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Fig. 1. Study model eeeeeessessmmmiiiiiiiiisiii s 4
Fig. 2. Implant fixture installation into the acrylic resin model «eeweeeeeeees 5
(a) Surgical drill connection on surveyor
(b) Drilling for fixture installation
(c) Fixture installation by surgical kit drill, parallel installation
of fixtures
(d) Final installation of two implants
Fig. 3. SCan DOy cweeeeesesseesessssssssississiissisi it 6
(a) Digital abutment
(b) H-scan body

(c) Scan adaptor

Fig. 4. Gypsum model produced after connecting DA creeeeeeeereeesseseeneennnns 7
Fig. 5. Gypsum model produced after connecting HS oeeeerereereemmeesmsininnnns 7
Flg 6 Control and eXpeI‘imental GTOUPS  werereressssrssssesnsssntssttitt e 10

(a) Control group, After connecting the DA to the implant fixture
placed on the study model, scan with the model scanner and
extract the DA

(b) Experiment 1, After connecting the DA to the implant fixture
placed on the study model, scan with the oral scanner and
then extract the DA

(¢) Experiment 2, DA were connected and silicone impression was

taken. Gypsum models were fabricated and then scanned with
model scanner. DA digital data were extracted.

(d) Experiment 3, HS were connected and scanned with intraoral
scanner. From the digital model, virtual DA were connected

and DA digital data were extracted.
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(e) Experiment 4, HS were connected and silicone impression was
taken. Gypsum models were fabricated and then scanned with
model scanner. From the digital model, virtual DA were
connected and DA digital data were extracted.

(f) Experiment 5, SA were connected and scanned with intraoral
scanner. From the digital model, virtual DA were connected and

DA digital data were extracted.

Fig 7. Classification of control and experimental groups, convert all
eXtraCted DA fﬂeS to STL fﬂeS ............................................................... 11
Flg 8 Scan bOdjeS ................................................................................................... 13
(a) Control group
(b) Experimental group
(c) Superimposition of the experimental group to the control group
(d) 3D compare. Analysis of three-dimensional displacement

difference between two groups by +/- value
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ABSTRACT

Comparison of the accuracy of digital impression

using various scan bodies

Kim Jihye, D.D.S.
Advisor : Prof. Son, Meekyoung, D.D.S., M.S.D., Ph.D.
Department of Dentistry

Graduate School of Chosun University

Purpose : Various scan bodies, which are needed for intraoral or model
scanning, were introduced for making implant abutment. There is still
question about the accuracy of digital impression. So, the aim of this
study 1s to evaluate the accuracy of digital scanning using 3 different

scan bodies for the abutment level and fixture level digital impression.

Materials and methods : Two Implant fixtures(UFII, DIO Implant,
Busan, Republic of Korea) were placed on #35, 36 missing area of acrylic
dentiform model. 3 types of scan bodies (Digital abutment(DA), H-scan
body(HS), Scan adapter(SA)) were connected to the implant fixtures. And
then conventional and digital impression were performed. The control and
experimental groups were the below.

Control- DA were connected to the fixtures placed on the study model
and scanned with model scanner (S600 ARTI model scanner, Zirkonzhan,
South Tyrol, Italy). From the obtained digital model, DA digital data were
extracted.

Group 1- DA were connected to the fixtures placed on the study model
and scanned with intraoral scanner (Trios®, T12A, 3 shape Trios A/S,

Copenhagen, Denmark). From the obtained digital model, DA digital data
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were extracted.

Group 2- DA were connected to the fixtures placed on the study model
and impression was taken with silicone material. Gypsum models were
fabricated and then scanned with model scanner. From the obtained digital
model, DA digital data were extracted.

Group 3- HS were connected to the fixtures placed on the study model
and scanned with intraoral scanner. From the obtained digital model,
virtual DA were connected and DA digital data were extracted.

Group 4- HS were connected to the fixtures placed on the study model
and impression was taken with silicone material. Gypsum models were
fabricated and then scanned with model scanner. From the obtained digital
model, virtual DA were connected and DA digital data were extracted.
Group 5- SA were connected to the fixtures placed on the study model
and scanned with intraoral scanner. From the obtained digital model,
virtual DA were connected and DA digital data were extracted.

DA STL files which were extracted from each experimental group,
overlapped using 3D analysis program(Geomagic Design X 2014; 3D
systems, USA). Trueness and precision were measured for the accuracy
of the data. The measurement values through the 3D analysis were
calculated wusing root mean square(RMS). To statistical analysis,

Kruskal-Wallis test were performed.

Results : In the comparison of trueness (RMS: MeantSD), experimental
group 1 showed statistically different with groups 3,45 (p<0.005). In the
Precision, there were statistically different between group 1 and 3,45
(p<0.005), and between groups 1 and 2, between groups 3 and 4
(p<0.005).

Conclusions : Within the limitations of this in vitro study, the digital
impression taken by an intraoral scanner at abutment level showed higher

trueness and precision than the digital impression made at the fixture

_Vi_
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level. All measurements value of digital impression showed clinically

acceptable accuracy.

Key words: Accuracy, Dental implant, Digital impression, Scan body,

Digital abutment.
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1. 97 23 AZ

1) 47 BF &4

Ade] FaM soft e 4R et ofad #x R (E50-532
Nissin Dental Prod Inc, Kyoto, Japan)S +4W]gtth #35, 36 F917F A4
shel 1/49F B9 #31-#371)5 A3 tde = drh(Fig. 1.

Fig. 1. Study model.

2) YSTE uRZA A Y
#35, 36 YA sfFet= AL Hool FAA 40mm, Z°] 11.5mme U=
ZE 1A A (UFI, DIO Implant, Busan, Republic of Korea) ¥+ & 2 ¥}

12 AgeAn. #njd ByS A=y ~7F Z2d 218 A (Surveyor I,

N

Saeshin precision Ind. Co., Daegu, Republic of Korea)oll LA A]7|a, nlst

B FAEHA, F Ui JAESHETE A2 FgsiA A EE 7 AEF 9

th(Fig. 2a). G A A P& 9g Fdhole) A AAl A4

44 7] (UF Surgical Kit, DIO Implant, Busan, Republic of

sttt AXAZE FHsks = A wep =dHY S Aldet

2 mme HF 7S FAPSAHTE Fig. 2b). 12ja =& |
e

E aAAE HHsAtHd 2,

Ag =43

2
>
>
>
ofp
i
ool 32
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d). d=TE} A nAS BH}sL7] $8Fe] cyanoacrylate A& 7

A ZA (Loctite 401, Henkel, Diisseldorf, Germany)& 1A ®xHI} =23 A}
ool Fejsto] &35}t

Fig. 2. Implant fixture installation into the acrylic resin model. (a)
Surgical drill connection on surveyor, (b) Drilling for fixture installation,
(¢) Fixture installation by surgical kit drill, parallel installation of

fixtures, (d) Final installation of two implants.

2. 9AE 94E& &2AnHe o442

FETE LGZAZE AHE A5 2o 3F9 "AE dFE =7nty
(Digital abutment, H-scan body, Scan Adaptor, DIO Implant, Busan,
Republic of Korea)E EF# X (torque wrench)E ©]-&3te] 20Ncmo =z <
A3k

UA" A4g mPe 2AU} A4F £ g

rr
>

vl 2 9l

il

gdE 11
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AA e dAste] 2Rt R JEHES A E dHFTE 9
2 AT E 3FY 2Rt & AR s vh(fig. 3).

Digital abutment(DA, DPR 2555H, DMR 2555H, DIO Implant, Busan,
Republic of Korea)= Z=7lo] 7}s3 7|4 abutmentelt). 7]&9] 714
abutment®.t} FE7F & o A9 FEjol 7HEA A ZE abutmento] T}
(Fig. 3a). 7114 o|HEHES 7|53 tAd Qg A3 95 A
Ty gt

H-scan body(HS, HSCAN 561H, HSCAN 661H, DIO Implant, Busan,
Republic of Korea): healing abutment®] gHg FastHA] FAo =7
o] 7hsgk 4§ P H9&E grh(Fig. 3b). HSE A3 & ~d S
Alget dETE gAY A E dHF= 9TFS Ik

Scan adaptor(SA, Submerged Scan Adapter, ©@4.0X11.2mm, DIO
Implant, Busan, Republic of Korea)= 7 W Fixture %+ Alx 249
lab analogell d#ste] A=Y E=
AETE IAHAY] 9AF AAA7]= UAE AFE 73 o]‘jr(Fig. 3c).

AbutmentE UZHE nAHA A4 F I 3PS A A5 A

]
o
o

o,

% abutment oAl Q1A A5
YESTE fixture ZAHA S IS AS5e= A, = &

S AFetd] fixture oA A ASsE AL fixture level 91730l
3 gk Q1 A S FeloR E/SHAFH DAT abutment level®] 1S 9

3l ~70vlt]o] a2 HSE SAYE fixture level? 148 €3F 2~ 7njr] o]t}

¥ V «? o

(a) (b) (c)
Fig. 3. Scan body. (a) Digital abutment, (b) H-scan body,

(c) Scan adaptor.
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3. durgo Az

AT Bl DAE 2% F v 2o WAHor M Bygs AAs
T} vinyl polysiloxane 173 A(EXAMIXFINE cartridge, regular type, GC
Co., Tokyo, Japan)& ©]-&3te] 103] A5 st 25 1071 1A
of W/P 20:100 H]& = 2 £33k type IV dental stone(GC FujiRock EP,
GC Co., Tokyo, Japan)= o 10719 A3 23S A2t th(Fig. 4). DA
5 d4g A7 EYolA DAE AAT F HSE ddstal 22 HAoR

10719 A3 28S A %s 9 thFig. 5).

>

Fig. 4. Gypsum model produced after connecting DA.

Fig. 5. Gypsum model produced after connecting HS.

4, A7 E¥F A1 2P fAE AN A=

T7 27U (Trios®, T12A, 3shape Trios A/S, Copenhagen, Denmark)
2 g 2d ~749(S600 ARTI model scanner, Zirkonzhan, South
Tyrol, Italy)& o]&3ste] 39 =AMt E A4 A5 =28 2 A&g A
2ol AE APt 2 A" sk He] AAvbel] o] AldES
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om, AU Abge FRT FA Fol 20 APssith 2 WL 30
AoprE 373 AopAAR ATt T 2AUR o
37 AokE AgoE 1A mFUS uhek WA 2AF; ol BE &

{l

&7 ol

st

Mo

AdZTE uAAV AEE AT R Digital abutmtent(DA, #35:DPR
2556H, #36:DMR 2555H, DIO Implant, Busan, Republic of Korea)E 20Ncm
o7 AAsar DA B9 wkAl WA A~z o](Easy Scan, Nabakem,
Republic of Korea)E $FAl =¥ + X348 Ed 2714 (S600 model
scanner, Zirkonzhan, South Tyrol, Italy)® =708}tk =70 Alefste] Ao
2 gAE 2y DA w2 %359 tH(Fig. 6a).

A9E A DA#3SDPR 2555H, #36:DMR
2555H, DIO Implant, Busan, Republic of Korea)E& 20Ncml = AAsta
& 2 Y (Trios®, T12A, 3shape Trios A/S, Copenhagen, Denmark)Z 103]
270 stk 27k fdoj yAE mFP oA DAV w2 3%k th(Fig.
6b).

AJT 2. A7 2o AHE uAA ] DAZS 20Ncme 2 243 & vinyl
polysiloxane 17 A (EXAMIXFINE cartridge, regular type, GC Co., Tokyo,
Japan)E °]-&3to] 103] ARAS sk ol Fall AFF 10709 A &
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de g 2d ~74(S600 ARTI model scanner, Zirkonzhan, South
Tyrol Italy) 2 Z=703FA T =70 Als)ste] Adojzl fAd B A DARF F
=3+ tH(Fig. 6¢)
AT 3 A7 2P AgE A A HS#HS5HSCAN 561H, #36:HSCAN
661H, DIO Implant, Busan, Republic of Korea)E 20Ncml & 23 &
& =AU R 103 2T 27 Aldste] Aozl fxE R 3
Shape dental system' “(3Shape,Copenhagen,Denmark) X Eg|o]E o] &3}
UZSTE DA fXE HAAsA ASTE nAQ A 942 HAA B
He o5 2o WA HSY 9 #35:-HSCAN 561H, #36:HSCAN 661H)-=
13t HSQ libraryE &2t 32 libraryet YR8 2dAe HSE
Jetettt. AH3te] ¢4uxW JASHE AA 9 A FHx7t A " o
2 97 AAE JEFRE uAA o T2 oA DAM#3S:DPR

2

T

N
wt

o

2555H, #36:DMR 2555H)E 7oz AZds $ DAY = FZ33th(Fig.
6d).

AYF 4. A7 28 gy nAgA ] HSS 20Neme2 AZA3 3 vinyl
polysiloxane S1%GAIE o] &3ste] 103] /A5 ettt AN A53te] A4

$ 10708 A3 2Re 3§ wdl AAUZ 2ASE 2 ABste]

oz fxdE »n =

A5 ARt DAS ZEIY oA 7MEoer 43 5 DAY e F&

3} A tHfig. 6e).

AP 5 AT 2o AgxE mAA ] SA(SA, Submerged Scan Adapter,

?4.0X11.2mm, DIO Implant, Busan, Republic of Korea)E& 20Ncml = 92

g 5 7 2AUE 103 28kt 270 Aldste] fdojXl gAY 2P
AT oA e} 2 o R AZHE fixtured] YAE HAII DAE

2O A TPt e R A4 & DARF wE FE3F%l thfig. 6f).

2l EE DA #Y& STL 9= W39 thfig. 7).
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Fig. 6a. Control group,

After connecting the DA to the implant fixture
placed on the study model, scan with the model
scanner and extract the DA.

Fig. 6b. Experiment 1,

After connecting the DA to the implant fixture
placed on the study model, scan with the intraoral
scanner and then extract the DA.

Fig. 6¢. Experiment 2,

DA were connected and silicone impression was
taken. Gypsum models were fabricated and then
scanned with model scanner. DA digital data were
extracted.

Fig. 6d. Experiment 3,

HS were connected and scanned with intraoral
scanner. From the digital model, virtual DA were
connected and DA digital data were extracted.

Fig. 6e. Experiment 4,

HS were connected and silicone impression was
taken. Gypsum models were fabricated and then
scanned with model scanner. From the digital model,
virtual DA were connected and DA digital data were
extracted.

Fig. 6f. Experiment 5

SA were connected and scanned with intraoral
scanner. From the digital model, virtual DA were
connected and DA digital data were extracted.

Fig. 6. Control and experimental groups.
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Control 2 ¢ DAS =

Group 1) &7 H DAS HE

Abutment level
imp.

Group3)©@ 3

Fixture level imp. Group4)
Llp| = 0]

Group5) 712
Intraoral scanner
(Trios®, T12A, 3shape Trios A/S,
Copenhagen, Denmark)

Fig. 7. Classification of control and experimental goups,

convert all extracted DA files to STL files.

FEE EE DAS STL ddEL 3349 oln|x] 4 = =2 13 (Geomagic
Design X 2014; 3D systems, USA)Z} ol A =
olmAl THE AWkt DAY BT W] 7}
ol 53, & 1085 7IFHow dtof ‘=7

scan data) Z=TE o]&3dle] olnH] FHE "]@ﬂ‘ﬁ‘?(ﬁg- Ta, b, c).
1

mean square(RMS) o=

S Ko
FH XS AEIATE 74 (+/)FEEE T RUES =HYS o Ao
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7. RMS $
RMSFAE ol gkt 9 gl SA EAsE 4gAA 1 Bae] 4

T AATE FRAAS W PO
KR
i=]

=S Aot A

oo
P,l',
rlr
>
B
°
Ko
o I

A7IA xii 7138 SAHAHC)AL, xoiv AP HolH Y SH At ne F

glolEf g=oft},

= s ] @94 4GABRAARAMTE &, 2% %% . QuABHPIAAVIE.

(d)
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Fig. 7. Scan bodies (a) Control group, (b) Experimental group, (c)
Superimposition of the experimental group to the control group, (d) 3D
compare. Analysis of three-dimensional displacement difference between

two groups by +/- value.

8. A &4
Zb a5 A8 vaE 913 $AI= IBM SPSS Statistics 23 (IBM Co,

Armonk, NY, USA)E AF&3te] At or 95% FoFwo= F7tsA
ooz ke Axgke Aatd HA e szl 918! Shapiro-Wilk tests A
Aletdar,  AarEEsA 5ol #1Ho(p<0.05), HEF A
Kruskal-Wallis testE A Alste] Blastivh. 9§ zo]7b vebt AL
© 2  Bonferronit§ o2 A3  FoFE (0.05/10=0.000)= A&
3}

i

Mz ofN
= o

ol
-

o]
3

o

Mann-Whitney U testE AAIsF 3, Ad 1 Fogk zpol7t =4

ATt

[‘2
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el

ol w2 <149 A g4 (accuracy)S HluL
Atk A3 A (accuracy)> M= thE 27vie] wel 53 A~ G
T Gl duiy YA =7HE UERUE trueness$F 22 oA
A mf t

mhu 2 AdEd=TtE o

A

U:

ol
el

]
a5
i

rr

iuj

8 2 &9 trueness®} precision 3209 B4 TE 71
AS B3l UAE 2P S FHE 1 AY Aol RMS go = Hiarsksth

=X A3 Trueness Precision& Table 13} 2t}

IS

Table 1. Trueness and precision of the digital models according to

different scan bodies (unit: mm)

Experimental N RMS X2 D
group Mean SD
Group 1 10 0256 00106
Group 2 10 .0380 02582
Trueness Group 3 10 0341 00252 23.104 000
Group 4 10 0386 01572
Group 5 10 .0341 .00121
Group 1 45 0184 01272
Group 2 45 0648 .09235
Precision Group 3 45 0483 .01929 7757  .000%%
Group 4 45 0588 .01890
Group 5 45 .0536 .01659

*p<0.05, **p<0.01

Ean

AETE 7F 2el7t A=A Kruskal-Wallis testE A AlsA L, Ad+E 7
ol gk zFol7F YERLHP<0.05) AFFEA o2 BonferroniH &2 243 #2]4
7(0.05/10=0.005)= #-&3te] Mann-Whitney U testE A A3t Th.

A3} truenessol A= Ad 13 A3+ 345 ] Folsk AolE HA S

M
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o)
t

(p<0.005), A A3 7
2). A 12 4 o

A
2 abutmentE AZAT FEjA 1 9] A4S 2
5

-
>
Ll
2
(i)
QL
Q2 o
-
oY

= 2 fixture level®] A AS5Tolth, A
OAg md oA 7o R DAS 4% & A4+

Z72 DAE FTHste] 1 1A zolE H7Fst Tk 1 23 abutment level
O~ O~

A= 2= AP3 3 fixture leveldl A QA4 53 45

o]t zfo] & Ho]X| gkktH(Table
F 22U E A0 A PE Lo

-
ol
[>
=

o frolgt AolE HoFom abutment leveldl Al 74 2=l Z =7

Bo]Fdtl. Abutment levelol A]

FE 7t $93 2o]= molx egtHp>0.005).

Table 2. Bonferroni corretion after Mann-whitney in trueness

EEE

Oxg oA Q53 3 fixture level 9

s

A

o >

o

Groupl Group?2 Group3 Group4
Group?2 .010
Group3 0005 174
Group4 000 112 879
Groupd 000 130 910 820
*p<0.005 p<0.001**
— 15 —
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Precisiono| A= Ad+ 13 34 2kl & B9 o™ (p<0.005), A
A 19 2, A 39 4 7Y FY3h FolE B Yo (p<0.005), YA
@ Fhll = folgk 2po]lE HolA| gkSkth(Table 3). Precisiond A= A7 1
o1 abutment leveldlA 7 =AUz A4 A5 73 AT 3452
fixture levelol A QU A5 +5 12 {98t 2olE Rt 2la
T 13 2, AT 37 4 7k {3 AolE B AT 2 AT

AEE QY A5 AnEde ARG Toluw, HAT 4= AT 3%

wm
)
1o
Ho
1o
o

—

>

—_
to ot

>

g2 Qg A5l Huwe AsE o
A

Table 3. Bonferroni corretion after Mann-whitney in precision

Groupl Group?2 Group3 Group4
Group?2 0005
Group3 L0003 872
Group4 000 020 0035
Groupd 000 107 015 392
*p<0.005 p<0.001**
~ 16 -
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