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Marginal and Internal Fit of Metal Copings Fabricated
with Dental CAD - CAM Technologies
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Table 1. Mean (SD) gap for different measurement direction (BL & MD),

Table 2. Mean (SD) marginal gap (MG) of metal coping fabricated by four
fabrlcatlon methods (um) e e e e e ses s acees eae seeaesees eeeeeeaesceesesteeeeestaescreaes e 12

Table 3. Mean (SD) internal gap at the chamfer area (CA) of metal
coping fabricated by four fabrication methods (m) «=-oeeeeeeereeeeeeess 13

Table 4. Mean (SD) internal gap at the axial Wall (AW) of metal coping
fabricated by four fabrication methods (m):--eeseeeermrereeneeemeneeneene 14

Table 5. Mean (SD) occlusal gap (0G) of metal coping fabricated by four
fabrlcatlon methods (um) .....................14

Table 6. Mean (SD) gap width according to each measurement area (um)
- 15
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Fig. 1. Scanned images of prepared artificial tooth «-ceoeeeereeeeeeeereeeeeed
Flg 2 Fabrlcated meta| dleS s et seeeaeeseeacsesseaseaatessesesascsessessensestsnnes e 4
Flg 3 Mode| | |ng of meta| Coplng s et eeeeceeseeateasseasesseantesteeesessessesnan s 5

Fig. 4. Metal die and Metal copings produced by four fabrication
methods ........................................................................7

Fig. 5. Cross—sectional micro CT images through the center of the die

(x—axis), in the buccolingual (A) and Mesiodistal (B) directions. - 8
Fig. 6. Schematic presentation of nine measuring Points  -seeeeeeeereeeee9

Fig. 7. Mean (SD) gap of all measurement points depending on four

fabr |Cat |on methods T PN ‘I‘I

Fig. 8. Mean gap width at each measurement area «=r«t-eeeerereereeeeneenens 15

Collection @ chosun



ABSTRACT

Marginal and Internal Fit of Metal Copings Fabricated
with Dental CAD - CAM Technologies

Jeon Jin Yong D.0.S.M.S.D
Advisor : Prof. Son, Mee-Kyoung D.D.S., M.S.D., Ph.D.
Department of Dentistry

Graduate School of Chosun University

Purpose: The purpose of this in vitro study was to evaluate the
marginal and internal adaptation of metal coping fabricated by four
different CAD/CAM technologies.

Methods: Mandibular right first molar was designed as the abutment in
Dentiform model. The prepared artificial tooth was scanned and STL file
were sent to the CAD.CAM centers to make metal die. After fabrication
of metal die, die was scanned and metal coping was designed on the CAD
software. STL file of designed coping image was sent to each laboratory
to make different types metal coping. Four different techniques were
used to fabricate the metal copings: Group MW (n=15): Milled wax and
lost-wax casting process, Group RP (n=15): Resin RP and lost-wax
casting process, Group MC (n=15): Milled Co-Cr block, Group OLMS
(n=15): Direct laser metal sintering of Co-Cr powder. Fabricated
copings were setting with temporary cement on the metal die. To measure

the marginal and internal gap, Micro CT was taken and data was precess
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with the reconstruction software. Each nine points from midsection
image of buccolingual direction and mesiodistal direction were measured
using AutoCAD software. Mean and standard deviation of each measurement

points were analyzed.

Results: In mean cement film thickness, Group MW showed smallest value
and Group DLMS showed largest value. In marginal gap, Group MN showed
smaller gap than other groups. In chamfer area, Group MN showed smaller
gap and Group DOLMS showed largest gap. In axial wall,there were no
significant different between groups. Occlusal gap showed larger values
than other measuring areas. Group MW showed significantly smaller gap
than Group DLMS.

Conclusions: Metal copings which are fabricated by four different
CAD/CAM technologies showed clinically acceptable marginal and internal
fit. Therefore, those fabrication method can be used effectively for
the metal cap fabrication of porcelain fused metal crown with several
advantages. However, calibration and standardization of the scanner and
manufacturing machine are needed for the more precise prostheses which

have smal | deviation.

Keywords: marginal fit, internal fit, metal coping, CAD/CAM, Micro CT
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. g+ Mz & 2E

1. 2= OO0l HZE (Fabrication of Metal Die)
2ol XX &84 2ol e, 28 28 (Dentiform)ol

A= XIE w8 Jlsus 2 mm, HJls W% 1.5 m, &£ ¢

10
ol
12
10

= &
2 1.2 m, SHI3A= 6° 2 XS AMGHACH. 0L =0t SEfls 8¢
2 1.2 mm deep chamfer2, &% 2 0.5 mm chamfer2 AMNIGIRD 2 22
g Eit22 FE0l AEE StAL. AHE X028 s 3 Z& AU

S600, Zirkonzahn, ltaly)S ol=aH A ZHEH = 0= STL
Stereolithography) I2 XNHZ&s6tD (Fig

(
( 9l
2l21D|J| (RXD5, Roders GmbH, Germany)Z2 1501 REE IAE 3£ (0]

HIZSHACH (Fig. 2).

(A) (B)
Fig. 1. Scanned images of prepared artificial tooth (A) Buccal view,
(B) Mesial view, (C) Occlusal view.

Fig. 2. Fabricated metal dies.
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2. =& DL HME (Fabrication of Metal Copings)
MEE 15949 22 CHOI= 28t AU (SB00, Zirkonzahn, Italy)2 2t

2t AMEHO] ARIE XICHXICS OI0IKIZ 2SSIUCH Ol 222 & BHAIZ

=017 B0 EFAFZIE D 0l AHE

Inc,Korea)E 2=CHOI0| 2 AHGISC.

um, OIAC=Z22EH 0.5 mm &42E A
2ol SHIt 0.5 mit EHESE =5
& DTS STL WYse MESH = Ul JiX
MGt 215HH 2 M& dEH=Z

o

Fig. 3. Modelling of metal coping. (A) margin set-up, (B) applied 0.5mm
coping thickness, (C) designed coping on the die, (D) image file of
designed coping.

= 32

A

15042 =& OO0IE 222l XNUXZ ot CIAIst 15042 =
Ul JX e 2 MASHH & 60012 ZEHOI MEAZJCH 2 AH

st Ul JIXl =5 28 MEYE=2 sy &0,

J
0F

(e}
=
>
T

}

=
S,
o
[
1]
=
=
—
>
I
o1
N
=

illed wax and lost-wax casting process
ZZ CIXelE DEOl STL WY dOIHE Zirkonzhan (M5, Zirkonzahn,
Ul|lz NMESIH =2A =5 (easymill wax block, Hi-Dental,
Korea)S ZYGIH &A DS NMECIAUCH. LHE 24 IS ol
£ ol=Zoll M=ZASl XIAIG el =ZZ0l 0isSotl
L28E O3, U 38 g3 (Ni 73.8%, Cr 12.2%, Mo 3.6%, Si 3.2%, Nb
4.6%, Ti 0.4%, Al 2.2% Nicromed Premium, Neodontics, USA)2 =1t ==X
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Jl(Fornax 35em, BEGO, Germany)S Ol=0oi <F 1300C O

[=Tean) —I—OE

0l
00
0l
44
FA
el
R

2) Group RP (n=15): Resin RP and lost-wax casting process

S OXelE 2go STL ItY  dIoIHE ASZEIl=  (Rapid
Prototyping)E OlE8t XI2tE 30 Z2lE (ProJet™DP3000, 3D SYSTEMS, USA)
Z MEOH0 A DES ME StACH. WEXE AIAES Jel= 3K CAD

A8 2% 22 AWM MEL RO

HZot=s 240ICH 2 AN AIE
3 ZEHUA & MRHE SHE M 20 m =018 =4H5HN
.1 mm =O0I|C0tCt g

= 0
DES MAHOUCH ME= cdd RES

xS

=3
T, ~—

2= LIl (RXD5, Roders
g2 == (Co 65%, Cr 29%, Nb 2%,
=) A

W 2%, el Si, Mo, Fe 2%)% 220l == 2E=s 2dotALt.

4) Group DLMS (n 15): Direct laser metal sintering of Co-Cr powder

2 E CIXQIE 2Ol STL IhY HIOIEE 30 2= d0Id 25 A2 X8
(M1 cusing, Concept Laser GmbH, Germany)E M&ot0d DLE IE &
2 (Co 60.5%, Cr 28%, W 9%, Si 1.5%, 1 2 Mn, N, Nb, Fe 1% remanium
star™ CL, Dentaurum, Germany)S AZZE S 30 m, =0 AMH =& 7
m/s, IOl =& X&F 50~200 un £AH22 HOIH AZotH 25 DES
2+ 5ot ALt

o
A

o

29 22 Ul JIN MELHOR 2 1B 15 )Mo 24 WS AR
o) 4), 229 WS VS

) 2
Aot 2= Colol 2=t (finger pressure)ES Ol=20d 322t =0l
I'.SG

—

ol
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Fig. 4. Metal die and Metal copings produced by four fabrication

methods.

3. Micro-CT &< (Micro—CT Scanning)

icro-CT (Skyscan 1173, Aartselaar,

| AbZ8t Micro CTS &EY9XAHE2 [

=
0
%
i
02
ij
4
0
2
>
oo
< =

e Source Voltage (kV) = 130

e Source Current (uA) = 60

o Number of Rows, Columns = 2240
e Image Pixel Size (um) = 12.79
o Filter = Al 1.0 mm

e Exposure (ms) = 250

e Rotation Step (deg) = 0.2°

X-ray beam 2 XXl H=0 =22 Z XZAZEE A|HZ 1DEG
olHCH., #E™HE 0|0lKl= Skyscan2l & MHRA Z=Z1 (volumetric
reconstruction software)@! NReconS OI=2doH HMlZUYLD MHRALE SH

0
OIXI 2 BWP €412 2 MEEJACH. NRecon2 =22 Ot et L.

2
Ut

ge

o

-

e Program Version=Version: 1.6.9.8
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Result Image Width (pixels)=1120
Result Image Height (pixels)=1120
Angular Step (deg)=0.2000

Beam Hardening Correction (%)=60

Minimum for CS to Image Conversion=0.000000

e Maximum for CS to Image Conversion=0.030000

=% U029 E&= et 23y HS0AM x =2 S22 &H 0

0
CTAn AT EQI0 (Skyscan, Aartselaar, Belgium)E& AI2ct & SZAC

(Fig. 5)

(A) (B)

Fig. 5. Cross—sectional micro CT images through the center of the die

(x—axis), in the buccolingual (A) and Mesiodistal (B) directions.
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CA (Chamfer Area): 2= CtOl HAMA CHEF 400 um WHH2Z chamfer Of
A0l U =Y AZd= XNEUAMS 25 CHoI2F 2829 )l

AW (Axial Wall): 2= O0lel =9 =2 XNEUHAMS 2= Tl DE2HS
el

0G (Occlusal Gap): 2= G012 WEH WEF L ZA% NEHUAM 25040

ot RE2Ee el

(
2= DE N2 EHR2AE2 AZEY O IBM SPSS (IBM SPSS 20.0
for windows, SPSS inc, USA) 2ot 245I%CH. 25 2 A
24 (Repeated measure ANOVA)2

II:I
%
nio
o

YN OE 24=2 X0l =24

Aot 2HECZ HE HEAZHO et 2t=2 X0IJF Y= KNE el
oldl RSt AIRAHUAME USE=2 THAH (Paired T-test)2 A =
Bonferroni correction2 O0|&8 TS HIWE (Multiple comparison)S &l Al
ot ZAGHULCH. 2=2o] MELEUHA =SEXOH O X0l THE
(T-test), &SS LK ZAEZA (ANOVA) Z2E S OIE56HALCH. ANOVA 2 E 2]
d2 T 29 SHHS=Z K26 X0IJt LIEFH Z2 (p<0.05), Tukey &H
=S 0IE0t0 AI=HES AlHoIRULH. SHE RAY HEES e ReA+E2
5%2 Dot ALt
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1. S8 g0l O 2t=2 dlue Ea AHE 2t
SHE=T 2RAS ZY0 Micro CT S0 OI0INZSEH 9 SHXEC 2
=2 =x6tD 122 15 AIBO 2 NN 02 B3 L EEER 24322
SaEh s Table 1 20H BASD 2RASHMN e & BR 2=
2 Group RPOINEH EES0IAN 106 + 53 /m, 2SO 82 + 63 m=2
SH=o2 298 X0IJF Y= RO UEISU (p = 0.001) CHE IS0
N B85 2 224 BF 213 20 R2AX X010 LIEFLIX T

Table 1. Mean (SD) gap for different measurement direction (BL &
MD), points, and fabrication methods (um)

Group MW Group RP Group MC Group  DLMS

Point BL MD BL MD BL MD BL MD

1 42(18)  53(25)  73(25)  46(19) 65(37) 56(25) 63(23)  54(24)
2 59(19)  43(16)  110(29) 38(13)  87(34)  40(18)  110(28) 45(15)
3 34(14)  47(14)  52(25)  46(32)  43(18)  47(17)  43(15)  44(11)
4 102(24) 142(49) 175(37) 187(69) 157(59) 180(69) 192(48) 223(59)
5 116(29) 107(30) 144(37) 136(49) 152(69) 166(57) 216(51) 227(70)
6 106(40) 110(27) 156(46) 141(21) 165(67) 177(81) 218(58) 176(50)
7 66(15)  48(15)  77(37)  48(18)  51(31)  53(27) 64(23) 51(14)
8 62(21)  44(13)  88(16)  36(10)  64(24) 48(32) 97(34)  50(20)
9 59(30)  49(20)  77(41)  63(22) 78(37) 85(35) 78(40)  52(16)

Total ~ 72(37) 71(44)  106(53) 82(63) 96(65) 95(74)  120(76) 102(85)

p-value* 0.894 0.001 0.896 0.071

Total 72(41) 94(59) 95(69) 111(81)

*

p-values from T-test for the difference of BL and MD under each
fabrication methods group.
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2| Al

— O

i

J8 € 15009 AEHNAMN Sdsw 2 T 181 NEUA =EE

=2 ot HatE 2 O8°e & Hy 243222 35 U0l 35 2

Of Wz AIHE 2t= (cement film thickness)S O

Ha AMME 2032 Group RP2L Group MC= 2H=!

g SHESZ ®ost XHO0IJt LIEFLIXl ZgA2LE, LIHAI 28 H& 2
102 RSt XO0IE EACH. S0l. Group MW EBZ AIHE 2t=3

T mE A It &2 2l=2 UEH LD, Group DLMS= 111 £ 81 um
(p <O.

140

120

100 94459
80
60 -
40 -

20

Mean all measurement points (pm)

Group MW Group RP Group MC  Group DLMS

Fabrication Method

Fig. 7. Mean (SD) gap of all measurement points depending on four
fabrication methods. Different superscript means statistically
significance different.

A4 U 22 Z oA O|0IXKINA point 12 point 9 XAIESZE 2=
CHOlo DIRNCZ2EH 2% UMK 2 MHAS Helel HAHZIZ(MG)S 58

=)
st 21, Group MW= 51 + 24 wum, Group RP= 65 + 30 um, Group
+ 36 um, 2l Group DLMS= 62 + 29 wmQ| 2t=28 ULIEIWCH. ZE A
BEHO 2t SHECZE £9o/8 X0IJF LIEIS2H (p < 0.05), AtE2A

=
S
rr
N

ny Jz
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b Groups MW2F RP, Group MW2F MC 2t0ll &

(p <0.008). gt HAEZIZO & HAH 2

Group RPOIIAIEH EHEORZ KO8t X012 B
5 =

2o H9 (77 £ 2
LEEFS

=

o

a
i
0z
0o
=1}
rr
_>£
=
i
N
=
>
el
$0
E]
A
a
i
o
=2
x
rr
I
0z

Table 2. Mean (SD) marginal gap (MG) of metal coping fabricated by four

fabrication methods (um)

) ) Group Group Group Group p-
Gap Location Point N "
MW RP MC DLMS value
@l '\fides) 60 51 (24)* 65 (30)° 71 (36)° 62 (29)®  0.002
Buccal 1 15 42 (18) 73 (25)* 65 (37) 63 (23)
Lingual 9 15 59 (30) 77 (41)*" 78 (37) 78 (40)
Mesial 1 15 53 (25) 46 (19)*¢ 56 (25) 54 (24)
Distal 9 15 49 (20) 63 (22)* 85 (35) 52 (16)
p-value 0.329 0.027 0.137 0.055

p-values from ANOVA for the difference of gap location under each
fabrication methods group.

" ¢ p-values from Repeated measure ANOVA for the difference of fabrication
methods group.

abC . Same letter means there is no significant difference among groups by
Tukey's multiple comparison under each fabrication methods group.

ABC . Same letter means there is no significant difference among groups by
Bonferroni multiple comparisons.

3. Chamfer Area 2t= (CA) &8 Z 1t

g4 2 234 52 oH OI0IXMA point 22 point 8 XIE22 HA
N 400 mm B0 Chamfer area (CA) &2 2t=2& Group MWJE 52 + 20
gm, Group RP= 68 = 37 um, Group MC= 59 + 33 um, Group DLMS= 75 +

38 um OIACH. ZE MALHU O CARES 2=2 SHE2Z 72gt &t
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01JF JU/JU2D (p < 0.05), AFZ2A 21 Group MW2F RP, Groups MW DLMS
AROIOIl 2/8F XHOIJF LIEFSHD Groups MC2F DLMSOIIA = S 2l8t XHOIDJF LIE}
o etd=s 2 OS0M 8, &8, 24, 3

=

nx
i
10
(]
oy
Qo
=4
@
_{

st
SEAZL ML T ef2HAz X0l

OIA 2KA= Chamfer BREL O 2 2122 B0 (Table 3).

$0
$Q
10
O

Il

Table 3. Mean (SD) internal gap at the chamfer area (CA) of metal
coping fabricated by four fabrication methods (um)

. . Group Group Group Group p—
Gap Location Point N "
MW RP NMC DLMS value
CA BC A8 c
(all sides) 60 52 (20)" 68 (37)* 59 (33)® 75 (38)° 0.000
Buccal 2 15 59 (19)*® 110 (30)* 87 (34)* 110 (28)°
Lingual 8 15 62 (21)° 88 (16)° 64 (24)*° 97 (34)®
Mesial 2 15 43 (16)* 38 (13)° 40 (18)° 45 (15)
Distal 8 15 44 (13)* 36 (10)° 48 (32)° 50 (20)°
p-value' 0.008 0.000 0.000 0.000

p-values from ANOVA for the difference of gap location under each
fabrication methods group.

" ¢ p-values from Repeated measure ANOVA for the difference of fabrication
methods group.

abc . Same letter means there is no significant difference among groups by
Tukey's multiple comparison under each fabrication methods group.

ABC . Same letter means there is no significant difference among groups by
Bonferroni multiple comparisons.

IM point 32t point 7 AI&ESZ, 2=
AN)S Group MW= 49 + 18 wum, Group
RP= 56 + 31 um, Group MC= 48 + 24 wum, Group DLMS= 50 + 18 um&Z Lt

~ 2
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Etten, 08 2H0l SHES=2 |28 X0l 201X AUCH (p > 0.05,

Table 4).

Table 4. Mean (SD) internal gap at the axial wall (AW) of metal coping

fabricated by four fabrication methods (um)

. . Group Group Group Group p-
Gap Location Point N " AP MG DLNS value™
AW
(all sides) 3,7 60 49 (18) 56 (31) 48 (24) 50 (18) 0.274

**

. p-values from Repeated measure ANOVA for the difference of fabrication
methods group

™
84 9 23N 52 oA O|0IKIOA point 4, 5, 6 XI&E2 22 W§
= 2229 2= (0G)2 Group MW= 114 + 37 um, Group RP=
156 + 49 um, Group MC= 166 + 68 wm, 12|l1) Group DLMS= 209 + 60 um
2 UESeH, 08 2t SHECSZ |98t X010t Us Ho=2 LIEHGC
(p<0.05). AH=24 21 Group RP2L Group MCE M2t LIHXI & 2Holl
OZ LIEHGCH (Table 5).

Table 5. Mean (SD) occlusal gap (0G) of metal coping fabricated by
four fabrication methods (m)

Group Group Group Group p-

Gap Location Point N MW RP MC DLMS value™

0G

A B B c
(all sides) 5,6,7 90 114(37)" 156(49)° 166(68)° 209(60)" 0.000

*k

. p-values from Repeated measure ANOVA for the difference of fabrication
methods group.

ABL " Same letter means there is no significant difference among groups by
Bonferroni multiple comparisons.
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(AW)Ol 51 £+ 24 pm, WEEH 2t=2 (0G)
=X 220 Ot SHESR Kolst XH0|JF A/ACT

(p < 0.05). AFZ=EE ZF B 282 (MG)H Chamfer area OlASl 2t=2
(@]

H OE 29 2= =28 X0l

Table 6. Mean (SD) gap width according to each measurement area (um)

MG CA AW 0G o~
(N=240) (N=240) (N=240) (N = 360) value

Gap width 62(31)° 64(34)° 51(24)° 161(64)° 0.000

" @ p-values from ANOVA for the difference of gap measurement points.
ABL . Same letter means there is no significant difference among gap
measurement points by Tukey's multiple comparison at each group.

A 2= (MG), Chamfer &
O|st XHOIJF JUJULCH (p <

2t= (0G)0l JH& 21,

O
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Fig. 8. Mean gap width of each measurement areas
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