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I A7U-8 9 =

1. 71&528 A&

o

710l He 7IERd A

1o
{0

a skt dlE]E BaoA H5 A1, 2 A7A 2 A,

ot

2 A& AAST = AZHFHE YL A2 A 5, 7| 2FEYo|9 v dx: U
A= X738 A& AAA (Aquasil ultra, Dentsply Sirona, Charlotte, USA) £ o] &

stol QPAESAT. QA el 53 ARG BN AL Az AN o] v} EF

4.3mm, o] 10mm¢ uWF AZd3 YZFE(FIT43100, Warantec, Seongnam,

Republic of Korea) & UZHE AAF7} 2mm A& =EH L, YEHE Ao A2

Ae 3 s e dol7F 10mme! polyether ether ketone (PEEK) & A ZE A5 |
5 ok Wo] wEgy WS dsh 41o] wE = A7 dxs ol g3 g5k

o} (Figure 1).



Figure 1. Reference model. Three implants have been inserted on left molar area and PEEK cube

was fixed on vestibular area for coordinate system.
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Clg

DS+ (Digital scan, scanbody with vertical Stop) : 52 9] 92 = 23} stop
o] At A EF scanbodyE AAsta 77 AU E o] &3l A E AW

(Figure 2).



Fixture level

Figure 2. Impression copings and scanbodies used in the current study.

A, Impression coping without a vertical stop; B, New impression coping with a vertical stop at the
implant-abutment junction area; C, Scanbody without a vertical stop; D, New scanbody with a

vertical stop at the implant-abutment junction area.
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O

Figure 3. Stone model fabricated by conventional open tray impression technique.
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Warantec, Seongnam, Republic of Korea) & 943 & 7 A70 (Trios3, 3Shape,
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Figure 4. Digital models of DnS and DS group, fabricated by intraoral scanner and scanbodies.
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AAF3}F 329 =74 7] (Computerized Coordinate Measuring Machine, CMM; Contura,
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Figure 5. Schematic diagrams of centroids of implant platform and set up of the part coordinate

system. A, centroids of implant platforms; B, origin and X, Y, Z axes in the coordinate system
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A8 #Ql CnSEF CST AR 7|FRg 3y TU3 Iy o2 CMMIY AAtAZE
AL o] &3l 7 UZSHE ZHFE AP FH Y 3Ad A e AAsth A ERF 9

A9 gAY A AXZE o] (Geomagic Control X, 3D Systems, Rock Hill, USA) &

s

ojgdl VIERY Y FA Yo = A HuHAE T 5, 4 ST E ZHYFE 2F

A9 334 HEE A4 (Figure 6).

Figure 6. Schematic diagrams of centroids of digitally scanned implants.
A, Process of setting centroids of digitally scanned implants

B, Samples of actual centroid coordinates of scanned implants: 134 (-2.66, 10.67, 3.77), 136 (12.33,

11.64,2.62), 137 (23.52, 12.96, 3.39).
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4. SAEH

ZF #7F AYEe] vuE 98 FAEY AZEYoe] (SPSS ver. 22, IBM SPSS,

Armonk, USA) & ARGl &41akqitt 7R 24 A8
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o

A 270 R of] w2 2ko] 9l vertical stop ol whE 2po] & A 8H7] 9
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o
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4z
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o
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o
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47 A A8 Ttoll el 242 10708 & 40708 B8] thdk 120709 JZHE =

ke

=
=

ne

Atk 71ER Pt 7 AT 8 YEAE BAE 4FFA B¥ )@ 3HAHA HE

W3l (Ax, Ay, Az2) % 3L A F A (L) 9 W3ls (AL) H S 3l 134, 136, 137

7} Qx| of whet, 128l AA A HEHS v FA59 T (Table 1~4)
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Table 1. Three dimensional differences between four test groups and the reference model of 134.

Conventional Digital
p-value
Mean (ym) £SD Mean (ym) £SD

NS -4.2+385 21.2+£12.2 0.114

Ax S -7.5+594 129+ 14.1 0.508
p-value 0.878 0.169

NS 97.9 +40.1 424132 0.005

Ay S 65.2+34.3 0+18 0.007
p-value 0.139 0.445

NS -91.7+£25.6 -39.4+8.6 0.007

Az S -77.3+24 -134+114 0.005
p-value 0.169 0.005

NS 144 £28.9 48.1 +£10.1 0.005

L S 122 +26 30.3+£9 0.005
p-value 0.114 0.007

Wilcoxon signed-rank test was used to test the statistical difference between the groups. NS;

impression coping or scanbody with no vertical stop, S; impression coping or scanbody with vertical

stop.
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134 §1AeA A8 Aty OAd 203 AH7+S vlwsE A7, Aye] 49 CnS
T, CSTE Z+ZF 97.9um, 65.2um=E DnST, DS 2] 4.2um, Oum®E. T F2lv|8lA & =)o)
£ A (p<0.05). Az FA] CnS+, CST 2H2F —=91.7m, —77.3m=E DnS<*, DST-9]
—39.4um, —13.4mel B8 2Fo] 7} ZtH(p<0.05). o] 52 F3t Lo 9 9A] CnS,
CS2 27t 144 m, 122/m=Z DnS+, DS2] 48.1m, 30.3mK.th 2] 7} A YERR:

th(p<0.05).

Vertical stop 59 & Ao o] vl wallE A} Az 3kol dalA tjxd A

MukAl o] A& = vertical stop©] ¢l DnS+-oll A —39.4m=, vertical stop®] =

N

DST Y —13.4m Ru; X35 So02 X8ty P Zpo|7F v AA ERSETE
(p<0.05). v}z 7R & L] A9 9 A] digital 28 7ol A vertical stop®] $l= DnS-oll

A 48.1um=, vertical stop®] & DS+9] 30.3umX .t} =Fo] 7} A A YEFS T (p<0.05).
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Table 2. Three dimensional differences between four test groups and the reference model of 136.

Conventional Digital
p-value
Mean (ym) £SD Mean (ym) £SD

NS 22.6 £30.5 34+119 0.074

Ax S 24.9+44 -43+77 0.074
p-value 0.445 0.139

NS 60 £15.2 11.3+14.1 0.005

Ay S 60+23.4 0.8+9.9 0.005
p-value 0.799 0.047

NS -101.6 +32 39.9+13.3 0.005

Az S -81.8+ 19 53+10.7 0.005
p-value 0.169 0.093

NS 125.5+£29.3 455+ 13.2 0.005

L S 1143 +26.2 54.8+ 10 0.005
p-value 0.445 0.241

Wilcoxon signed-rank test was used to test the statistical difference between the groups. NS;

impression coping or scanbody with no vertical stop, S; impression coping or scanbody with vertical

stop.
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136 HAIellA Ay2] 2 CnSit, CS B 60me] #Fe]& K3 &=, DnS+, DS 9]
11.3um, 0.8mBE.t} -2 8FA =Fo] 7} A th (p<0.05). Az A CnS+, CSTS 22 —101.6
m, —81.8/m= DnS<, DST2] 39.9um, 53mell vl 8] xko] 7} At} (p<0.05). o] 52 £
1L A% 94 CnSTE, CST& 242+ 125.5m, 114.3m= DnS+t, DS 9] 45.5/m, 54.8

mB.tF 2k 7} A A vERgH(p<0.05) .

Vertical stop 5 W& &L xfol&= Ay A4 5 DnST°] 11.3m= DS

©] 0.8mE.t 2] 8k & Aol & H A (p<0.05)
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Table 3. Three dimensional differences between four test groups and the reference model of 137.

Conventional Digital
p-value
Mean (ym) £SD Mean (ym) £SD

NS 97.2+25.1 9+17.5 0.005

Ax S 101.2+51.8 -134+114 0.007
p-value 0.386 0.037

NS 55.1+13.7 -11.4+£20.2 0.005

Ay S 46.1+18.8 -32+16.3 0.005
p-value 0.241 0.037

NS -53.5+34.1 15.2+24 0.007

Az S -31.9+21 38.3+23.7 0.005
p-value 0.093 0.114

NS 129.2 +£24.9 39.4+13.2 0.005

L S 127.3+25.7 57.9+16.6 0.005
p-value 0.721 0.037

Wilcoxon signed-rank test was used to test the statistical difference between the groups. NS;

impression coping or scanbody with no vertical stop, S; impression coping or scanbody with vertical

stop.
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137 1A A= AxE] 7% CnS+, CSv> 2H2F 97.2mm, 101.2pm= DnS+*, DS+¢] —
9pm, —13.4mm KT} zFo] 7} ZATH(p<0.05). »F7FA =, Ayl 4§ CnS, CS& 2+t
55.1um, 46.1m= DnST, DST2 —11.4mm, —32mE.cF = 2}o]l & 1B P THp<0.05). Az
o YA = CnS+, CSTE 247t —53.5um, —31.9um= DnS+*, DSv2] 15.2um, 38.3um
of 3l xto]7} ZtH(p<0.05). o5& TS LY 4 Fol% CnS+, CSv2 247} 129.2

wn, 127.3m= DnST, DST9] 39.4/m, 57.9mE.t} & x}o]E B} (p<0.05).

Vertical stop 5o WbE J &5 9] 2Fo]= Ax9 A9 DnS+ 2 — 9= DS —13.4
BT ZHA] LFERSTH(p<0.05) . v A R Aye] Aol & DnSwS —11.4mE, DS
9] —=32mK.t} xpol 7} Ao (p<0.05), L gtoll thelA %= DnSte] 39.4m= DS

57.9mel vlsl zpo] 7k A A WERRL T (p<0.05).
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Table 4. Overall three dimensional differences between four test groups and the reference model.

Conventional Digital
p-value
Mean (ym) £SD Mean (ym) £SD

NS 38.5+543 52+19.1 <.001

Ax S 39.5+70 -1.6+16 <.001
p-value 0.952 0.139

NS 71+£32.8 13.8+19 <.001

Ay S 57.1+28 -10.4 +£21.9 <.001
p-value 0.206 0.112

NS -82.2+37.7 52+37.7 <.001

Az S -63.7+31.6 26+33.4 <.001
p-value 0.015 <.001

NS 133.1+£29.5 44.4 +13 <.001

L S 121.2+26.9 477+ 17.8 <.001
p-value 0.136 0.544

Wilcoxon signed-rank test was used to test the statistical difference between the groups. NS;

impression coping or scanbody with no vertical stop, S; impression coping or scanbody with vertical

stop.
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TS vl ol
, DS99 5.2um, —1.6m, .t} &

AT gxd A7
N
S+ 22y 71um, 57.1um=

S, C

9] A9 CnS+#, CST+2 Z+7F 38.5um, 39.5um,Z DnS
apol & HATH(p<0.05). »RH7FAI 2, Aye] 4% Cn

] CnS+, CSv2 Z+7} 133.1m, 121.2pm= DnS

<% CnS+, DnS+<

od X

] & glo] AAF o7 AEZ
—82.2um, —63.7um=E DnS+, DST2 5.2um, 26umel] B8] = z}o]E BT}

7)
DnS<, DS 13.8um, —10.4mX.t} z}o] 7} ZATH(p<0.05). Azell 34 = CnST, CS

&L B
, DSTY 44.4m, 47.7mBEc} o] 7} A A JEFETH(p<0.05).
S A Ax

=

1

2=
GRS
o

R

(p>0.05). vpzt7EA 2, Aye] ol %= CnS+, DnSw Z+2F 71um, 13.8um=, CS+,

(p<0.05). o1& =
(e}
DS99 57.1um, —10.4m2}F 2Fo]7F o™ (p>0.05), L gkell tiaiA <A CnS+, DnS

T 247y 133.1m, 44.4m= CS+, DST121.2um, 47.7mS} -2
o} (p>0.05). 3R, Az Fkell el & vertical stope] ¢l CnS+*, DnS++
82.2um, 5.2um=, vertical stop®] = CS+, DS —63.7um, 26umE. o} X ZLk=0 2

1A 3 (p<0.05).
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23l pick up impression method& ©| &3 A%
BAE el WE e g uw 2AESIT 134, 1362 AxE A BE 9o
A Ax, Ay, Az, L B.5 vertical stop f+5-°l Zd#glo] tixd ~7Ho] w} st A&

oln] AR sbe ¥ RA 0w /1715 gk

Settling effect™ w5 w&0] A Fohes g WollA HA7bsstch JEHE BE =
o] B¢ JEHE AL} AT UAF ALe], A &F AT Abol, Aok A g
Ab 7 Abol ol Al settling effect”7F Yotk thefst A ZHE A= A4 A LA}
5 ol wet B settlings Hlwe AFelx 10N - cmé Feow Y A
Hexagonal 2—piece A thFol A 2k 11.2m, octagonal 2—piece A thFo| A 2k 7.5/m2]

settlingS ¥.aL3k v} Qlt}2

2 Aol M= 71E 1 283 A0k of] vertical stope G/ 8kl AloPdHE
259 HA3Ege] Aol S vl EA e A" A0E AT Azgk 134 91 H ol A
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ABSTRACT

Accuracy of implant impression

by using impression copings and

scanbodies with a vertical stop

Seunghoe Jeong, D.D.S.
Department of Dentistry
The Graduate School of Yonsei University
(Directed by Prof. Sun Jai Kim, D.D.S., M.S.D., Ph. D.)

The long—term success of implant therapy is known to be influenced by the
suitability of the prosthesis, and the fabrication of a working model that accurately
reproduces the position of implants in the oral cavity through precise impression—
taking is essential. For external connection implants, the accuracy, depending on
the impression—taking method, shows consistent results across studies. However,
for morse—taper internal connection implants, various studies have shown
inconsistent results based on the impression—taking method. While there may be
several reasons for these outcomes, it is known that the settling effect occurring
between the inclined surface between implant and abutment can also affect the

vertical displacement of components, leading to inconsistent results.

The digital scanning method using an intraoral scanner has several advantages
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compared to the traditional impression technique using trays and silicone
impression materials, leading to its increasing use in clinical treatments.
Particularly in implant impression—taking, the convenience is significantly
enhanced when using intraoral scanner and scan body, compared to conventional
natural tooth impression methods. However, in the case of internal connection
implants, there is a drawback related to the potential vertical displacement at the
inclined surface between the implant and the scan body. The purpose of this study
1s to evaluate the three—dimensional accuracy of implant impressions obtained
using newly designed impression coping and scan bodies that prevent vertical

displacement.

A reference model was created by inserting implants with a diameter of 4.3mm
and a length of 10mm in the region of the first premolar and first, second molars
with cuboid fixed on the vestibule region of premolars for coordinate system. Test
groups were categorized into four methods based on the presence or absence of
a vertical stop to prevent vertical displacement of impression copings and scan
bodies, and on using traditional methods with impression copings or digital
methods with intraoral scanners. 10 models were fabricated for each group by
duplicating the reference model. Each model was three—dimensionally compared
with the reference model by coordinates of implant platforms centroids and the

following conclusions were obtained.

1. Traditional impression methods have advantage in terms of implant position
accuracy compared to digital impression methods in multiple internal connection

implants.

2. In multiple internal connection implants, impressions were acquired more
coronally when using implant copings and scanbodies with the vertical stop,

compared to cases where such a structure was not present.
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