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Comparison of the accuracy of intraoral scanner by three-dimensional analysis in single and

3-unit bridge abutment model: In vitro study

Mei-Yang Huang'?, Keunbada Son**, Wan-Sun Lee’, Kyu-Bok Lee'*
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Purpose: The purpose of this study was to evaluate the accuracy of three types of intraoral scanners and the accuracy of the single abutment and bridge abutment model.
Materials and methods: In this study, a single abutment, and a bridge abutment with missing first molar was fabricated and set as the reference model. The reference model
was scanned with an industrial three-dimensional scanner and set as reference scan data. The reference model was scanned five times using the three intraoral scanners
(CS3600, CS3500, and EZIS PO). This was set as the evaluation scan data. In the three-dimensional analysis (Geomagic control X), the divided abutment region was selected
and analyzed to verify the scan accuracy of the abutment. Statistical analysis was performed using SPSS software (o = .05). The accuracy of intraoral scanners was compared
using the Kruskal-Wallis test and post-test was performed using the Pairwise test. The accuracy difference between the single abutment model and the bridge abutment model
was analyzed by the Mann-Whitney U test. Results: The accuracy according to the intraoral scanner was significantly different (P <.05). The trueness of the single abutment
model and the bridge abutment model showed a statistically significant difference and showed better trueness in the single abutment (P < .05). There was no significant dif-
ference in the precision (P = .616). Conclusion: As a result of comparing the accuracy of single and bridge abutments, the error of abutment scan increased with increasing
scan area, and the accuracy of bridge abutment model was clinically acceptable in three types of intraoral scanners. (J Korean Acad Prosthodont 2019;57:102-9)
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x| oo Al computer aided design and computer aided
manufacturing (CAD/CAM) A|AEIL 1971d Dureto]] &3]
T7F AFFEIQAL, 1980t E el TYE & AI&HQ1 A
& AFsIch” aEln dxje] X1z AdIge ARt gRE
ZA11A (digital workflow) 0 2 tiA|E|o)7}a it

REEQ Az oA QU ASA Y] Sls HH QU]
Tol| ©}2 7 EAT WH P (swelling effect)o] LAY
o] Aol wh2 wgdo] TSt ik ARt Jum
ZHele] o &3} uho] dojd 4= 9l o] gk b
A28 CAD/CAM A|AgL2 270 do]E]e] Hto] 7hHs}
AMAo] Ert” £33 B2 Bt GolsiA AlEstaL, A
AZHE ©EBle] W ofo] S EES AR 4 ik’ uhet
|2}-8 CAD/CAM A|AEL2 AE AR QIS A 54l o] A
Hekgh 4= it

A|2H-& CAD/CAM A|ARlE B3t S EZ0] AlEH A 71 €]
WPo & FPEet. 7 U] ARA I AxZElS 3XHE R
A M5}= 7 (data capture process), A7) F3SE Hlo[HE vl
o7 $£EES tx}eIst= CAD & (design process), 12|l
CAD £XESJofoll M trRIGH 555 E£Ych= CAM 37
(manufacturing process)©|th. £5] CAD/CAM A|AElo A A7H
She e 32 Aol o} 7 7o) Bl 4t
& vzl 3ol

R|1}-& CAD/CAM A|AElo| A AZRGH= IFL T 71x] <] |
Hol et AolM 7 AHE 7 UE &
7150 HlATE AR ZHY RS A
270 diolH9] =& AAFS F+EE HA L Y
2% JFS nFit v B0 HJe st ¢
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= A £E5}E 7]H(ISO)ol| 2 A0 9] & & (Accuracy)
L 1% (trueness)Qt UL (precision)S E8f Hr7lEch” A%
= AlA dlojelet A7H HloE Atole] fAMYE YEM L, Y
T 270 doly 7He] dX] ES UEY AR e FJUs
(reproducibility)Q} 22 ojn| 2 AMEE] 11 Ut}

o A& W T 5 AthX] BHo|A & QUIAE ol
B3 A AS WHET 1 A7 o] 22 FHEE HoF
ek 2L o2 Atell A Hek(Complete arch) & &
= W] FEE= QU AE ol o £& FEEE 7=

1

I

o/ 1= R
& AT ol 2 ARE A Hvled S
R (irreversible hydrocolloid material)2] o+ ¢14;3} v w ghchH
7 2709 RS} B} S Ao WIElT ek 17
U olFe] A5 B AJolM 71 ol XIsEE 3 5
2 Achrlol 38 15 $82 Koix] 2eo] A% FHEES |
Toh Qe BET o[t b o el BHe 355
o] 717 A7do W E FE ot T +EE X|ix|et 38 11
X 482 Ao 29| HHEE Brlsle Zolch. o] A7

—_

CHStx|ntREsH|R| 574 25, 20194 4%

AR AL 35FE 27 27U FEE Aol gl
ZolIL, TR AR Bl 488 Aojxle} 3B Y 4
22 x|ojx] B9 e Abol7} gl Aol

M2 Y

H Lo AE= AEY 2d(Basic Study Models, KaVo, Bib-
erach, Germany)oj| A ©d $E & X|tx](#16)2}F A|1t)+x]7}
FAE 38 1R e EE AHRI#2S, #26, #27)F FZSHIATH
(Fig. 1). X|x]= x| 2AA olxl(supragingival chamfer radius,
1 mm, angle, 6°) . 2 3/d5}al, W HOA 1.5 mmE AAI5HS
o} 223 AAE ARE AEY Rdo] Balsal AE Ql
2} Rj(Deguform, Degudent, Hanau, Germany)S AF-g-5}o] EA|
SERATE (Fig. 1). 3ol &5 d A 2= Mg FIstal, 73
3t & AASI (Fig. 1). &4 P2 8u &2 7138 &n
Aoz Basla Aol gk AL TN o] BRL Fw
J(Reference model). 2.2 A5}t

WE 2712 2] oA Thl RS 33 T,
power analysis (G*Power v3.1.9.2, Heinrich-Heine-Universitit,
Dusseldorf, Germany)E 5}%31S uf -3 M E 0] A7]+= 53]=2
ARFE] AT} (actual power = 99.9%; power = 99%; o = .05).

AErE 2= 282 2 x 5 Mpx2] 1A=} Blue LEDE 7HK|=
A8 three-dimensional (3D) 274 (Solutionix C500, Medit,
Seoul, Korea)2 AZWGIR 1, 0|5 &Fx A0 glo|E 2 ARSI
ot (Fig. 1). Z12]aL 2704 9] Abg-o] SHE 1759] ZrgAE A
A 1A T A0S BT o 4L 2] A7 2
H}FALS Phase-shifting optical triangulation B}-Alo|t}.”

3Z29] 317+ AFH[CS3600 (Carestream Dental, Roches-
ter, NY, USA), CS3500 (Carestream Dental), 12|11 EZIS.PO
(DDS, Seoul, Korea)| & ©]-&5t9] & Ry 5 53] A7H 5l
(Fig. 1). o1& 7} 270 dlo|e| 2 A5t ZF 77 29149
Ahgo] £ 2E 199] ZHR7E ML 10874819 270 A
SlataL, F7bE o 2 s A8 RAs. ol 77 AAUe]
stgso] Behol] Qe tlal 4 7] WOl 3D AL
2J5l|A] standard tessellation language (STL) ¥} 2 F&35}gict
(Fig. 1). 28|31 7} 7 2904 9] 9 ¥2l& BH CS3500
EZIS PO+= two-dimensional (2D) ©|u]X]S 3D Ao =2 X5t
B} Active triangulation ¥}A]o] 1% CS3600-2 ¢34:%¢1 Ho]
B} 3D Ao 2 A3}Fs}= Active speed 3D video BHA]o|t}?!

3D BAE Y5l AHEE 2T E ol 1SO-128360] A B =
= GeomagicAle] Al A E 9J|of(release 2018.0.0, Geomagic
Control X, 3Dsystems, Cary, NC, USA)E ©]&35}tt ZAA &
ZEZoM FxE A7 o= Athx|e} QI X|ot= £
HQct. a8a B A7 glolgE E# e 1 £7] Y (Initial
alignment) &, XA JH(Best-fit alignment)S ZISY3}Fic). 0]
o BEP ¥E-2 100%= X|7g5EITt. 12|31 3D H] i Aof|A]
Althx|e] A70 FE e & H7] sl £ AR & A=Hsto] &
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3-dimentional comparison

Duplication of model

CAD Reference model

N

CAD Test model

|

Reference model

Industrial scanner

‘—‘le

Intraoral scanner
(CS3600, CS3500, EZIS PO)

Fig. 1. Experimental design.

Helgich. BAETHE UY £823 38 1) 222 2]

o] BLE tlolg ZIE] tis A=t ojuff HlolE EIE
+ Root Mean Square (RMS) gFo.2 AlLkelRar, 241 s
3 2}
RMS

RE o8 ZJAENA Xii= FZE A7 vlolEolA it U
o] Zx EQIE ¢IR|0]aL, Xait B7t A70 glo|EoA it & uf
o £7 QIE SIFlolck, LT ne 7} BAIN HHH RE
HlojE] ERIES] 5 it

RMS & M2 the A7 slolele] #xj7h Aot o2 xls
o 4 Qlck. e RMS e FH dlojele] & Aatain o
Z) =& UErdTt 3D v|2E Z7] W(color difference map) 2.
2 HIF 1, £ 100 pm2] HJ(20 color segments)@} £ 10 um
of 318 BAPELI(E ) E RS

B Ao A AFEEH EARAL SPSS Statistics (IBM Co.,
Armonk, NY, USA)E o] g3k 243titha = .05). A

104

shapiro-Wilk testZ E-3f] t|o]g|e] JHFEZLE ZRAFSIYT 1
2l FHEEE O1FA] F37] w2l 357 4 A A
g r = 8|24 ARSI kruskal-wallis testE AA|5Fo] B]a5F3
11 pairwise test®2 AFF A& AASIATE TYU SEE KX
29} 38 24 S22 KoK 2L B Aol
whitney U test@ FA35}93 T}

mann-

21t

94U £ 5E XHR] Rdol|A Fx9] FH A= EZIS PO
of| A= 20.74 + 1.04 um, CS35000]4] 15.70 + 0.60 pm, “12]
31 CS36000]14] 8.66 + 0.40 ume] Hi ghS H it (Fig. 2A).
CS3500%= & A7t f-2lgk &tol7t §lSitt (P > .05)(Fig.
2A). FUL 9] ZRFZATE EZIS POSJAE 26.24 + 1.36 um,
CS35000|A1 16.45 + 1.22 um, 12|31 CS36000A] 5.44 + 0.52
umo] B e B} (Fig. 3A). CS36002 CS3500 1810
EZIS POS} v] 5o BAR O 2 folobA e UL gHe B
Sk (P < .05)(Fig. 3A).
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POOIAE= 34.72 + 1.56 um, CS350001| 4] 26.74 + 1.21 pm, 12
31 CS360001|4] 13.02 + 0.29 umo] FF Z+S H gt} (Fig. 2B).

3EFY 4 Y B {8 xHolzt AUTt (P < .001)
(Fig. 2B). 3Uz o] A3t EZIS POA L 2524 + 2.06
pm, CS35000714] 10.70 + 0.41 pm, CS36009A] 8.73 + 0.69 um
o] FF S B} (Fig. 3B). CS3600} CS3500-2 -3-2]8t <}
oJ7} gtk (P = .528)(Fig. 3B).

T $2E AR RE 38 054 SR E A 2

o AxE BAROR foat Alolg BoiRglon, 31 17
A 400/
35.00
T 30004
=1
g 2500, g
S 200! o ab
= ' —
= 1500
b
10.00 - =
5.00
FZIS PO CS3500 CS3600

Intraoral scanner

A $EE Rhx] ZH(24.82 + 9.57 ym)Ec} Y S EE x|of
2(15.03 + 5.34 pm)ol|A o £ ZHEE YETH (P < .05)
(Fig. 4A). 28iu FUEo M= TY 55 AthR] ZH(16.04
+9.26 pm)#} 32 134 SEE KHX] ZH(14.89 + 8.44 pm)
& Folulgh xto] & H K] ¢koket (P = .616)(Fig. 4B).

Figure 59| A7 W& M EZIS PO= w g QoA &9
H o] Mol Jodol| A oFo] MolE W oiZT). CS3500L WY <]
ol|A &Fel H9lE HojEth 18 al CS360001A1= 10 pm o]/
o] 9= Ao YehR] ¢koktt (Fig. 5).

40.00 1 a
35.00 1
30.00 1 b
25.00 1
20.00
15.00 .

RMS value (um)

C
[+]
o

10.00 |
5.00 |

CS3500 CS3600

Intraoral scanner

EZIS PO

Fig. 2. Comparison of trueness according to intraoral scanner. (A) Single abutment, (B) Bridge abutment. Different letters indicate significant differences (P <

.05). Circle points indicate outliers.

A 4000
35.00 a

T 30.00

=1

o 25001 a

>

€ 2000

—

= 15001
10.00 1 b
500, -

EZIS PO CS3500 CS3600

Intraoral scanner

B 4000
a
35.00 1
= 3000-
=
o 2500
=
€ 2000
—
= 1500/ 5 b
10,00 % %I
5.00
EZSPO  CS3500 CS3600

Intraoral scanner

Fig. 3. Comparison of precision according to intraoral scanner. (A) Single abutment, (B) Bridge abutment. Different letters indicate significant differences (P <.05).

Circle points indicate outliers.
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A B
40.00 b 40.00
a
35.00 35.00 a
E 30,00 E 3000
= =
o 2500 a o 2500
= >
S 2000 S 20.00
S 1500 L 1500
T 1000 T 1000
5.00 5.00
.00 .00
Single abutment Bridge abutment Single abutment Bridge abutment
Intraoral scanner Intraoral scanner

Fig. 4. Comparison of accuracy according to abutment type. (A) Trueness, (B) Precision. Different letters indicate significant differences (P <.05).

A B c
D E F

Fig. 5. Comparison of color difference map according to intraoral scanner. (A) EZIS PO (single), (B) CS3500 (single), (C) CS3600 (single), (D) EZIS PO (bridge),
(E) CS3500 (bridge), (F) CS3600 (bridge).

k= B R4 SEE x|gix] 2] Tl 100 pme] A7 514
H9of] S0]YTHCS3600, 13.02 pm; CS3500, 26.74 um; EZIS
B ALoA] 3579 AF)1(CS3600, CS3500, EZIS PO)o]| PO, 34.72 um).

2 YT YYD K3 Ao/t e AT (P T AAUelN 270 QxZh Sk olf A7 ARk
<.05). 223 Y $R2 ARlel 3B 0P 22 KK ©2RE 2D ofulx|E 5ste] 3 olujx|2 FYE] wEo]
9L HTeGE o GO Aot Y8 HolFQh (P < TR AL Mot B SUsteE AU Yo of
05). TetA] o] A7o] AR P W AHE). Fukazawa 53 A709] £47} b 4 glom = 3D ofulx] @Ao]
S70] o] 2w £220 £47H5e AME Fh ol 2 Atk wor 3D ofn|xE WAJsHE BAo] 2D ojulxl) &

o AN

2 A7 HolE 9] 518 W= 100 um oJ5tE FAISHITE & 7k ZRE on|x]e] HFow sl 27| HT AojRH &
AfolM 357 77 AUl e 9 58 xdixlek 3 W XFEHO| B g BolEdh
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= 10719 "yxd 2eds ZAsklth 223 74 o =2(E
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L o] At AA o/ S0l AdHR] ¥ekal, 74 9 =4
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o A7/l T AT} ThE B 3D RS she 2 9
t}. Lim 5%, Jeong 5, 18] Ender 579 A1 & W 117}
2 E ol8sto] 7Hde RESs g5stal, AE BRE Y
oAl =& JH(Best-fit alignment)& 3} 3D EA1-& 3}t
ol gt WA= AXF BHEE & = Ao ofn g
FZol| Ackst ELX7E kil 71HE shA &A FJE (Best-fit
alignment)s &3f th2 F2o L77H YA 4 it whabA]
3D v]9] A7 W(color difference map)ol|A UEh = REA
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