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Marginal and internal discrepancy of 3-unit fixed dental prostheses fabricated by

subtractive and additive manufacturing

Jae-Won Choi*

Department of Prosthodontics, School of Dentistry, Pusan National University, Yangsan, Republic of Korea

Purpose: This study was to evaluate marginal and internal discrepancy of 3-unit fixed dental prostheses (FDP) fabricated by subtractive manufacturing and additive manu-
facturing. Materials and methods: 3-unit bridge abutments without the maxillary left second premolar were prepared (reference model) and the reference model scan data
was obtained using an intraoral scanner. 3-unit fixed dental prostheses were fabricated in the following three ways: Milled 3-unit FDP (MIL), digital light processing (DLP)
3D printed 3-unit FDP (D3P), stereolithography apparatus (SLA) 3D printed 3-unit FDP (S3P). To evaluate the marginal/internal discrepancy and precision of the prosthesis,
scan data were superimposed by the triple-scan protocol and the combinations calculator, respectively. Quantitative and qualitative analysis was performed using root mean
square (RMS) value and color difference map in 3D analysis program (Geomagic control X). Statistical analysis was performed using the Kruskal-Wallis test (¢=.05), Mann-
Whitney U test and Bonferroni correction (0=.05/3=.017). Results: The marginal discrepancy of S3P group was superior to MIL and D3P groups, and MIL and D3P groups
were similar. The D3P and S3P groups showed better internal discrepancy than the MIL group, and there was no significant difference between the D3P and S3P groups. The
precision was excellent in the order of MIL, S3P, and D3P groups. Conclusion: Within the limitation of this study, the 3-unit fixed dental prostheses fabricated by additive
manufacturing showed better marginal and internal discrepancy than the those of fabricated by subtractive manufacturing, but the precision was poor. (J Korean Acad

Prosthodont 2020,58:7-13)
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A 7ta e Ao Uy ES = gAIE QAo =M HE L g
AAE IS dEPio R TR HEES ARt 4 itk
= ARo] Q= "t A7 o] JH|, S-X|H2]Q] ofge, UdE o B2 AFE 93] dentiform (PER5001-UL-SCP-AK-28, Nissin
o] Z17A o] ute} ulA| A3Ado] Wojx|= wh™o] Qick w3k W Dental, Kyoto, Japan)2] Aot £= 24 1x|(#25)2 A AL
Y g 59| xlso] REE] FULol JFE £ £= It get FE AR #24)8} Aot 25 AU HR](#26)2] H 7
o]} Bkt & 3D printingo|2tal E5] dHA Q= HT 7S F2I 71 ARIE AHE-oto] 32 134 40X FElE Al
oL AA FEj] AR E FHER ASF o2 FAF oM A Z}59l o, o] & FL 8 (reference model) O 2 A5}t
AR G4 de o R Az Jurt a1 dgzlonyt FRgo] 9 WkALE £o]7] 913t 3L (EASY SCAN, PD
Brksl 2T A3 5}A AlEro] 7hsslks & o] giek Dental, Seoul, Korea)E T 3x35}1, 717 A7fH(TRIOS 3,

SHHE, Al RAEZ9] F7]HQl 3t 52 HA 2 A & 3Shape, Copenhagen, Denmark)2 A7H5}o] 3x}9] 23 d|o]
Ste ol #eo] Qi B A B o] gkl Wil Agte Zaa HE 9k CAD software (3shape Dental Designer, 3Shape,
5, AHE njA +&, WAoo = QIgH v] Aln]/d, X]of £-4] gl Copenhagen, Denmark) Zol|A] HARE 1 mm sPY 2 1 mm
%7 Agko] gielo] Hrh” w3, RAEE o] Wi =gho] BAE grol disto] Z42f 20 pmet 60 pme] AJHE F7hg Fojstal
S Afols AHME FA S7F, Al o] sl wite] At 3E 1 REE-S tARRISH] standard triangulated language
VT T BHES o XMF/gol AT vt ofzt EF (STL) Td& At 32 13/d BHES AZsh= ol uf
St HA Hgg op7 |8 = Qlek gt 37)9] o8 FFotal thgat o] Yo 7F +

Z| R} Fokoll A CAD/CAM A|ARIS o] 8-5F BAHE A& 1071¢] BEE2 AZF6kIet (Table 1). 1) Milled 3-unit fixed
o] HEstEo| we}, HA 9 FF 7hH o 2 AEHE Al B dental prostheses (FDP) (MIL): Polymethyl methacrylates
2o Hol 2 Y H ol tigh B A} QI s (PMMA) EZ(TS PMMA block, TS Dental, Tian Shwu Hail-
R|gh tf 2] AEo] TrdR]ol F3k=]of Igls et ofe} iao, Tainan, Taiwan)& Y %FH|(ARUM 4X-100, DOOWON
oA AHA| 712 S-S 3D ZHE 9 QA 2L Al ID, Daejeon, Korea)= HAtslo] &) 2H6}gch (Fig. 1A). 2) DLP

Az AA| BEEC] AT #eh A s ARES AAolrt 3D printed 3-unit FDP (D3P+%): Digital light processing (DLP)
ofe] & AN = Ul 7I& AT 7t 2 A 3R a1 YA{] 3D ZHE|(ZENITH D, Dentis, Daegu, Korea)e} &
MY RART} 7|20 MAF 7o @ MabE 38 AN BA o] B Sx|(ZMD-1000B TEMPORARY, Dentis, Dacgu,

2 2 A P S vl Bohshat sgic Korea)Z: o] 4-3}0] B27HE = 180°, % S 100 ym 47

Table 1. Methods and materials tested in this study

Group Method Product Manufacturer Material Type

MIL Milling ARUM 4X-100 DOOWON ID, Daejeon, Korea TS Dental PMMA

D3p 3DI§ II)’n'n fing ZENITH D Dentis, Daegu, Korea ZMD-1000B TEMPORARY Acrylate Photopolymer
SLA .

S3p 3D Printing ZENITH U Dentis, Daegu, Korea ZMD-1000B TEMPORARY Acrylate Photopolymer

MIL, milled 3-unit FDP; D3P, DLP 3D printed 3-unit FDP; S3P, SLA 3D printed 3-unit FDP.

Fig. 1. Fabrication of 3-unit FDPs (upper, occlusal view; lower, buccal view). (A) MIL: milled 3-unit FDP, (B) D3P: DLP 3D printed 3-unit FDP, (C) S3P: SLA
3D printed 3-unit FDP.
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ALY 5 7134102 HSE) 32 1 JA0IKI] ol Lt g 2ot 9

sto] % 7125 S HARS 22 B AP 7]
HA|FA MA S}, ultraviolet (UV) 7ZJs}7](CURE DEN, Dentis,
Daegu, Korea)ol| A 102 =<2t 33735} 5193t} (Fig. 1B). 3) SLA
3D printed 3-unit FDP (S3P<%): Stereolithography apparatus
(SLA) ¥Al2e] 3D ZHE|(ZENITH U, Dentis, Daegu, Korea)
9} F-8-9] BH5A $X]|(ZMD-1000B TEMPORARY, Dentis,
Dacgu, Korea) & 0]8:310] F22H5 &= 180°, 5 7= 100 ym
2 Agelo] 1% Fh3sigic. BeE nAze) FAYNYL
D3P} 5 L5kt (Fig. 10).

HAEE9 WA 9 U A =E F7st7] 918 Triple-scan
protocolZ ©]-&3}%ich WA HF =7} 10 umel 2 A4
(3Shape E2, 3Shape, Copenhagen, Denmark) 2 FR 81} HH
Eo] Y S A% &, WHel7|A|(Fit checker, GC, Corp.,
Tokyo, Japan)E ©]-&5to] BHE& FEPo| FEAIZ FHE
A7NEFATE 3% B 2 13(Geomagic Control X, 3D sys-
tems, Rock Hill, SC, USA)E 0]&5}o] HHE 0] R gof &}
2 A7 HlolE ol FRPY BREE AW HolHE =71 4
H(Initial alignment) 2 %= P (Best-fit alignment)E E-3 =
HAZ &, FFF0 2 SHE Al 7HR] 270 dlojg] 5 BE 0]
Fryof FEE A0 dloJEHE A3k Root mean square
(RMS) 7t} color difference map ©|-835t0] TR} HAHE
Atole] e B A/ A4S ARSI 3h, HEE HEE
© ZF 158 U A7 oy 1] S50 <sl S o,
LT o2 FeF 2 A A Algst)

(21 — xZ,i)z

RMS =

n
=1

%

RMS Zt& 919} 2+& 340l uje} A=Y ne S5
o] F Fo]aL, X, = Fx A7 glofele] i ¢ ufe] ZolH
X, B7F A7 dlolg 9] i I wje] FAYF 0|} of7|A W
RMS 38 S5 tlo]ele] &2 3819 LrlE tehiich
EAEAL SPSS AZE Qo] #A 25.0 (SPSS Inc., Chicago,

IL, USA)E AFE5}9 o™, Shapiro-WilkZ FA A% 2
Levencd] 53414 A48 Alss}3ich. BE tloEigo] e
ZE w2 K] gro} v B ARQI Kruskal-Wallis test (o = .05)
2} Mann-Whitney U test 2 Bonferroni correction (o = .05/3 =
017 oI5} 7t o] ol e ABsISic

21t

HO &9 o] RMS g v]w gk Ay}, S3P7+(37.6 + 3.3 um)
o] MIL-(48.1 + 5.6 um), D3P3(48.1 + 3.6 um)o] B3} 7|
Ao 2 golslA &gon (P < .05/3 = .017), MILZ-3} D3P
Atololls BAIRORZ folgh &fo|7t GiRiet (P> .05/3 = .017)
(Table 2). LJd =gHz o] RMS ZHS v]w3t Awh, MILZ(101.8
+ 5.7 um)©] D3P5E(73.3 + 11.9 pum), S3P(69.9 + 20.5 pum)
B} o5 A Hor (P <.05/3 =.017), D3P} S3PF Ato]
o= F-J5k AfolE Bolx] &t (P> .05/3 =.017) (Table 2).
Color difference maps< H|w st A}, S3P2] MR = MIL
T} D3P-9] HA R H]a] B> FHoA ZEM2] 2531 ]
F=E Bt} (Fig. 2). 3H, BE & w978 FSjolA]

Table 2. Mean (+ SD) RMS values and 95% Cls for marginal and internal
discrepancies (unit: pm)

RMS
Marginal discrepancy Internal discrepancy
Group Mean + SD 95% CI Mean + SD 95% CI
MIL 481456 44.1-52.1 101.8+£57°  97.8-1059
D3P 481+£3.6"  455-50.7 733+£119"  64.8-81.8
S3P 37.6+£33"  353-400  69.9+205° 74.0-893
P <.001 <.001

Values followed by the same letter were not significantly different (P> .05/3
=.017). P-values are from a Kruskal-Wallis test.

RMS, root mean square; SD, standard deviation; CI, confidence interval;
MIL, milled 3-unit FDP; D3P, DLP 3D printed 3-unit FDP; S3P, SLA 3D
printed 3-unit FDP.

Fig. 2. Color difference maps for qualitative analysis of marginal (upper) and internal discrepancies (lower). (A) MIL: milled 3-unit FDP, (B) D3P: DLP 3D

printed 3-unit FDP, (C) S3P: SLA 3D printed 3-unit FDP.
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2 RS 7SO HAE 32 28 TAOIRIO| O 51 LI Aol 213 o1

71 75k Mo & e xHE YEhl=d, D3P S3P- ubet
Aol o] QX7 Bl b, MIL-9] H7hA o] oFo] O AHE B
Rk (Fig. 2).

Az o] 742 RMS ZHe D3P(42.3 + 14.7 um)o| A 71
331, S3PF(27.9 + 6.8 pm), MILA(19.9 + 12.6 pm)$= 0.2 =}
xom, Al o oA BAFOE {3t RlolE ERTt (P <
.05/3 = .017) (Table 3). Color difference maps= S5+ F/4= &
M)A % MILE, S3P, 183 D3P £02 224 ¢Jodo)
ol FxH AL I 4= 9lom, welH 97t HejofA g
Ko7 & eAlE& WA 4 JQ} (Fig. 3).

=22 2=

k|

CAD/CAM A|2§1& 270Ul ol RIcha] A7, AFEE
o183 £H8& MASkL ARG uhiel M} ul 3t AIZHE
SEAIR B obek A £ E8 olshtt " CAM
2 B3I BE IYOR BRE 4 gon, el
243k0) AR BAE FRIK APl FHsdt AF 7HRH
o] ofs} 2 x|t Rololl A A © Bol AL ik Fufo]
A= bR 714 2 A 3D ZeE] o glA] 2.8 RE7} Alok
HERE 71E Wi AlmEo] ALgH L Yk Fol om @
wsto] Uube g 9 7148 Sl Bt AT Qiglou 2

Table 3. Precision based on mean (+ SD) RMS values and 95% Cls for
3-unit FDPs fabricated by different methods (unit: pm)

RMS
Group Mean + SD 95% CI
MIL 19.9+12.6" 16.1-23.7
D3P 0N3+147 37.9-46.7
S3P 279+6.8 25.9-30.0
P <.001

Values followed by the same letter were not significantly different (P > .05/3
=.017). P-values are from a Kruskal-Wallis test.

RMS, root mean square; SD, standard deviation; CI, confidence interval;
MIL, milled 3-unit FDP; D3P, DLP 3D printed 3-unit FDP; S3P, SLA 3D
printed 3-unit FDP.
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Fig. 3. Color difference maps for qualitative analysis of inner surfaces. (A) MIL: milled 3-unit FDP, (B) D3P: DLP 3D printed 3-unit FDP, (C) S3P: SLA 3D
printed 3-unit FDP.
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D3P} DLP 3D ZlE}= F73eHd xlol FSHAIA S8
2 HEsHe WAl SUsILE, S3PE9] SLA 3D ZEE UV
oK E FHL & ko] H(point)H= 2t T H3A7]= 1
Hofl D3P2] DLP 3D ZHE <= light emitting diode (LED)E
AHE-51e] W(face) =2 7F F& HsHAIZICH whekA] SLA 3D
ZE}= DLP 3D X2 Eof| vlaf F2] FgEEQl Aol 24X &
gt o] o]FR| L B2 o] 3 GFAE FHCEA o
S U RAEES Az 4 Qi

AUzl Qlojx= Hat 7k o2 AlEst 3
EMIL#)o] BZF 7haHo 2 Azt 37 17 d=(D3P
-, 3P ETE S5 ATHE B Y], o] o]Fo] it Ay}
o} dx|gtct.! et 7hgHoll A AFEEH PMMA 552 A= 7+
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A7t A== RS vral Wl 48 WUx[s7] S5 &
=& 180°2 447351t ghH, 2 AgtolA= wit/do] Hol
Uil 254 SR tigh WS 2| Astel, 39S 21& A
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A+g5lach” SRt stst AR, B =, FehE Aol Ak
Aet 23 A7 A FFE E 5 Y d9xF E
Fxto] G2, FH 2L £E 59 QAL
o] 743} ch2oh?® et £33 dAoiMe AR H3
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