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Comparison the fit of three-unit metal framework fabricated by
wax milling method and digital light projection method

Jung—Hwan Lee, Jae—Seok Ahn
Department of Dental Lab Technology, Gwangju Health University

[Abstract]

Purpose: This study was conducted to comparative evaluate the marginal and internal gap of three-unit metal
frameworks(Co-Ct) fabticated by wax milling method and digital light projection method of CAD/CAM systems.

Methods: All the specimens were fabricated by three different fabrication methods: conventional wax up with
casting(CWC), milled wax block with castingMWC), digital light projection with casting(DLPC) (n=10 each). The marginal
and internal fits of specimens were examined using a replica technique. The light-body silicone thickness was measured at
8 reference points(each abutment: 16 measurements). All measurements were conducted by a stereomicroscope. Digital
photo were taken at 150X magnification and then analyzed using a measurement software. The Mann-Whitney test was
used for analyzing the results.

Results: Statistically significant differences were found between the fabrication methods(p<0.001). The mean(SD) is um
for fabrication methods, the mean marginal fit were recorded respectively, CWC 63(38), MWC group 50(33), DLPC 103(54)
and the mean internal fit CWC 96(47), MWC group 116(41), DLPC 138(66).

Conclusion : The marginal and internal fit were statistically different according to the fabrication methods(p<<0.001). In

all fabrication methods, the greatest misfit was found the occlusal area of all specimens.

© Key words: Accuracy, Marginal and internal fit, Marginal discrepancies, Metal framework, Three unit substructure.
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Figure 1. Labial view of Master model.
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Figure 2. Polyurethane resin working model.
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Wieland Dental GmbH, Pforzheim, Germany)= 214,
o2 252 Wgstol Y AASIETHFigure 4)
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Figure 3. Designed framework by CAD system.

3l Dip wax technique(Renfert hotty; Renfert
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dipping type A, Hi—tech wax, USA)S gAlstaL A
7] Z2Zy=(Waxlectric I, Renfert GmbH, Hilzingen,
Germany)®2 °F 1 mm FA7} Ex22 &2 (Yeti 1Q
Sculpturing Wax, Keystone Industries GmbH,
Singen, Germany)S A7}l cHFigure 4). &
AE &% (Iwanson crown wax caliper, Surgidental
instrument, Deer Park, NY)sto] Z&st FA7) &
EE FRIAY AAIE AlskRH CWCHEe] J32
CAD YAl o] 83k th& 9] g3t 7Fa3h st
FEeF 2715 =% 752 (pontic) 9t AARE HA

sfo] AbgBteITt. B3] B Fx Yo
wo] WakE Belsh] 9J) 2 A

Ringless system-& ©]-83}0] A|R3|ALS] Ay Ao
w2} 1A A =AY (uniVest plus, Cendres metaux
SA, Biel, Swiss)® Wl&& g & 900C7HA] o<d
2 3}913, Co—Cr ¥(Wirobond C, Bego Medical
GmbH, Bremen, Germany)l & 1133l FZ7|
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=2 AAE 8l EFuuk(Cobra 50 un white,
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65 B AKBasic master, Renfert GmbH, Hilzingen,
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Table 1. Fabrication methods and used materials for three specimen groups

Code Fabrication methods

Casting before/after

Used material Manufacturer

Before casting
Conventional Wax Up

Yeti IQ Sculpturing wax

Hi—tech wax, USA
Keystone Industries GmbH,
Singen, Germany

Super dipping type A

CwC ) )
with casting -
After casting Wirobond C (Co—Cr) BE?(ejm’\gid'ézlran;%H'
) Wieland Dental GmbH,
Before casting Zenotec wax Plorzheim. G
MWC Milled Wax Block orzneim, Germany
with casting )
After casting Wirobond C (Co—Cr) Bg?gm’\gidléaelrr?:ri/H'
Before casting WIC300 (E;P\gzlonie% GmbH,
DLPC Digital Light Projection adbeck Germany

with casting
After casting

Bego Medical GmbH,

Wirobond C (Co—Cr) Bremen, Germany

CWC(Conventional Wax Up)

MWC(Milled Wax Block)

1 g "y

"M

—

DLPC(Digital Light Projection)

Figure 4. Fabricated pattern of three different groups.
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A= A HFigure 5). o127t T2 HE 2 H
NA = FLSHA H st

Figure 5. The constant seating force(29 N) was maintained
on special device for 5 min,

Light body 1317} &7d3s] ke %
Z=0] oA ZefEA] oAl A em
LA 2 & Widef] F7F S A A
Regular body(Aquasil Ultra Monophase, Densply
Caulk, Milford, USA)E Automix gung ©|-§-3to] 2
&t T FElE 9ol w3l BEFAIZIEE Holmes
5(1989)0] A=t Snroll whet 38t AAn] 7 (GX4,
Olympus Corporation, japan)2 & 150 vj&-2 %83}
o] A s S5t tH(Figure 6).

Figure 6. GX 41 with a microscope digital camera,

2|9 Bt 2] 2t Z|ote] FgoflAl - At g -
A WgEo 2 Husled o (Figure 7). ZF ThH 2] 8719
A3 (Figure 7oA 45kt AA 02 shte] 4]
gixjeflA 16709 Z47HE Ao, 3709 #(n=10)
o8 g@gut 24 217 960719 S-S skt

E£3 24H 2 AW F 2L Q4 @ - deiae) 1

Mesio—distal section Bucco—lingual section
Premolar

Bucco—lingual section
Molar

Mesio—distal section

Figure 7. Schematic illustration of the measurement points.
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T, Hh), Ak AT, - A
W), 2908, A, Fu, wgw), Fx A F
(83, F2A)) wet Hakwo] foI3 Holrk g A

BE 549 Hatgh v} HE A wax—up WA
2l CWCE, &AEE-g Wishs W41 MWCE, 3D
EZEE o]85o] A5k WAl DLPCH A= £
S3HA debgth =3 7 2 7holl BAIF R folgt
ZfolE B 3 THp<0.001) (Figure 8).

400,00

300.00- -

200,00

100.00-]

Mean impression film thickness(xm)

T T
MWC DLPC

Fabrication methods

Figure 8. Mean impression film thickness for total
measuring point,

Fabrication methods: conventional wax up
with casting(CWC), milled wax block with
casting(MWC),
casting(DLPC). Statistically significant differences

digital light projection with

between groups(p<0.001).

2. £F YUY MUT HIEA
2gojelie el Wlmgt A7 WalelMel A

7], & wE)ol A CWCRo] el Lepth
(p<0.001)(Figure 9). DLPC-& MWCZ¥} 8] w3}

HA} mehHo A AVt 7 (AR FA)S Eelst
AtHp<0.001)(Figure 9),

Table 2. Mean(SD) in um of impression film thickness for each measurement area in three fabrication methods

Group
Measurement CWC(mean(SD), um) MWC(mean(SD), um) DLPC(mean(SD), um)

area premolar molar Total premolar molar Total premolar molar Total

Margin 51(36) 74(37) 63(38) 42(25) 59(37) 51(33) 93(56) 14(51) 103(54)
Chamfer 83(37) 114(39) 109(23) 144(32) 127(51) 159(44)
Axiall wall 63(25) 69(27) 96(47) 80(32) 102(38) 116(41) 90(44) 82(38) 138(66)
Occlusal 107(51) 138(49) 103(31) 158(36) 158(44) 209(69)

Total 76(43) 99(48) 83(38) 116(52) 117(56) 141(70)

Methods: Conventional wax up with casting(CWC), Milled wax block with casting(MWC), Digital light Projection with casting(DLPC)
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Hocclusal
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g
a
=
H
a
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°
a

Fabrication methods

Dynamite plot: 95% Cl

Figure 9. Mean impression film thickness for each
measurement area.

. EE YT X|IHX[2] AX|0f [HE Hlul 24

nE oA - fAvhEEg - Aobde] Hgs
7} 9=l e THp<0.001) (Figure 10).

Cutting driection

150.00 Bl Mesio-distal
B Bucco-lingual

100.00-

50,00

Mean impression film thickness{xm)

cwc MWC DLPC
Fabrication methods

Dynamite plot: 95% Gl

Figure 10. Mean of impression film thickness for
each section.

T3 A Bt Ao e rl 9453t HgS B
ArHp<0.001)(Figure 11).

Tooth position

200,00 EPremolar
B volar

150.00

100.00

Mean impression film thickness(am)

50.00-

Fabrication methods

Dynamite plot: 95% Gl

Figure 11. Mean impression film thickness for
each tooth position.

e 22 sgolA WIS Agtwel Walg ot
As}7] $15) 2 @4 R o] AREE wjasiy
A T A AL B

ARoH, Fx Myt vlwste] HFwE o] Fofgt 2fo]
7} A1tk (p<0.001) (Figure 12),

150.00- Before / After casting

FdBefore casting
ElAfter casting

100.00

50.00

Mean impression film thickness(4m)

mwc DLPC
Fabrication methods

Dynamite plot: 95% CI

Figure 12. Mean impression film thickness for before and
after casting.

A ulads Fx Fo mE
21447 %7117} Z7hskgl ot FuolAl:
AFA AL =7 Z7Fet A

Before | after casting

150,00 S Before casting

B8 After casting

100.00

5000

Mean impression film thickness(an)

Axial wall Occlusal

Measurement area

Dynamite plot: 95% CI

Figure 13.  Mean impression film thickness for before and
after casting in each measurement area.

HM41g ®M1z 20194 15



A
g Z2Ad W4 gl A5 A Q1 wax—up WA S & A2}
H 38 9% T2E2 AY=EE vugo sy ekt
RS IS 4 A%

Adda, e SAXH Hdg> CWCHE 87(47)
im, MWCo 100(48) ym, DLPC* 129(65) um <=2 2 L}
Epytth(Figure 8). 18y 7 S FAERE v|lwE 7
£ WA == MWCT 51(33) mo] 7H S35+ Ax}
£ HolFglon CWC 63(38) um, DLPC 103(54)
um <=0]ch(Figure 9). o|¥gt A3 & wf 374¢] A

W mEo A A 7)<l 120 molske] itk
QAT ZF A A = Ueo] gZFsHH DLPCHS]
H AR = A 7)o vE ok e R U
ERtHTable 2).

Vojdani 5(2013)2 ot3d E5-& Usto] Azt
AP E AFAQ o2 wax—upsto] AARE 5
O] A3twrt WAt oA BE 5] Urebdt
o Buskgdel, 28y Ortorp 5(2011)8 35 F< L
ZE9| AHJm oA AAH HGEE o 2y
WAl 2F117 m)o] AEA] wax—up WA IF
(133 m)Ect =3t g BN FAH R {9

3 Aol gigietn Wstgict,

th2 oA & Al sk WY B AIREY] BEo] uhE
el gl Aol 2 g (Takao, 1959)& W& 4
ek ey 2 Aol A+ Ortorp 5:(2010)9] A2}
o] A5l AzPgAle] CWCto] 2 Uy whalo)

2
7HA] 91 aQlo] ARttt dAbA
N A=}t o2 HAFS Q9 A5FE 221y
Aol 71918k 4= ) 31(Sturdevant et al, 1999), ©]2]oj|
T AT FHY A, A S 71AY 9H, g

=)

L =
U5 A2FEAlS- CAD/CAM A|2Hl19] St 7o
il

DLPC=ol| AR&E 4 #IZ(WIC300)0] 2 s
7|Hke 2 3k FFet E2|wol7] miZoltt, webA A
Bl 2 Egofof oo S 5ol that HeRt Bt
ojg¢m, Ego] Eyrial stefehal dof mEHE +
7191 9k ol WA f1Rdo] ek, E3E AAHBAS

& wEoi7h7] 913 oA dlKlel W(light)S 2K o
ulo] W3 oy | 219] 4% (layering) 7o) wheb

Aol WRAG = AEA 2 wax—up A
2|0 Atx|of| A 84(43) um, R[4 107(48) im ©]
Qo kA ] BRAl2 Aspx]oA 97(31) i, T
2ol Al 135(42)uno] it} 3DZEE A zhAlL 4513
oA 125(54) i, A A 150(74) mo] ATk, o]% 2]
AtollAl WA= QA 7] EASHA] ¢kokA|
gk Vojdani 5= ©e] A= AtollA A-g4<l A
P2l o] YRS E= 76(10) m, €A U WAl W
gtz e= 10(5) mE AIAISHL Qle}, E3F Ortorp &

32 F& F2EQ AolA A AR
A= J Pl &R oA 70-287 un, T2
27-227 mo|.om, kA W] hAlo] YWRAGE
axgtZ]o) A 23—170 m, HF2|oA 21-258 mo]$L
ojgA| T2 Azhg ] At A-tetal strfEte

¢

N

flo -z 4

=

A

oo x



to
[
7=}
ol
ol
i3

T

e
-+

At £ 7ol 2
= Aol o8 AW
2 Zl0] 99l
Aozt FaT olf % shit
AR 27] el Aoz wotkEc)
A G T 24 x| ojolst Hev}
o, 29, @)l et 5B} Ahx] A
o] ThZ oS Uehy] wio|chFigure 9
%ﬂqéﬂéﬁﬁﬂf“**—zﬂﬂﬂ
oA 4Gt of
e oAU} 2
g shiel

Wi
2
o
i

20
2
l
o

o] o

1o

i)

(o]

%0
B

N

lo

oflt

£

1o g ot

T

(=

o
>
=
4z
s
K1

4

3 U 5ol

i

S

A
oL
1o
P
o
s

dr X
oo

éT:

ol
of !‘H

- o~

5

i
Kl

g

lfO
21!4
ﬁ
K
o
ﬁ
ok
ol
_r;
A
xS
e X 2 o2 N o B

N2 do = e ooX

2] 0] H|3o] Q_o]b- =
ER @ﬂ
AT BLE oA 8)
3 AFE @2, T)eF ﬂ?&ﬂd(zx 5)¢]
THp<0.05)(Figure 9). thH= g
o] 7¥7o] A1 wghHe| 7kA o)
BEeHOrtorp et al, 2011; Vojdani et al, 2013;
Svanborg et al, 2014).
Hehy wgko|| wE _t;@'
chH oAl e] 7hAo] &
UFEP’H:]’(FIgure 10). O]Eia
AR obbe Atz 9] 2
Xl 1—&501 7] w2l & - “EE}% =1
27} o wo| |9} o glg}t AzkE
o] A= 7t Al 7hs3t oy Hl—ﬁkOﬂ/ﬂ ATk
A oo

7}

L0
T =

o4 |

A s

L

Ay
o)

=2
oo .=

to 1y rlu
IVt f HE

k1B

1%

A]
3

’

-

_\;
N
)
lo

d

I3

o
ru
o,

o]

.

ru M
re
&
)
x
i

ofd
off
i)
o

o
flo

r (

1
"
K
il
2
>

ril
(g
2

¥l 2 rn
Lo

O

don L
i

r*°
o

=

)
§¥

7

filo

A Af=go] IRA] K
= Aol A ZAo] o] Fof#o
=) R st = S Ao & AZFEL
A 2] f12] el E}—E HAT} s oAl AR E Tk
£ A oflA 2 AF=EE B ch(Figure 11). Huh
5(2011)2 CAD/CAMO.Z AZFst 2|25 o} 509
A Aol A AR HETE At & IS Bl
steom, e Aol E AT iR o)A
AE o g 2 7+AS Bkt Ortorp et al, 2011:

Svanborg et al, 2014). 183t o|-f+= ||| =27]

Ay

s

(o
mlm jakad
>~

>

-

=

X

1=}
pum

2 Yoz Az

A

i

FZ A o] Astof o3 Lo_z;l_‘;;q

o,

7%ﬁ¥24ﬂwi

30 30 o2 rr QM
24;,

e
~ H

LT

1o

£

e &L

e
-
2
o
rr
J

[>
o
SL

>

ol

[H

il

%,

A}
4o o e

0] (%)

r
[0 B rlr
oy

=
lo oJ

L
.
1z
oz
>

2

B=Z20 1
A B0

2 AtollA= =
A 3 Z2A (DLPC)HOMJ
Al (ch) ox 11]11—51

sfol thaat e AR

S A 2

7} @A) Lrebton
Asle £33 DLPCO]
L webd A g s
9J3) 49l A7} 2

a1y "1z 201949 17



| 0|3t - obxAd

EN

A F ARE wudy BE ol F2 ¥
43He7t Solx e Bhlstech, B3] mae)

Fo] 2 371 stie

o
2 X

N

¢

3. A A= B oAt A Eok At
AN =3l UrERg T, S AR 9] A7)0l whetbA

= Agwo| Hol7} 9leS selstgie.

4, BE ol 2 gAGR @ - Aune] A3
7h sk debdteh, & Aol Hebgagol

Aahme] Aol7} gl e Blsteic

References

Abduo J, Lyons K, Swain M, Fit of zirconia fixed
partial denture: a systematic review, J Oral
Rehabil, 37, 866—876, 2010,

Borba M1, Miranda WG Jr, Cesar PF, Griggs JA,
Bona AD. Evaluation of the adaptation of
zirconia—based fixed partial dentures using
micro—CT technology. Braz Oral Res, 27(5),
396—402, 2013.

Bhaskaran E, Azhagarasan NS, Miglani S, Ilango
T, Krishna GP, Gajapathi B. Comparative
Evaluation of Marginal and Internal
Gap of Co—-Cr Copings Fabricated from
Conventional Wax Pattern, 3D Printed Resin
Pattern and DMLS Tech: An In Vitro Study.
J Indian Prosthodont Soc 13, 189—195, 2013,

Holmes JR, Bayne SC, Holland GA, Sulik WD,
Considerations in measurement of marginal
fit, J Prosthet Dent 62, 405 —408, 1989,

Holmes JR, Sulik WD, Bayne SC. Marginal fit of
castable ceramic crowns, J Prosthet Dent,
67, 594 -9, 1992.

Huh JB, Kim US, Kim HY, Kim JE, Lee JY,
Kim YS, Jeon YC, Shin SW, Marginal and

internal fitness of three—unit zirconia cores
fabricated using several CAD/CAM systems,
J Korean Acad Prosthodont 49, 236—244,
2011,

McLean JW, von Fraunhofer JA, The estimation
of cement film thickness by an in vivo
technique, Br Dent J 131, 107 —111, 1971,

Molin M1, Karlsson S. The fit of gold inlays and
three ceramic inlay systems. A clinical and
in vitro study. Acta Odontol Scand 51, 201—
206, 1993.

Moon BH, Yang JH, Lee SH, Chung HY. A study
on the marginal fit of all ceramic crown
using ced camera, J Korean Acad Prosthdont
36, 273—292, 1998.

Nawafleh NA1, Mack F, Evans J, Mackay J,
Hatamleh MM, Accuracy and Reliability of
Methods to Measure marginal Adaptation of
Crowns and FDPs: A Literature Review. J
Prosthodont 22, 419—-428, 2013.

Ortorp A, Jonsson D, Mouhsen A, Vult von
Steyern P, The fit of cobalt —chromium
three—unit fixed dental prostheses
fabricated with four different techniques: A
comparative invitro study. Dent Mater 27,
356—363, 2011.

Rahme HY, Tehini GE, Adib SM, Ardo AS, Rifai
KT, In vitro evaluation of “replica technique”
in the measurement of the fit of Procera
crowns, J Contemp Dent Pract 9, 25—32,
2008.

Sturdevant JR, Bayne SC, Heymann HO, Margin
gap size of ceramic in—lays using second—
generation CAD/CAM equipment. J Esthet
Dent 11, 206—214, 1999,

Strub JR, Rekow ED, Witkowski S, Computer—
aided design and fabrication of dental

restorations: current systems and future



o2 2y gy 8 OAE B

possibilities, J Am Dent Assoc 137, 1289—
1296, 2006.

Svanborg P, Skjerven H, Carlsson P, Eliasson

A, Karlsson S, Ortorp A. Marginal and
internal fit of cobalt—chromium fixed dental
prostheses generated from digital Takao F.
Factors and technique of precision casting
part I, J Prosthetic Dent 9, 468 — 485, 1959,

Ucar Y, Akova T, Akyil M, Brantley W. Internal fit

evaluation of crowns prepared using a new
dental crown fabrication technique: laser—
sintered Co—Cr crowns. J Prosthet Dent
102, 253 -259, 2009.

Vojdani M, Torabi K, Farjood E, Khaledi A,

Comparison the Marginal and Internal Fit
of Metal Copings Cast from Wax Patterns
Fabricated by CAD/CAM and Conventional
Wax up Techniques, J Dent 14, 118—129,
2013,

White SN, Sorensen JA, Kang SK, Caputo AA,

Microleakage of a new crown and fixed
partial denture luting agent, J Prosthet Dent
67, 156 — 161, 1992,

H41H ®12 20194

19





