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Purpose: This in vitro study aimed to evaluate the clinical acceptability of precision of fit of
the support thickness of Co-Cr alloy copings fabricated using selective laser melting (SLM).

Methods: Thirty dental stone models of maxillary left molar abutments were manufactured,
images were taken using a scanner, and a computer-aided design program was used to de-
sign the form of a conventional metal ceramic crown coping. Overall, 30 single copings
were made from Co-Cr alloy using SLM and divided into three support radius groups (0.1,
0.25, and 0.35 mm) of 10 for each. Digitized data were superimposed with three-dimen-
sional inspection software to quantitatively obtain the machinability of a ceramic crown
coping, and visual differences were confirmed using a color map. The root mean square
values of the ceramic crown coping group were statistically analyzed using one-way analysis
of variance (a=0.05).

Results: The precision of fit was superior with 0.25 mm compared with 0.1 mm and 0.35
mm, and the results exhibited significant differences (p<0.05). All specimens showed that
various support thicknesses did not exceed the clinically permitted value of 120 um, which
mean that more than 0.1 mm and 0.35 mm of support radius for SLM was adequate.

Conclusion: The support thickness of Co-Cr alloy restoration fabricated using SLM is shown
to affect the adaptation.
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MATERIALS AND METHODS

1. 2 A2

£ Ao A2 23S AF6t7] sl dentiform (AG-3;
Frasaco)9] $5 Ao A1H+AE 3D 23 2711(D-800;
3Shape)& A7HSHYITE. A7H Hlo|E = AFES}E 3D ZEF Al
AHl(Freeform Plus v12; 3D Systems)2.2 At = Aot
AHFAE Al FHE 2 34 2R $5E & 3§
&= ZJotolH 7154 o] uj¢ F83 2joto]7] wigo A%
stA =t g Z|oke] AE5HL 1.2 mm, XFHL 2.0 mm
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3oz F
292 A2t 1, AZE(Deguform Plus; DeguDent)S ©]-&
sto] 30709] AEjE EEE AlFolgint. AaL BA] 13 o] A&t
= 2741 type IV (Fujirock EP; GC Europe N.V.)5 A85
Homn, T3 A= 7 ARALY] A1 Z Q1 Ao whet A=
thFig. 1).

2. A A2t

3P AZS 913 A AR dAR 30709 A1 BA 2ES A
& Fo]A A7f(MAP 400+; Amann Girrbach)E ©]-8-5}]
HAd 208 WSyt & A dAZA 9 fAd B
P& o &3Ad A2 10(SYK)ol A|#HE- CAD AZEF]
o](Ceramill Mind; Amann Girrbach)E ©]-85t 23 &9
SH F2EZ AFE AolA dARIsHIT AlHS 34 s
259 gHE fARQlsts, W82 ¥ A 0.5 mmolA
W 50 um®| cement #Z -85t ol £ T2 A
Aok ARAIFO R AARE 712 FHo 2 Hgoitt. 239 §
e As AEEE FHA 43 FAE fAH] A3 24
o] £t 5tlar, 23] Yol Aol e FHE A6
ot AJH9 FA= 0.5 mmE YEFHOE FEs9}. HARIo|
2ad Y2 SLM 3D ZH-E(TR-150; Profeta)?}t H-8-9] &4
BT CCM-15; High Dental Korea)S AMEslo] AZAF FAZE
2] 0.25 mmE WR#OZ 311, o] 7|£2& 0.1 mm, 0.35
mm F7H] AP7E 8% F T 7 EAW AA)S S H
& NS A5 old) SYAA| Y] FARolE A%t ¥
A A Al SFAANY et A3 VFS LA
A5t chFig. 2).

A5 7kl B BEE2 A9k 4 A9 A2 BA

Figure 1. (A) Master model, (B) working model.
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(2)0.10mm (b)0.25mm {€)0.35mm

Figure 2. The parameters for layering a specimen in additive manu-
facturing processes. (A) Orientation of specimen, (B) support radius.
(a) Fabricated on metal build-up platform at 0.1 mm. (b) Fabricated
at 0.25 mm (c) Fabricated at 0.35 mm.

% (silicone replica technique)& ©]-&3tgch AEE EA7|&
2 AREEE WHT} ZJotete] 37k AZEo g EAsto] &
ok YRR 2 ALY AF s A AFE 55to] 9]
u] AZEAH25,26]. 94 A 1A (Aquasil Ultra XLV;
Dentsply DeTrey)S Ar&5to] BEE W} stone replicadll
FUT %, ZHE AR Y] HXA712L AK(finger pressure)
= 7ksto] AFAF . Siliconeo| A5 F3E w7t dEF
QA A Fo] FAI=7] fste] AAFAE AollA 50 N9 o] H=
£ 714stgint. 94s] e $ HAES AlAska AdiA] Yo
silicone?] 9F2 9to 2 %o} Q1= B H(silicone replica)S |}
£ £ Fo]E 2Asr|(Identica Blue; Medit)2 A5t &
30709 A1 EAR ol A7 g o]E(CAD-reference model,
CRM)Z FHEdlg o, BE datas2 3D analysis software
(PowerINSPECT 2012; Delcam)g AH8-5to] B71otAchFig.
3). CRM#} silicone replicas auto alignment®] AW FZ2
H|B-S g & align best fitS 53l thA] T HIE-E SfFATt.
123 whole deviation %3] color-map22 UEFf It} &
A g E3lo] 42 data® root mean square (RMS) o0& ¥&
Sttt RMS 32 o3 A1 0 & AlAtslgit.

1
RMS= —— (21— xy,)°
= ; Li ™ T,

o] A 27 2749 HlolEE 4 Al 3D 57t A
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Figure 3. Flowchart over the experimental protocol. 3D: three-
dimensional, CRM: computer-aided design-reference model, 2D:
two-dimensional.

x, v, z%)°l A= 2709 A9 fA1 9 93 A& BF ASS FE
9 & 1 A9 AS4E v F AFEZ F5HH RMS #tol ol
AA ==, ol= ¥EHAQ At g (mean)S ok kol vt
o S A7t E11 FERt groletal & 4= glrk. CRM} sili-
cone replica 7t 210] 9] X = color difference map o2 #d

= .

4. SAZA

Al dFe Wes 49 2= RMS 3, BEEA, 95%
confidence interval (CD)9] SAZl 28 H71= et S5
HEO] AL A4FE ERIsH] Aste] AAIRE Shapiro-Wilk
A7 ATolA p=0.1379] F(p>0.05)5 Hol, FFEEdS &
sttt A4 AR 2E EUE 144 SAEAM one-
way ANOVAE Al&et &, 7t 15 7Holl= AR f93t Aol&
gotr 7] 9519 Tukey's honestly significant difference ¥
A Hig o]gsto] AT BAS AAISHH A1E oF 52
0.052 A4st%a, ZE %A IBM SPSS Statistics ver.
20.0 (IBM)< ©]-8-31 .

RESULTS

AEd gojA] §8HoR 34 MR E AZ Al 28 A4
o FAE 9 9 Wi APEE £33 43 Table 12 A 1
5o 9% RMSY) 4 3, BE WAL, 95% CIolA 9] et grat
313t e HojZeh ti279l 0.25 mme] RMS B (EZHA)
2 66.14+15.51 ymE HERYTE 0.10 mm 153 0.35 mm9)
RMS HHBEZHA)L 85.84+20.817} 93.93+19.430 2 L&}
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%o, 0.10 mm 1F¥} 27 SAHCE |7t Aol 7} Uik
(p<0.05). sFAIFF 0.1 mm Z1EF 0.35 mm IF ol 5A34
ool UehtA] A9kth(p>0.05).

Fig. 4= 3D analysis softwareE 0]-8-5} 4oJA color dif-
ference map ¥4 A2, Z+ AP+ CRM# silicone rep-
licazt ®2}o] BEE vpebdith. 0.25 mmo] 39 Adzoz ¢
Zpo| A Hols SpA(-)olu EHA(+)9 £x2= tHE 1
S50 v&] A &A= ¥ U4z 2552 AdA
R0 32 9 o] (& ) vrEhdi= w79
HE7 2ol HA Bylon, 92t 9 WA FLolA 33 S o
oh9] H(EFY 2)S UEdle s s RxEQrh AvtEo
2 32 4 Holl EAIsk= |t 59 #£E+= 0.25 mm, 0.10
mm, 0.35 mm =22 ZA Uepgt.

DISCUSSION

A

ok
flljo

SLM A2 A 28N ¥ miEd} & 3
AA L F23Pgo] 2837 RAE AF 34 TFLa9E §
3 2 QAR 53 HAE0] HRe S PIARIT. o] dFolA

Table 1. Mean+SD discrepancy between the stone replica (CRM) and
the silicone replica

Classification RMS (um)
. 0
'Tf:::f N MeanzSD s
Lower mean Upper mean
0.10 10 85.84+20.81%* 71.36 112.98
0.25 10 66.14+15.51° 56.03 86.69
0.35 10 93.93£19.43° 77.72 116.58

SD: standard deviation, CRM: computer-aided design-reference
model, RMS: root mean square, Cl: confidence interval.

***Data with the different letters are significantly different at 0.05
significance level. Lower cases mean the comparison in the of sup-
port radius.
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WY FRBOIA Co-Cr UF BIL E94S A8310] sl
A WE , 1 910l Aol AE % PO WuHoR 2O
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HAZ0] YA oR 5180] 7 A wtdh= 240 A
7HA7F e, 71 S8t shbs Ado|tH28-30]. Foster
BllE 142709 Auijet 144 RAEES &A% 20 7P 2
ARl S0 stt= AEsHA] X3t A fzolZal Bisirt
E3H W AdEoME BEE fA< nge] A Ao gt o
FE A Hed, WHSztol vy #esHA =9, shdojuy '
g 59 ZAZH S 71 glom YR oy BAE0] R
EASH & 4 Stk Bk Yith32). 18ER 1Y B
HEY St WA At A (5o HFHR] A& A
et AA| 27101tH33]. 1%7] wjizo] SHAo A= M AT} HH A
F=9 dFA S8R o FES AL Ut Gulker
[34]= 200 pm7HA = 518 7Fsstth 313, Sorensen 5351
50 um, Assif 513612 140 um, Sulaiman 5371 100 umz}t
1 25t} Moldovan 53812 W 749 HYE WA B
2F=t] 100 pm¥ 3 “good”, 200~300 ym¥ A9 “accept-
able’® E53I9it}. 0|2 % dH 84A & o2 450 A
A=A A /A HARYEY] F8 FEOE 120 pum ©]
P71 AFH o' Aotk ool AujHoltH39]. & A+ A
I} A APEE EUE ARE 8% P72 ES 94H0R 5
S Wt 20 WA 9 Ui At U3 HFHS ol
A0 g yeigtout ARG FAZL 24 289 529
TS 1A 2% HEA2EY ¥ E Ud ko] ¥ =
ol & 4 Ak B3 gR2dS VIR0 A= QlojA Ad
= BT Fg Aot HAEd o ng &8 A FA A

AP

Figure 4. Color difference maps of the
discrepancy distribution of aligned
stone replica and silicone replica.

Support radius
0.35mm
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= HAA Gethe AF7HEE 714 = i

Tappa®} Jammalamadaka [401= A3 7H5 Al '2Ashe &
7 Z9 2= AR AF 7S flol 2adt HAAYRE
Qs of7|dcty stglEtl & ARY A7Z23) 3D 3 YHe

o]-§3t ALE HlA A 1F BT FE Y 245 EAs
oft 29 Ak YErlen R AdTe AR5 &
AAD FAZE A D WH Hgeo] 9 vA= Ae ‘Q-’F
At E3E Wi Ao gigt Al 159 &4 23 &9 2437
7P 3A vt 22 59 FEo|9ly, 29 o= nHH ¢
ZHRQlet AR ROA Uit AFH FAE sl 9% A
SHFeE FYH 283 *e'%‘o}‘ﬁzl gk Fo|AE 25 UL
2 FojAE HHEHORE RAFOEN & 12 ES YAlote
SIM A|ARLE 2% S QF7F AF op7|sk= 8910 Hu,
£ ARZAT A B35 7S 53 AAESC] SN o4 &
A2 Hel g9lo] H7|% o} t}. Loh 514112 1129 o|A=
=% £9S 4851 a5 1252 AZE 1 352 J4std
A 5okt ol &9 Z]X]Eﬂﬂ a5 FREY £55 Hast
sto] @75 AT 1At SRS A|H 9] 771 59] A
o)1 AgAdA A3k 2ES 71 ST ARl A,
J8)3 7+ Ao Y F3d e E 2451 3199 7|Fo] =
T AY 70| f27] wjiol RMS 232 H|wok= A2 YRSt
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CONCLUSIONS

£ A70lE A2 27091 Ik A9d dojx gguos
34 ART2E AR A 29 A FA A 8 j 4G
£ G2 AL Ao vebdth A1 BE 94H 3
§ 891(100~120 pm)ell EAsEOL, 289 WS A
s7] S1sh A4 2EAAR FA7 ol §-8 F A 9
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F AT 94 molt AN E ol gte] HEYUE AT
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