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Evaluation of opacity in polyethylene fiber reinforced composites
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Background and Aims: The main objective of this study was to determine the effect of polyethylene fibers and
veneering composites in fiber-reinforced resin systems on the opacity (contrast ratio).
Materials and Methods: The specimens were divided into four groups. Two groups were used as the control
groups, with no reinforcement. The fibers of polyethylene (Fibre-Braid) with special basement composites were
used as the reinforced framework materials. Filtek Z250 and GRADIA (shade A2) were used as veneering
materials. The total thickness of samples was 3 mm with 13 mm diameter. Specimens were prepared in disk
shaped metal mold. The composite materials were light-cured according to their manufacturers' instructions. The
contrast ratio (CR) of each specimen was determined on black and white backgrounds using reflection
spectrophotometer. Reflectance was measured at intervals of 10 nm between 400 nm and 750 nm. Data were
analyzed by two-way ANOVA and Tukey HSD test.
Results: When contrast ratio were compared among the different types of materials statistically significant
differences were observed in both veneering composites (P<0.05). The Z250 resin composite had the lowest CR.
It was shown that CR tended to decrease as the wavelength of incident light increased from 400 nm to 750 nm. On
the other hand, the most differences in CR between groups were found in longer wavelengths.
Conclusion: It was found that polyethylene fibers reduced the amount of the translucency in FRC samples. The
results of this study indicate that light reflectance characteristics, including the wavelength dependence, play an
important role for the CR of a fiber-reinforced composite.
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Composition Lot No Manufacture
. . BTD
Fibre-Braid Polyethylene fibers 1218 Australia
Fibre-Braid plus Bis-GMA resin base 1195 BTD .
Australia
Nulite F Bis-GMA resin, inorganic filler particle: (0.04-16microns), 71% 1382 BTD
(medium) by volume or 83% by weight. Australia
Filtek Z250 Filler: Zr/Si (60 vol%) 20070412 3M
(shade A2) Resin: BisGMA, UDMA, BisEMA USA
GRADIA Monomer:UDMA Filler(75wt A;).§1llca powder, silicate glass GC
(shade A2) prepolmerized 0901072 Japan
Filler
SLacojomels 3L (siim ads po 105 )15 Wge | ladiges WX YY)

4 bgye Basement ¢y jawlS g0 bayold 5,,l8° 9 Basement
98,8 1,83 o)lods Wao J5b o Nulite F oLl b (slayuid
Ladges ool 5loae Ve i plbogl 4l Ve e 4 0508 Jos
Gle,old S e ¥oojlad Wao 4 diged e L bl
9 BAb 0l ogaste (b bwgl cuslie (gbaojluil o sl b
SO w9 0k adiél wodijlo G, Lawg 0l duog (pj)y 4
3 Nulite F ejonels g9y 3 Wgo (1950 53 b ynld el jl Y
SO o 28)S plosl A Yo oo K9S Jos g 43 02>
CojorelS g Al AL SIS 4 ceome 49y o Nulite F 5l S5L oY
Y 2 033 J5 ol (gay 1 g 03 A ME 45 7250 oimd
Ml g9y 2 it LB L g €85 118 dsgerme (59 g slaind
90 g)l5 CojamlS wlilsl wge (g9, ol 03l )8 glaid
Odo dy K jauS oo cutS 2bu) adiges (oled )3 yio dio ¥ ylab
09,3 <l .Lud adlu 09,8 (ol jl 2ae B .005)5 ploul 4l V-
Basement ¢ jg0lS’ (slind Sg0s 1ol a5 g Cyguo opl 4 (s
o )los o & g oad 4l Ms &8 (Nulite F) bl LL (sl o
I3 ol oy oy dm il Lol Ly ol Y G g Jaze ¥
Y SO e 15 plosl 46 Ve e 4y K9S Joo g 085
Lol)S odimd g o jaselS g b a8lS] dcgazee 4y Nulite F 5l S50
o) 95 1 9 03 Lol o] Ayl SiypaS g 4l S oS

Y

2 330 e B LadSges sl alislejl oy adllas oyl )
odel V Jgas 53 ool 390 dlge lasuiie s 48,5 Jlas 4> 09,5
Fom|
d—ogi o)) jl el Lol ST (b slapnls 5y
J—os (Fibre-Braid plus) )l sd5jlow <8y b wgi 00
a JSi sloyls (6318 Wge 40 .05 ploul Hand-impregnation
o5 599 Sl 8lSawd B 601 b cuwlio a5 o Luo VY jlab
Mge g yio o V glayl 4y (gloylesd LY ojloss oo .0 asgs D9
sae Ve bl b adln y o Lo ¥ gla)l 4y (glojlass LY oladds
043 yig Caopels Sl yte io ) s b JSS (S diged
e i ) Crols Uy JSCd  Siusd diges das Ve 9 2250
0y sy joralS (sladiged Wb dng Ldl,S sdimd g Cusjorels
Sloslar wl Ly g 4l Ve ds & o5l &8 4 dpo gy (3ab 2250
célw 1000 mW/emz <o L Blue Phase g8 <o¥ oKt
odygl .Nai 98 Liechtenstein Ivoclar Vivadent ¢ <8, i
oK wd Output .ad oo byl ladises pdaw 59y p LB oY LS
ol 045 Al oK 95 (59) 45 (5 tagdl, Alowg 4y y5i5
Gladsae s S b diges Cilw goyi 3l B g b (5 S0l
o 5 4d ad b () et Ly 55 LIS eaind iy o jorels
g Lol o5l 8,5 Jadlgios 3o of adyl Sty
o A plool a5l Ve @i & GC STEPLIGHT SLAI oSy


https://journals.tums.ac.ir/jdm/article-1-112-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

ol (bl bodd cool glacy jorelS )5 mnl (ow) 2

(1=0) J 5 (slaog)S g iulojl 590 (slaog )5 Y Joao

halojl 3,90 sloog S
7250 ¢y jou0lS okl b el Nulite F ¢y jg0l8 \ 09,5
7250 ¢y 5008 Nulite F ¢ jgue0lS () 09,5 JuS) ¥ 09,5
Lal,s okl b ol Nulite F ¢y jg.0l8 Y 09,5
Ll )3 Nulite F ¢ jgrols” (V09,5 JyuS) ¥ 04,5

Fogigg Sl (L8)S 55 o)y 3)50 ol g M dise 53 Des
Gretag Macbeth 6155w <8 1 1S5 yol {98 e lo o3kl 590
Vo gloplS L ol VO L Fr e wlSsl (650803100l 039020 4
ol wd 393 3 luiliwl (gla 5l wluw g dutw dinej (ol Dgr yiogil
Canns b (] g o 00lanl olSisd guunl wdIS” (gl 48" Widgy
Job 3l diged y2 33 blae Jgo,d alkes (Contrast Ratio) cadus|
4 goe Jobo y2 0 iaglli Ve lapl b yiogli VO B ¥ o

A5 Al GBI G ygo

ol disej (59) ged (2lidg;= YD

dehes dige 59y Wiged (2Udg =YW

Eme Jab o 4655 15 IS (553e Sy 90 4 CR 500 )
W Al yiog5 989 Sl 0l8iwd lawgs yiogil YO« 1 ¥4

V# il yg SPSS (6138l 5 dits s odel Cawd 4 (slmodly
b )b 5 (uilyly Jalow (igol dliog 43 osly b el )y
3y5— (Tukey) (Ss uudind 90 ;1 9 (Two-way ANOVA)
yioS P-value jlade adllas opl ,> 8,5 )15 o)lol Judow g 4550
RV i\ LSS SRY RV
Wassl

S Silie 5 & jguo 4 08 jl ool s 4 CR polio
inlojl 390 (sloog,S dan oS sl lis gl o (V Jodo) a5 Ul
393 JyuS 09,5 il (g yui o Contrast Ratio gyl ize yob
o] dog,S dad )0 L1 b old 0yl Sod @jle & izl

o4 Wb asuie 0aimd pg sy 5ol £5 15l 3,90 ;0 0 YU I,

S )S Jos g b ) Cujopels CBLSI g (g9, 0
asgerme (2l sl S ol ALK Jodlygins Bilas ol
3y sl il )l Cujarels S LIS e b ool
Landiges 11 g odlitw] oguaste Ko yg8 olSuwd 5l bl o JolS
GC LABOLIGHT LV-LI, IT 5.5 65w > 4ads ¥ o 4
lmog, 5 531 55 ad ad L 1 diged ol 5l 20 O 0D 44
JAS (slaog,S (ooled o i Sl 09)F dw ool 4 bogye S8
plosl Jodllygiws b Sijous’ laglej g aslo alie g, b
(Nulite F) Basement .o jgselS” diged 202 0 &S Cod b opl & o
Gy jouolS dbged dae B 9 Z250 i imd s Sy jouolS ol pad a4y
oo Lool,S animd g o j5selS ol ot 4 (Nulite F) Basement
4S5 7250 odimd pig sy janols dae B LNAS dd b yuls ol )8
Ly Vgo dy 5 53 Jiiie ¥ o)los Wge 4 cidgy 005 dgs b
L g0l )18 Wge (69, (sladind Ml by Nulite F ¢ jouels
ok T e 5 333,58 o jagels L a2l e L
plodl a b Fr ae 4 Ky a8 oo i sl ladiges (oled )
Cojoeals dae B 1anl &S b Al cudp opl & (w095 .8 S
e Y oylasd 3 ge 4y didgy 00 dugs M 45 L3S oaimd s
lais LMl A5 Nulite F e jorels lwg Wgo dudy 9 L0
B Cujanels blsl cuiSSl Mo Hlid b g ol jl)8 Wae (49, |,
S yguS Jos b gl adiges (olod )3 yio Juo ¥ ylaB g 03 )
GC LABOLIGHT LV-II, TT )55 oS wd ;3 aadd ¥ e &
¥ dsiz 0 U8 sl 5 ptalel 350 (slaeg S .85 plox
ol ool
S8 d Lndiged S am bype slaadld g

95 o o3 (Color Eye 7000A) _wlSsl yiogigd g yiSiom!

AR}


https://journals.tums.ac.ir/jdm/article-1-112-fa.html

(0=0) yogili YO+ U £+ slagge Job 4l )3 hil (g il b 04l Syl o jonls (sladiged CR (nSile -V Jgia

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

Wandength frm)

T Job 3! (MU (ylgie 4 og,S Contrast Ratio - Y JSWi

5 325 4o 9 Sy
sl )5 (2l ) oo Shioga sl (S ]
A Sy 35S e i ogi |y ] &S (CR) Contrast Ratio
$leog)T don o addllan j3 (V) 2)b o (WwlSsl g 0150 Cuolius
295 S 09,5 il (st CR (gl ime oo 4 alejl 3550
iyl Gl e ge sl (s 3929 o Cunlize cpy ol il
Cjgrels 53 29290 Sl LSy D9 oo ((suinshusd 5 ia)
S g w29 lge o s y> Refraction Index (yo <glas oy s,
5 0ty 0Se e 3 Balad g iy S il 13 gge sl b
03 Ld Al (twglud 595 325135 ST (sla e cunl (S
Al lis (gl ixe BMAIY ) 09,5 0 Contrast Ratio
a0 ol 9399 Y 09,5 5l S Y 04,5 Contrast Ratio 45" 920
4 oo yidon 2250 40 Cans bdl)S o janelS 4 wel cowd
oy opl 5 (o8 sl oo il I8l 095 oo (Stmal ol 3]
s 3 5 g s CiolS Sl 31 Visible ,55 5y o il
4l 53 Slge (cuiwglud i g 4 (o0 Sloml ()95 (ST Sk
(VW) 8 o0 Iy G20 5985 5 LialS
Yo

Raletsris

slre Sl oo Sl 5

<[DAAN R0/0VF- AF/V AF/a

<[5TV0 AF/V-Y- /N5 0/5

<I¥FR0- av/avs- AV/YY av/as

<[DFAND BEINNY- A5/.5 AV/rY
\ oy sExer’ — 4 g0 b ixe CR a3 Ls (15 51 ¥ 5 ) 09,5 g0y OS]
“:’j;;i: : oy - Ei,: [ oS (Z250 oaimdys CujaelS) Y 09,5 10 adls opl aS glaseS
=" 'tt‘bb_\ : el S sl (Pl o)) g (Lo)S 0aind g Cujrels) ¥ og)S
1‘*-1 sl Ve glapls Ly yiegli VO L ¥er Sl zge Job (il L
3 35 My Ol i g ol dinn] 93 58 )3 555 LSl
°e (¥ JSs)

" gemseszeszacasssacasicnsszaeagicasss o0 | SUrE LselYR BT Slase Jb AL

¥ S3) 35 Ly Gl aog S plad 53 (] (5o

45 hlack-ref

40 ———

35 -

w
<
1

e
-
L. —s—EXF-1
k-
& a—ELP-2
10 1"’ EXP-3
5 ExF-4
jelelalal=l=l=lalolelelelolelinlelialelclelelelelele i elielielelelnielelelels]
o e CF 202 0 L LD P D) O 2D = O 0D ) oq:r\-como—-mmg €2 400 o OO0 O €0 U L)
=f = TF r T TE T T e D A0 A0 40 U0 LD UMD U0 L G0 6D <D 60 DO €O LG P P PP P P

wiavelength (i)

E30 s 5 U S0 Olsis 4 aog 5 45 ulSadlfaged =) JSS
olow dinoj 43

white-ret

45
40 g i

35

30 f—o—vr - —_r";wﬂm""“"
25 =55

—a— EXP-1 |
o [t ]
15 - l-::m-zl
10 W EXP-3

w
m
P
2
i

n
O T T
R IR C S IO O RO C AR T ORI RO TN T D
o g s el RO RO L0 RED REY G D WD DD L0 U U 20 T 102 26 0 ALy A B P B P B P
woarel e geh frm

T9e Job 51 (MU 4 ol 4 Loy S 95 (ISl jlaged -F S
S digo 4

\ 0g)S:EXP1
Y 09,5: EXP2
¥ 04,SEEXP3
Fog,5: EXP4

V09, SEXP
Y 05,5t EXP
¥ 0g,S:EXP
Fog,5: EXP.


https://journals.tums.ac.ir/jdm/article-1-112-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

ol (B bodd Cool oy ol ) ol (o)

Y 05,5 & Comd 6 YL ol ¥ 05,8 il duslie sl bld
aS 0,5y oS ol e e 0yluga b cpl jo byl
2250 cj9unls an s 5 3VL (Gl Sl L3S ojouels
CR 5 s i o)y o (Stisod oo &8 ol 5l ol
eSS 8§ i loh o sl ol il 4y (L8 Slalllas jo
Contrast Ratio (gg; aalllas b ) cwiwglus 5 yol)l ;5 zge Jobo
by ol ool Laail cuond j3 a8 b les ke, bl 4
odnlio o adlllas j3 313 3455 CR g wlSail o Siuaaly ¢ Jgo 0
Ladsged olai )0 CR im0 oo Jobo yiulisl b &S conl onis
L ! Voo ¥ s o ollSen g Kim adlles > .cél jials
g ol ol 4 les jogil Voo B¥ee 5l 50 2o Job (ol 8l
Sl Ly 505 Gl stoglh T+ e b 21y (¥l ol CR
A odalie CR pd dopd ¥ 5l i ialS (iegil Ve o5 zoo Jobo
aS LB as wn S @S YeeY Jlo o o) Kes 9 Mitra (VYY)
08Ty 1) 595 3 S oo yge Slse (e ) s 5l & o3
UiblS 4 e Ll Reflective Indices ¢ oil)d )3 cglis g S o
Job b o6 g5 e dlgo (gutuoglad 5 295 o0 dlge (gudusglas 5
&9 2 oL slagse Jsb » 98 JWl ) el uil 9 zse
(V) 2550 Sl dlse (Vb ()9 (SaSTy S 4 b

Job 4o (Siuslg Jols Light Transmittance s guas-
S e 5l G Gl jaels ) )5 1) oo L1 @50
T Job il 8l Lo oS dllie ol > 4l ol 4 ax gl (VoY)
4S5 ) et ol Olgie WS (o0l GERE (Sl (e
alie 4o S |y (o] (lise 30lisS sagge Jsb L 5)95 lie
oo 3o oo 488 o o) it zn Jsb b 59
(gl 5 5l 1L il im0 (LS i (A5 o0
b pj) Cujgeals Ciglate sladiy o s sShade ;o cglaie
(YY) aal ansls alsT

Lo (omiwglus i a8 5,8 (5135 ¥+ ¥ Jlo o) San g Lee
b Gl @se Jobo (I8l b g ol 9o Jobo 5l (U Glois &
Tungsten Je jo)8 93,5 jl 5 5é )9 cod lue cnlply S o0
Jlw pLee g Yu aslllas o (YY) 250 dnled ciwglusyi yid

somghes 5 59y ASlg e 4T )03 3529 (30 ste Jolge

e ajorels clinl 393 (quitioshas 5 ¢ Jgl 2K 51 o jopals
S plow wlaST S g ol S 4 Jle g 4l
slinl pmiwglus 5 cplpln ol SOIT Ve 4 Sovp laws
A8 (e 53k G jerelS Slge (autgld 5 )3 |y (oo S 0o
35S 5 iarlup jgelS Sl 3 )l 8 iy oy
o slys 2581 L8 sy o 31 555 S5y e S s
Sl ulinl LSl el il (uS6 5le 9 s &5 ()90 53
il (B o jorall (gl 9 oo Syl blge M5 4y i
D) il 8l S ple 5 yld pole HluSSl (as s Cglas a5 b e
) iy 51 3 051l &y Capppls il f g
525 A2z 5yate b g o 1) g8 Al SosS sl )5 0l
Ssb e )y pasis gl luc] pais Uy pas ol 4
S8 odlall 5a8 )y g Ly Shiss slacajamlS (opl by
9 4S5 o 3 Jov (Superior Translucency) Jlgd wiwolusys
il Lo aslllas 55 (VYD) a0 adlyl 1) pgdlas ol;
kb o> el Cand 4 Z250 Cojauels ) i L3I, o jarels
Jolee Lol o 5a00lS (L duojd 5 (S doyd AV Z250 a0l
Aol yhd il (e & ey oo S5 4 Gy MBb e (S92 VO
Lo slaamsl a5 s jo il ooy odlo 4y (g by (Sailigy <yid
6 Jelge 4 glgion b cnl ) md e LS 1) 408 oyl S
o)l 3 ojlul g Cujounls 93 )3 35290 slo)ld ez b )
S0 ol Kbaw ¢ LieS 535 Z250 Cojarals (slo,lid uis S
3 S s Sl 15 EalS sl i oS
Lk o Ly ekl 3 e o ojppeddy 8 5 csla s
P 2250 sla,ld ple a8 ol odds (i35 CojaeelS 93 43 29390
o LalS )L @l e o)byd Jg Ml er/+V-Y/0 um (ol
Loy S 5y el o oMl u02,S5 ay csolitl L5
Oz ol 5o Lacajonls (6)55 Chuogad 3 35 ()50
S 5 1y oaiiS oS gl ygiS s (VE=VA) o) dgag y)l5S
sle JS5,b o0 Refractive Indices <glis gl ks 5 w55 yike
9 Lo JS3)b ol e3gdmce oo yLid ol (w5 ple 518 5 SOK ) e

Y5


https://journals.tums.ac.ir/jdm/article-1-112-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

Olre Sloyd (cblagy loss 5 (S5 pole oliily (S50l aloes

sl (5 Kl) eos Shade gla o jarols 5l canl gy oyod
(YY) aasb asly 1y 81 Sasligy <ya8 b dgu odlawl ol

(1948 9 S5
pole ol (imgly cuiglee o Sty 5l adlas
Gl 0393 J13)53 5 VWEV=AV-¥5A o o )b cov oyl (S
7553 LT QL ) (e )3 095 0 i dliug (i 45

plei o S5 aos Lol jolie )8 (gl 5

1- Anusavice KJ. Phillip's science of dental materials. 11™ ed.
St Louis: Elsevier; 2003. Chap 3,15.

2- Edelhoff D, Spiekermann H, Yildirim M. Metal-free inlay-
retianed fixed partial dentures. Quintessence Int.
2001;32(4):269-81.

3- Luthy H, Filser F, Loeffel O, Schumacher M, Gauckler LJ,
Hammerle CH. Strength and reliability of four-unit all-ceramic
posterior bridges. Dent Mater. 2005;21(10):930-7.

4- Studart AR, Filser F, Kocher P, Liithy H, Gauckler LJ.
Mechanical and fracture behavior of veneer-framework
composites for all-ceramic dental bridges. Dent Mater.
2007;23(1):115-23.

5- Resentritt M, Behr M, Handel G. Fixed partial dentures: all-
ceramics, fiber-reinforced composites and experimental
systems. J Oral Rehabil. 2003;30(9):873-7.

6- Ahlstrand WM, Finger WJ. Direct and indirect fiber-
reinforced fixed partial dentures: case reports. Quintessence Int.
2002;33(5):359-65.

7- Vallittu PK, Sevelius C. Resin-bonded, glass fiber reinforced
composite fixed partial dentures: A clinical study. J Prosthet
Dent. 2000;84(4):413-8.

8- Vojvodic D, Jerolimov V, Zabarovic D, Loncar A. Bond
strengths of two dental bonding systems. Mil Med.
2000;165(7):560-5.

9- Freilich MA, Meiers JC, Duncan JP, Goldberg AJ. Fiber-
reinforced composites in clinical dentistry. Quintessence. 2000.
Chap 1,2,3.

10- Rosenstiel SF, Land MF, Fujimoto J. Contemporary fixed
prosthodontics. 4 hed. USA: Mosby; 2006.Chap 25,27.

11- Freilich MA, Karmer AC, Burstone CJ, Golberg AJ.
Development and clinical applications of light-polimerized
fiber-reinforced composite. J Prosthet Dent. 1998;80(3):311-8.
12- Miyagawa Y, Powers JM, O'Brien WJ. Optical properties
of direct restorative materials. J Dent Res. 1981;60(5):890-4.

A

29e Jsb il L CR 5l ol lign Ly i Jled S 90
b Gl b g (53l 85 (6 y5b & 3303 Liy 20l
0 (550 jll zge Jsbo & atnly Sy 0,8 Ly JRali8l s
o 038 4ol g 0dg pd ) A CojorslS 5y g Lo ;5 CR
solyly plplis a0 Voo ¥ Jlaw 55 (YY) o) )LSen g Lee aslllas
2lg o 90 & LR g (Translucency Parameter)  uwglus 5

2 Nedd 03lat wl pa (gl 4 oweyi dge aiwolud iy (gl
o wST oailig CujgselS 15U 3o (Yo +A) Lee 5 Yu adllas

oy | =il ol dino) o ailigy Sy &S Wlos )7 oLl Qg‘ L]

&b
13- Kim JJ, Moon HJ, Lim BS, Lee YK, Rhee SH, Yang HC.
The effect of nanofiller on the opacity of experimental
composites. J Biomed Mater Res B Appl Biomater.
2007;80(2):332-8.

14- Kawaguchi M, Fukushima T, Miyazaki K. The relationship
between cure depth and transmission coefficient of visible-
light-activated resin composites. J Dent Res. 1994;73(2):516-
21.

15- Ure D, Harris J. Nanotechnology in dentistry: reduction to
practice. Dent Update. 2003;30(1):10-5.

16- Sidhu SK, Ikeda T, Omata Y, Fujita M, Sano H. Change of
color and translucency by light curing in resin composites. Oper
Dent. 2006;31(5):598-603.

17- Ikeda T, Sidhu SK, Omata Y, Fujita M, Sano H. Color and
translucency of opaque-shades and body shades of resin
composites. Eur J Oral Sci. 2005;113(2):170-3.

18- Kim JH, Lee YK, Powers JM. Influence of a series of
organic and chemical substances on the translucency of resin
composites. J Biomed Mater Res B Appl Biomater. 2006;
77(1):21-7.

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

20- Arikawa H, Fujii K, Kanie T, Inoue K. Light transmittance
characteristics of light-cured composite resins. Dent Mater.
1998;14(6):405-11.

21- Watts DC, Cash AJ. Analysis of optical transmission by
400-500 nm visible light into aesthetic dental biomaterials. J
Dent. 1994;22(2):112-7.

22- Yu B, Lee YK. Translucency of varied brand and shade of
resin composites. Am J Dent. 2008;21(4):229-32.

23- Lee SH, Lee YK, Lim BS. Influence of thermocycling on
the optical properties of laboratory resin composites and all-
ceramic material. ] Mater Sci Mater Med. 2004;15(11):1221-6.


https://journals.tums.ac.ir/jdm/article-1-112-fa.html
http://www.tcpdf.org

