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Accuracy of implant digital scans with different intraoral

scanbody shapes and library merging according to different
oral exposure height
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Purpose: The purpose of this study is to compare the accuracy of digital scans of
implants according to different shapes of scanbodies, and to compare the accura-
cy of library merging according to different oral exposure height. Materials and
methods: A master model with a single tooth edentulous site was prepared. For the
first experiment, three types of intraoral scanbodies were prepared, divided into
three groups, and the following experiments were conducted for each group: An
internal hex implant was placed. The master model with the scanbody connected
was scanned with a model scanner, and a master reference file (control group) was
created. 10 files (experimental group) were created by performing 10 consecutive
scans with an intraoral scanner. After superimposing the control and experimental
groups, the following values were calculated: 1) Distance deviation of a designated
point on the scanbody 2) Angle deviation of the major axis of the scanbody. For the
second experiment, the scanbody scan data were prepared in 6 different heights.
Library files were merged with each of the scan data. The distance and angular devi-
ation were calculated using the 7 mm scan data as control group. Results: In the first
experiment, there were no significant differences between A and B (P=.278), B and C
(P=.568), and C and A (P=.711) in the distance deviations. There were no significant
differences between A and B (P=.568), B and C (P=.546), and C and A (P=.112) in the
angular deviations. Also, the scanbody showed significantly higher library merging
accuracy in the groups with high oral exposure height (P<.5). Conclusion: There
were no significant differences in scan accuracy according to the different shapes
of scanbodies, and the accuracy of library merging increased according to exposure
height of the scanbody in the oral cavity. (J Korean Acad Prosthodont 2021;59:27-35)
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2708t = 20084 9
o5l Ao Y= FAE Ut o]F o] AHEARE
ol5) thget ol 114 9] A7HntT)ZE T T S A E T
A7t = A, ], 27], 39, A2, AR, AT
Eglloj-271 gHy, 714 52] SHol qlof ¢ ot F
F7F &gt

27Et e BAAH o2 A0 Y, TR, 7|ARZ 34
ot 1 A7iei = Algto & glsf 7] &8

o -rlxla ER=keie g 1—13 1415 = Hiolt}, A7H o
o= CAD AZEQ|oj7} QIAI5H7] H =& A7Hutr Q] H]t)
A 2 THEolF7] gt Hysh Ho| sttt A7
2 PEEK (Polyetheretherketone), E]Eh% <t
g 5 oot e E AR 7)1 A5
A= o A E A E 4 ok

A2 JETEL] tAE 1Y 9] FE/dol 417

S

II

1. AZHHIC] EHo| HE AZH F2E H[W
(1) =P o] A&
AR AES fAof skt

3l A&+t skt wlE]Z(Nissin Dental Products Inc.,

Kyoto, Japan)S 24 A7) (Freedom HD, DOF Inc.,

Seoul, Korea)2 A0t 1} & E5l0] CAD AZEo]

(Meshmixer 3.5, Autodesk Inc., San Rafael, CA, USA)

FollAl #36%! x|obE AfAllstal 1 AfE]of] dEHEE AlFst

7] A&l A7 4.5 mm, Zl°] 10 mmZ drilling holeS &

AJsF et o] 55 3D ZHEf(Dentis Inc., Daegu, Ko-

rea) 2 Zsto] FRF-S At (Fig. 1).

Ao} BY< 3D EAYL o]

(2) J=TEAH

AZE =g o] #36HH x|of F9oj ] JAIH dl’llhl’lg
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Fig. 1. Master cast fabricated with 3D printer.

pathE w2t 27 4.5 mm, Z°] 10 mme| internal hex
JZZHE(TS III, Osstem Implant Co. Ltd., Seoul, Ko-
ea)E 2|2 5P 2 mm Zlo] &2 Al skl (Fig. 2).

Fig. 3. Types of scanbodies used in
experiment.

3.5mm ’

https://doi.org/10.4047/jkap.2021.59.1.27
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Fig. 2. Internal hex implant installed on tooth
36 area in an ideal position.

ehy Bao2 thsolzlont o) 10 mm, ek %2 3.5
mm¢} 5 mmgich. GAlttelE Pel2 STl 37io] Wy
wo] Zxjgtch. Type B 2708Ht]E PEEK 2|22 A2 9}
o, Z0] 12 mm, &5 mmoﬂt} EY ez Ao
S22 gkl 2917 glou], SRl 132e] WY wo] £A

3tk Type C A7) 5 PEEK A22 2H5ojzion], 2
o] 13 mm, & 5 mm=z Y530l Y] thH 2l Hys ¥

e

5.0 mm

l 13 mm
w |
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(4) Reference file A4

FHYo| A7t E A st
£ A8t Age] M 3 59 torque wrenchE o]-&
sto] 15 N9 tightening forceZ} A= Ach. Ztzke] A0
vt S A 2% 2292 2 A7) (Freedom HD, DOF
Inc., Seoul, Korea)& A7H5lo] A, B, C 2+ AZinid] & &}
U, & 3709 reference fileS 235ttt (Fig. 4A). 3 7}
A ~70ute] 22} th2 reference fileQ] AR 2 Q1% 7}
ol ¥4:0] 7§12 7] 93l 3 EF9] reference file2 A
58t & 7} A70utr) 9] glo] B 2] & o]-g-sto] 2+t refer-
ence fileolA YSTHE THA|(cPd21)9] platform F4]
A zHEeF H=2 A, vt th(Exocad, Darmstadt,
Germany). $A4 Bl Z3 A9t B+ 9.2 um, B9 C=
17.2 um, C& A+ 11.7 ume HAE B A= v|w 4
3 A9t B+ 0.07°, B C+= 0.11° C2F A& 0.03°9] HAE
Bt} o] & Hol Z47ko] A| 7}A] reference file& 22} |
2 Uz sdsttts M-S sk AES 1ysigit.

L& Holl scanning spray

2

(5) Test file 244
A7ME 7 A2 FRYPS #F A0A(-500, Medit
Co., Seoul, Korea)= A7H5}3Ic}. St %aH &2lof 2
3l 7} 270ubd] T 101 9] AL Q1 Aqo] AlxAL P W
of what A= et ofof| what 2k A7Hut & 10719] test
file, & 30719 test fileo] AYAJ=|3lct (Fig. 4B).

il

BB ol E SHT AT AR O
Y42
(6) 24 & A

Test file¥} reference file2 3D % AZEQ]o](Geo-
magic Control X, 3D Systems Inc., Rock Hill, SC,
USA)Z S = $32 st g x|ote] whd 9 Atk
AE SH 7102 502 HYE AAT o3 local best
fit alignment& Aot} (Fig. 4C). SHE F otd2 vt
th ot e £ E ALttt 1) A7ivkte] £
point®] 72| WXHAD) 2) 2708 FF9] Zte HAHAA).
AD+& 27i8tr] o] et flat surface®] 27l BA|E] S A A5}
o FHEF Foto] F w9 s A Alol9] 72 & ALkt
Aok AAE F ot 22 A7t o] 5 18k F Afol9]

Ze & Alhketo] EE5Hint

1.‘

2. 72 W ==& =0[0 IHE 20| 222 B T

(1) =F =o| ¥ A7Hutt] A7H olo]E|9] FH]

T UollAl A7t E A d3e wf 2|2 Ao E 24
A7 9] Folof & ?}OIEEF—’] od 3 Ao o
SF JFe dot 7| Qfof F WA AdS AASA. ¢ E7
o] A708}t](TruAbutment, Irvine, CA, USA)S +7 27
Uz A7isto] 2 A7 HolES CAD AZEgo](Mesh-
mixer 3.5, Autodesk Inc., San Rafael, CA, USA) “Joi|A]
Z}7] thE Aol 22 Adbsto] Z}zbo] M2 tE 4 U E
£0|& YEHHES 513t} =0l 7, 4.5, 2.5, 1.5, 1.0, 0.5
% 6 7HAE Blastlom 77} 2|2 =0](Gingival

height, GH) 3.5, 6, 8, 9, 9.5, 10 mmE- L}epRdch.

mmzE

Fig. 4. (A) Master reference file (control group), (B) Intraoral scan file (test group), (C) Superimposition of reference and test file.
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Fig. 5. The scan data of 6 different exposure
heights of 7, 4.5, 2.5, 1.5, 1.0, and 0.5 mm
merged with library files.

7 mm (GH 3.5 mm)

ChetX|ap2 Mele| x| 593 1%, 2021 18

4.5 mm (GH 6 mm) 2.5 mm (GH 8 mm)

1.5 mm (GH 9 mm)

(2) gtolBajg] S 9 B4

oAl 742] A7 =0l & UEhdl= A7H Hlo] g o] A7Hu}
tje] gtojBajg] S FHSIULH A7 HioJElE 7|E 2
2 gto|Be|g] oY =29t 7] HH(Initial alignment)
St & 22 HH(Best fit alignment)S Ayt (Fig.
5). MEA 29 2olBejg] Y E F 7 mm =EH AN
vir] et 34 E gtojHee] U & tixo g AA3rh v
A A 7HA] st 55 247 iRt} Bl 24 ShelT) A
747} gfolHejg| ntlof stk o] S HEE 5t
o2 AgTe] A2 "Wakg Altslloh & HA= 2o
Hejg] oo Y75 FHE FE519, 28 97189 F
%02 glo|=a{g] utdo] Ztx WAZS AXsict =3 F
A Atz Adde] Waks Ao Yehla, £+ 10
ume| 51-& 2} {1 91E AAsto] Mo 2 Yepigl)

3.8

X

1= 24

SA] £4& SPSS ver. 25.0 (IBM Corp., Armonk, NY,
USA) £ZEQ|o]& o]&5}o] EP*J—P 2 2AE AFstd
t}. Shapiro-Wilk testE 53l &5 o|o]g|2] Y2
A5t9ith. 1-way ANOVAS %o HlolElE Hla EAfstal,
Post hoc test (Tukey HSD test)& 53l 95%2] Alg==
AR 7S ARSI

=
A= g

https://doi.org/10.4047/jkap.2021.59.1.27

1.0 mm (GH 9.5 mm)

0.5 mm (GH 10 mm)

A70ukt] o] £ pointe] A2] WAHAD)e] 74 Axts &
ZHubt] AojlA] 76.6 + 51.2 um, A7HHIT] BojlA] 141.8 +
108.1 um, AZHHFC] CollA] 97.6 + 46.2 ume] BHEHS
It (Fig. 6). 24 E4% BAGE 1 SAHCE folgt &
Lot (A-B(P=.278),B-C (P=.568),C-A (P =
711)). Zte H2HAA)] 574 Aib= 270H AclA] 0.303
+ 0.112°, A7H8}F] Boj|A] 0.389 4 0.190°, A7HHFT] CollA]
0.478 & 0.237°9] Pt BTt (Fig. 7). 24 S48 B
WE I BAHCE Folgt A= ATt (A - B (P =.568), B

-C(P=.546), C-A (P =.112)).

2708ty gholE e otdo] HaE Ao R HAISH
tt (Fig. 8). 2540 & Yepd 22 10 um o|ste] M2
38 2 HY S Uehdith 4.5 mme} 2.5 mm 1820 W}
=58 3 HY Yol 913, 1.5 mm, 1.0 mm, 0.5 mm
250 Hak= 10 pm olde] HALE Bk A7iuir]e] A

s

7 9 ZHA BRI} 7|28 Bojoq WAt 22 Uehts
A& &5 A
Fig. 9t S ¢ gol=e]g] oo 7ke 9 2] HAbs =

%% ZHett zolo wket vehd e}, A7t o

Zte ot 7g] HMat B& F7stoiTt. 7W B
1=0]91 4.5 mm =Z0|A= 4.7 ume} 0.02°, 7 W o]
1 0.5 mmol|AE 32 ume}t 0.2°9] WA= E‘}it}.

31



T AZHHIC|Of HEHO)| M2 YEE| CIX|Y AM et 8l 2 Z LY

YHE-0|EE- T4 .jh: FHHHOF -
L& =0loj| e 2tojHEi2| FH WE T Hlw A7 HEY-A3E
5000 4 1,0000 -
14,
4000 - .8000 +
E o
= == 6000 -
D
< c
% 2000 <4000
a
1000 | g % é 2000 A
0000, .0000 A
B A B C
Fig. 6. Result of 1-way ANOVA of distance deviations in three Fig. 7. Result of 1-way ANOVA of angular deviations in three
scanbody groups.

Fig. 8. Color-coded map of deviations between
reference data and merged data.

Fig. 9. Graph showing the distance and angular
deviations of merged library file data.
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scanbody groups.

45mmGH6MmM)  25mm(GH8mm) 1.5 mm (GH9 mm)

1.0mm (GH 9.5 mm) 0.5 mm (GH 10 mm)

o \§§\ \\\\\\\x ]

7mm(ef)  45mm

0

25mm 1.5 mm

== Centroid (Um) — Axis (°)
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