
lithium disilicate glass‐ceramic CAD‐CAM crowns. 
Journal of Esthetic and Restorative Dentistry. 2019 
Nov;31(6):613-9.

23. Monteiro JB, Oliani MG, Guilardi LF, Prochnow C, 
Pereira GK, Bottino MA, de Melo RM, Valandro LF. Fa-
tigue failure load of zirconia-reinforced lithium silicate 
glass ceramic cemented to a dentin analogue: effect of 
etching time and hydrofluoric acid concentration. Journal 
of the mechanical behavior of biomedical materials. 2018 
Jan 1;77: 375-82.

24. CONSTANTINIUC M, MANOLE M, BACALI C, ISPAS 
A, POPA D, BURDE AV, BACIU S. BENEFITS OF US-
ING CAD/CAM TECHNOLOGY IN DENTAL PROS-
THETICS. International Journal of Medical Dentistry. 
2021 Jan 1;25(1).

25. Özcan M, Jonasch M. Effect of cyclic fatigue tests on ag-
ing and their translational implications for survival of all‐
ceramic tooth‐borne single crowns and fixed dental pros-
theses. Journal of Prosthodontics. 2018 Apr;27(4):364-75.

26. Nawafleh N, Hatamleh M, Elshiyab S, Mack F. Lithium di-
silicate restorations fatigue testing parameters: a systematic 
review. Journal of Prosthodontics. 2016 Feb;25(2):116-26.



A.J.D.S. Vol. 25, No. 4 FATIGUE PERFORMANCE & FRACTURE MODE ANALYSIS 423

27. Serban C, Cotca CC, Bretean ID, Zaharia C, Negrutiu ML, 
Rominu M, Marsavina L, Sinescu C. Compression Force 
Testing of Veneer-Retained Anterior Fixed Partial Den-
tures. Dental Materials. 2022 Jan 1;38:e38-9.

28. Hamdy A, Hamza F. Fractographic analysis of monolithic 
and bilayered zirconia after thermo-mechanical fatigue 
and fracture strength test. Egyptian Dental Journal. 2022 
Jan 1;68(1):839-45.

29. Alsandi Q, Ikeda M, Arisaka Y, Nikaido T, Tsuchida Y, 
Sadr A, Yui N, Tagami J. Evaluation of mechanical and 
physical properties of light and heat polymerized UDMA 
for DLP 3D printer. Sensors. 2021 May 11;21(10):3331.

30. Chen XP, Xiang ZX, Song XF, Yin L. Machinability: 
Zirconia-reinforced lithium silicate glass ceramic versus 
lithium disilicate glass ceramic. Journal of the mechanical 
behavior of biomedical materials. 2020 Jan 1;101:103435.

31. Vichi A, Fonzar RF, Goracci C, Carrabba M, Ferrari M. 
Effect of finishing and polishing on roughness and gloss of 
lithium disilicate and lithium silicate zirconia reinforced 

glass ceramic for CAD/CAM systems. Operative dentist-
ry. 2018;43(1):90-100.

32. Schweitzer F, Spintzyk S, Geis-Gerstorfer J, Huettig F. 
Influence of minimal extended firing on dimensional, op-
tical, and mechanical properties of crystalized zirconia-
reinforced lithium silicate glass ceramic. Journal of the 
Mechanical Behavior of Biomedical Materials. 2020 Apr 
1;104:103644.

33. Prisco R, Cozzolino G, Vigolo P. Dimensional accuracy 
of an epoxy die material using different polymerization 
methods. Journal of Prosthodontics: Implant, Esthetic and 
Reconstructive Dentistry. 2009 Feb;18(2):156-61.

34. Denry I. How and when does fabrication damage adverse-
ly affect the clinical performance of ceramic restorations?. 
Dental materials. 2013 Jan 1;29(1):85-96.

35. Atlas AM, Behrooz E, Barzilay I. Can bite-force measure-
ment play a role in dental treatment planning, clinical tri-
als, and survival outcomes? A literature review and clini-
cal recommendations. Quintessence International. 2022 
Jul 1;53(7):632-42.


