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Accuracy comparison between subtractive and additive methods
in fabricating working model
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The purpose of this study was to compare the accuracy of the working models fabricated by the subtractive and additive
processing methods based on the 3-dimensional reconstruction model. A total of 20 models were fabricated with subtractive
processing method from polymethyl methacrylate (PMMA) blocks using the stereolithography (STL) file of master gypsum model
and another 20 models were fabricated with additive processing method using 3D printer with 0.025 mm of a layer thickness.
The CAD-reference-model (CRM) and CAD-test-model (CTM) were superimposed by a software for accuracy analysis (Geomagic
Qualify 13), where the STL files were transformed to point cloud data and the surface data (CRM and CTM) were subjected
to initial alignment and followed by re-alignmented according to best-fit superimposition. The distances between surface data
and all points, in this process, were converted to the root mean square (RMS) and averaged. In the experimental results, It
was shown that the accuracy is higher in work model fabricated by additive processing method compared to one fabricated
by subtractive one (p(0.05). In addition, it is considered that the working model fabricated by subtractive processing method

is to be clinically applicable by improving the improper reproducibility of the tooth surface and depressed area.
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A A7 5 - W] o3 eap) ARty w3l %
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M= 2 F/E kel |k ARk 24y BEe] A
TE FE BEEY g JFS A 2L gt
webs 2] By AzRe @] sHE Ves vEe s
Aesl 24 2¥2 A Z}sfoF 3T Christensen, 2009).

2+ 23 AzHS Q)3 x7HE CAD/CAME 831
A7 S7kekaL ok H2 =9 CAD/CAM AJAEE
7} B ol whel HAF 7} (subtractive manufacturing) @}
A% 7} (additive manufacturing) © 2 EHFHtHRekow,
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Ender 5, 2003). o] 3782 H2F A B2 Q3% AAje] AWt
HRAYSkaL gH] ARgol] e fA] Hlgo] wel E1, Ay
oAl AIRFA] &4do] Arhe wWo] AF L k. tlzF o

¢l AH|+= 2|FHE- 3D-printer’} Y THChoi 5, 2017). &=
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Aom 13 T o 7R A4 BYFS BT
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Figure 1, Master model,

Standard model
(Tooth model 500 (n=1))
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Figure 2, Master

Figure 3, Stone model(left) and digital model(right).



3 FARE 2z E 0] AFEH
A S FAT BAE
B3] Sfsf dlofel= 4 9 olele] TR o

13 mm)& AHIESITh Bk 2AUE o8 wE 27
& 179) Sae ARrlEAe) <8 15T 2070, % do7lel

AFAR RS SRS, ofF, Aoke 34 e
¢ }(Geomagic Qualify 13)& /\}%—6]-04 CAD-reference-
model (CRM)¥} CAD-test-model (CTM)& =33yt =
HhH-2 STL 9}Y-& point cloud date2 ¥WH3F5}F] surface
date?]l CRM¥} CTME
superimposition® 2 A& aF3iet. o] A FH dlo]
B9} & point 7Fe] AB]E RMS (root mean square)
Zko 2 sakste] 1 S ARSI RMSE dukdo 2
459 34 F VRS N A9 9E) A=) fAkEE s
71Eo 20 ARET) RMS 7ol 34 th&} Ztijeong
%, 20106).

initial alignment A]Z] ¥ best-fit

RMS = = 1 \/Zl 1(x1z x21)2

$] 2ol A= CRME] pointE oJw| &}, X2, &= Test STL)

pointE ejnjaie), ek N& 24 ¥ RE point ol 3%

e,
5. A 24

28 Az v 2 270 dlo]E] CAD-test-model
(CTM)9} CAD-reference-model(CRM) 7+e] RMS H 342
zfolol] Al FA S FEATE A 4 A, 7=
Al 9 Shapiro-Wilk H|2EE AR&-ste] dlolH 9] A+t
w2 Wsn, 28 Az o) g2 % U 1
Pt zpo]E Lol 7] ¢3) Student's t-testE AT}
Z} vjolele] Ht, TLHARE AR, B 5A Aot
218 IBM SPSS Statistics 20 A *28] X273 (SPSS
Inc, USA)& AR&-ste] A8l o, 9] & 0.052
SEEEES

0&1, F{E O}N

i

92

2 I}

Figure 4= CRM B9} F 7}2] Wi o2 Az 2y
nygol A4 2ddl 7ke] bestfit superimpositiono]] ¥-3F
U olel g MelEr), WA 1RE A B ARKES
(embrasure) & W3FHO I Ho|o|A] AFE| =& L

QA A W], 4% 43E A mPe
Ve A9 By BTk S5 YIES ekl 4 RES

Kook shANh, 725 wgH F9jo A5 5
ofgt mmgk @77t #EEH AT

RMS Z3}7k& Table 13} Figure 59 YERJATE CRM
el 7R o 2 A1k 2q] BE Apole] Hirgk,
B Az, 2gla Faro] digk 95% A1F] 7S Table
1] YepfiSlel. A% 7 FYgRde] 4§ 80.94 +
9.83 #me] RMS gt LHERATE vk, At 7k 2hg
EO] RMS e 126,28 £ 18,69 p#m=E A& 7}ad x_}q;
o] RMS # Ko} A et At 7k Ay BY
I AZ 7FE A Y OF 1F] RS Akl SAIEH
frelgk Apo]7b VFERETH(p(0.05).

Additive
fanytactwing

Subtractive
manufacturing

isfitiasesi GAERARESAEER
emeeE

izEzafasadi
anam

e
-
=
=
=

Figure 4, Superposition of CRM and CTM of dental models
fabricated by subtractive and additive manufacturing.



Table 1. Descriptive statistics of the mean three-dimensional deviations recorded between CRM model and CTM

models(subtractive and additive manufacturing methods, total 2 group, n=20 for each group)

Statistic S,
Error
Method of 95% Confidence
manufacturing Interval for Mean Std
Mean [zm] Devi : Min, Max, Range
Upper Lower eviation
Bound Bound
Subtractive 126.23 134 97 117,48 18.69 91.71 163,97 7226 4179
Additive 80.94 8554 76.34 9.83 61.52 97.92 36.40 2,198
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Figure 5. The RMS value of each group according to the best-fit
superimposition(*p{0.05, n=20 for each group, student t-test).
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® S S ATA UUE RS JUCR B % A5 HEE B A9 298 ALK A
7FE Wi whE By A= E v|n Frlslua} st BFE A3 238 STL (Stereolithography) 3+d-g ©]-8-8}a]

R
olg3te] AZ 77} 0.025 mmz 20719 BFE Ak AFE A AZEY)
(Geomaglc Quahfy 13)& AFg38te] CAD-reference-model (CRM)Z} CAD-test-model (CTM)E 333ttt 383
STL 3}-& point cloud dataZ ¥ 35}e] surface date$] CRMZ} CTM%: initial alignment A1Z] § best-fit superimposition .
2 Al shdeh o] A T HlolEle} RE point 7k AE]E RMS (Root Mean Square) FHo.2 halsle]
I HEE AXEQY. A= s do g AzbE 2] nae Fa slo g AFE v Wl S5 gurs
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CAD/CAM Z‘—.-ﬂé} Ao g & 207H«] 23S PMMA (Polymethyl Methacrylate) B8535 o884 A2}ttt Lg]
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Mol B0 : B @ A3 A%, MG CAD/CAM, FHE, ¢ 2
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