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Abstract

The purpose of this study was to evaluate fatigue limit of implant-supported zirconia reinforced
lithium silicate (ZLS) crown. Eleven implant-supported ZLS crowns (Implant diameter 5 mm x 10 mm in
length) were fabricated for fatigue limit test using a standard fatigue tester. Following ISO 14801: 2016,
samples were tested at 37°C in 0.9% saline at 15 Hz until failure or reach 5x10° cycles. Three samples
were subjected to static load for evaluation of single load to failure. Nominal peak levels at 10%, 20%,
30%, 40% of previously obtained static failure load were used for fatigue limit test. Two samples were
tested at each load until catastrophic failure or the maximum of 5x10° cycles were reached. The mean
failure load was 1,316.68 + 50.59 N and the fatigue limit was 395 N. The fracture of failed samples was
found only at the crowns, no failure was observed in implant components. In conclusion the fatigue limit
value of implant-supported ZLS crowns obtained from this study show that ZLS can be used efficiently

as restoration on dental implant from incisor to canine region for up to 5 years.
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8 40 52-527 1759483

(58]



1MIFIURINEIRBAIRATUNIA LA (1 insraaasuazinalulad) 90 14 aduf 28 nyngravu-suI1an 2565

ZLS Medium Normal sabine
Temp: 37
Frequency: 154

NF. St

2NN 2 NNULEAS S-N curves LEAINANINARALANE I@]EJLLT]% X UEAITIWIBIOLVDIAMNET

. i A & o o o { S DA o

wazunw Y LL‘Y]%ﬂ']LLiOﬁLWN"IIuLﬂ%‘Et(ﬂU Nf ﬁammmaug@q@ﬁﬁm’mmmsnﬂﬂﬁ@ﬂumumnwm'ﬂﬂ
Lf memtmg\iq@ﬁ%mm‘hime%”ﬂLﬁammhmmaumuﬁﬁmum %umuﬁmmmuﬁmq@ﬁum

Y P 1Y a
LASTUITUNITDALN A U?ﬂaﬁq

2. JuUUANNRNANIVBITWY (Failure Mode)

Fuan 3 SuluidosdunatannliisaniaaNuaRaIATILAL (SLF) WUINATAUNULANNNGY
lagldwuanudensfdinlsznavla 9 vasnnifisy veiBuaudn 8 TurasanliLsINALLL99T
WUITUINU ZLS Tuh 1 H93uf 6 lainuanuismenaseuwuias GiNes ZLS Fufl 7 uas ZLS Fufi 8

Walddusanfonss 40 vasd ussuaningiga itiantsuanfiaseuWulasfliiannuduinag
Nawsznavle 9 vasnnifisuuaaiasnndg 33 uaz 3a

N A8 TUINUABUNNINARDLY, ¥ Aa CeltraDuo TUN 7 KRINNINARBY, A Aa CeltraDuo Tun 8

RAINMINAROY

ANN 3 LEAITUNUN UM INATDLLAZARINIINARALAIUR

[59]



11IFINRIINIRBATUATUNII L@ (17 3neaaasuazinalulad) U4 14 alun 28 nsngieu-tuINan 2565

M13190 3 LLﬁGl\‘iE‘L] WULAMURNLARIVDITII

FRUINUWAN ANHUSANINLARD
LIINAAIN LIINALDUIIRT
Ay 3 2

K o R
%aﬂUﬂLLﬂzﬁﬂE‘ﬁﬂﬂﬂ@l - -

N - -

laddunaniiianisuanyin - 6

ﬁﬁgﬂuaza?\ﬂsmwa

A o (3

NWIRLHNU TadnannuavesaTauNuaL T uNEaINaRS A8 Tas LA aNTaITUMLT N

a A o \ oA a4 %

fien 395 fadu lasndslilnsduitvauinageuanudvesasauiuuunniiisafiniaanizguia
a o A ' o a A a X [ ' a 1Y . .

WWoanwhunnen AuaNtnalvzedTnfisuniiaduntonas laWuifisawan (Late implant failures)
fTanusuwnsidusuabuInnuA1IzUNINTauN19EINaAaa3 (Biomechanical Complications) 13931013

m]L?Tmﬁlzgnmmavlﬂﬁ’ae'nw,%auﬂizmmzmnngnﬁbﬁﬂLﬁwimmumﬁaq MaTaunt J9uIae
FIWINIINAERNRN BT LB NENaIMBnafiauazna lnnanazasnse U s uuIINIisy
(Single-Implant Restoration) ‘léLA NINAINVBIRANDANRTON] Senuannidususunitilasiinainns
sanuuuswdanlosszningnifisuuaznania (Implant-Abutment Connection) AsInaagININAaNT
WANITRAINVBINANTANTDANT ANWUIFIDNITUANVBIATOY WunsanafoauiuaruArnsauwn
(Veneering Porcelain) %80 n#igawy nsuanvasnaniasnifisuniatinnifisugindu (Prosthetic
Platform of Implant) N1TuANYeIANINANHAIINLADY NIILFaNRNINTBIT LU NG HANTO LW
(Decementation) [17] mnmﬁaﬁ'ﬂm‘%ﬁgﬂLmummﬁummﬁwﬂﬁuﬁ nIuanvaInTeLWu lasgluuy
mma”ummmaa%mmﬁm’mé’uw”ufﬁ'umua@gé’mammwﬁ@msqiuﬁ@mﬁ'umadmuﬂi:ﬂamha 9 VAN

[ A

a a a Ao A \ o a
Nyy ﬂi@uﬂ%’ﬁu@ ZLS Nﬂ’ma@aaﬂla\‘iaﬂ'lwmmEJ%‘Y]%E]EJ‘Y]q@lumuﬂi:ﬂaumadﬂiauﬂuiadiUi’mmﬁm

'
A

INTUIH ZLS Fuf 7 uaz Fufi 8 anfiniinnnusuimarinsauiu lasfisaulsznavvesnniiioy
Tifaanudsmela 9

msfasauWusia ZLS uanluszaudiusaiosona: 40 Jldnaeiass [2] w%ﬁa”awsmzazﬁm
flanuudsusafiissnadwiusessuLssuaLagatn 5 mulanislaulugestin nsiaseuiuies
ﬁmmnmmmumﬁmLﬂumm@;%ﬁaﬁwﬂﬁmnﬁq@ NmJaaLLsavlﬁdd@iavlﬂﬂ'@ﬂi:@ﬂmuﬁﬁauﬂi:muﬁu
Jnfiey danfise wazgndiznavzesanidn wwldafiasfanisuanindinads sasnanudnse
Tagmuuazmsasannlunislfomuszezen luneedfindfasunanolsznsiasnadaninuduninms
LANYNVBIATELNWLTINAN TINTITEITIERTULITUTIUUG (Cement Gap) Ltnafian1s@atia (Adhesive
Technique) msﬂ%’uamwmaaﬁuﬁwnﬁﬁn (Surface Treatment) &1%U3zNaU LAZAUABIVIILTINEGN
Ganumindununiaylunsdunumsuaninuednsauiu Tao Yulddnmianuninzasnsauiy

Tuluansnated ladanalNa0t19uINEaNITEIWNIBAITLANRN MAN1ITAITUNUNRET LasaINNEIwNI%

(60]



11IFINRIINIRBATUATUNII L@ (17 3neaaasuazinalulad) U4 14 alun 28 nsngieu-tuINan 2565

a t&l t&/ 4 tal g { o o et o a A
NMIUANANIANTY L ANURWUANT Y I@ymm%mﬁLLuzmmmumauﬁumaﬁa 1-1.2 YRaLUAT [18]
s A X A A a a g oA, o
TINWIANBAANURIVBIVaLATALNY ZLS NIAUIFAND 1 UBRLNAT manm%ﬁumﬁ&mmmmgm

ﬁu?ﬁwg}’wﬁmmzﬁwﬁm%’uu’%nmmaumauﬁu Y e NTITHANNTAITIIFIRTULITUT LN UG bA FUAUIIN

(%

MIANEVRY Gomes wazame [19] wuindrmuluvasdifoudfinasdudioimaslafie ldununufiinan

=

fanniisundunisuauasauiuanniaisenledfing wananfidaduseaaiosnsegslinnudiagn
&

=

' ' @ o aa aa A v a A =2
ﬁﬁwa@]ﬂaqqﬂ’]il"ﬁﬂqumaﬂqE‘T@pﬁimz aL'ﬁUNGﬁﬂLﬂ@]LﬁSN@']ULsﬁaﬂﬂLuﬂﬂlﬂuﬂqiﬂﬂﬂquﬂa Celtra®Duo

4 o \ - a X A @ DX a o ' =
‘ﬁdLﬂ%’Jﬁ@!LL‘UU fully-crystallized ﬂgﬂwﬂ@l"ﬂ%u'}L‘Wi’)(ﬂE]Uﬁ%adﬂ'ﬂ&l@adﬂ']i"llﬂdﬁdﬂ’)Uﬂ@]ﬂdﬂ?ilﬁﬂiﬂﬂﬁuﬂ

2 (3

FY1TaVESINeluaTIaE irAnTiaidszanisanasluaaindramauatanddtaias laglwaaw

> a A = g =2

WTIus9aade (flexurall strength) Indtdpsnudisonlodfinandasinisiwinasnas uagn1w fully-
crystallized 289 Celtra®Duo fiduilasunitsfivinlinaslasinninfison'ladsinafifanin partially-
crystallized [20-21] 1@t Seen-Young Kang wm’wﬁ'lm'%iaunﬁanﬁaﬁ?uﬁa@T’mlumaamauvl@“"l,ajgnﬁaammﬁ's
FUUANVBIRANER a:ﬁﬂﬁ’i’aqyjimzﬁmqﬂwﬂfmuﬁa&um [22] Fsmsldunuszninsfaduluasouiu

LREHANEAIINALURINA LALAN AN NAWIVDITLITUTLUUE LT UINWADWNA LTI IS BUALALD

&al

o o o ' 2 < vV o aa
LRZENUTNIVBIRANEABNZUINNTT 150 "LumawmLﬂumm%mmaa’ﬁwﬁwu wsamu"l,@mmauﬂ [71

ANURUNY ad‘*ﬁ'mi%u%mu@?ﬁmﬂﬂdwwudw:ﬁﬂ"]ua@gé’aamwﬁ@mﬂ;wu ITLUUAG FINAIANIDAGA

=3 v

VoA TNANUAZRANTANNLANT [23] 2819 157A WV LINLENINAVDIANMNAWIVBITINUA HAATEL

a @

Wululuansnadsudanassusoimadladielunsdunmunisuaninssdives lagdadiavasanudsui
A0l 16T A MTLLITE U Lnd LU TR W I T o UNAFBULAE TN U AINAFaLT LA AAN LA LAA
@T’symin"lUmw%‘aﬁuuumuﬁﬁﬁama’%‘aﬂwﬁmawﬂaL@]@Iﬂhlﬂi’]‘i/\ls:ﬁ‘ugamﬂ (Micro CT) uazla'la
nAa4IaNTIAEALANATaULLLFAINTIA (SEM) e‘raagﬁuﬁwaaiammnslu%uﬁ 7 uaziud 8 inlilisansn
fuduldinmuanvasnseuiufinanangle

auTariNnwaad ISO 14801:2016 (Dentistry-Implants-Dynamic fatigue test for endosseous
dental implants) wuzthlAvinmsnaseuneldan1izingf(Worst-case scenario) lasinualwszautnuas

a a

Nnifisuaginilaninizaunszgn 3:0.5 Jadluas ﬁ@a%ﬂm*s%uﬁﬁmwamammm (Young's modulus)

q

o @

' X6 v a { v A 1
11NN 3 GPa laglunsdnuitldisGuiia Chockfast orange® TalFNagaavadty 3.678 GPa UAzNT

'
' =) 1

nagaulugn 1z den aNNANME liaITAK 2 Hz lagdinagaunanudtesniiniaivinny 2 Hz 374%

iaumi‘nmam:agjﬁ 2x10° 58U LAEINAFAUNANNANINATN 2 Hz 'ﬁﬂmmaum%ﬂmamzagﬁ 5x10°

P
A o

A o o A A o A a X
38U nInarauNAINddIdedltiIa N InareuNu ke LA lFI 8 AL NNNINYY Yuanyuan Duan
wazame [24] ladnsuisinunazesaudLazitwInTaulunIInaga A NAN I UEAIZVB IR
Taanagaunaud 2 Hz waz 15 Hz Wud1 @2188 15 Hz 3aNURnsaunacnagauaINuan1ad3niigs

v L3 d'til Al t§/ 1 v 1 o dl o vV a U
Tugnizaaanalbe lagnshranudniindwlylddnasdasiuinsauivinlvinaanuaumad laonasay

' { o ' o Dy = ' ' { 3 o

\ugavasdnim 4 szau wAazIzAUITTWING 2 T I@]alLmazq@maammaﬁﬂ@muagnumsnmmu
Aussnsnnaseulunountdy 9uisvasailainaiuunasgiuuay Marchetti wazame [25] lavinn1s
UTULURE1AIN I1ISO 14801 NHUITLENTAINIUNIINARBUNITUBIINIINAVBITLULIIAALY lasn13398
ATInasa Lt annirinawlugaslan I@Uﬂ%'uqmﬂn“mumiﬂ@aauﬁ 37 2IANTALTUR LAZNAFAL

luhinfaanuidnduiasas 0.9 nsnasaultussnauuuidnias (cydlic loading) N1aasn1siasn e

(61]



11IFINRIINIRBATUATUNII L@ (17 3neaaasuazinalulad) U4 14 alun 28 nsngieu-tuINan 2565

A ¢ 4 o = ' o A o g A A 6
ilanutu] FITINUNIAN L NNTNA lanaaalugnzih nMIRaTantianIaunIInaLle 5X108 50U
911 I1SO 14801 thavanmiswuduminsdinamaasluadinnisnasnislsuwasauWnuwIniiaw

o & . o A7
aztfadnluszoziian 5 Jawld wazin1sdnu liusadwisasvesniisunataatun e 5,000,000 a1

;:? ) tﬂl I Qs v a = o Q v

wnuszpznauansd lutestn 5 9 [26] iwatdunanlumsersdslunmmmndadnnannud
mnwam*mmaamuﬁnﬂﬂﬂmtzﬂqﬂmﬂfﬂwﬂﬁﬁﬂﬁa MSLTINUATOUNUATBITUM BTN 1 ©
vutaan 5 4 Lﬁa'ﬁmsmwmnmLmﬁﬁﬂﬁfm}Lmﬂﬁﬂmﬂmwﬁw wudnasauNnnnaaanlulnansn
LI ANTRAAR T YN RNALRINGI DTS L ALY FINITONWLIIUALA DI IWUSI AW UN 1 LRI A TZI

v

v v = o ' o té v a ' A
NG (’*Jx‘iﬂ’]il‘]jl]@l LR EJ’JI‘H:@]"I LAINHNITUNRY DI8198991N6AN LLS\‘lﬂﬂg\‘l q@]sl,%ll%i:}ﬁ [27]

naanssydsznd

mu’“sﬁ‘ﬁﬁvlei”%‘unuaﬁuagumn@mxﬁu@lLLW‘Hslmamf VAINLIRDAIUATUNTI bsa Toudseanon
2563

LONEIID9DI

[1] Nishioka, G., Prochnow, C., Firmino, A., Amaral, M., Bottino, M.A., Valandro, L.F., & Marques, de
M.R. (2018). Fatigue strength of several dental ceramics indicated for CAD-CAM monolithic
restorations. Brazilian oral research, 32, €53. https://doi.org/10.1590/1807-3107bor-
2018.vol32.0053

[2] Dogan, D.O., Gorler, O., Mutaf, B., Ozcan, M., Eyuboglu, G.B., & Ulgey, M. (2017). Fracture
Resistance of Molar Crowns Fabricated with Monolithic All-Ceramic CAD/CAM Materials
Cemented on Titanium Abutments: An In Vitro Study. Journal of prosthodontics, 26(4), 309-314.

[3] Preis, V., Hahnel, S., Behr, M., Bein, L., and Rosentritt, M. (2017). In-vitro fatigue and fracture testing
of CAD/CAM materials in implant-supported molar crowns. Dental materials, 33(4), 427-433.

[4] Vag, J., Nagy, Z., Bocklet, C., Kiss, T., Nagy, A., Simon, B., and Renne, W. (2020). Marginal and
internal fit of full ceramic crowns milled using CADCAM systems on cadaver full arch scans.
BMC Oral Health, 20(189), 1-12.

[5] Fasbinder, D. J. (2006). Clinical performance of chairside CAD/CAM restorations. The Journal of the
American Dental Association, 137, 22S-31S. https://doi.org/10.14219/jada.archive.2006.0395

[6] Yegin E., & Atala, M. H. (2020). Comparison of CAD/CAM manufactured implant-supported crowns
with different analyses. Int J Implant Dent., 6(69).

[7]1 Zarone, F., Ruggiero, G., Leone, R., Breschi, L., Leuci, S., & Sorrentino, R. (2021). Zirconia-
reinforced lithium silicate (ZLS) mechanical and biological properties: A literature review. Journal

of dentistry, 109, Article 103661. https://doi.org/10.1016/j.jdent.2021.103661

(62]



11IFINRIINIRBATUATUNII L@ (17 3neaaasuazinalulad) U4 14 alun 28 nsngieu-tuINan 2565

[8] Al-Akhali, M., Chaar, M.S., Elsayed, A., Samran, A., & Kern, M. (2017). Fracture resistance of
ceramic and polymer-based occlusal veneer restorations. Journal of the mechanical behavior of
biomedical materials, 74, 245-250.

[9] von Maltzahn, N. F., El Meniawy, O. I, Breitenbuecher, N., Kohorst, P., Stiesch, M., & Eisenburger,
M. (2018). Fracture strength of ceramic posterior occlusal veneers for functional rehabilitation of
an abrasive dentition. Int. J. Prosthodont, 31(5), 451-452.

[10] El Ghoul, W., Ozcan, M., Silwadi, M., & Salameh, Z. (2019). Fracture resistance and failure modes
of endocrowns manufactured with different CAD/CAM materials under axial and lateral loading.
J. Esthet. Restor. Dent, 31, 378-387.

[11] Zimmermann, M., Koller, C., Mehl, A., & Hickel, R. (2017). Indirect zirconia-reinforced lithium silicate
ceramic CAD/CAM restorations: preliminary clinical results after 12 months. Quintessence
international, 48, 19-25.

[12] Bataineh, k. (2021). Fatigue of full crown monolithic CAD/CAM restorations for posterior teeth.
research square, 1-11. https://doi.org/10.21203/rs.3.rs-892465/v1

[13] Shemtov-Yona, K., & Rittel, D. (2016). Fatigue of dental implants: Facts and fallacies. Dentistry
journal, 4(2), 1-11.

[14] Rosentritt, M., Schneider-Feyrer, S., Behr, M., & Preis, V. (2018). In vitro shock absorption tests on
implant-supported crowns: Influence of crown materials and luting agents. International Journal
Oral Maxillofacial Implants, 33(1), 116-122.

[15] Kim, J.H., Lee, S.-J., Park, J.S., & Ryu, J.J. (2013). Fracture Load of Monolithic CAD/CAM Lithium
Disilicate Ceramic Crowns and Veneered Zirconia Crowns as a Posterior Implant Restoration.
Implant Dentistry, 22(1), 66-70.

[16] Ferrario, V. F., Sforza, C., Zanotti, G., & Tartaglia, G. M. (2004). Maximal bite forces in healthy
young adults as predicted by surface electromyography. J Dent, 32(6), 451-457.

[17] Sadid-Zadeh, R., Kutkut, A., & Kim, H. (2014). Prosthetic Failure in Implant Dentistry. Dental Clinics
of North America, 59(1), 195-214.

[18] Yu, T., Wang, F., Liu, Y., Wu, T., Deng, Z., & Chen, J. (2017). Fracture behaviors of monolithic
lithium disilicate ceramic crowns with different thicknesses. RSC Advances, 7(41), 25542-25548.
https://doi.org/10.1039/c6ra28847b

[19] Gomes, R. S., Souza, C.M.C., Bergamo, E. T. P., Bordin, D., & Del Bel Cury, A. A. (2017). Misfit
and fracture load of implant supported monolithic crowns in zirconia-reinforced lithium silicate.
Journal of applied oral science, 25(3), 282-289.

[20] Chen, X. P., Xiang, Z. X., Song, X. F., & Yin, L. (2020). Machinability: Zirconia-reinforced lithium
silicate glass ceramic versus lithium disilicate glass ceramic. Journal of the mechanical behavior

of biomedical materials, 101, Article 103435. https://doi.org/10.1016/j.jmbbm.2019.103435

(63]



11IFINRIINIRBATUATUNII L@ (17 3neaaasuazinalulad) U4 14 alun 28 nsngieu-tuINan 2565

[21] Weyhrauch, M., Igiel, C., Scheller, H., Weibrich, G., & Lehmann, K. M. (2016). Fracture Strength of
Monolithic All-Ceramic Crowns on Titanium Implant Abutments. The International journal of oral
& mauxillofacial implants, 31(2), 304-309.

[22] Kang, S.-Y., Yu, J.-M., Lee, J.-S., Park, K.-S., & Lee, S.-Y. (2020). Evaluation of the Milling
Accuracy of Zirconia-Reinforced Lithium Silicate Crowns Fabricated Using the Dental Medical
Device System: A Three-Dimensional Analysis. Materials (Basel), 13(20), 4680.
https://doi.org/10.3390/ma13204680

[23] Jager, N. D., Pallav, P., & Feilzer, A. J. (2004). The apparent increase of the Young's modulus in
thin cement layers. Dental materials, 20(5), 457-462.

[24] Duana, Y., & Griggs, J. A. (2018). Effect of Loading Frequency on Cyclic Fatigue Lifetime of a
Standard-Diameter Implant with an Internal Abutment Connection. Dental materials, 34(12),
1711-1716.

[25] Marchetti, E., Ratta, S., Mummolo, S., Tecco, S., Pecci, R., Bedini, R., & Marzo, G. (2016).
Mechanical Reliability Evaluation of an Oral Implant-Abutment System According to UNI EN ISO
14801 Fatigue Test Protocol. Implant Dentistry, 25(5), 613-618.

[26] Garcia-Gonzalez, M., Blason-Gonzalez, S., Garcia-Garcia, |., Lamela-Rey, M. J., Fernandez-Canteli,
A., & Alvarez-Arenal, A. (2020). Optimized Planning and Evaluation of Dental Implant Fatigue
Testing: A Specific Software Application. Biology (Basel), 9(11), 372.
https://doi.org/10.3390/biology9110372

[27] van Eijden, T. M. (1991). Three-dimensional analyses of human bite-force magnitude and moment.

Archives of oral biology, 36(7), 535-539.

(64]



