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Background and Aims: Metallic nano-particles show exclusive biological, chemical and physical characteristic.
The purpose of this research was to evaluate the effect of various amounts of nanosilver incorporation
(0 (as control), 20, 40, 80, 120, 200 ppm) on the mechanical Properties (compressive and flexural strength) of
resin modified Glass ionomer Cement.

Materials and Methods: Based on ISO 4049 and ISO 9971 for polyalkenoid cements, 90 cases in each group
were prepared for the flexural and compressive strength. Specimens in 6 groups with different amounts of
nanosilver (20, 40, 80, 120 and 200 ppm) and control (Fuji IT LC improved), stored in distilled water at 37°C for 1
day and 30 days. Flexural strength, using a three-point bending method, Modulus of elasticity and the
compressive strength were measured by universal testing machine (Zwick) with crosshead speed of 0.5 mm/min.
Data were analyzed using two-way ANOVA and Tukey post HOC test.

Results: The flexural strength and modulus of various amounts of nanosilver incorporation of resin modified
glass-ionomer cement were not significantly different (P>0.05). The compressive strength of incorporating of
20 ppm compared with control (P=0.01), 40 ppm (P=0.02) and 80 ppm compared with control (P<0.001) were
increased. The flexural strength and compressive strength of Fuji II LC, containing nanosilver particles were
increased after 1 day and 1 month significantly (P<0.001).

Conclusion: Incorporation of 20 to 80 ppm nanosilver into Fuji II LC had increased mechanical properties
compared to the original cement.

Key Words: Compressive strength, Glass lonomer, Cement
Journal of Dental Medicine-Tehran University of Medical Sciences 2013;26(3):211-7

O35S (Sl 5jgel 09,5 —amli Sidj pole olKutily (Kl ausiishy —Wln) fbls —oMa) bls — o)) peg 1 Slid 1 5L Johume e t
so.kameli@shahed.ac.ir :Ksq xSl GLis -AVYD- - SYFS : als

ARN



https://journals.tums.ac.ir/jdm/article-1-5050-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

hlSen g a1, 8 iy b oad gl ogn] WM Sl olss (5 2 o) Sy 6l alises pylie 3938 5T w2

oS

ilisco polie (39,8l adlllae oyl jl Ban aimd o li |y Glotig (Sojud 5 (olowds — Siolon Cluogas 9l claojlil y3 (o518 @l 1 BaRd 9 Ao
o £l yagil o3 5 Sy (i ol 5 (58 o) S ol (535 3 (T PP 5 WY <A o Fo Y- (J,25) 7o) s i
Se oy b

5 )3 adigal 05 dud (5)lib plotial g (e plotial Cae 09,5 1 53 diged 4+ 31aa ISO 9917 5 TSO 4049 3 il Billas t oy (W09,
YY (clod b Ol )3 diges (ymm A5 4 (Voo ppm g WV+ e F+ ¥+) 0,85 <l 6l gl (slaog,S ¢ (Fuji 1T LC improved) J xS 09,5 Jolis 09,5
olSiwd Ak sy 3,5 5 (Zwick) Lolgd o olKiwd bwg jgejl CoB bbb (6)l0855 ole Vg jg,) (slacilej 3 5,5 le 4y
28,8 )15 s g 4359 590 Tukey post HOC, two-way ANOVA Jlo i y90)] bawgi odel caws 4 pls cleMbl .39y +/dmm/min

g (6> sime BMB] johus )36l (ol pogul W Cilisee slacdale )3 ied SVl Cupsd 5 hed plSotul j b ol b (ABY
5 (P=+/+Y) JyS 09)5 L ¥ ppm yizmen o (P=+/+Y) JyuS 09,5 L awlie 5 Vo ppm glacdale (5 g,lis plSoul (P>+/+0) cuily
Pl 5 (5Lt plSoctil il (slagle sy 50 iz Al S tae (o)Ll Jlaijl &S 5 03,8 Ly (I S 098 L (P=0 ) A+ ppm
(P 1) 330 s e syl A5 5 337 00,5 a3 (o o) 5 9,8 b i 3 5la ) 5 555 ) sy

& Fuji T Le g5 05 b ond eol aghl X lows 42yl S5 56 (S59 20)> A PP B Y+ (329381 .5 s (55 oo ol 35 a5 deald

oz oSt 4 sla gy Dses SeS (Bearing area stress)
28] alen ) ol 63,515 o3lizal 3y90 ] (Sl olss Spm
ke iz b Cermet 4w g jognl WIS 4 o) Sl g0
Wl o @l o Sl s il clids o wily
(¥) Conl 03505

02l 390 el el o Sl bl eslizel aSbl
yogil oM 5 S b 1 ookl dy o Hlas 4 aiS o] (Sl
oM SISl STy SIS e g Bl e
Cogis Sl g plSomtal (udl o Inert Jlai ) 1 &S) yogul M5
Ot 00938) emen (BF) Al uslie (351 (o yisd 3 g (SIS
so el 3 ot & Jb e 0wl oS Sl gk
Sy el S5 sl (ulsls (Gildlil gzmen) yegul uMS
)55 30 o] S ol

4 Cll Sgun gl g3l & b pasie (ladlls
P A) M5 e |y oo ol (Sle ol jagt] pedS
ol 03 5313, 0,85 3 S T ool e 4 lelas
<9y 2 JbySb sl casls (clls odle ol cunl o3y (lis s

256 oy 4 laddlas (0iS Lol L(A) ssbe lige <SS g0yl

Yy

Gl 03l yiol581 1 ‘J aSly Conl oais (SlKe oles il Cogo lpis
AV/-5/N ol ab AV ONA ol 2ol AV -A/YY 1 Jgog

3

Ao

S35 3l VY-l ) 45 Cal glodle yogi] NS
oo (SBiln p3 Gl SSpen dlge Sl (o e 4 g 0ld
Ol 4 slewd 1L SUlgr 5l e (V) Cunl a3 51,5 solazul 590
(ol alie Syl blawl oy mmen odle (pl 505 (sblse
ooy > ALl g2y pas (ol wlie (Sl Jil oy
Ol pogl oM 005 o b Cojopels’ Sy (ygmml s ey
(V) Al gylae (SB35 )3 wree (oo 5 3o Sl (S Olgis 4

gl oM Lol gzl gl () b oad gl pogisl M5
ool (HEMA T381) 1)) oS polie 3,8 ablal b o8 s
8 Gl sl posl M plaw b 4 (2jy (o938 less
P Caglio 5 (o3 ol dge 9 SrhEby (olaj (Sl
(V) Cosl 00 Glow Cagloy b wlod il

Slle yoles cans cde 4y odlo ) 5l edlatwl gy cpl b
P19 e 4 290 3 gl aBly (BS Juix
b oplpls .(Non stress bearing area) Lils jLid cod a5 cuwl
i dgute ) ol S olss ik 4 g & B9y e

M cos (plg 0 gl opll s 4 gl


https://journals.tums.ac.ir/jdm/article-1-5050-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

WAY 5ol & oyled V5 o0
JEURNS )

Ohts ey ¢ siligy loss 5 (Kb pole oSl K305 aloee

Sloj dbold T 13 35290 Sladigel (piod plSotul upw w38
o celo V8 (il bolsew jI uy alolMy Jolis) calise
Shoelawl b (s bgbe 5l g sV pas by
olKwd P Three point bending test

(Germany) Zwick Roell Jio Universal testing machine

el Cawd & Jgeyd bawg

_3PL
2bd*

=p/ Qgei b =d/ digel (o =b/ uiad plotnl =8

)bis ol (55 ojluil S5,
g ¥ ki L asSY 0y Meo & ISO 9917 5)luiliwl sillas
0dd D hgy olod 4 58 Cand (ol Wi Gl i L £ gl
Yooy cnl 2 ol gl ©ae WA ploul Flexural cows sly
&lid plSotiwl o D5 4l Ae [N i Vo Byl a5l 4l
e Jloj dlols ¥ (o”f o) diged &)) do>g0 (sladigel
(b bglswo | s sl VY ¢yl bolses j1 o aloldM Joli)
oBiwd 3l edlatel L (s bgbe Gl ele )
(Germany) Zwick Roell Jio Universal testing machine

ol Cawd 4 5 Jgeyd bawg

CS = 4—132 (g Lid plsocul Jge 3
d

CaSs bty g Sl /d JSG Glalgusl diges lad
CS (s)lid plSouinl /P ¢ )lid

SIS (55wg)Se dalllae
Hitachi S4160 s (SEM) vy, (sigyiS)l ogSasgySis |
odliul adiges )3 &l)d 6l @398 (w)p s (plf <S58 Jgame

SEle el p sk gl e glackls g5l
Bl S5 2 ole Baios S5 plonl W sl Sy saginl WIS
ol 5 Ban sy 5 dlate 5 Y SIS Slge oyl 3938
Sl elss p o) S gl gl S ey GBS
o9l w5 (Compressive strength & Flexural strength)

..)9{

33 0P9)
ohale] 3590 pesial WIS oL

Ao e Xo (JS 05)8) o) ol ilisee 35y (slatoyd
Sy Jpame oyl gl 51 (ppm Ve Y
$Bls Gy 4 Yo=Y nm oyl b 51,5 5 (Nanotech, India)
5 1 8lsl GC cSy5 ol Fuji I LC jogu] w5 dg
wde & Mortar & pestle method _gws (jole g 0355 lawgs

Lol ot ) 5l 316G @95 b s bglste 4y Yo

(sad plSoil (655 o3Il b,
sl b 4S5 Y (3¥sh Wge S5 ISO 4049 3,lubl 3ilao
cilisee (slado)d b pognl M jde b Gl YXY xV mm
LS 9 JolS (25 0 Car @bl g pasie cuns b 3l
o 1 bgleo (gladnd Sol (55, asb YO j1 a8 loj 4 W
dgo Jls & MalS g S 5 Uga gy oad byse ]
B > diges 0) b oblbgy (sl pY S L o] (59 9 A 03,88
J3e LED ol | odlitol b (sdisloj] lows s (5 45 09,5
b yeS oY oKy Se b o030y (USA, kerr) Demetron
St & b 2y oaled & 85 5 (GisSy praide A ad
iwd Sg &S Cuigoph 88 H8 mlb cov adb Voo
oo bopls 8 aShyeb 4wl )5 aw 59, )b O ] peSelY
9 48)5)8 b cod gaw JS i (lelae g atdly Slbgeen
55 1) Ol Cuty 9 00,50 1y diged e 02,8 GG 4B Y e
O St Sl S ol e mdld JLE BB CoS a5 e 4
2 shaie Ol > (1 ey Aol 1) Ll alejl (sladiges
SIS (IS Bl a2 YV gl 5 ZNer Cugb)) HsilisSl

YWY


https://journals.tums.ac.ir/jdm/article-1-5050-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

ohBen 5 5K 15y 8

iy b oad gl ogn] WM Sl olss (5 2 o) Sy 6l alises pylie 3938 5T w2

(Tukey's test, P=+/-Y) 5¢ ;b5 ime ()bl Jbai ;| Y-+ ppm
A8 SIS Ve ppm cble )y 6)lid plodl (e yide
(P=+/++Y) Yoo ppm g W+ (P=+/++A) slbile L ol ol
g ¥ ¥ lpalale (o (g,lid plSotnl el V¥ 5l Ly gy o sime
P olas ol 5 yiin JS 09 4 Cuws A+ ppm
Ol b gy pieS S 09)5 4 G Yoo ppm g Ve glackale
D95 bgme ol sl o ol 5l plSe b
YF 5l e gyl plSocinl e 3Slas (Tukey's test, p>+/+0)
Ol 3 o oo Sl OHSI L 5 ¥+ ppm cble 4 lato colo
olke AWM &S by Y- ppm chle & gl
39 b gme Yoo ppm cdale L oo (g)lis el

(Tukey's test, P=+/+¥ «43,a)

(sod Pl (o g clale 5l
olad 3 a8y lis ied plotil yg05] 5l Juols (slaadls
Olise 4 o 4o 0,51 )b 9381 Ltalojl 3)500 sla o
by 5T Lol el o pied plSoianl Lol 33l Cvge Yo ppm
(P=+/+0) 3l od (6)l3 mine U5 (ol a8 3l Lt 4 )b oo
(P=+/+Y) 39 yl3 ine (dod plSioxinl py loj wiie 5l cpriomen
Cans Gl Y 3 died plSoninl cclale 5l a5 (8yun 4G jobo o
590 ¥+ 5 (Tukey's  test, P=«/+¥)a___Jol 4054

Cuol 039y yiiy (Tukey's test, P=+/++0)

Wy D90 SPSS )|)9|fn).» ]a.wy odel Cuwd 4 f‘.& Sle M|
o5 i (Sipemd B155al8) Jlog i e 31 288 )8
g a,bgd uibyly BT 51 s odlatul Waodly mjg dg Jloy
2 olej g 0yl @l clalé (gl pita 25b wyp Sl 20k S
sz 5l 3gmg ygoyd A odlitnl ded g (g lid plSoul
Jogue sloog)S 5,5 Iao (sly Tukey Post Hoc test ;1 ¢l
b odlasiwl cgles

Lasl
&b ol loj g clale

sy ;i (Two-way ANOVA) aé,bgs wil,lg 3JUT 9050
ozl > (P<o/43) sloj 5 (P<e/+-)) clale Juls g3, o5
5 chle glojen pl cpiomen Wl wdh ()b e b ylid
4 a2y b (P=e/0Y) g bdne (g)lid plSoal (i p olej
4 ayl Sy iyl 36T loj g il lojen ST 35 o e
e a5 o ol osel bt b plol oy yn (gly S
ploxiwl g (P=+/+ V) adol (g,lid plSoxinl 4 0,256 <l clale
clale 3 aSle )y oyl iy gxe b (P=+/41) o) ) 5 e cs)lid
b (P=/0A) a3l o 4l sxe oy Vo il L g)lid plSociul p
0938 b (e jg) Olow adsl (5)Lid plonial 0)8 lpd (358
il S 09)5 4 Cud (gpaiBie (fje 4 o) 9L Ve ppm
whle iy Gwlel L Js (Tukey's test, p=+/0A) caél
clle il ol &S 08 Iy el olid ol

§ )W Pl 1 by o gaCund s -) Jgoa

(JBblSe) (55lié plSowal

(e Gl y>dl) (Lo

SISAN celw VY Jho 3
V-IYA (Y1) aY/Voa (VVIVY) AIYS (AYA) opm
£O/\Y (VA/Y¥) V-£/Y (VB-¥) QV/AY (/YY) Y- ppm
DAY (/YY) V-£IY (VA/AY) AF/EY (A ) f- ppm
0F/AY (VF/00) Ve o /A (3/0F) SVIAY (VV/SA) P—
FYIAY (V/¥7) FA/F+ (V+IVA) DO/AY (/5-) \Y- ppm
DUFA (8/\Y) $0/25 (VV/VY) D/f+ (AIYY) Y- ppm

Y\Y


https://journals.tums.ac.ir/jdm/article-1-5050-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

WAY 5ol & oyled V5 o0
JEURNS )

Ohts ey ¢ siligy loss 5 (Kb pole oSl K305 aloee

ot 8wl a4 Lo o U gl -Y Joua

(JISblSe) (e plSci

(lire Bloxl) (Lo
AN Celo VY 222 35)
YSIAS (AYY) FVIFE (V- /V) ¥O/VA (VV/0A) - ppm
DO/AY (YAIVA) SN+ (VF/4) D+ /¥4 (VIYA) Y- ppm
- (VYY) £O/AY (4/a¥) DAY~ (VV/¥D) ¥. ppm
DA/BY (VO/Y-) SYIAS (B/4Y) DEIVY (VOIVY) A- ppm
DA/-Y (BIY4) $+I\A (VE/SA) DY/OF (VY/YY) \Y- ppm
¥SIVA (Y/Y-+) DEIVY (FaV) ¥a/-5 (YY/VY) Y-+ ppm

slalow d (6318 @y 39580 &S 0ald L dusie Cildiazs
2 GySeni iali 8l Conge Al o (Ceremet) ool WS
3 e I b 395 ol o (6 Sz sl
0l o)l38 @lydgls 09581 dlawly & b lows plocinl yiul38l
Ay g (b VeV Jlo o (A) ol)Ken g Arcis (VWWoY) cul
(HEMA+BISGMA) , L5 4 36 cocwyg (sLlayegio by e
2y s ol 6s,S aslsl |y (HAP) bl Sy yun @l )3l
oy il 8l 4 e HAP &l )3l S39 /8 =00 53958 o
o=l o olS cals 4 51008 ol oole 5w ¢ SSL
Ol czge (telidie il L 5 ol o5 5> @l gl
bl oads (g lis plSoutul o xe
5 Sglite Ollai bl (SlSe (gla Sy 3590 > ©gldd gt
My 395 adlles o o )LSen g Dowling .o)l> 55 >5 jilite
215 5305 55 5 U5 s Al g0 pagi] Y o 03
Hebl o )LSen 5 Kleverlaan « Sl s (VF) aad o ol ol
Ll ged 03le (SUlSe (Ko )L Sy adied Cus gl &S il
01 Sl ol S ol A 905l S adl (VD) cé S ol
o2 LS 5 il A s Jy 13l 00le (Sl cla Sy
= oL Jelse b 5 olge (Sl (ol oimd s Wl e

Olie 3 oloj pite clale Jole (8,5 Jlaipy b Jbb ol b
ol wls b bl i ploul
(One-way ANOVA, P>-/-0)
S (9381 L (9 Sl g8y S Clialiio bt bl
3325 yod 1 (9> Lo jg5 Ao PPM Sl b pslews 5l
Oygmo (2o 4y Mol Yer ppm g VWY slacdale 3 Jg 35

(7 5 Jshs) ool 48,55

(5 35 4 9 Sy
oy b ead el el claplew
Sl sl lew 51 29,5 (Resin modified glass inomer)
g bosd (i Bl g ulgls (Glodlil bl cle 4 o Atzun
Glule b ghlan oo plasle b bl Slse 5,5
@ Iy Slald puo i Coz 35 9 Vb Sun) g 30080 (Shewgy
Sxiny ol bl ) a wliold Cute 18 39500
odpw) O3l & gl (g Cluls Gamalidlinin; 9 Sy,

(V) cusl
5 0 dlgs 35)5 s Colie caps (SOl oles il
Pl s > (W) wlbe @pgee W O Sy
IN-Vitro &jew 4 (g)lid plSotinl 5 (aied plSouinl slacus
ot Sl | (e Sl gy St 35 (pl 3 A5 plox]
diges 5 dgr sy bdiges dod ojluil Wi odlaiwl (glabad aw
or 4l 38> slaalge jl o3lizl L ISO 4049 5l b sllas

a5 o3lel (6 igaalS il )5 ol Lawes

ARIA


https://journals.tums.ac.ir/jdm/article-1-5050-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

ohBen 5 5K 15y 8

iy b oad gl ogn] WM Sl olss (5 2 o) Sy 6l alises pylie 3938 5T w2

Coles 1) 4028 ol (398 s (W) 53,5 )l35 olej S L,
3l yogial WIS lomss & 2y S (2938 42 5 A8 e
ol Se 1y ISl Lol i slom) Y agl plSocial b cloolo
Congliio 59y 32 il 50 &5 sl (g3 Jalgs a diunly by lows
3l fhe ool pe haree )3 0ad Set o djod o S
ol slalomw a8 Wlod S 4153 55 Billington 5 Williams
LS e adlae ol 5> & Fuji 1 asle dyl Sy ST ol yorlyS
Ll 5 iy g0 395 plSocial iSTas &y caslis VY ) oy A3 4385
Spe 45 boe (a0 Bole Jlor 5l g gl (5Lt plSoct
(VA) ol pols adllas claaiily
o935l NS 5 o535l W (slalow Lile 24505 Slge >
305 586 il 5 5] g g CudS () b o gl
pladl 5l an ladiged Baiod (pl 53 .(V4) 3yl aiied plSoctul 500
oo 2 Ly s plosl 3 5 9ilisSl 3 (5leSS oo
il @oboye bz )3 Zglaw 4S5 Co)S P WL I Sk
G ) ey s a e il Jele (b b (V) Bl
Set (LS bulyd 5 LSt (o) b (sled (ladiged don p51
931,85 il do )0 VY U1 clod 50 adiges don 500 &)le 4y B0
5SS ghaw 1 45 A g (SBs8 a4l Ar Do &y pl0S 0
0526 yLaijl A i8)S )18 555 il 3)90 LED olRiws S L
I8 Y Y i 1 4 g LU Ad e loiged (gjluesle]
OISR Cte b e ()L plol p Wge )3 low (3
B L5 300y g0 555 (s sl ¥ o b a6
Oylas dy 098 JolS Cijgo @ dls o SO > 0l Ay 3l
035 5 lp oS el Jodllygins Billae wle 4 39 s 503
uolio jlade &) )39y (g 9 Mb (S 0jlul 390 (B 5 B JelS
Sy s LanaSges U o odlel dls o 5 13 LB 3905 0 cp>
Jd95) S Olow soro 3 dlge 53 p3l Jl 53 0585 )3 4l
Ol 4 ang L agd o osliwl Sl claculie! o ol
SB35 slaglons ol 3 0850 @y JUy st ol
33 o] Caonw 35900 b 4a8L5 b ool b (VYY) asb sdo w5 o

Aoj oyl 5> pd Sliins 4 5l SjeleST o Sslan (gl

Y&

Pl 0, @ lyd (39581 b aS by )l il Guded pls
Olie 4 08 U Ve ppm - (9381 b (50 o)) low gl 55lié
e Gl Uy Jp 8l al8) 58 05,8 4 Copnd (5 i
cbale o gmalS ol aS o)y ials ol plounl wdale
sskilon 35l tme (g )lel Jlai ) S 09,5 4y Ced Y+ - ppm
Yo ppm clale > adol (o5lid plouinl yliee oy db S5 &S
Dgr )3 gxe Yoo ppm g Ve lackale b o] coglis oS s 5)l5S
(Ve ppm g Y+ -ppm) YL 555 slado)s ;3 a0 S &
Ol §L Olrood g o odalie 33 SEM yyglai )3 a5 jglailen
& Sl (e b g (mdge pall ©jgo 4 &5 8o 5le (99
A e plSottul Cdl o A8 o Joe o il

aslllas dy5 0 slaple; olod o aS o Hlis pols adlles
Pl Jl3 8l Coge Yo PPM (i &) 025 4 0,856 (3958
0958l ddlllas 3ys 0 loj dw 3l Soyn o andl .l odd  aied
ot plSovnl (oo GialS cage Ve ppm jl i clale
S 5> (Hg 055 o ine (gylol Sl lyets g 5105 00
Sl as sl opl whe Blg e (o lis ploxiul gejl 5 Jols gols
loppm Y. clale aallas dy5 0 (S5l sla  Shg y Lo
Aol ol |y (5 pogllas

& A ppm I 5V Gy (slado)s 3 ohg 4 clale Il L
b YL fe gaw g SasS plo & I gl (sl Shy cle
SIS e pogl (e Coleipd s W I b anlie
Cowl awiles mlo ol )y 9 Canl BL Halowgil obj yolde 350
Ao Ghal3 8 Ly ripon (V) 455 oo 2 1y llae il (39S
LIS g cbb oo (il ol plow ()9S g sobusil (53
o e 0l e Jale ol oo S5 4 390 JSidie s o
a8 2,5y glacle Gl g Gjgen b pbdises 4
A8l 395 ol (Sl (6 Sl

A (ot plSouiw] adsd b YA J o o) Ken o Irie
o 9 b 51 e doldM 1y Fuji-II o Ketac-molear g Fx-II

Lo plSoxianl i3l g g pSoluil O 55 (o)l casl VF


https://journals.tums.ac.ir/jdm/article-1-5050-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

WAY 5ol & oyled V5 o0
JEURNS )

Olnd leyd (blagy Glods 5 (Sibj pole olSuisly (S50l dloes

L o 2ol pogial oS o (658 jbs s j 3945 0 Sy

25 )8 aallas 3)90 0,855 ke cpl 39380 51 g ()

‘é‘b)” 9 ’&N&“
Sl (S 3ol 0aSiily Cauae (Sladss b ases dlds oy

0l Coles I dluwgepdy bl o Ar=F-0-F-FOY o)loss &

D)5 o (10,08 4 Sl el Sbjslas

1- Lohbauer U. Dental Glass Ionomer Cements as Permanent
Filling Materials?—Properties, Limitations and Future Trends.
Materials.2009;3(1):76-96.

2- Powers JM, Sakguchi RL. "Craig's Restorative Dental
Materials", 13" ed.US: Mosby Elsevier; 2012:150-60.

3- Roberson TM, Heymann HO, Swift EJ. Sturdevant's Art &
Science of operative Dentistry, 6™ ed. US: Mosby Elsevier;
2012:280-5.

4- Habekost Lde V, Camacho GB, Demarco FF, Powers JM.
Tensile bond strength and flexural modulus of resin cements--
influence on the fracture resistance of teeth restored with
ceramic inlays. Oper Dent. 2007;32(5):488-95.

5- Gu YW, Yap AU, Cheang P, Khor KA. Effects of
incorporation of HA/ZrO2 into glass inomer cement (GIC).
Biomaterials. 2005;26(7):713-20.

6- Xu HH, Quinn JB, Giuseppetti AA. Wear and mechanical
properties of nano-silica-fused whisker composites. J Dent Res.
2004;83(12):930-5.

7- Mitra SB, Wu D, Holmes BN. An application of
nonotechnology in advanced dental materials. J Am Dent
Assoc. 2003;134(10):1382-90.

8- Arcis RW, Lopez-Macipe A, Toledano M, Osorio E,
Rodriguez-Clemente R, Murtra J, et al. Mechanical properties
of visible light-cured resins reinforced with hydroxyapatite for
dental restoration. Dent Mater. 2002;18(1):49-57.

9- Carrido MS. Nanosilver Application in Dental cements.
ISRN Nanotechnology;2012.

10- Mickenautsch S, Yenqopal V. Demineralization of hard
tooth tissue adjacent to resin-modified glass-ionomers and
composite resins: a quantitative systematic review. J Oral Sci.
2010;52(3):347-57.

11- Wang L, D'Alpino PH, Lopes LG, Pereira JC. Mechanical
properties of dental restorative materials: relative contribution
of laboratory tests. J Appl Oral Sci. 2003;11(3):162-7.

12- Ramashanker, Singh RD, Chand P, Jurel SK, Tripathi S.
Evaluation of adhesive and compressive strength of glass
inomer cement. J Indian Prosthodont Soc. 2011;11(4):210-4.
13- Anstice HM, Nichoolson JW, Maccabe JF. The effect of

(VF) 33kocsm cri9y 1y
Al adlas (1l o oS Ll g lacadgaze 4 axgil
Olow 4o 0383955 3 Ae ppm L5 Ve 1395.8] 48" ¢85 dzs
= g5 8 80 Fuji IT o) L 0as 23lol jagul M5
il JU S sl poly s an ang U o)l e ol ool
Wil 4B 2559 (mie (6585l Cuwj bl I asslis 0,40
Ol 258 avogi |y plow cpl 4 0)89l (lise ol 9938 o

&b
study layer specimens for determination of the compressive of
glass- inomer cements. J Dent Res. 1992;71(12):1871-4.

14- Dowling AH, Fleming GJ, McGinly EL, Addison O.
Improving the standard of the standard for glass inomers: an
alternative the compressive fracture strength test for
considearations. J Dent. 2012;40(3):189-201.

15- Kleverlaan CJ, van Duinen RN, Feilzer AJ. Mechanical
properties of glass ionomer cements affected by curing
methods. Dent Mater. 2004;20(1):45-50.

16- Goenka S, Balu R, Sampath Kumar TS. Effects of
nanocrystalline calcium deficient hydroxyapatite incorporation
in glass ionomer cements. J Mech Behav Biomed Mater.
2012;7:69-76.

17- Irie M, Maruo Y, Nishigawa G, Suzuki K, Watts DC. Class
I gap-formation in highly-viscous glass-inomer restorations:
delayed vs Immediate polishing. Oper Dent. 2008;33(2):196-
202.

18- Williams JA, Billington RW. Changes in compressive
strength of glass ionomer restorative materials with respect to
time periods of 24 h to 4 months. J Oral Rehabil.
1991;18(2):163-8.

19- Mousavinasab SM, Khoroushi M, Keshani F, Hashemi S.
Flexural strength and morphological characteristics of resin-
modified glass-ionomer containing bioactive glass. J Contemp
Dent Pract. 2011;12(1):41-6.

20- Della Bona A, Mecholsky JJ Jr, Anusavice KJ. Fracture
behavior of lithia disilicate- and leucite-based ceramics. Dent
Mater. 2004;20(10):956-62.

21- Kerby RE, Bleiholder RF. Physical properties of stainless
steel and silver reinforced glass inomer cements. J Dent Res.
1991;70(10):1358-61.

22- Roberson TM, Heymann HO, Swift EJ. Sturdevant's Art &
Science of operative dentistry. 5 th ed. US. Mosby
Elsiver;2006.

23- Garcia Contreras R, Arqueta- fiqueloa L, Mejia C.
Perspectives for the use of silver nanoparticles in dental
practice. Int Dent J. 2011;61(6):297-301.

YV


https://journals.tums.ac.ir/jdm/article-1-5050-fa.html
http://www.tcpdf.org

