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ABSTRACT

The objective of this research was to study the effects of layering technique and thickness on biaxial flexural
strength of resin composite restoration. The disc shape of specimens were made from dentine shade (A2D)
and enamel shade (A1E) resin composite (Filtek Z350XT, 3M ESPE, USA). The 0.6-1 mm thickness specimens
were divided into 4 groups; dentine groups, enamel groups, fixed-dentine groups, fixed-enamel groups. The
biaxial flexural strength of composite resin was evaluated using Ball-on-ring methods. The results of the study
revealed that the restoration techniques and total restoration thickness significantly influence the biaxial flexural
strength of composite resin (P value < 0.05). When the total thickness is 1 mm, a one-layer of dentine shade
restoration exhibits higher biaxial flexural strength compared to other groups (P value < 0.05). Additionally,
when comparing the same restoration technique, a 0.6 mm total thickness has biaxial flexural strength lower
than a 1 mm total thickness (P value < 0.05). Weibull modulus value is high, indicating reliable data due to
low data distribution. Conclusion: When restoring composite resin veneers, it is important to consider the
restoration technique and the material thickness.
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Flexural strength (MPa) Weibull
Group

Mean * SD Median Minimum Maximum modulus
DO0.6 137.35 & 28.37 131.07 87.75 181.79 4915
D0.7 156.25 * 26.00 152.63 121.72 207.02 7.118
D0.8 170.50 £ 19.37 168.32 147.87 207.44 10.026
D1 187.46 £ 9.39 187.25 171.39 203.03 23.776
EO.6 133.16 £ 19.31 128.63 100.43 161.8 8.17
EO0.7 146.25 + 20.92 152.99 88.22 168.8 7.105
EO0.8 152.14  14.32 150.53 132.98 181.96 12.508
E1 160.88 & 6.29 160.47 150.31 172.41 30.65
FDO0.6 144.16 £ 32.2 140.84 86.78 201.41 53
FDO.7 152.09 & 21.03 147.79 121.26 197.16 8.575
FDO0.8 160.63 £ 18.12 156.84 135.97 199.11 10.417
FD1 165.39 * 12.46 167.68 132.19 184.50 15.117
FEO.7 151.17 £ 23.82 153.61 103.46 187.84 7.465
FEO0.8 158.62 * 13.26 159.45 132.28 181.69 14.337
FE1 162.13 = 8.23 158.38 153.35 183.70 21.199

19199 2 ugaIMSISpuLIisuANINKLITIAaRLITUABN INEAM Y 2-way ANOVA

Source Type lll Sum of Squares  df Mean Square F Sig.
Corrected Model 39974.223° 15 2664.948 6.261 <.001
Intercept 5776932.988 1 5776932.988 13573.142  <.001
Type 6662.376 3 2220.792 5.218 .002
Thick 28283.193 3 9427.731 22.151 <.001
Type * Thick 5028.654 9 558.739 1.313 231
Error 95337.762 224 425.615

Total 5912244 .973 240

Corrected Total 135311.985 239

a. R Squared =.295 (Adjusted R Squared =.248)




(8]

200 Ac

Abc
Aab ]: Bb @aBBb AaBa
a A éab Aa I Aa
Aa g ? i e Lk
£ 150 a Aa I I &
on
5 Thinckness
©
5 100 M 0.6mm
g
[V
< 0.7mm
9 50
= 0.8 mm
1
0 mm
Dentine Enamel Fix Dentine Fix Enamel
Materials

MNA 3 LEAIRIAREANUNILIITAT BT uA N INER mu?‘ﬁ'miysmxLLazmwwmmuﬁyimz laudnanus
mdinguaRnnlngfindeutu waasdolifianuuwandrsiunssiduesdnadonnunuusidalunis
WSsUiUTE RN MIRIN I WAIDMTYTAUL AN LRI BN BTN B8 INO BEARNLEN T anrit
LLamﬁde&iﬁﬂ’J’mLL@ﬂﬁﬁdﬁuﬂﬂdaﬁaTadﬁﬂLﬂﬁﬂﬂ’l’]NﬂuLLidﬁﬂl%ﬂ’]iLﬂ%ﬂ‘uLﬁm_li:%’iﬂﬁ-ﬁ'ﬂﬁyim:“ﬁﬁﬂ
LAEINH LAAMURWITINLANG1INT (ﬁi:ﬂ”ﬂﬁﬂﬁﬂﬂ"’zymaaﬁﬁoa

arduazanlssnanisivey

mifnmidiaglssdifonaseuanuudusivaisdunanlniafanunmdeutianng (ldfiu 1 Gaduas)

ENINARBLANNNULIIAG L aNT2a Uluﬂ’]iUim”ﬁ’m?J%ﬂ’]i@hdﬁ'u Lm“ﬁﬁmaaﬁ'amﬁ@mﬁ'u lasdmaasuy

De

%uam’t%um’mﬁmnuw 0.6-1 AARLNAT Lwalﬁaa@ﬂaaqﬂumimaLtmﬁumwmmwmmssnuﬂaaﬂwammm

b

B9z NT0LRBITULAR DU LTINS FOAARDINUNNIANINTEY Yu et al. (2019) WU ANUWWITaILAAaLN UL
wanzduniiasiudnnunwaeni lagfinudanaseuun Sanunmvssedaunuusiamne Wy 0.3-0.5
Ja8Lua7 Laz USRI MAINasTRIaLnmT 0.6-1 Tasiuas soiunsimuan Ut uwludnuil
LﬁalﬁLﬂué’aLLﬂumaﬁa@ﬂuu@iazﬁ%mmﬁﬁ]:gimz

Tugruasminaseuanuuduss msansnitdandimmeseuanuudsussweisdunanlndadiunmsnasey
anunuussaa suduitnfouinumasauistunenlnda lagld3inisasasunuuuuuosnauss hasand
MIFNEN WL “a%ﬂﬂsﬁﬂuﬁﬁﬂu?ﬁﬁmmzaulumsﬁ'}miﬁwmaui’a@;maﬁu@msuﬁﬁmwaJLﬂswz WAL
AEmsaunudn Sanudumsuanindlifedszasdiiadudislunsnasey (Shetty et al., 1980) fn1sdnw
289 Kumar et al. (2022) fUSauLfiaumInasauismMIseseilnusznionuuUanasuss uaz 59 80139 (Ring-
on-fing) WU Manageusiuiinisuasssuss Iaiidefionit Waseniimivessanss smansnliusde
i'aqﬁwﬁuﬁ%ﬁwﬁﬂﬁﬁﬂﬂiﬂ ﬁﬂvﬁﬁﬂLLi@ﬂi:ﬁﬂLﬁmqmﬁm Tasnamnanuusisafinaseslduoastunaulnga
lumiﬁﬂmﬁl,ﬂuvlﬂmwmmgmmﬂa (ISO 4049) Aruainezaasddininnit 100 wnzdraaa Laeadis
SFmInasaufinuzaw uanmnﬁﬁﬂmﬂmiﬁﬂmﬁmaﬁa%yamﬁﬂluﬂﬂsﬂizl,ﬁumwmL%aﬁamaaﬁagaﬁ
nagay (Palin et al., 2003: Rodrigues-Junior et al., 2008) wazlun1sénunilleviniguidsanu wuin d1lya
Iugé’aﬁmmﬂ‘fmfiaﬁmwwmsamaaLi%uﬂauiwﬁwﬁmﬂ"fu LEAIIN ﬂ’nwmﬁaﬁamaﬁagaﬁmga
anana e lugrsnnunufiung ﬁ%\maW@hmnmmm@”@ﬁmaaﬂ@”ﬁmsmzmmT’;ga WaNINHEINLIN
@iﬂ’;ga‘[wgé’aﬁﬁnmmvl@ﬁ'l,umsﬁﬂmf:ﬁmszwm 4.9-30.7 F9fadndaudroning seaasasnunIdnEntan
winflgansuin Lﬁaﬁmﬂu@éﬁhyamaammLL‘ﬁqLmLiﬁ‘ﬁuﬂauiwﬁmﬁmlﬁmﬁwaqt.wiazmiﬁﬂumﬁaﬁwm

MuNuzdaNnienn (Kumar & Zafar, 2023)



(9]

ludwvasmalisufisudninazasfassmaysazuazdadoanunisiunudt nsyincdinadanaun
usesafalstunanlwdadnnunusn 1 Safwas IﬂUmiyimﬁuﬂ'wfw,ﬁmeﬁ’ami’a@&ﬁaﬂudawﬂﬁﬁmmﬂu
Lm@T@mnﬁq@ %a@i']dmﬂfs%ﬂ’ﬁyimwuuﬁluamaﬁﬁfyé’]ﬂ”fgmaaﬁﬁ #1991NN3ANENVBY Fontes et al. (2012)
Aleuain Lﬁai'a@;ﬁmwuﬁmz’tﬁwaqmauﬁ'ﬁL%aﬂaﬁ@‘im'jﬁ'aqﬁﬁﬂ'smla zifianiswasiwes s tud
suysaiesndt lesnnuassinszdulitiad fAsoruldiesndn sunailinauandraiuanaidumne
aunwaITuIwnagaudeiu lumsdnmitldanunuwnd 1 aw. Selanunwnieandn vldifedfase
wadwasluatuldauysaindt adilafianw isunoulndaninunlFlumsanmisadumnTuflasaonlnga
ﬁ“ﬂm@maﬁa@gé’mminmmn%mﬂﬁvlajﬁﬁagaﬂ?mm“uam@ia:“umﬂﬁ wikuaw Gia1evzddasuuastSunmluudas
mummaﬁa@é’@umn"ﬁiwhﬁ'mmiﬂaﬁLﬁaﬂuLLazﬁmﬁau‘ﬂ“u furamsfnsnfinuin PUNAVBIIFQDAUNTN
FINAAANIINATY wazn1INIzAgvauaslunaial jisoawefwes sl (Frank Caughman et al., 1995;
Thomé et al., 2007) $3onavilenanunuusIcavasfito W uazdindouWuiszay 1 uu. d19mu 5nvislay
Undiflandunanlndaiialjisonefwa ot ﬁ'ﬂﬁ]zLﬁ@fuﬁgﬂﬁufﬂmaaﬂ%mu (Oxygen inhibiting
layer) GeazilisguniiaUfizenluanysalasdnsegannsdudaivesndiauluaime vinldmansafaufizn
AustuaanIndalusudelyld LwiLﬁmmmm‘iﬁ'ﬂﬁﬁmﬂﬁmuwmaafﬂaﬂ@m’aummmuﬁamuqumwwm
luudazdu ilisduiinasindetos doiuanisonadensiiad fisonsznineiaqld (Panchal & Asthana,
2020) 6'1’%\'1mfuLﬂuwalﬁmwLL‘ﬁ&Lm‘*uaa%umuﬁgimummﬂuﬁ?u6] @“ﬁﬂiﬂmigimuﬁwﬁﬁm WoNINNIL
HAMENEN WL miyimziwﬁmﬂwﬁgw] finnunTINTnu 0.6, 0.7 W38 0.8 a. Maasuulaives
aunwvasiitewuwiafindouiu lusinadoanuudinsivesdunanlnga
luaquﬂuaﬁ%migim:ﬁmﬁauﬁu LATANURINTINANIN WU BUHATANURWITIN 0.6 Uz 1 TaALNAT
flanunuussaauandnuatefitbdaylunnngds slmi’umjuﬁysmzﬁaslmﬂwuwadﬁmﬁauﬂumﬁua:
ANURUITBIFL HOWHAITH FOAARDITUNSANBN RS Tribst et al. (2023) AinagauNIsLANNVEI3 LS
AUBFUN® WU ﬁ'mwwmmaa"i’a@;ms’ﬁuﬂau‘[wﬁm 0.5 JadLuaT ﬁ@hmww@T’]umumnmﬂﬁﬂﬁ@‘iﬁﬂ'jﬁa@;ﬁﬁ
AMURWY 1 FRRLNAT

a71 e idmyy e LLazﬁaaTﬂmwwmnmaans}?uﬂauT‘w?m@mdawa@iammmLLﬁaLLiamaﬁa@; wei Ll
antwaTinIzninedaae @“’difuslumnﬁaﬂgim:ﬁaULssﬁuﬂauTwﬁmﬁLﬁﬁ Yiuaunngonadesfionsaniasons
2 agheiishe

Forauauusilasuannsise
ﬁnﬂNamiﬁnmmmm'ﬂuuim‘"@madLi'f’Buﬂaaﬂwﬁmﬁﬂﬁ%’umsgim:iwﬁmﬂuﬁu6] dldpiivalauaume et
1) matdenldismnasaudionssesasuni Wuitnmunsulunmimaseuisduaanlndafidanuuiouas
e sannldan ldmuanasguanaiinuali (SO 4049)

2) medspildwiissmmanasisarlukesd fuiains Teedlidmsfaiag@anufaiuads iliuaswsild
Lflmﬁmﬁagmﬁaqﬁumwfu LLazmﬂﬁ,ﬁ'aqvlﬂﬁ(ﬂﬁ'uﬁaﬁuﬁﬁmwauﬁamaiﬁwaﬁwfmmLLﬁqLLsaﬁLmﬂ@m
sanl Wasandaudslususesmstademeriuanssuaniiuas

soawaunslnnsisuassaalyl

1) Namﬂmsﬁﬂmfm&imﬁ]mam@u"lﬂulum‘ﬁuﬂauiwﬁmﬁlﬁaﬁ'u ﬁaéu‘é"u ﬁafumiﬁﬂmﬁ'ufa@; TunaNINEe
ivoau %?ajuﬁmﬁmﬁu W uAazdwa WARZI fasdUsznaufiuananani snadenarhliananuusIen

NATANVBANFIINUAIE



[10]

2) ﬁn‘mﬂ'ﬂmmwmmeﬁ"@“ﬂaﬁaqﬂﬁamnmums'«iﬂaaamﬂ"ﬁmmm6] Wi snaslaboafs iludu 1iNe
WU UTTHININDULATHAINITINRDINTITINU vﬁaﬁnmmmLLiaLLiwaﬁaqﬂﬁamnﬁﬂﬂ HanURINUIY

° o wa o o X o o A o o ) o Aa o X
azwﬂﬁmmqmauumaa’mqvl,mmu LLasiﬁwaaWﬁwuﬂuﬂﬂiznaunuua’smuﬁnﬂswﬁﬂﬂ"ﬁmaﬂauﬂ"l,m'm"uu

1@N&E1921999

Chung, S. M., Yap, A. U. J,, Chandra, S. P., & Lim, C. T. (2004). Flexural strength of dental composite
restoratives: Comparison of biaxial and three-point bending test. J. Biomed. Mater. Res.- Part B Applied
Biomaterials, 71(2), 278-283.

Fontes, A. S., Mauro, E. D. I., Antonia, L. H. D., Sano, W., Fisica, D., Tecnolégica, U., & Mouréo, C. (2012).
Study of the Influence of Pigments in the Polymerization and Mechanical Performance of Commercial
Dental Composites. Estudo Sobre a Influéncia dos Pigmentos na Polimerizagdo e no Desempenho
Mecénico dos Compdsitos Dentais Comerciais, 21(56), 468-472.

Frank Caughman, W., Rueggeberg, F. A., & Curtis, J. W. (1995). Clinical Guidelines for Photocuring. J. Am.
Dent. Assoc., 126(9), 1280-1286.

Garg, N., & Garg, A. (2015). Chapter 17- Composite Restorations. In Textbook of Operative Dentistry (3rd ed.,
pp. 252-316). Jaypee Brothers Medical Publishers (P) Ltd.

llie, N., Hilton, T. J., Heintze, S. D., Hickel, R., Watts, D. C., Silikas, N., Stansbury, J. W., Cadenaro, M., &
Ferracane, J. L. (2017). Academy of Dental Materials guidance—Resin composites: Part —Mechanical
properties. Dent. Mater. J., 33(8), 880-894.

Jalkh, E. B. B., Machado, C. M., Giannini, M., Beltramini, I., De Toledo Piza, M. M., Coelho, P. G., Hirata, R.,
& Bonfante, E. A. (2019). Effect of thermocycling on biaxial flexural strength of CAD/CAM, bulk fill,
and conventional resin composite materials. Oper. Dent., 44(5), E254-E262.

Khuwuthayakorn, Y. (2015). Chaper1- Resin composite and Chapter8- Resin composite veneer. In Anterior
Direct Resin Composite Restoration (pp. 52-66, 183-219). SangSilp Chiang Mai pringting service.

Kumar, N. (2012). Inconsistency in the strength testing of dental resin-based composites among researchers.
Pak. J. Med. Sci. Q., 29(1), 205-210.

Kumar, N., Ghani, F., Fareed, M. A,, Riaz, S., Khurshid, Z., & Zafar, M. S. (2022). Bi-axial flexural strength of
resin based dental composites-Influence and reliability of the testing method configuration. Mater.
Technol., 37(12), 2166-2172.

Kumar, N., & Zafar, M. S. (2023). Weibull statistics for strength evaluation of viscoelastic resin-based dental
composites. J. Taibah Univ. Med. Sci., 18(5), 1099.

Leevailoj, C. (2008). Chapter3- Anterior tooth colores restorations; Layering Technique and Chapter6- Resin
composite veneer. In The Art of Anterior Resin composite Restorations (pp. 98-174, 278-307). Dental
Idea Company Limited.

Leevailoj, C., & Chantaramungkorn, M. (2006). Chapter2- Tooth Color Material’s Continuum. In Posterior Tooth
Colored Restorations (pp. 56-74). Dental Idea Company Limited.

Leevairoj, C. (2003). Chapter1- Advantages, Disadvantages, Indications and Contraindications of Ceramic or
Porcelain Veneer and Chapter8- Resin Composite Veneer: Alternative Options of Veneer. In

VENEERS: The Art & Science of Esthetic Dentistry (pp. 3-11, 164-169). Pansadesign.



(1]

McCabe, J. F., & Carrick, T. E. (1986). A statistical approach to the mechanical testing of dental materials.
Dental Materials : Official Publication of the Academy of Dental Materials, 2(4), 139-142.

Palin, W. M., Fleming, G. J. P., Burke, F. J. T., Marquis, P. M., & Randall, R. C. (2003). The reliability in flexural
strength testing of a novel dental composite. J. Dent., 31(8), 549-557.

Panchal, A. C., & Asthana, G. (2020). Oxygen inhibition layer: A dilemma to be solved. J. Conserv. Dent., 23(3),
254-258.

Rodrigues-Junior, S., Scherrer, S., Ferracane, J., & Della Bona, A. (2008). Microstructural characterization and
fracture behavior of a microhybrid and a nanofil composite. Dental Materials : Official Publication of the
Academy of Dental Materials, 24, 1281-1288.

Shetty, D. K., Rosenfield, A. R., McGuire, P., Bansal, G. K., & Duckworth, W. H. (1980). Biaxial Flexure Tests
for Ceramics. American Ceramic Society Bulletin, 59(12), 1193-1197.

Thomé, T., Steagall, W., Tachibana, A., Braga, S. R. M., & Turbino, M. L. (2007). Influence of the distance of
the curing light source and composite shade on hardness of two composites. J. Appl. Oral Sci., 15(6),
486-491.

Tribst, J. P. M., Tach, Q., de Kok, P., Dal Piva, A. M. de O., Kuijs, R. H., & Kleverlaan, C. J. (2023). Thickness
and Substrate Effect on the Mechanical Behaviour of Direct Occlusal Veneers. Int. Dent. J., 73(5), 612-
619.

Yu, H., Zhao, Y., Li, J., Luo, T., Gao, J., Liu, H., Liu, W., Liu, F., Zhao, K., Liu, F., Ma, C., Setz, J. M., Liang,
S, Fan, L., Gao, S., Zhu, Z., Shen, J., Wang, J., Zhu, Z., & Zhou, X. (2019). Minimal invasive

microscopic tooth preparation in esthetic restoration: a specialist consensus. Int. J. Oral Sci., 11(3), 31.

Data Availability Statement: The raw data supporting the conclusions of this article will be made available by

the authors, without undue reservation.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial

or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily
represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Copyright: © 2024 by the authors. This is a fully open-access article distributed
@ ® @ @ under the terms of the Attribution-NonCommercial-NoDerivatives 4.0 International

(CC BY-NC-ND 4.0).




