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Influence of mechanical properties with gingival shade composites resin
according to the thermocycling treatment
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[Abstract]

Purpose: The objective of this study was to evaluate influence of mechanical properties of gingival shade composite
resins(GSCRs) according to thermocycling treatment.

Methods: The material utilized in this study was Crealign(CGR), Twiny flow(TGF) and Twiny(T'GP). Total sixty
specimens were fabricated with a dimension of 25X2X2mm according to the ISO 4049. After fabrications, specimens of
before and after thermocycling(to 55°C from 5°C) were stored in the distilled water for 24 hours at the 37°C. Three-point
flexural test was petformed in universal testing machine(Instron 5966, USA) at a crosshead speed of 1 mm/min. Flexural
strength, flexural modulus and work of fracture according to the thermocycling were analyzed using a one-way ANOVA
analysis. Surface analysis of GSCRs after thermocycling evaluated using the scanning electron microscope.

Results: : The highest IS was measured in TGP group of NTC group and lowest in CGR group after TC. After TC, FS
and FM decreased in CGR and TGP groups, but TGF increased. There was a statistically significant difference between
FS and WOF in GSCRs(p <0.05). But FM did not show any significant difference after TC (p> 0.05).The strength of the
characteristic exceeded the flexural strength required by ISO 4049(> 80 MPa). Weibull modulus(m) showed the highest
reliability in the TGP group (m = 14.22), and the reliability of the TGF and TGP groups after TC decreased.

Conclusion: Thermocycling treatment is important factor influence of mechanical properties with gingival shade
composite resins. Therefore, we recommended that mechanical properties need to get useful information and accuracy for

life-span expectancy according to the thermocycling treatment.
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(Balchin, 1983; Ichiwata et al., 1984). 24} |
A Adshs SA A HeFet Mz file B
Sko] olg-o] Al A& EH3= Aesthetic color set
easy system(Candulor dental GmbH, Wangen,
Germany)2 o]-&sFAWHYim & Kim, 2014), Sl& &
e YAsl7] 98 red fiberE APt HAS =
&15l= fit resin system ©] AFEE I X THLee &
Song, 2014), H3%t A2t wiZol dE AMEEH=
o] ARS 7R ek, webA F ol dREE
PMMA ot=E 9214 #x1e] = Aepdrh= slat
FrARRE Mz AiAS fleliA QA4 Elxle] A e
= AHA8t 3 gingival shade E¢}# % (gingival shade
composite resin, GSCR)& =Al (build—up)3}o] &
TS WA AAH ol TE o] Aol A AREE
11 QJtH(Haeberle & Khan, 1997; Park et al., 2016).
GSCR-- 22to] 1hstar, Shatof gkt 2|2 A= Y

THIm & Hwang, 2015), o214+ #x19] F317 =2}
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Cho, 2013), ¥¥rE o g ox)4; 9] =
FoH(Park et al., 1999; Lee et al., 2001). £73]
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|2]= ¢lojtk(Barclay et al., 2005). Gu
g E3t glxle) d =8 Ao o 7)A
Fetglew, TC A 2|7} Aol dak= vl
F22 IcHGu et al., 2010), E3t Jin
T} Chos= TCofl w2 A4 allXle] w3l A=rt a4
FATHL SFREHJin & Cho, 2013). whebs] TC A 2o
O3k GSCRY| 71A4 57 B7F7} RE=A] A ofof
12| =& G717t 7k Aol

A AR 5L d+ AwsY A= 37t
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Table 1. Gingival shade composite resins used in this study

Products Code Shade Manufacturer country Type lot. Number

Crea.lign Gum Rosa CGR Pink Bredent Germany Flow 133506A

Twiny Gum Flow TGF G1 Yamakin Japan Flow 01101210

Twiny Gum Paste TGP G1 Yamakin Japan Paste 01101210

2. Al MI1%

4. 28 BT =3

3%9] GSCR(n=10)& °|g3te] FAEET 1SO
4049 wet o] 25 mm, % 2 mm, 77| 2 mm 2} 3 d o8 A A - & w8 AE datag o]&ste] the
A B 4w 248 doAue Ageiich TCE A o] $AS Agslel FPAEL FY B, whdo]
P5hA] &S FHnon—thermocycling, NTC)Z} & =3+  UXA|Z= A3t
(thermocycling, TC)S 5,000 AJgj3t Lo =2 Hi

shaiet, AlHAAS #1814 celluloid strip 910l &<
T4 BES &8 $1 GSCRE A9 shaleh A &
celluloid strip & FWH| €2 & 37| Fof &3t 7]
7} A71A] w2 sl o, LED 3537 (Litex 695,
Dentamerica, Taiwan)E ©]-83}o] 1400 mW/arf 2]
o M7= S 22 35 @3}93\‘:} ojuff A3k F
o] o]FolX =g FfF7|(light guide)E AHE-SH
om, 3o 1024 S T 4 F5 okelth =
SoflA AAE AHE] o] FEo] 739 SiC 800 grit=
Anpstoict, A2t AJH-2 37T o] FFSollA] 24A41%F
HERE 2 1.0 mm/min 9] SFEEER Ty A= AIY
7](Instron 5966, MA, USA)E o|-g3slo] A5}t

3. &8 =H(thermocycling) X

Awr 22 fFARE Huld AdS s AHEH
£ GSCRZ ISO 4049 ©of w2} AlHg AZksto] 5T
oF 55T 9 &&= Wgo] 7tatt d &8 VAA
(Thermocycling machine, Tokyo Giken, Japan)&
o] g3to] 5 000815 A5t tHJanda et al., 2006).
ojuf] 4= = AAAIZF W 27F AFAIZFE ZH7F 3022
siolom, Al HES 37T SRarollAl 24417 Btk &
s A& A3 7] (Instron 5966, Instron Corp, USA)

= o|-83t] 1.0 mm/min®] 3% HE2 SA5ITE

(1) 0=3PL/2bd?
(2) E=L’m/4bd’
(3) WOF=U/(bd)

01714 o= WA E(MPa), B ©/345(GPa), P
L flexural load (N), L& length of support span
(mm), b= width of specimen (mm), d+= height of
specimen (mm), m-& slope of the modulus line (N/

mm), U= total energy (kJ/mm?) ©|c},
5. 210|&(Weibull) 249

TC Az f5ol w2 A 7o) AFAL vwstr] $lst
o] 2—H QFo|E(2—parameters Weibull) 54 Al
Alakiet, ZF Al 9] HlolE gk okl o] Aof| T st
efolE Al (m)E +oto] Blusict,

ool

i—05

A7IA e A=Y =2, N2 AJHY N, r=
T gholl it scale parametero|th, me etol& 7|

S
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Table 2. Results of flexural strength, Weibull modulus(m), and characteristic strength according to TC

Thermocycling Materials r m FS (MPa) oA
CGR 0.74 6.09 103.62 103.97
NTC TGF 0.90 9.03 78.45 82.76
TGP 0.83 14.22 135.70 140.65
CGR 0.88 6.47 222 23.83
TC TGF 0.85 6.74 91.91 96.72
TGP 0.96 9.45 112.99 121.06

(modulus)Z Inln[1/1—PH) T} In(o)e] A& 34 LA
24 a3 A (y=mx+b)olA 7]&7|E Wi,

6. TAXMEY

TC Mz A - ¥ GSCRY 7= datag o|-§3to A
2o W WY 54719 $AA 2= IBM SPSS(SPSS
v.20.0, SPSS INC, USA)Z o]g-3lo] ol ujx] FARR
A (One—way ANOVA)E AASH o] of fof4<
< p<0.05% 331t

TC Ae]ayd & 7F= #Halo] ¢S BA3817] 93]
73(S—3000H, Hitachi,

TC Az]o] w2 GSCRO| HF34 =, #3 A,
Aoy A 5o 71414 EA Hrt A= Fig, 1-39)
UERR ST, 2 AtollA w4 =+ NTC 159 TGP
Lol A 135.7 MPal 2 7} =9rom, TC 1Eo]A]
CGR-°] 22.2 MPal &2 714 3o 75 B chFig
1). ®3F TC & CGR#1} TGP#e] B4 =ol w3l
A= Ao, TGRS 238 27t 57t
6}‘2‘;@. #3 SAASE TGPl 7H &=9kor,

86 chotx|mty| Bty x|

TC A8 % CGR oAl w9 32 SAASE Hekwl
thFig 2). 18jaL apdofu A= TGFE_LOM P =%
o, TC ¥ BE A=mollA FasteichFig 3). TC A
2] A - & = iU = FAHCE o3
Aol5 H3om(p<0.05), ¥ TAG= Fo7t 2t

0] Holx] §Ith(p>0.05) (Table 3).

StolE FA oA B = IS0 40499014 &8k=
7w Rt AFslatg 0 )80 MPa) CGRIFOlIA = 23,83
MPa o2 vl Wokt}, eFoj A (m)= TGP A
7 =9kow | TCE Ala)st & TGFQ} TGPTo| A=
B Zjbé ok, CGRelA= ot EthFig. 4,
5). E3t Qfo|E B0 Arel EAYE 7o o
RHATHr?)74) (Table 2).

TC ? Al o] S ¥Rt A3k CGRatollA ]
#EHATHcracks)o] HWAE| G O, TGPl A]
3 HIE B A] ekehrh(Fig. 6).
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9191
78.45

NCGR CGR NTGF TGF NTGP TGP
Materials

Figure 1. Flexural strength of GSCRs according to the
thermocycling.
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Table 3. Results of One—way ANOVA statistic between thermocycling and non—thermocycling

Sum of squares df Mean square F P

Flexural strength

Between groups 11140.790 1
Within groups 69234.332 58 Blnedied 9.333 003
Total 80375.122 59 ’

Flexural modulus

Between groups 2.484 1 2484
Within groups 520.652 58 8. 977 277 .601
Total 523.136 59 )

Work of fracture

Between groups 31.077 1 31.077
Within groups 71.610 58 1'235 25171 .000
Total 102.687 59 :

12 - 1091 27 4CGR OTGF /TGP
y =6.4672x-20.507

_ 10 - 14 R=08% PR

= noA

5 = 25 30/ 35 4 oA 55
E g o A

2 6 =281 i y=94522x-43214 OF A/

g % R2=0.9583 Ei A 3

E . 5] @ n £

E 3 < oA

0 L . )
NCGR  CGR  NTGF TGF NTGP TGP In o (MPa)

Materials

Figure 2. Flexural modulus of GSCRs according to the Figure 5. Weibull analysis after thermocycling (TC).
thermocycling.
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Figure 6. Surface analysis of GSCRs after thermocycling
e e R e treatment (x45). A;TGP group, B;CGR group.

Figure 3. Work of fracture of GSCRs according to the
thermocycling.
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g ofze oA YHE )% BAjo] F7he} ol ut
| Aol tat o Balx, 7144 %A ot opjet Ay
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2] ososs @ THBalchin, 1983; Ichiwata 5, 1984; Yim & Kim,
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2] (1nd1v1duahzed dentures)”} A|Zr=E]T Qlch(Park
et al., 2016). 4541 Avld AAS flsf oA EH
of thA S/4d3k= GSCR2] 72 7]&2] of2d 2%
R Fde 7 A4 e EAE WEAT = A
o] Aajrjojof 3ttt 37 3 7= (3—point flexural
strength) = A5 5] 92 ZHapiRolx e
of Qg gele] Hgow WA o] Hake)
= 274S $Ial ISO 40499 what ¥IvisHA B7Fset
o f$ FQ3tHRodrigues &, 2008; ISO 4049,
2000; Jun %, 2013),

77 W AR E= SRR 744 542 Al
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(Rodrigues %, 2008; Jun 5, 2012). £3] Gu %

29, o &2 Ao g AR 7IAA 54 A4S
WA data®] AZ=E w9 4 doH, $YY5S
QA v Fastrtal sHeHGu et al.,
<2 A7 L 7 W ST AR 20 st
o] 5TollA 55T =E 2% HILE F=of A= €44 F4
= 7Ite=i Aze] 1 9 7AA 54 wekE B2t
sto] A S d5T 5 783 WoltkJin &
Cho, 2013). Gale¥} Darvell= 10,00082] TC= A}
Aoz 199 7|7k} vlsssittal skl en, Yap 5
5,000 67§92 71713} vl$=slcta &9 tHGale &
Darvell, 1999; Yap 5, 2004), & 7oA+ 5,000
3lo] TCE Al & A 23 w9
g Bt KA @7EE 1SO 40499 7}5&4
A3)8tH 2 (>80 MPa), TGPolA TC A& A - &
112~135 MPa 2 & 7} =& 7= &5 B tHTable 2).
TGP -2 paste type®] HHo& X|7-& E5 719
flowable type IR EC} At)F o2 =2 dy g o
Fol| =& s Hol Aoz A]—E’—_QUI](Ihe & Hickel,
2009; Hadis 5, 2011), Jun 52 48 =} 3 &
e w2 A4S Btk skgithJun 5, 2013;
Lee %, 2013). A%k TC A 2] & Aj=ol A Agt

EQE =

o) AR g o AES Brlske ololg A 71 2
EZog 74435kt o]= paste typel] GSCRE A=
88 _cHorx a7 gty x|

L7} Gol 22to] off7] wimoll Al ARFgollA &
HHe= 5 7|2 53 42 deto = AlE|ko) ks
| Zckal AZFECHZeng & Odén, 1996; Della Bona
& Anusavice, 2003).

TCH ] ¥ CGR oA wif- e =2t g4
Aeg Bk TC A2 & FARIAEn A S &

H BEAoA 3 Al ﬂa“(cracks)%ol TR 9o
| (Fig 6. B), l% o W3l _kﬂ e
off Al HhgE A
,Q_ E.?‘ST—E" X] o

2010) JFJL Géhring 52 1 7183} He Aol 9]
SR Al 2] = QIRE ‘41 <5 ool EA = ek
FAtHGohring et al, 2005). 3}AWt Im¥}+ Hwang
of W=w, 2FAQl FE FFS vAA Y= =
FHol| 2-g517] wfiZoll A4 ARGl EAI7E fltar o)
W Im & Hwang, 2015). Z12v 54 2 ¢]o] 9
gt spdofl= =85 7]&ofof gttt HhHe| TC A2 &
TGFoA= 3|8 v et A= 5716k
tHFig. 3, 4). ol TC A & =7} sk A
Q. EB‘LE—“X]_/] 730]:_1,]— /\]-H]—H 7:1_1_]—E1]\—] /]K:!E[] XH@_—% [¢]

8} A-85h= GSCRoflA thE = Hol= Aoz A
2+ flow type¢l CGRT TGFol|A] AFS Ahute
Aol et 37t A47F RS A o' AbREH,

T EEA= TGPl 7 &3kew, TC A3
% CGRutol A w9 22 ghe E3iHh 15'45’— sl
UAl= TGFZOIA 71 &8kem, TC & 2E A=
A skl 53] TC A2 3 71414 542 CGR
oA 7 2 HebrE B EHdok ol TC A2 &
25 HHSto| gk FAR 3 W3} SRkE| Q7] wiiE
A Ao=m AzisiAgt, AEA el 4ol B Had Ao
2 AmEY TC A2 3 GSCRY| w7t o
U= SAASR {23t 2polE Helem(p<0.05),
U ATE= Folgt AolE UEhfA]l ktth(Table
3).

dutd oz A A= Al==E Brist7] fIsi A
|HE dols Ave =25 A% #oHDella
5, 2003). & A4 LtolEAl= TGP

R
o

ot

Bona



g 43+ A 2|7} Gingival shade £33 A9 7|4 #

A 14,222 7P =%k

= Uﬂ TC A& & TGFe} TGP+
ol AlFEl B 7k
A
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o] Ws}e| Zo] 7P Z CGRolA etols Algoll=
H5E7} QIATH6.09—6.47). °l= CGR w2 the
Blsto] AlE|m= WRLA|RE, TC A2] £ A=|=o] v}

o= RS n| xR &
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V.Z2E
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*PlElL GSCRe] 7|A14 =9 54 EB_EEPOH e 9

o7PoP71 HOHH A=, JA|%, TR

A4 A0 AHEE B slolt A 3

7¥akedet.

2. Flow type®] TGFw-2 TC A 2] & w97 =}t w3l
A 288 STISFAAIN, AlE|w= rAst
Act.

3. TGP ZEts 71 =okAwh, Ajme] dete] 4
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