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Evaluation of marginal and internal gap of metal substructures
fabricated by the state—of—the—art manufacturing technologies

Jae-Hong Kim'

Department of Dental Laboratory Science, College of Health Science,
Catholic University of Pusan, Busan, Korea

This study was aimed to evaluate the marginal and internal gap of metal substructure with Co-Cr alloys for metal-ceramic
crown fabricated by the newly developed CAD/CAM manufacturing technologies. Thirty metal substructures were fabricated
and divided into one control group (conventional lost wax technique, CT) and two experimental groups according to the state-of-the-art
manufacturing technologies (substrative technique, ST and addtive technique, AT). The marginal and internal gaps of the substructure
were evaluated with a silicone replica technique. Each silicone replica was measured with digital microscope at a magnification
of 160 X, The one-way ANOVA with post-hoc analysis of Tukey's HSD test were performed (corrected @ error level=0,05).
The mean marginal and internal gap were differed significantly with manufacturing technologies. The results indicate that the
gap in the ST and AT groups is significantly larger than that in the CT group (P<0.05). Although the gap was found to be
varied with manufacturing technologies, the marginal and internal gaps of the metal substructure fabricated by ST and AT fell
within the range of clinical acceptance ({120 um),

Key words : Co-Cr alloys, Metal-ceramic, Lost wax technique, The state-of-the-art manufacturing technologies, Marginal and

internal gap.

M E 5Io] glov] sk 455 Ao B PSS
A& SlEk, 2)

L elE ARSUTE FARE o] A3 SuEE

e 2 B ST 1 ARl §REE BARes  AAARe BB 28 A2 H18E Fad v

o aly
Ip
ol
=2
r <
]
aQ
=
A
@
o
=
)
Q
g
2

o
X
=
R
=2
o
ot

*Correspondence: Jae-Hong Kim (ORCID: 0000-0002-9803-7730)

57 Oryundae-ro Geumjeong-gu, Busan 46252, Republic of Korea,

Affiliation: Department of Dental Laboratory Science, College of Health Science,
Catholic University of Pusan, Busan, Republic of Korea

Tel: +82-51-510-0593, Fax: +82-51-510-0598

E-mail: kjhong@cup.ac kr

Received: Nov, 15, 2019; Revised: Dec, 18, 2019; Accepted: Jan, 13, 2020


https://crossmark.crossref.org/dialog/?doi=10.14815/kjdm.2020.47.1.1&domain=http://ksdm1966.com/&uri_scheme=http:&cm_version=v1.5

o 5o shuslal, Ass ARe] Ak dod M=
t ] Fads SIAFTKS, 4). oldl| wie} S5
s 99 UA-IF ol AAEEIAL 7P wol AREe
AR Aeslo] AW, Aakee) g P4 2 A
SApAAA vehs g vk 22 A B A
So AN Btk Wb RAARA, 5L 714
B, AAATA, AAA 584 Bl ol AR
o] L tigke & AAIHI YTH5, 6).

A5} B A2 7)) Wek 729 22 20 (ot
wax technique)¥} TlE-0] 253} A|2HlS o]8-5le] A]2}s}
+ 7Zlso] AREAT. I FollA P BRI Ve
AFE 2D gAl/AFE ALY A ZH(computer-aided
design/computer-aided manufacturing, CAD/CAM) A]Z~
TS o] &3 WRolTk7, 8). o]H3h st Al wqle
chaFst A2k W] e 3519 BlockS millingd}
o 5BEG AR 71SARE 3349 CAD software
TAR1E HolE S e ARE o} sdomA FuE
< ARteke 71e7HA ERSATH)). e FAEETH
dah= FHE Fobx ARkste HAF 7)< (subtractive
technique)©]3L(10), $-Al+= rapid prototyping (RP) system
Z 2A laserE 0]-8-3Fe] metal powders A0 2
meling A7) %, & 24 A3310] 4BES AR 43
7)€ (additive technique)o|t}, o] HWFl& A Z3|A}] wp=
W AlRe 1 71eRA Bg B slod F2 ol
o

13 AL o3P W AT £ UE 1hd hFe

(

i

AT 5 gk eI,

A2 ol2 @ A71&Ee] A BAHT Qe vr
AAZ PFHOE WOkEY 5 YA sk AT
$EF Ao, Ao sheo] FFsaA Tk
820l ofe] 7Bk oLt 53] YA BERe] 74
Weld AEE 715 sk ga] s by Faw

Shs AgEoltii2, 13). 7] ¥ 7SN A=

A
4 A AR Al o] 7R o, REd) HEE
< Adste] TS #Eshs W (cutting method), 2]
T 483l REET Ao} ey BYPA] 11HAS EAgh
H EARS ddsle FAE sl Wi (silicone

~

replica technique | A& =

)

B Yol
Hu| AL o]f3l] HARE Folst= HH(direct mea-

suring method) &9¢] $JtH14-16), 53], Silicone replica
technique o]] 7L el A1zAo] SHelslo] e
e QoI ALBEIIch, Bl (Esh, B A
A s wao] saleA) o Sl el A5
W 7% Vol gk 270 bk o] ek

Fue FHuAUel o el ol A
ek U8 SRS ARl AE ATl ool
o, eyt AREE olal0] SE AE PHoE AL
metal coping®] W H W AYP=E Hlul Frlek At
W HEe Agolth

o)o] 2 7] BAL CoCr YL 78] a2
P15 Hale) AES A% AssI) A T 9 4B
e BE olg3] FEEATE ARTREE AT

ColE A 2ol Wel 0 o kel Hols}

A GopR izt k= Aol

2o o
)

Mz U

1. F2F0 SN2l M=t
Cl

2 A7E 98 g FF X|oF EY(AG-3, Frasaco
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1) Conventional lost wax technique of Co-Cr ingot
(CT group)

73231 A|thR] 2o die spacer (Space-t, George Taub

Products, Jersey City, NJ, USA)E =230 24 U F7HS



Figure 1, Master model (A) and working model (B).
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t}. DippingH& o]&3te] 7] 0.5 mme] F3S A28HA
31, margin §-¢]& 8Hll& )4 S o] &ste] HH3IATh
2 ol plastic sprue formers FA8IAL vlE-S 514
3 438 B AR F, Co-Cr FH(Wirobond” C, BEGO
GmbH, Bremen, Germany)S P& 0 2 8§ A|7]7] 95}
o] 1F3} F27|(Fornax” T, Bego, Bremen, Germany) =
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2) Subtractive technique of pre-sintered Co-Cr block
(ST group)
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3) Additive technique of Co-Cr powder (AT group)

ST group A2t Al AR E BAE9] tyrjle] k5 d
STL file®] AHHE selective laser sintering (SLS) system
(EOSINT M270, EOS GmbH, Munich, Germany)dl] ¥ &3}
Aok g¥d ARE EWRE 29 goJAE o]&3td]
Co-Cr alloy®] powder (EOS Cobalt Chrome SP2, EOS
GmbH, Munich, Germany)& HE& o2 4§ Al#A <
20 ume] gk SO FTo] He WHOR I T2ES
A3k} Powderd] sintering layer®] 7= 20 um,
building speed¥ 2~20 mm’/s¢]JTtHTable 1).



Table 1. Brand name, composition and, manufacturers of materials selected for this study

Group Brand name Composition Manufacturer
Co 61, Cr 26, Mo 6, W 5,
CT Wirobond® C Si 1, Fe 05, Ce 05, Bego, Bremen, Germany
C max, 0,02
. Co 66, Cr 28, Mo 5, . .
ST Ceramill Sintron S (1. Fe (1. Mn (1 Amann Girrbach AG, Koblack, Austria
Co 638, Cr 247, W 54, .
AT EOS Cobalt Chrome SP2 Si 1. Mo 51 Mn 01 EOS GmbH, Munich, Germany
3 4 9 10
2 ") 11
1. 6 T e 12
Mesial Distal Buccal Lingual
Buccal Distal
view view

Figure 2, Definition of the marginal and internal gap measuring points,

<-4 THox9 7, 12 A)Felat, i k4 S AH
H-Ad oA 2, 3, 4, 5 AR T Z-L4] dHA A
8, 9, 10, 11 A|Fo| I tHFigure 2).

H L Y 7L silicone replica techniqued ©]-8-3f
o 2459}, Ao] HH FEEATE SRTEE
W] light body siliconeg A& 5, 2 B4 18 o
A A7) R F(finger pressure)S 7}ale] 23 A7t}
&A1 A|qo] fA1E7] ffste] A; A2 AdellA] 50 N¢
Yol HEE 7Mofstatt. 7she light body silicone
(Aquasil Ultra XLV, Dentstly Caulk, Milford, CT, USA)&

SPETZEZRE 242 B2 o] light body
silicone filme sH-T-2E EA R 1H4-& ERY
= 985 sty EA|23o] D2 light body silicone
filme FA7} vl gkobr Zojol thit Aao] =i,
FeE FAE] FE7] wizel] 1 $lol B=rF 9AE heavy
body silicone (Aquasil Ultra Monophase, Dentstly Caulk,
Milford, CT, USA)2 F7}18 02 Y0 24 B3N
EA)7F &89 siliconed razor bladeS ARE3l] -4,
A e 2 Bk, I A2 FAE 1608E
9] digital microscope (KH-7700, Hirox, Tokyo, Japan) &
HA3) A tHFigure 3).

4. SHXzZ

2 Ao EA A= IBM SPss” Statistics ver, 25
for Windows (SPSS® Inc,, IBM Company, Chicago, IL,
USA)E ARS8ttt Wl 2H43 i 7HA o2 82 A,



Figure 3, Measured cross-section of the silicone replication using a enlarged images (160 X) from a digital electronic microscope

(A: marginal gap, B: axial wall gap, C: occlusal gap).

24 A W 2 ole Aolsh A oj] slete]
one-way ANOVAE A3l AFS A4S 9J8) Tukey's
multiple comparison testE A|P3FATE BAAH 24 o

2 gotatr] fsf frolae sus 7Iee s St

2 I

Fr

1. WY 212

2k

ZF ARA 2-44, o2 e S AH T A
9= ZH2F 1, 69 7, 12 AR elt}, o] A F oA M
A PG F Azke -94], &4 el 2kt
CT L8+ 40,78%10.25 um9} 41,43%11,73 pm, ST L&
64.04+11.81 um2} 61.84+13,50 um, AT L& 78.82+
13.94 ume} 77.55£14.74 um= YePttHTable 2). &-¢
A, oA W Bl CT 4, ST &, AT I 0%

el 7H4o] Z71EQ) W 14 A= B4 B3
v, 244, = g BN 7 87 B o3
2}o] 7} VFERSFTHP (0.05)(Table 2).

ZF Ao A 244, A HEF 24 AR 5 uidE
8,9, 10, 11 A|AMo]c}
o] A eAe] WA 1H4 Hatd 15 Axke -9, o4
wskol| A ZbzF CT 18 79.11+21.52 um} 80.14+23.70
um, ST 12 109.05+£24.92 um&} 106.58+19.44 um, AT
18 120,87+27.66 um$} 117.051+24,08 um= LFERITH
(Table 3). <-4, 2 W3 BFeA CT IF, ST 1%,
AT 15 £0 2 YH 7H40] S7b= ik Wi 1H4e] 23
& A A% A, 294, A BEellA BRlA
CT IF°] & F IF EF(ST, ADS} F2ogh zo]7}
LFERSETHP 0.05)(Table 3).



Table 2, Mean®=SD (um) of silicone film thickness measured marginal measurement points in mesiodistal (1, 6)

and buccolingual (7, 12) section according to manufacturing methods

Groups
Point
cT ST AT P-value
1,6 40.78+10.25" 64.04+11.81° 78.82+13.94° { 0,01
7,12 41 43+11.73 61.84+1350° 77 55+14.74° ¢ 0,01

**Different letters in the same row indicate statistical significance (P<0.05) by Tukey's HSD test, Values with the same letter are not statistically
different from each other,

Table 3, Mean®SD (um) of silicone film thickness measured internal measurement points in mesiodistal (2, 3, 4,

5) and buccolingual (8, 9, 10, 11) section according to manufacturing methods

Groups
Point
cT ST AT P-value
2 .3, 4,5 79.11+21 52% 109.05+24 92° 120.87+27.66° ¢ 0.01
8,9 10, 11 80.14+23 .70 106,58 +19 44° 117.05+24,08° { 0.01

*Different letters in the same row indicate statistical significance (P<0.05) by Tukey’s HSD test, Values with the same letter are not statistically different

from each other,
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