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Abstract

Evaluation of polymerization shrinkage stress of giomer

containing PRG filler

Kang Ji-Sun. D.D.S.
Advisor : Prof. Nan Young Lee, D.D.S., Ph.D.
Department of Pediatric Dentistry,

Graduate School of Chosun University

Primary teeth have a limited lifespan, and caries rates are likely to be high in
children so that fluoride releasing restorative materials may be helpful. But
glass—ionomer cements and compomers have inferior physical properties. For
improve those properties, recently "Giomer" had been developed, which
contains PRG filler and has advantages releasing fluoride ions continuously.
There is a close connection between secondary caries risk and polymerization
shrinkage stresses. Therefore we compared the polymerization shrinkage
stresses among composite resin, compomer and giomer. The strain guage
method was used for evaluation of shrinkage stress. After that we
measured surface microhardness of cured specimens. Obtained data were
analyzed statically using repeated measures ANOVA, One way ANOVA, and
Tukey test.

The results of present study can be summarized as follows:

1. All groups showed transient expansion just after irradiation of curing light.
Shinkage stress was increased rapidly at the early phase of polymerization and
after 200 seconds reduced slowly as time elapsed (p<0.05).

2. Generally, flowable restorative materials(group 1V, V, VI) showed less

shrinkage stress than packable restorative materials(group I, II, IID).



3. Polymerization shrinkage stress of group I was the highest and group VI
was the lowest.

4. The surface microhardness of the top surface in group II was the
highest, followed by group I and V, II, VI, IV. And they were revealed
statistically significant difference only between group IV and VI(p<0.05).

5. The surface microhardness rate of top to bottom surface was the highest
value in group III and follwed by group V, II, VI and I, IV. But they were not

revealed statistically significant difference except group [V(p>0.05).

In conclusion, giomer showed inferior polymerization shrinkage stress than
composite resin in spite of its fluoride releasing abilty to prevent secondary
caries. Therefore we should consider its advantages and disadvantages before

clinical application of it and need to study more about giomer.

Key Words : Shrinkage stress, Giomer, PRG filler
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—“%%L #7118 Ayt 48 AEE Filtek Z-250%3M ESPE, USA), fr54 A==
= Filtek Flow®(3M ESPE, USA)Z, compomer?] 48t ZHE& AEZE Dyract
AP®(DeTrey Dentsply, Germany), %4 A== Dyract Flow®DeTrey
Dentsply, Germany), giomere] UHF =348 A= 2 Beautifii 1®(Shofu Inc.,
Kyoto, Japan)$t 554 Al22 Beautifil Flow®(Shofu Inc., Kyoto, Japan)Z A}
stk 974 10mm, W74 7"mm, F°] 3mme ola¥Y FIES FHeL T
Yz E3t #xs A &2shr] gk J&Z3A 2= 2 FEAY AA A s E sk AlE
ox B3 #gRALS Adper™ Prompt™ L-Pop™(3M ESPE, USA), compomeri=
Xeno MI®(DeTrey Dentsply, Germany), giomerel¥ FL-Bond HI®(Shofu Inc.,
Kyoto, Japan)E& #-&3t11 LED #%A}7]2l Blue Phase®(Ivoclar Vivadent,
Germany)® A XA AAR FFdadqth 75 599 5AS 918 TML foil
strain gauge®(FLA-1-11-1L, SOKKI, Japan)<} TML data
logger "(TDS.THS-7120, SOKKI, Japan)& AF&-at itk 72} o8 AME Al 59F 5 A
W& Table 1, 29} 2},

o] % AlH A ofa™ F& AEAL AW AR sHEHE A% Anr(RB
204 Metpol I®, R&B Inc, Korea)9} Bt 4 dAnlxE o] &3sle] xHS dels)
A dAnpgt g w A=A MHMV-2, Shimadzu Co., Japan)Z ©]-&3ate] w A4
(VHN)®| #H-& A=kl



Table 1. Classification of experimental groups according to self-etching primer

and restorative materials

Group Category | Self-etching Primer R(;Z;?;?it;?n Manufacturer
Shofu Inc., Kyoto,
I Giomer FL-Bond 1I° Beautifil 11° " Y
Japan
Composite | Adper™ Prompt™ . ®
I ) Filtek Z-250 3M ESPE, USA
Resin L-Pop™
DeTrey Dentsply,
I Compomer Xeno 1% Dyract AP® 4 P
Germany
Flowable ® o o ohofu Inc., Kyoto,
I\Y . FL-Bond II Beautifil Flow
Giomer Japan
Fl |
owab.e Adper™ Prompt™ ] ®
\% Composite | —Pop Filtek Flow 3M ESPE, USA
Resin op
Flowable DeTrey Dentsply,
VI Xeno I Dyract Flow® Y P
Compomer Germany




Table 2. Main characteristic composition of restorative materials

Group/ | Restoration "
. Composition Manufacturer
Category Materials
I Bis-GMA, TEGDMA
e ® . . Shofu Inc.,
Beautifil II" Aluminofluoro—Borosilicate Glass
. Kyoto, Japan
Giomer (68.6v0l%),
I Fillek  BIS-GMA, UDMA, Bis-EMA resin,
—_—— ® . o 3M ESPE, USA
Composite | 7-9250 zirconia/silica(60vol%)
Resin
111 Strontium-fluoro-silicate glass DeTrey
Dyract AP® (47vol%), strontium fluoride, Dentsply,
Compomer Polymerisable resins, TCB resin Germany
v Bis-GMA, TEGDMA,
Beautifil . .. Shofu Inc.,
- Aluminofluoro—-Borosilicate Glass
Flowable Flow® B N Kyoto, Japan
Giomer (457 50vol%), Al,04(37 7Twt%)
v
————1 Filtek Bis—-GMA, TEGDMA
Flowable ® ] S 3M ESPE, USA
c i Flow zirconia/silica (47vol%)
omposite
Resin
VI Strontium-fluoro—silicate
glass(65vol%),
. . . DeTrey
Dyract  Phosphoric acid modified
] Dentsply,
Flowable Flow®  polymerisable
] ] o Germany
Compomer monomers, Carboxylic acid modified

macromonomers, Reactive diluent

Bis—-GMA: bisphenol glycidyl methacrylate, Bis—EMA: bisphenol A polyethylene
TEGDMA:

glycol

diether

dimethacrylate,

UDMA: urethane

tetraethyleneglycon dimethacrylate.

dimethacrylate,
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F5 S8 SAsE o9 JHA MY F 19919 Sakaguch 517l 93] &7
¥ 2EYQ Alo)AHE ARl on AHe FRAEE Hrtetr] fla Ed v
ARE SRS Wyt BF 6719 o2 ro] I3 T 7x e I
A8 Am, VERH VIZZHAE #f54d Ags A&siddd ks Va2
giomer, II7¥ V2 5% dx, I+ VIT'2 compomerZ# 2z} w1 20719
AlS FHEIT Al 2EQD AlolAE FAstaL 7F AR AFAblA F
H3}E= Self-etching primer =% % 10%37H, 5 A5 A8 F& 20%3F LED %
A E BFsEe H TETFEFS SHSUT
D5 8 53
(1) A7 A= 2 Ao

W78 7mm, Fo] 3mm 7|9 olad FHE ofAY o] HHAAE ARt A
ZA 713, Y WS A Z2mmE AYg AW FH OHYS FFAN $

Microetcher®(Denville engineering Inc., USA)®} 50um aluminum oxide powder

AHg3te] 527F sandblasting Atk o) F T HAE AAfT AA U]
& 527k Aelehel ARAR Aobe] WA Yoo BN AT o
¢JH o Cyanoacrylate adhesive M(SOKKI, Japan)® »~Ed¢l Ao]A & F-za}
H(Fig. D).

¥@ v 2o

Acrylic ring

Restorative
material

Strain gauge

IR T AL

Strain gauge L Sand blasting

Fig. 1. Schematic diagram of specimen and preparation



F8 o 8 self-etching primer?l FL-Bond II®(Shofu Inc., Kyoto,
Japan), Adper-Prompt L-Pop™(3M ESPE, USA), Xeno III®(DeTrey Dentsply,

Germany)Z 7tz 28353l F=3etgic).

EYR] Alo|AE 2EHR] F47]0l AAAI7aL FF7t He] 27
79 A FHE S8 sk7] Ydl 650m/are] FHER

CAET ANHRE 22 7HH 07 8007 ~EdHQ gt

3 DTDS, THS-7120(SOKKI, Japan) software® &3l 73+

o HolHE A%3t) volHe A & A 2o Wl 1 3E3}ske]

software$] Visual Log®E& o] &3] 1ej= =2 FAsta ~EHQ
(o]
=9

olg3te] 7 Ale] 5%

mim flo

2 Hooke's law

Stress(MPa) = Strain( €) X Elastacity of modulus

* Elastacity of modulus(Acrylic resin) = 3.0X10™° MPa

ZAVABEES] A
Al A of ™ H-E A A kAL Al ] AHH I SRS
2= 9np7](RB 204 Metpol 1%, R&B Inc, Korea)$} &3lit4 dAnix| S o] &
xAs gustA dAupekglt). o] v A EA(HMV-2, Shimadzu Co., Japan)&
&3ato] 100g9] sts& 5&%F 7hshe o= AW A9 sttE 2 F4
o FACRTEH 1mm AR FH5-5 F9 A H9E AF FH Vicker's
Hardness Number(VHN)< 5% 3te] VHNO| Hit& A=E31%loh
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tH(Table 3, Fig. 2).

Table 3. Polymerization shrinkage

at each measuring time

stress(MPa) values(Mean®SD) of each group

\g% I il I IV v VI

time
200sec  -3.24+1.03 -1.90+0.44 -3.06%£0.74 -1.12+1.41 -0.65+0.31  0.17+0.31
300sec  -3.47+1.08 -2.0840.45 -3.34£0.76 -1.40+1.49 -0.88+0.28 -0.17£0.29
400sec  -3.58+1.11 -2.16+0.46 -3.46+0.77 -1.51+1.53 -0.97+0.26 -0.31£0.30
500sec  -3.64+1.13 -2.19+0.46 -3.5240.78 -1.56+1.54 -1.02+0.25 -0.38+0.31
600sec -3.67+1.14 -2.21+0.47 -3.56+0.78 -1.59+1.55 -1.04+0.25 -0.41£0.31
700sec  -3.70+1.16 -2.23+0.46 -3.59+0.78 -1.60+1.55 -1.06+0.25 -0.43+0.32
800sec -3.72+1.17 -2.23+0.46 -3.60+0.78 -1.61+1.56 -1.06+0.24 -0.40+0.31

—— VI (Dyract Flow)

— v {Filtek Flow)

—— IV (Besutifil Flow)

—— Il {Filket 2250)

Constriction stress (MPa)

—— Il {Dyrac AP)

| {Beautifil 11)

-5

200 400

600 200

Time (sec)

Fig. 2. Shrinkage stress(MPa) changes of each group for 800 seconds.

]

faus

oA 5% 3ol

A% S7bek3la(p<0.05) A4 o2 fa4d AZIV~VIT)

_9_



o] £ g¥o] 248 As(~1IH)ET A4 Yt 79 % &
W I, 3t IV, Vi, VIDE 9] 5 S80S o3t S48 A5 FTolMe
-3 1, It 3Fe) -2l 2ke] 7 A A YERStH(p<0.05).

Table 4= ZF 52 25 1o #oA ASA 7HE 2 +5 595 Uehd I
3 I, 7P He #5538 el VIEs Vit 7ol foAdE 2ol v
WATHp<0.05). I3 I, I3 I, I3 IV, IV Vi, Va3t VIEzk
o BAMOR FeIF 2ol 7k geh.

Table 4. Statistical comparison of shrinkage stress of each group

I I I I\Y \4 VI
I + - + + +
II - - + +
11 + + +
v - +
V —
VI

+ : significant difference(p<0.05)
- ! not significant difference(p>0.05)

FEE TolA Aol el HlE Fos A e %
(p<0.05), AW += o] 84.03+5.200.2 71 L& mAMA=E
(Table 5, Fig. 3).

FEHT AL =

lo

=y
o
i
o3
v
o 1

Table 5. Mean microhardness value(VHN£SD) of each group

Group VHN(Mean=+SD)
I 73.89+10.12
II 84.03£ 5.20
III 49.28+ 5.54
IV 26.65+ 2.57
\Y 58.89t 7.85
VI 30.02+10.90

VHN : Vickers hardness number

_10_



[ Il il IV v Vi

Vit 26.65%£2.572 o2 o Hl&] FosiA @*e vAAEdE #s Yeldde
H, IVEy VIS AYd RE o o= EAAHOR #9o3 zolzb Tt
(p<0.05)(Table 6).

Table 6. Statistical analysis of the top surface of the specimens

\Y% VI
I + + + +
11 + + +
111 + +
v + -
\% +
VI
7} Al ] mA H&S B 7S A9sta *03}“'44 zpol 7k 20% 9] =

SH5-o] , I3 VI toi grolx ovp NIt} IV,
Va3 Vi Abolol A uk ol gk Zpo]7} o™ (p<0.05), YA ol A= S A
oz §ola 2ozl ¢l tHp>0.05)(Fig. 3).

_11_



Table 7. Mean Vickers hardness rate(bottom/top) in each group(VHNZSD).

Group Microhardness rate(bottom/top)
I 0.81+0.07
II 0.91+0.65
I 0.93%+0.11
v 0.76%0.10
Vv 0.92%£0.03
VI 0.81+£0.07
g * — %

0.9

0.8 -

0.7 -

06 1

05 -

04 -

0.3 -

0.2 -

0.1 -

a T T T T

[ I I n v Wl

Fig. 4. Vickers hardness rate of bottom to top surface in each group(VHN=®SD).

* means significant difference among groups(p<0.05)
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compomer®} PRG Z#]E 73t giomerd Fd5Fo 2 Q3 = £HS v
g 7ystaizl ahQl .
719 T3 FFo
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: : 0% ae)an 2EHQ
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