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ABSTRACT

Objectives: The present study aimed to compare the accuracy of removable partial denture
(RPD) frameworks fabricated by selective laser sintering (SLS) before and after electropolishing.
Methods: A partially edentulous mandibular model was used as the working model. Scanning
of the model was performed using a dental scanner. The framework was designed using
CAD software. The metal framework was formed using an SLS 3D printer. 3D scans of the
two fabricated prototypes produced before and after electropolishing were overlapped with
reference data. The fit was calculated based on Root Mean Square (RMS). Fabrication accuracy
was verified using the paired t-test to compare the discrepancy before and after electropolishing.
Results: The mean (SD) values of RMS before and after electropolishing were 126.6 (34.19)
and 75.86 (21.36), respectively. There was a statistically significant difference before and after
electropolishing (p<0.05). Conclusions: Metal frameworks made with SLS 3D printers showed
clinically acceptable fit after electropolishing.
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TjRRIs} ] gfsto] Z4-8-2] tjaQl X2 13H(3 shape dental designer, 3 shape, Copenhagen, Denmark)
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%*eé Khngual bar) A3151, e} 345 147400 4] Akers 32l 200 24 Alers
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2 qu%!% SLS 3D ™ EJ(TR-150, Profeta tech, Nanjing, Chinese) 2 %1-8-2] F<4+22Hcem-15, High
dental Korea, Seoul, Korea)& AFE-510] 572] 24 ei|¢) 0 2 Z2t & XS A AT <Fig. 2>.

['

Fig. 1. Working model. Scanned model of partially edentulous mandible.

Fig. 2. SLS 3D printer. SLS 3D printer for making metal frameworks.
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2, ToliHotol| thE 3xF2 HIOJE] A%}

A a2 2] 292 321 wlo] et 77 270 (TRIOS 3 Basic, 3Shape A/S, Copenhagen, Denmark)
£ AREsto] Aldsieint. = BAE, SIS 3D R E| = S5t F4Te]Q)e] WHS AFlsto] 5719 midS
A2kt 2 Aol A AR AAIN = o|n| A& ZFsto] HTeh= AlS ARG | whizel 29 H
oju|z|e] Bgto] ;s & F< LejQ) o] Sl E ARt LSRR = 2ds XS, A7
20~302 52t 200~300719] #GS zlsgalict. nix|uto g HsjAntr] 7| (Dmdtech, Dae Myung Dental
CO., Busan, Korea)°l| %1-8-2] 25}l (chrome polishing solution, Dentsply International Inc., Pennsylvania,
United States of America)& S5kl AIZA A7 6H= 60%9] 21518 2ol g4 ef| o} =2
4emo] A E SRR F, A RE 17 VE 1511 158 5t AL 5 AmE Al3eh &, 579 321 glo]
E1S Al23ko 24 <Fig. 3>, & 117112] 31 o] &S #5191t <Fig, 4>.

Fig. 3. Electro polisher. Dmd-tech for conducting electro polishing.

Before electropolishing After electropolishing

Fig. 4. Metal frameworks. Metal frameworks divided into two groups.
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Superimposition

Fig. 5. 3D analysis process. This is the process of overlapping between rest and rest seat.
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Table 1. Comparison of partial frame Unit * pm
No RMS
) Before electro polishing After electro polishing
1 130.5 107.9
2 181 84.8
3 91.3 67.5
4 125.2 51.9
5 105.3 67.2
Mean (SD) 126.6 (34.19) 75.86 (21.36)
P 0.025
"by paired t-test

R 5—*—1% 9fet melo] YAE o} Fdh majQ] E|AE AJEC] colordifference mape <Fig. 6>+ 2Tt
AR £ 100 pm©] L, 518 FAPEPE + 50 pum = 542 F2PH S <tol] 3l whe] et vyEhd
o} SAoilA] e Wb 0 2 ZEAE ofo] @ RS LR, =AollA] SHa M, s kS LIS 29
Q25 LheRdc).

Color-diffcrence map

Before
electropolishing
After
electropolishing

Fig. 6. Color-difference map of before and after electro polishing. Color-difference maps
showing superimposition of 3-D data comparisons among material types.

=zt aj o|-
[=]

=
2|20l 2)3+& Computer aided design / Computer aided manufacturing (CAD/CAM) A]A&]o] B3}
A =A%) 9] F4; T U-Z Als= CAD/CAM 7|& & SA| "6 ITH15]. o]=2fst CAD {4l 7|1&
O] HEAQN 2 Ao ]l EA) 9 Wizhd Bago] WeshA] 947 ulizel A% 2E oL, A s 2 H]
23} A7ES Aokst 4= o)th= A8 712 11 QItH16). £5] SLS 3D ZRE|E 0]-83F CAM HM-& 7|20 A
SAQN T2 A of| v]ef Pt | 2 273t 7] A1 A B/ 9 SR} TS w5 YERHTEY B arstQlrH17,18). 11
2 oFA|7}2] o|2{3tk SLS 3D R E|E 0|83 A0 %] F< 1Laj|Qlo]] gt A= FE3t Aol wfet
A 2 A= SLS 3D R E 2 Akt 2-40] %] F< me|Q) o] sl it A3 of Fof| w2 A2kl ¢l 7
7¥ol Bz} gkt

3 Hlojel=F&2 Bl A7 U7 AU E B9l B2 4= QATH19]. 2 Aol ARgRh 24 a9l
2 LREARI medloju} B -Fof| Hisf 9f1l F-2 FENE 71 AL 7] whZol] H&ll A7HUE SaliA] 3k Tl
O[E|E H53P7 |7t o Tt webA] 2 AtollAl = okl F-2 FEIE 71| 1 Q= A EHE Q] 331 To] |
£ F5ok=tl Aot A FARN UGS W e d o] Zfol7} glrtal BArgh TRIOS 3 A7 E A
-&513ATH20].

https://doi.org/10.13065/jksdh.20190092



BrEcl - ZE / 224Xl MefHoto] whE SLS 3D Z2IEfo| X{THg It - 1073

URFA O 2 4-0)x] 0] F& el ket A|A 9 w112 WS loiA] AnkE Alsgkh ey
o4 22)9) ] resti= rest seatol] Z&oHA| Brotof stE & Zaldnt o) ejolli= burg ARESF Arhk= A|slok
St} weba] B Aol M= sl ot Algiof Bof wh SIS 3D I Efe] W A3t S Hi= 7|50 2 block
out 2! reliefS AIY5HA] Y= rest@} rest seatS A7519ITh

3D ZRE| = AR A0)x] g4 Q)] Ao Hrkelal A A8-2 fIet 7152 AAIR A3

LoflA RMS Zke] 103 ym & o} F<5 |2 92t At 2 Uepictal B rsiQir21]. =5k i F1t
°] 100 ym ©)3 73-9oll= X[ efe] Zzto] WgE 4= Jlokar H gt Adayed § %Pﬂﬁ}oﬁ[ ] = ?i-_rLOHH%
=4 oo Ui Aeke 9/ 618 7152 100 ym = Aot 1
Zef|YJo] RMS k2 1266 im & A/FA 02 51857 Y= 215
RMS 242 100 ym B|REe 2 Leh} QU A o = 518 7hadh 2los ‘—PE}U’E}

Color-difference map& A EH HsiAntS AJgds}7] ol A 147x]2] A7} 2} =0 th2A|
UrEheS gl 4= . o= SLS 3D XY Fof| A7 ]= 2=w1gd Rl A o= wekelni23]. 2=w1gd > 4
o] JEFES v]A|7] wfiZol] Z|2oll= SLS 3D ZRIEY] Fol A7+ ol2fgh HigE So]7] 9fgh e %13
S ArH24]. =5t A AntS AlYs7] Holli= shet 25 Al 1472]0l|A o] Ap7HEE=|FE Zio] H]a)
Ao AnkE Aldget Solli= A7t EolE A& ERIg 4= Qlrt. o]2fgt &fol= Hadnte] E/de] 71Qlgt A
o7 AlgHrh % ﬁﬂﬁ }% Ak 0 2 EE5 Hio] @55t Hiof Hlsl F<o]29] o| 53t 2hito] eg

i

gl FB

L ©
J;—L I
_\_,
ol
1
r&
' T
Ral
2:
_°,~
N
R
_\_

3P| Qofito 2 085 R lHloHi 530) Al 83} Ui ololzictd), wze] 2 el
Dol M Lot restol o) T Sk 212 A LAl el 222 A 2 Lieka 4
oF AlgHch

E ATLo) M= 818 3D ZAE] 2 ARksh aAao)x] 24 a9l o] Halin} A8l of Hoj mhE A3t e 2 3%
Yoz ZHsI3lom, o] 5 53l SLS 3D ZUE = ARt 5400 3] F4 Zeffo] 7|2e] HFAQ 2
gAle] 54 x| e Al o= lths S EAthe SHolA 2ot Jleal 2.

SHH 2 Al A0)%] F4 TaQ) 9] rest} rest seat F-919] AR SHFCH= SRS Wsich
SR AAHE A= ollM WYL ¢ UNE LA Aot |ofl= AL ISte A2 Als

=

| -
2 QA7 210 A3-8-0.2 7psio] AHg Y 9l SLSIDIRIENS o) §afe] Tiolx] 34 Zefl S
AAYEYIL LA At Al ofstol thE 3349l B4 Alasto] hah e Aue g,

1. A 24 23, HsinkE AJaye 370) RMS 3H 100 m B2k 2 QU 0 2 18 713t 43S

—

2 24 77}, WaInkS AJiet ol B 23 rest 25| AlEiH a7} o ojit Aoz mle)

Vo] i iz SLS 3D TRel2 At T delle] FF A7 Zlofe A0 Zlchsln), Q4
QA HEEE AYo| A Het e o 2 B b BRY Ao R AR,

Acknowledgements

2 =2 2018 477 e BAS ] A0 g A QS (A E $2659200).

https://doi.org/10.13065/jksdh.20190092



1074 - J Korean Soc Dent Hyg 2019;19(6):1067-75

Conflict of interest

The authors declared no conflicts of interest.

Authorship

Conceptualization: YD Park, W Kang; Data collection: YD Park; Formal analysis: W Kang; Writing -
original draft: YD Park, W Kang; Writing - review & editing! W Kang

References

[1] Kang HW, Goo MW, Kim NS, Kim BS, Kim JD, Kim JH, et al. Removable partial denture
prosthodontics. 1st ed. Seoul, Korea: Jisung Publishing House; 2012: 4.

[2] Lee HS, Kim HS, Kim WS, Kim JJ, Park NG, Sin JW, et al. Complete denture technology.
4th ed. Seoul, Korea: Komoonsa; 2016: 1.

[3] Hong MH. The study on inner stability of the dental SLM alloy body by conditions of the
electro-polishing[Master’s thesis]. Pusan: Univ. of Catholic, 2013.

[4] Jang JY, Song JS, Nah JS. Effect of polishing solution temperature and times by electo-
polishing in dental casting Co-Cr-Mo alloy. J Kor Aca Den Tec 2012;34(2):145-53. https://
doi.org/10.14347/kadt.2012.34.2.145

[5] Tasaka A, Shimizu T, Kato Y, Okano H, Ida Y, Higuchi S, et al. Accuracy of removable
partial denture framework fabricated by casting with a 3D printed pattern and selective
laser sintering. J Prosthodont Res 2019;in press. http://lps3.doi.org.libproxy.knu.ac.
kr/10.1016/].jpor.2019.07.009

[6] Jee HS, Suh JH. Laser-aided direct metal deposition (DMD) technology. Korean Journal
of Computational Design and Engineering 2003;8(3):150-6.

[7] Kim HA, Lim HP, Kang H, Yang HS, Park SW, Yun KD. Fabrication of additive
manufacturing interim denture and comparison with conventional interim denture: A
case report. J Korean Acad Prosthodont 2019;57(4):483-9. https://doi.org.libproxy.knu.
ac.kr/10.4047/jkap.2019.57.4.483

[8] Song JK, Park KS, Kim MS, Kwon TY, Hong MH. Accuracy comparison between
subtractive and additive methods in fabricating working model. Korean J Dental
Materials 2011;45:89-96. https://doi.org/10.14815/kjdm.2018.45.1.89

[9] Kim JD, Park JY, Cho MW. Solid freeform fabrication of metal prototype using direct
metal shaping process. Jonrnal of KSPE 2000;17(10):56-62.

[10] Murakami I, Schulman A. Aspects of metal-ceramic bonding. Dent Clin North Am
1987;31:333-46.

[11] Lee ES, Lee JH, Kim WM, Chun YJ. Removal of micro burr by using Electrolytic-
deburring. Jonrnal of KSPE 2005;22(9):20-6.

[12] Park, SA, Koak JY, Heo SJ, Kim SK, Park JM. RPD framework fabrication using
computer-aided design (CAD) and rapid prototyping. J Korean Acad Prosthodont
2017;55(1):94-9. https://doi.org/10.4047/jkap.2017.55.1.94

[13] Lee JS, Ahn SJ, Leesungbok R, Lee SW. A case of removable dentures using digital
method. J Korean Acad Prosthodont 2018;56(3):250-7. https://doi.org/10.4047/
jkap.2018.56.3.250

[14] Alageel O, Abdallah MN, Alsheghri A, Song J, Caron E, Tamimi F. Removable partial

https://doi.org/10.13065/jksdh.20190092



BrEcl - ZE / 224Xl MefHoto] whE SLS 3D Z2IEfo| X{THd It - 1075

denture alloys processed by laser - sintering technique. J Biomed Mater Res B Appl
Biomater 2018;106(3):1174-85. https://doi.org/10.1002/jbm.b.33929

[15] Arafa KAO. Assessment of the fit of removable partial denture fabricated by computer-
aided designing/computer aided manufacturing technology. Saudi Med J 2018;39:17-
22. https://doi.org/10.15537/sm;j.2018.1.20796

[16] Lima JM, Anami LC, Araujo RM, Pavanelli CA. Removable partial dentures: use of rapid
prototyping. J Prosthodont 2014;23:588-91. https://doi.org/10.1111/jopr.12154

[17] Alageel O, Abdallah MN, Alsheghri A, Song J, Caron E, Tamimi F. Removable partial
denture alloys processed by laser-sintering technique. J Biomed Mater Res B Appl
Biomater 2018;106:1174-85. https://doi.org/10.1002/jbm.b.33929

[18] Almufleh B, Emami E, Alageel O, de Melo O, Seng F, Caron E, et al. Patient satisfaction
with laser-sintered removable partial dentures: a crossover pilot clinical trial. J Prosthet
Dent 2018;119:560-7. https://doi.org/10.1016/j.prosdent.2017.04.021

[19] Ender A, Attin T, Mehl A. /n vivo precision of conventional and digital methods of
obtaining complete-arch dental impressions. J Prosthet Dent 2016;115: 313-20. https://
doi.org/10.1016/j.prosdent.2015.09.011

[20] Papaspyridakos P, Gallucci GO, Chen CJ, Hanssen S, Naer |, Vandenberghe B. Digital
versus conventional implant impressions for edentulous patients: accuracy outcomes.
Clin Oral Implants Res 2016;27:465-72. https://doi.org/10.1111/clr.12567

[21] Liu YF, Yu H, Wang WN, Gao B. A preliminary study on the forming quality of titanium
alloy removable partial denture frameworks fabricated by selective laser melting.
Zhonghua Kou Qiang Yi Xue Za Zhi 2017;52(6):351-4.

[22] Felton DA, Kanoy BE, Bayne SC, Wirthman GP. Effect of /n vivo crown margin
discrepancies on periodontal health. J Prosthet Dent 1991;65:357-64. https://
doi.org/10.1016/0022-3913(91)90225-|

[23] Malekjafarian A, OBrien EJ, Micu LA. Investigation of buckling capacity of metal
materials manufactured by laser 3D printing. Procedia Manuf 2017;7:696-700. https://
doi.org/10.1016/j.promfg.2016.12.103

[24] Li C, Fu CH, Guo YB, Fang FZ. Fast prediction and validation of part distortion in
selective laser melting. Procedia Manuf 2015;1:355-65. https://doi.org/10.1016/
j-promfg.2015.09.042

https://doi.org/10.13065/jksdh.20190092





