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Background and Aims: Passive fitness of implant frameworks are important factors for long-term success of
dental implant restorations. The aim of this in vitro study was to evaluate the dimensional changes of implant
supported zirconia frameworks fabricated by Zirkonzahn CAD/CAM system during fabrication stages.

Materials and Methods: The master model of 3-unit FDP was made of two implant abutments. The master
model was scanned 12 times and data were saved as STL files (scanning groups). Using semi-sintered zirconia,
12 real-size frameworks (milling groups) and 12 enlarged frameworks which were then sintered (sintering group)
were made in this system. Dimensions of master model and specimens of each stage were measured. The
dimensional changes in respect to master model were calculated. Data were analyzed using Repeated measures
ANOVA, independent #-test, and paired sample #-test at a=0.05 of significance.

Results: The milling stage showed greater dimensional changes comparing to the other stages (P<0.05). At all
stages, the dimensional changes of premolar abutment height were greater than canine (P<0.001).

Conclusion: Within the limitations of this study, the results suggested that the fabrication stages and size of
abutments had significant effects on the dimensional changes of zirconia frameworks.

Key Words: Zirconia, Internal adaptations, CAD-CAM
Journal of Dental Medicine-Tehran University of Medical Sciences 2019;32(1):22-28

S slofigy (Bigel 09,8 Mall i uad g = (SB35 oSl lale (Ll — inepd Sy =il S5 — )05 1 gpme e T
narges_ameri@yahoo.com :sg xS Slis B0ADYY 2 a5

vy



https://jdm.tums.ac.ir/article-1-5866-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-12 ]

ohen 5 (ool e apsye 5 cdlo ol (b )d bl gioly dw gy 255 2) S )y w3l Slpe (o)

FXVES

23,5 2Lag iy 35 (53 (o ) el Gl (Sme 9 0 ol alisS 25 S g e b Jolie Sy o oS lalles (AU g A
by calw il Jolpe (b ) cibal 1o (Ste iy dw g (L5 25 Lo g w8 Ll Sl (o adlllas (]l s
¢ Zirkonzahn (CAD/CAM i

S5l g 25 55 (5L 3 e o B 555) 55l 4 e slaatl gl & (o] il 33 3,5 Salo b Lol oo Fesy 2 539,
Ol Sl Uy Sy 0,8 VY 5 (0l (slaasiges) ud oidl s Lol Jio ojliil 13 Sy 0,8 VY g 00 Sl )L VY Lol Jao Zirkonzahn i
5 ey 5 oo (6LncS 5 b 5 ol Jace Sl (i cslatipd) dnyy ol o el 45 5 i (o 5 sl 55352 bl 3 (3L
CATIA l38l p,5 b gy Sl (glosls ;5 dlnyl () pioran A (645031051 VMS (Video Measuring System) olSiws lawg  sasuie 3ble
Sl i o (Cciodll ojlas] 5 il ks yo) 55516 93 15l s dpuline Lol o dy G il Jolye 1SSy 45 slal OS] 3 (¢ S0l
Repeated measures o (cuosbl) Paired t test jl da)giS18 -y Interaction de39 & yao ) b obj)l Two-Way ANOVA Luwg Sy 8 (g3l
Kb a5 s )3 of+0 (o)lol (o)l me > 05 o3l (Jolpe) ANOVA

Sl (S lyo plad 0 wimad ol 0391 )53 dls po 93 3l i (35 Al ye 55 Sl olal ples )3 cpsls dadllae jl osel s 4 gl B RAAL
(Pele o) 351 iy 585 ) G Jgo 0y S

@55 25 SLaS 59 2y (o2l Sl iy iS00l 5 g il olpo sy oo o 4 adllas () (glacdgiome S5z L 3G g domi
Al e 538,50

CAD-CAM (Bl 5illas dLisS 5,5 s Ld05lg S

WYY ol a0l QA YT 2 ol oMol AV A/YD: J g0

$55g) (5 sla el dwsle @b (y5] @or (owtin (slaodly Ao
Lol 1Y) acibge 0 e (b )3 WS 5 (3LB1 36 9 il3 o Ly o3l S0 lyie & aligS ) 5o pg o 1!
wylite CAD/CAM  Calises (slpiww (s Joloe oyl 45 i olas ol Ly lodds (80 cileay] (o318 (0S )5 vu )8 s>
Jliile b 5 ol Clyii aS cdb ang b wilie L (oliond 5 5l S (09500 S 2e25 Jloinl b I8 oy
48 s 13U C6 ol (a2 LisS ) Slocrinygiy 3Bl calpliz g (1) M Jle (SSLSe olss gyl g plgd
pis a3 (A) 38 )5 0o bl o bawgs gty Byl |y (i lafll 8Ly alaj 5 0508 @ by OIS
Ol cilianl g (s yginsy s clio (5595 Sy wrf B Ao LS Sl esliainl pSeiia ialSl eely Ll cnl (V) diales
e (Sojedsn 5 (Selle MU dlox I (g30xte CMSUe Slxy] (V) ol ord ciliosl  (Sio glaion sl Sy oy Ol
o 3 iy (i Ly s gl b Sy g Sed oyl e JailJigoge g Sl 3 e 4 o5 bl §
(YEE) 3)13 5525 gzl S b 0 4 Curus Gl bl lesl b s 0, K lgtil
BlaS s m b slas ey (oo il 4 Sl 5529 L » (passive fit) JLsdpe 3l Loy (¥) ol (rigid) posew
|, CAD/CAM (ilises (loolSius bausgs ol atbls 5lisS 5 ohid y o Sto celbpyady i) j1 cibias] 5 St celb i 5ts)
clu Jolpe 1 SOy glalesd Sldllas pl 3 lodges duslie e Y5 b Cibdge 13 pto Jole lsic 4 g (0) 039 yiage
ol 8025 i 5 005 gy oS & (i 5 B Sel) ) Al e os] OMSe ) Sl 5 (F) e Sy
il Jolpe 1 S plas 3 las e o s i 2 53 &S b el w L SGICAD/CAM (g5 oSG 8420
Sl Sl (yp adllae o) ) Bus (AVY) Wbl e sl Jalye Jobo o Lel ol 03,57 wal 8 1) (2lsS 5 sl yg v b
b > lin gy St 35)y 4 ot S5 5 S Ssg i Sllye CADICAM olSias by LS 5 (o ppiey Lo
Zirkonzahn CAD/CAM i > cdlw ol J»lp Do (59,8 Sl Jalis a5 15,138 o 1 )] B> (59, o silie

vy


https://jdm.tums.ac.ir/article-1-5866-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-12 ]

(WA g o) oyl Y 0)9)

g Sleyd (il wlesd g Sy pole olfiily (K55l aloxe

Fam o yo )3 S)g w8 WY g A At e ) Syg 38 VY
=2l 3blie (Lol Jas slal (V Jodo 9V JS5) A Juol>
dl)_: e Ub‘"c 4o (meu a_ols 9 .)Lv]) o d):fo)b.s‘
LbasS b el Jolpe b Olius liwe wyp
N8l p oy bwgs Lol Jae slal (oSl (sl 18 5 (Y JS3)
dwle Lol Jde s s dlal Ol 9 0 (6503101 CATIA
a8 )S 1 Swl dds o U ballad 5 S0l clyuss ol ool
9 (03t i sl 3) 315 k> o (LacS g w28 Sl s
Ol 9 0328 (S0l 55 i A po (Sl y9 )8 (izren
Sl e Oygo (s A dulme Lol e ) s L]
o yo s 5 g (St ) JB) 15 dloyo U iy (goled

¥ JS) ol s 4y (e sl ) S i

Gy idpesl coaill g0 (ol i Lol Jae

L oalel elisS pj ly dw g il

7

5 Sl b WY i s 5l gy
(oSl 05.5)

1}

hb Gl s w28 st Y1331 p )3 5
A odlitl

¥

ool Il 4 b ooy

oxedl 555 ol )3 b VY A o2l (Bl oflil )3 )5 WY
d (U815 0959)

|}

b JooS5 0,68 53 KL i

(i 25,5)

bs;}hduéﬁyﬁ calw 0.35) aos - wa:

S pie JSdo o iy ol 9 0 dusgllio s (ol bawsgs

M3 o &y Al yo plUST )3 s () )3 00l diB e SlacS g 23

12 %9
i i a5 5 5l e 55 adlln
wlosS 1) eanly dw gy Sy e 8 <l y Zirkonzahn
e g0 gols Lol Jao jalaie piny Cuwl ok duolio (il
L Dual Abutment (Implantium, Dentium, Seoul, Korea)
SO sl lsis 4 Colite slaojlil 5 jo Lo VO lad gl
el g ¥/ yhab glyly ol ciasll o aidle (gasly dw oy
riacee ¥ gLyl 5 010 5 Lab gl Jge 0 ciaill g o (o 0/0
Jeaie S oS bl acawll jl G o 4 b 43,5 i
Sl gl iad el ogtpogll Soly 3 (slge pobo 4y g 00
O e ) 5 0392 (Silge & o & S Sile |y Lol
Pl y919y w0 S8 L el il Sobs adaw (gilge byl op¥
ooy b L Oygo 4 e leMbl g o Sl Lol Jao 8,5
s b0y >>STL (Standard Transformation Language)
5 o1 Jisto 8 235 4 5ol ) MBI (55l o 501
2 oo (55 3 S S ) S e (2
b S i dead sligS ) Sob loslaal L ¢ bl)5 o
Sl g g 4b oa il (sl Jase ojll) (8l o3ll ) Sy
Lo (Bl k> o asgel) 4d (5)Ag S Ak o (o 53 358 i
S5 3 50> Shg mepd S Sl plas (slaodls jl ealil
(S ptimw 2Ll a0 2V« Qluinl b) 1355 031851 )3 iw das
e ojlal) ;a3 5,90 ojlasl (i it Sl g g 003 0SS
et 335 1S5 o VY ol s el o i903) ) (o
kol Jio oSl cleMbl ool > STL J BV sy

adllle gloog )5 (Byre —) Jgua

ol dls g0 sdw plod! sl e Dgod dlaxi
(Scanning) Sl VY
(Milling) sl ool oSl Y
(Sintering) yiow S 55+ Sl VY



https://jdm.tums.ac.ir/article-1-5866-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-12 ]

Ol 5 (ol o andye 8

cdlo Jolye (b 3 el a2ly 4o gy 295 25 oS )9 w28 ool Sl (g

bl
OBl A Camd JJse o)y ElB)] Sl Lo Jolye pled
80y (Sl mime ol 3lg 0 didy (> Lol ((P<e/e V) 2y yidi
Oily ads g jd il olal plad j3 (P> /4 0) wid 0y iUl
L) 3y9-0 1 gl ol Lol el o 4 )50 s yo 93 1 b
- Sl sl 039yl e (gylal p Ll pslS ciasll
2 om0y sl (P +1) gl 5 (P=- ) Jhrsgs
WA 5 lg o ddy o Lol gy yitaS Sl s yo 5l i dls o
5 oy Sledbl (P>+/+0) wis sdalin ol oy gyl sxe

(8 5 40 g oy
o el Jealye g ciasll ojlasl 6816 63 50 adlllae o)
S 8 wop 29 255 05 SS9 w3 oMl Sy
coibl ojlisl g el Jolpe Jole g3 yo el cand 4 gl b
i) 2929 b bl go IS 156 iS5 08 (olal Sy liee
ol ds L dl_u;))) d‘_lbgf)s p;)_é L;»‘.Q‘) By LSJL') Sl
a4y L wilodges auglis |y CAD/CAM Cilises (sloolSiiws lawgs
4538 Olalllas jd Ay o p1a5 4y 48 )S Oygo sla iy p 4
SSE dy (i 9 A Sw) o lo Jole 1 S6 o (slalls
Ol im0 Oy pidin cpoiannann 2 30 45 Cowl oAl jasuiie g oMl aw )y
ool jo axdl ol o gl calw ol I G plas o Uas
Jliile 5 g (3 Ll awnlio ay ar 538 ol o
i NelS) Soglito 6 93 ) ligS 25 Sshy j) &S a8 g w23
MoLS Soly ) sbly sl 3wy L3l lalllan () 3 s o)
plosl 5 (s des Sl Sl) )55 03Il )3 A5 L (oad yiim
P LSsS 5 ol 4l da g b ol osd s lie S5 i dl> o
L5 5 039 jlasd 5V plSocinl § (isww cde 4 wwmts ;B
o3l () WL el glite siuw dow sbigS pj ily b ga>
Sl i desd glisS ) L1 (il dnd Capr (alie Sl
G adspe glalad () gl Sl adllae )3 Cge o

SLeisS 05 G Sy (AL I (23U slallas I i)

YO

Height

Height

o [

MD Diameter MD Diameter
In-In
——
| Ex-Ex |

«height) £L5 1 1 Jold WCaoiUl dlayl oud (5 p503101 (sl - Y JSUS
Jbusdg 30 ylad o (.:y.vuw 89D pgaai 43 &S BL Diameter) JIsKdgS L s
Wil dlold g (Pre) Yoo 09 g (Can) (pwilS sCUIU! 51 S & (MD Diameter)

il 0 (Ex-Ex) g, -z, alold g (In-In) J&15-J315 dlold : Jolid

ol Jao

VMS ol8wd buwgs Lol Jas slal

Olge 4 polie ol 5 2 (503l

b 2 Sl oy p lp (2
15 dlil csls ol

4

oSl
STL Ll )0 oSl jo cbaodly
py g ol (Sl Jde slal .0 0,30
& G Olyus 5 (50505 l8I CATIA 1331
i ales Lol Jia

7 N

(bl oo sl g b
VMS bausgs i dls yo (sl sl VMS busg olyi dls po (slas b ool
ol Jao &) G @y g 5550l hol Jao 4 Cond Syt 5 550310

i Al> o (SS9 0 8

&l Ol ypds (g S 031051 g, Y S

Slyds liso o (Ciadll 95 9 b o o) 45516 93 136

2 -ad ol Two-Way ANOVA Lwg g v 8 (o5l
Gl L pa 0sy by sxe bnygiSB -0 Interaction a5 s
Jeolpe plad )3 48 Gygmo 1 g 0 plbol calio JJUT 19516 S
Sldd awyp S 4 S byl plos j31 gy Iy sxe Interaction
g (c—ibl ojlaol )31 sy gl)—) Paired t  test
(célo Jolpe 156 owyy (slp) Repeated measures ANOVA

A5 ab)S a3 /o0 (glel (g)ls xe d> b ool



https://jdm.tums.ac.ir/article-1-5866-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-12 ]

(WA g o) oyl Y 0)9)

g Sleyd (il wlesd g Sy pole olfiily (K55l aloxe

Bios bl slayl Ol pupdS 1 Ckodll 01001 9 b Jolyo puil—Y Jgua

e G55 £ Silee ol R

P-value Caoi bl A o P-value

Ay oy

oo 0y O™ Beesll

<ofeevw Joo 0y

.'.‘ ..L3 ‘/.‘;
<ofevVs osls o

SV £ L[y

eSS AL [y oS!

0 Jgo 0

i b <IYAY
Veoo ol s

JNEE LAY

N ERR ol Jgdgs50 o

<ofeoVs )jaﬁb)i

55 -I5A8
<feve o

XY £ L fNS

YL /N e

<efeVs Jge oy

35 -\AY
<efeo Vs osls i

f[oYAE o[NY

IR AL oSl

V/ooe )J?D)',:

Sl JNF
Veoo ol s

<oy £ /vy

AYY & oAV ol

Jsidsl s

<efeo Vs oo 0y

ol b [0y
<ifov oS o

JAYEE L[V

YA £ LYY ks

‘/‘;’\ )‘b‘b)i

|L <~/..\.>;(.
N owo wL{ oy

YRS AR- YRS 0%

AV VAN oSl

<efeVs Joo 0y

i b <oferm
/0¥ o T

DA RV

NIVESYA L ol elis)

<ofevVs JURS

55 <efers
/vy sl o

Ry R u g

VY E /oY e

BEaoi bl o abold p Calw Jolpe Wl -t Jgus

e G155 (5 Silee

o deold

P-value A o

P

ool - S [EYURONA T

<ofeoVg

o5 b S

<ofeoVg o[ sYE[ NS

Yok b (Sl

o ¥u i b il

DAV =200y ofoXOke/-VY

o -

<ofeVa Sl b Sl

< [¥YD i b Sl V¥ [-YA

NAY2 ZSRYN JYAE] Y Jsls = s

Sl 4 dag b 5 ol adllas 3 (YO-VR) Canl 0ad ()
039 i de Cal Jolpe (b 3 b b (olel Slyss oy
[P W1 JUUPTIP WISV F PR 1 U RN 1 B KV P pPrv
Ay oSl slaodly Cpizmen WA (680}l VMS olSiiws 1 eolaiul
Ol e85 (i €35 5 (6S0ilal )50 (S A D90
et b et ol Jice & s 3L S o 53 e
o5l 15U coos Laylas 1 SO s Ol ol adllas ol

\rd

cddllae ol )0 pizead b edlatwl dis dlal (5 e w deu
2B ) (s dy9 55 oSl adpe 3 3Ll Ol
OB Sl Iy dex I Silate (slag by S wlilllas
G oy Cter (5 (o 9050 90355 Olows | o w28 %)
il ) (o2l > AAYIAYY) el 05 03lial oS g w5
o2 o3l g S oyl (ko] o BT (0 Sl
Ol el tileay) woB plod (slaps )3 3)50 53 (YY-VF)Cwl

Z 9y X sbajgme | Sy p3 ool Jio 4 i )8 (3l


https://jdm.tums.ac.ir/article-1-5866-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-12 ]

Ol 5 (ol o andye 8

cdlo Jolye (b 3 el a2ly 4o gy 295 25 oS )9 w28 ool Sl (g

P85l S s S oS Sliz dbl Sl 5 cunl iy Gl slajy
oS el Ll s e (FYNTIOM g3 i 35 oy
S o50lal 3 o Gl s G i ol 1> Sy w8 3l
YL s a5l (Ko i (ol o Yo=Y Cluasl L)
Oy Caomd 85 4 altne ol sl yii o] (ol oISl g ansls
O-Sae s 3 )3 (plply g Cunl dianly CAD/CAM e 2
5 0,8 W3 4 jabo lon il glie 1503 s b gl sl
2 25 O 53 iy U5 & (15 dls e 3 lad (e
(ol 6 5YL ey winfls ySas S ojlil el 4y o) (> olel
sbalidl oy ahS an yiw adejo (gLlad liee 9 30 (S
O Ofged 9 Sy (> (AL (lise (o35 ol CAD
ol Ay g do glisS pj Sob
il Jolie wuy ooyl 4 dalllas ol glacydgiome 2959 b
LS g m b bl Sy Glie 1 csill ol j
Zirkonzahn (CAD/CAM i lawgs 00 b didlo olisS w5

als o )3 oolal Slyuis (i 48 (gpsb & Bl e IS
(V5o 032) JolisS” coail) gyl lpuss olipe 5 8100 3l 315

.A.:Jl.u_sﬁ . :‘“.

5 AF =+ Y=V YAYYY o)l 4 Sliios )b jl geiio allie oyl

0uSisly wladss 1810 gae AYF o)lad 4y pawss b Ll

b e s (Sibi pale oSl (Sl

1- Erkmen E, Meric G, Kurt A, Tunc Y, Eser A. Biomechanical
comparison of implant retained fixed partial dentures with fiber
reinforced composite versus conventional metal frameworks: a
3D FEA study. J Mech Behav Biomed Mater. 2011;4(1):107-
16.

2- Pietrabissa R, Contro R, Quaglini V, Soncini M, Gionso L,
Simion M. Experimental and computational approach for the
evaluation of the biomechanical effects of dental bridge misfit.
J Biomech. 2000;33(11):1489-95.

3- Abduo J, Bennani V, Waddell N, Lyons K, Swain M.
Assessing the fit of implant fixed prostheses: a critical review.
Int J Oral Maxillofac Implants. 2010;25(3):506-15.

4- Romero GG, Engelmeier R, Powers JM, Canterbury AA.
Accuracy of three corrective techniques for implant bar
fabrication. J Prosthet Dent. 2000;84(6):602-7.

v

Alold b oy ey y8 (3es) glasyl clyss ol s g yidy ol
dulio Oladllas plw (JIjadST o o (5 b illay pac) JI55l81
0y) py5dad 5 0l5sS Ciasll o las oyl olise pils ddllae 3 )8
OySer s Moldovan clallles guls b sl oyl og i (oo
(*Y) ol)LSen 5 Grenade 4 (V) \l,LSe2 5 Anunmana (Y-)

al o o\' o Ol s O
dglie S0 L oo g )lge o saciadll JIjglsT (Billas pac)
A Sy 45) Yoo il o gy gUad liae g Cal o

ol 045 sdalie () (5,:alsS Job gy ,ad > ciasll

@l ol s Zirkonzahn i ) adlles oyl zls 3

poba sl

yhaB 30 53 9 39— yidin ) Sod Ak pe 93 5l 15 ad> e
o odaliie s dlsye ) s (p oS W) 5 JIoSidgn o
L ()58 9 )5 o yo e bgye Uad o i (S 5k
035yl dls o dy boyye (z) Bz, alold L bl » 3> )
J=8 Jolye sballad Sl (g luie pias cul 53 oy oo Hlai &y g o

sl oA (e S i | g Sl (52)

by gla_alllas > (A) Mormann 4 Bindl

P 151 é,.l

1) st JolS” 5 yizes dos slisS 25 G315 51 Jeols (slocSyg 8
=Blg DLl 3 LsoS 5 Sy ol 5 as” 165 )" odalitio g 03,8 dusldo

01 (6 yutr oI Bl pie g s 4y e (i SIS Sl )
sl yils ddlls (gladiily (sliul, 5 adllas ) does ol

i dds yo 3l iy 515 dls o 10 STy 048 lal il 1 5

ojlisl s (g3l liee 4y il dlspo By Al &y dn g8 b sl 005y

:&bo
5- Sahin S, Cehreli MC, Yalcin E. The influence of functional
forces on the biomechanics of implant-supported prostheses-a
review. J Dent. 2002;30(7-8):271-82.
6- Schwarz MS. Mechanical complications of dental implants.
Clin Oral Implants Res. 2000;11 Suppl 1:156-8.
7- Beuer F, Schweiger J, Edelhoff D. Digital dentistry: an
overview of recent developments for CAD/CAM generated
restorations. Br Dent J. 2008;204(9):505-11.
8- Bindl A, Mormann WH. Fit of all-ceramic posterior fixed
partial denture frameworks in vitro. Int J Periodontics
Restorative Dent. 2007;27(6):567-75.
9- Att W, Komine F, Gerds T, Strub JR. Marginal adaptation of
three different zirconium dioxide three-unit fixed dental
prostheses. J Prosthet Dent. 2009;101(4):239-47.
10- Gonzalo E, Suarez MJ, Serrano B, Lozano JF. A


https://jdm.tums.ac.ir/article-1-5866-en.html

[ Downloaded from jdm.tums.ac.ir on 2026-06-12 ]

(WA Sl o) oyled Y 0,99)

Al sleyd (ilige ladd g (Sip pole olSiily (S5l aloxe

comparison of the marginal vertical discrepancies of zirconium
and metal ceramic posterior fixed dental prostheses before and
after cementation. J Prosthet Dent. 2009;102(6):378-84.

11- Karatasli O, Kursoglu P, Capa N, Kazazoglu E.
Comparison of the marginal fit of different coping materials
and designs produced by computer aided manufacturing
systems. Dent Mater J. 2011;30(1):97-102.

12- Kohorst P, Brinkmann H, Dittmer MP, Borchers L, Stiesch
M. Influence of the veneering process on the marginal fit of
zirconia fixed dental prostheses. J Oral Rehabil.
2010;37(4):283-91.

13- Kohorst P, Brinkmann H, Li J, Borchers L, Stiesch M.
Marginal accuracy of four-unit zirconia fixed dental prostheses
fabricated using different computer-aided design/computer-
aided manufacturing systems. Eur J Oral Sci. 2009;117(3):319-
25.

14- Vigolo P, Fonzi F. An in vitro evaluation of fit of
zirconium-oxide-based ceramic four-unit fixed partial dentures,
generated with three different CAD/CAM systems, before and
after porcelain firing cycles and after glaze cycles. J
Prosthodont. 2008;17(8):621-6.

15- Bacchi A, Consani RL, Mesquita MF, dos Santos MB.
Stress distribution in fixed-partial prosthesis and peri-implant
bone tissue with different framework materials and vertical
misfit levels: a three-dimensional finite element analysis. J Oral
Sci. 2013; 55(3):239-44.

16- Pak HS, Han JS, Lee JB, Kim SH, Yang JH. Influence of
porcelain veneering on the marginal fit of Digident and Lava
CAD/CAM zirconia ceramic crowns. J Adv Prosthodont.
2010;2(2):33-8.

17- Prasad R, Al-Kheraif AA. Three-dimensional accuracy of
CAD/CAM titanium and ceramic superstructures for implant
abutments using spiral scan microtomography. Int J
Prosthodont. 2013;26(5):451-7.

18- Aboushelib MN, Elmahy WA, Ghazy MH. Internal
adaptation, marginal accuracy and microleakage of a pressable
versus a machinable ceramic laminate veneers. J Dent.
2012;40(8):670-7.

19- Matta RE, Schmitt J, Wichmann M, Holst S.
Circumferential fit assessment of CAD/CAM single crowns--a
pilot investigation on a new virtual analytical protocol.
Quintessence Int. 2012;43(9):801-9.

20- Moldovan O, Luthardt RG, Corcodel N, Rudolph H. Three-
dimensional fit of CAD/CAM-made zirconia copings. Dent
Mater. 2011;27(12):1273-8.

YA

21- Rungruanganunt P, Kelly JR, Adams DJ. Two imaging
techniques for 3D quantification of pre-cementation space for
CAD/CAM crowns. J Dent. 2010;38(12):995-1000.

22- Abduo J, Lyons K, Waddell N, Bennani V, Swain M. A
comparison of fit of CNC-milled titanium and zirconia
frameworks to implants. Clin Implant Dent Relat Res. 2012;14
Suppl 1:€20-9.

23- Karl M, Graef F, Wichmann M, Krafft T. Passivity of fit of
CAD/CAM  and
frameworks, and anatomically contoured, zirconia ceramic,

copy-milled  frameworks, veneered
implant-supported fixed prostheses. J Prosthet Dent.
2012;107(4):232-8.

24- Karl M, Taylor TD. Effect of material selection on the
passivity of fit of implant-supported restorations created with
computer-aided design/computer-assisted manufacture. Int J
Oral Maxillofac Implants. 2011;26(4):739-45.

25- Al-Fadda SA, Zarb GA, Finer Y. A comparison of the
accuracy of fit of 2 methods for fabricating implant-
prosthodontic frameworks. Int J Prosthodont. 2007;20(2):125-
31.

26- Almasri R, Drago CJ, Siegel SC, Hardigan PC. Volumetric
misfit in CAD/CAM and cast implant frameworks: a university
laboratory study. J Prosthodont. 2011;20(4):267-74.

27- Hjalmarsson L, Ortorp A, Smedberg JI, Jemt T. Precision
of fit to implants: a comparison of Cresco and Procera (R)
implant bridge frameworks. Clin Implant Dent Relat Res.
2010;12(4):271-80.

28- Jemt T, Back T, Petersson A. Precision of CNC-milled
titanium frameworks for implant treatment in the edentulous
jaw. Int J Prosthodont. 1999;12(3):209-15.

29- Sierraalta M, Vivas JL, Razzoog ME, Wang RF. Precision
of fit of titanium and cast implant frameworks using a new
matching formula. Int J Dent. 2012;2012:374315.

30- Anunmana C, Charoenchitt M, Asvanund C. Gap
comparison between single crown and three-unit bridge
zirconia substructures. J] Adv Prosthodont. 2014;6(4):253-8.

31- Grenade C, Mainjot A, Vanheusden A. Fit of single tooth
zirconia copings: comparison between various manufacturing
processes. J Prosthet Dent. 2011;105(4):249-55.

32- Bornemann G, Lemelson S, Luthardt R. Innovative method
for the analysis of the internal 3D fitting accuracy of Cerec-3
crowns. Int J] Comput Dent. 2002;5(2-3):177-82.

33- Tinschert J, Natt G, Hassenpflug S, Spiekermann H. Status
of current CAD/CAM technology in dental medicine. Int J
Comput Dent. 2004;7(1):25-45.


https://jdm.tums.ac.ir/article-1-5866-en.html
http://www.tcpdf.org

