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Accuracy of orthodontic mini—implant surgical
guides for angled insertion fabricated with

3—dimensional printing tolerance.
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2EIHE=EA (cone—beam computered tomography)lt 2IEE X& AHE
Ol2std M= st WEE 0|ILIYE2E (orthodontic mini—implant, OMI)

AE JH0I=S01 200 ZIACH OMIE HEE AXL Heez H&o|l Mg ofdd

M JI0IE THE 2l UWED SdI0lEQ A 2tolles HES 22X 20k &
Ct. 2% &2lBE ME2 WU F=Itottd(metal sleeve design; MSD) 2XE
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XH0IE dluwotl|l A5tH, et 2= H24 22X MIUTX X2 AHOI0 W&
Off CHotod 80umel ZBXE S20i8t NMSD M= &ioty, CXE 23 Hel
(digital light processing) 2412l 3Xt& ZelHZ 0%, 30%, 405, 50& 12l

3

70< JIOISE MEGHACH JI0ISS BHEE ASo| A0 BelX A

A Zelgz s8E 49 2XF 20 e =240/ Jt0I=E 0lE6t:
A4 1.56mm, 20l 7mm2 OMIE A EotRULH ME= OMIgt ZE2 & AN
HZ AH50 STL M2 MESIR LD, EXOCAD Z2 182 0|5t =&ot

1, In2guide Z2O¥E 0/80t0 A 22X (OMI =S SAAE Qi HZ
QX 2l 2= 2xH)E HSGIRUCEH JIE HAFRE UH UxZez ot 25
£2lE RRI Alg X0l 0IXl=s Z&S Hlwstd (One sample t-test), & &
ZOAM =X 202l X0l (Independent t-test)2 NMSD JIOIEZ ZAF Al Al
Xt (Dunnet t-test)0fl THOHOI 224 A== otULH
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D Sl Ot =FADN2 MHIREsS HASHACH FAAMUE (CS 3500;

ol

CHHEHIHA S =42 WS 214 HE2 &otes ZAU0EZ 2 =S
x

pm

Carestream, Rochester, USA)2 A2 E AMSH0H, Streolithography (STL)
Ao Mz EAsS MESHULH (Fig 1,A).

EXtel ZAdItHA S dHot)l {16t 3X&  CBCT (Galileos; Sirona,
Bensheim, Germany)E 0.29mm2l =e2t0lA FHZ EZoALH (Fig 1,8). 2L
2 g2 g8 UXNE g4 2 S4& HZF  (digital imaging and
communications in medicine, DICOM) &4Al2Z X&Gt1], OnDemand 3D £

=
TEAON (Cybermed, Seoul, Korea)E 0|25l A= XI0IES XS
N

oar

SatototRth. STL €49 ez NEE &9 My 299 g4= OnbDemand
3D9 In2guide &2 0/185t0 CBCTZ d&stE &tz HEot ‘CBCT

PO 28 MEGHUCH (Fig 1,82 D).

0
ol

Fig 1. Image of a maxillary diagnosis model saved as a STL file (A) and
maxilla-mandibular image produced by CBCT (B). If operators designate
three points (C) in A and B respectively, the two images are automatically

merged in a manner of surface registration (D).



In2guide AZEAHUHA =A

g AMEE # U= J0I=E HMAHGHI| fotH, Itk OMI

20 80w O I &

Fig 2. In 'In2guide’, virtual orthodontic mini—implants were placed at 0 (A),

30 (B), 40 (C), 50 (D), and 70 (E) degree angles to the occlusal surface

between the maxillary right second premolar and first molar.

2 AP0 A A28 OMI Algl JI0IE (non—metal sleeve design; NMSD)=

XIOLXIXI SEHOIH oHE A

—

e

SXEEe 9I| ol 3JHe XI0IE 2UM= SHENS
Ct. In2guideOlld ClIXtCIE AlEl JH0|E= STL

ol

A0 WEE MEotH, CXE



22 X2l (digital light processing, DLP) gtalol 33X Z2IEe  (VIDA;

Envisiontec, Dearbone, USA)E Sol SZIMULE (Fig 3,A). Sl T=E x-y=
-

%4:|
e
L
=
10
oy
I
)3
[t
|T
rr
0>
Ju
Qﬂ
4%

2 60um, z=2 20umO| K CH Ag J10|

kJ

, AHEe 20l 14dmmA LB, = 2I8et J0lE HE otgol &2 25

I
Ol
=]
o
Hy
o
e
w
1

o
=

£ (notch)& =0 OMIDt ENX AgEJp=X X
Ct (Fig 3,82 C).

s

Fig 3. Orthodontic mini-implant surgical guides : A, build direction of
digital light processing printer; B, metal sleeve design surgical guide (MSD);
C, non-metal sleeve design surgical guide (NMSD); Yellow arrow indicates
build direction. White arrow indicates metal sleeve. Black arrow indicates

notch.
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Zc2|A (Polyjet) gtAlo] 33X Z2IEl (Objet eden260V; Stratasys,
Minnesota, USA)E Sdl S &2 A T= x-y=2 50un, zE2 1004m

OIACH (Fig 4).

Fig 4. Maxillary right experimental model was fabricated by Polyjet

3—dimensional printer.

SHAE =40] Jiset &8

= T =

il

=5 ZolJ| fIoHA, 0= NMSD Jt0OIEZ 10JH<]

nu
I

OMIE AEolH QXS H=otL, S2IEBE AZotes Alg JH0IE (metal

sleeve design; MSD) 22 WHMHEAEZ ZWe2t BIWSHACE. G Power 3.1.9.2
(Universitat Dusseldorf, Germany)E 0I236t0d It 242 & Zi= &8 2
2= 108 Ol&0IACH (Power=0.8, a=0.05).247%

=0l & XH0IE BlWaokd| |5t =4 A B 25 0%, 30% el 70%

NMSD JH0I=EZ 22 OMIE Aot L, A A8 Al 22 XH0IE dluot|
Of CHotO =0t A& S GtACH (Table 1).

H
O

ol

?Iot =X+ AR 40%, 50

Table 1. The distribution of orthodontic mini—-implant according to the

operators and the angle of channel

Angle of channel Operator A Operator B
0° 10 10
30° 15 15
40° 10 0
50° 10 0
70° 15 15
Total number of 60 40

Orthodontic mini-implant




oidgl Ag0lA Sclil ez 25E o 292 MHEO0l AIFEe Xxs &
E20 =0 AE QUE O =
otl, =dlol=E2 OMIE 0lE0otH OMIJL AMEE XN&ES ZEAlet &, 1mm H&

ol H (bun)E A& 2F HEHHH JI0IE MEQ 2&0 et oY =gd2g &

1.5mm, Z0I 7mm%ALCt. OMI & & =d0lE2 &2 A

Z05tALCt (Fig 5.A).

FA
rn
0z
oL
|J
2
H
>

Fig 5. Different channel design of surgical guide system. A. the internal
diameter of metal sleeves (a; 3.24mm) in the metal sleeve design (MSD) is
greater than the external diameter of blades (b; 3.2mm). Non-metal sleeve
design (NMSD) designs the internal diameter of channels based on the
external diameter of blades (c; 3.98mm). B. mini-implant placement by

NMSD guide.

OMIZ Alglsl &, aAld ZE2 Y AHMHZ AMSI0] STL EAlo) ez H
Aol D, EXOCAD (GmbH, Darmstadt, Germany) T2 WM &

Ad DEUHM 22 382 A&EotH surface registration &ale =2 Xt

o
o

Il
|

O

ot =& 2EsS HSALCH (Fig 6). In2guide T2 IS 0|25t =&

CBCT & It 2= SEoOIW 28 H=s s 24

FALCEH

ol



Fig 6. (A) Fusion of STL files between diagnosis model (gray) and
experimental model (pink) by EXOCAD program. (B) fusion model. (C) the
measurement model was completed by merging the CBCT registration

virtual model (white and sky—blue) and the fusion model (purple).

AR QXHOMI JIES ESARE QX 2 X 12l A& QINE In2guide
T2MES 0|26t Ozan E'9 =0l et Jtal OMIQH AEE OMI9 fIX

£ A= 2EUAM 322 HlwatACH (Fig 7).



e\ angle
N deviation
coronal
p deviation [

Fig 7. Measurement of placement errors: A, virtual OMI (gray),
experimental OMI| (purple) and outline of diagnosis model (green); B,

coronal, apical and angle deviation of experimental OMI.

EH2AS USH 20| ot = YW, J1& dARE UH X2 (historical
B K20 A X0l OIXls &S "ol 2
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N =X 2tel XI0IE 02|
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Xl= windows 2 SPSS 19.0 (SPSS Inc, Chicago, IL, USA)ZZ 20| ALt.
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S2 gH0M=E MMEZ0 F B2 =Xt 48 ol 2 HEE OMl Ect

OltH2 MSD JIOI=E OlEdi 25JHE A8otll, A8 JH0lE 801 AE 200HE

=

MEOA 22 HlWotRCH il S2 HFA0M=s A8 2= SE8 1d 8t
Ol =& B0 O HRSH 5ot 2 HFA0lA=E MSD JH0I=E 0l
et 25042 =8 W =2z ZFotRU
1 txa=z2ez 488 il 2 282 MSD JH0lE 82 22, OMI =2

SMAE X 0.73mm((E 9, 0.26mm~1.12mm), &8 2X= 0.73mm(E <,
0

24mm~2.07mm), 2& 2X= B 3.14% (81, 1.02°~10.9°) %L

10



A 21

1. HE et A 20l 0IX= E&
= &8N =X AJb 0%, 30 NMS

°f S8 X, 32 2% deld &

H
o ©
>
2
x

M
=20l ZUCH (P<0.05). 70< JH0IE==2 Algst &=
=2 S8 X2 Bz M, 87 At 2k 2As Eda2 I

LIEHGHCH (P<0.05; Table 2).

Table 2. Comparison of the effects of channel configuration on placement

errors in operator A and historical control

c Operator A (NMSD) Historical control (MSD) p
N Deviation Mean Min Max N Deviation Median Min Max
Cm?a' 0.13 0.10 0.22 *
0° 10 ﬁ’%x 0.37 0.22 0.57 *
A”(E’)'e 1.97 1.10 3.10 *
Coronal
0.73 0.26 1.2
Cm?a' 0.15 0.06 0.23 (nm) *
30° 15 ﬁ’%x 0.46 0.19 0.67 25 %’ﬁ)x 0.73 0.24 207 *
Angle
¢ 2.37 1.10 3.60 *
©) A”(E;'e 3.14 1.02 10.90
Cm?a' 0.29 0.13 0.49 *
70° 15 ?;’%X 0.89 0.49 1.42 i
Angle 6.02 1.50 9.00 *

)
C: Angle of channel, N: number of mini—implant, MSD : metal sleeve design, NMSD : non-metal

sleeve design

*P<0.001;'P<0.01;*P<0.05

=it BJt 0= 0%, 30% JI0IEZ Algst B AE 2X= MSD JH0l1E 2
o HIW Al 2201 AIALE XH0IJH AACH (P<0.05). 70 Jtol==2 AlEst &
£ MSD Ji0IE 23 Bl Al oS S4E X2 gtz &, 88 2%

to
JuJ

te QX2 B2 I LIEHSCH (P<0.05; Table 3).

11



Table 3. Comparison of the effects of channel configuration on placement

errors in operator B and historical control.

c Operator B (NMSD) Historical control (MSD) p
N Deviation Mean Min Max N Deviation Median Min Max
C‘Zrm%?a' 0.12 0.05 0.17 *
0° 10 ﬁ’%x 0.61 0.39 0.39
A”(E’)'e 3.91 1.50 6.40
Coronal
0.73 026  1.12
Cm?a' 0.29 0.08 0.69 (mm) *
30° 15 ﬁ’%x 0.57 0.28 0.93 25 %’ﬁ)x 0.73 0.24 207 1
Angle
! 3.48 0.40 6.10
©) A”(E;'e 3.14 1.02 10.90
C‘Zrm%?a' 0.36 0.07 0.86 *
70° 15 ﬁ’%x 1.23 0.54 1.74 *
Angle 8.02 1.70 14.90 *

)
C: Angle of channel, N: number of mini implant, MSD : metal sleeve design, NMSD : non-metal

sleeve design

*P<0.001;'P<0.01;*P<0.05

2. =X0ll HE NMSD Jt01E Alg QX Hlw
S L)

=i AJb 0k JHOIEZ Algst & Aot & 2xte| Bgt0l, 30k
JOIEZ Algst 22 olE9 SAE X2 2 X2 BRE0l, 70& Jt0l
E2 Ags 22 A& X2 FZU0l, =X BELH &AA LEHRCH (P<0.05;

Table 4).

Table 4. Comparison of NMSD guide placement errors by operators

c N Deviation Operator A Operator B P
Mean Mean
Coronal (mm) 0.14 0.12
0° 10 Apex (mm) 0.38 0.62 T
Angle (°) 1.97 3.91 T
Coronal (mm) 0.15 0.29 T
30° 15 Apex (mm) 0.47 0.58
Angle (°) 2.37 3.49 ¥
Coronal (mm) 0.29 0.36
70° 15 Apex (mm) 0.90 1.24 t
Angle (°) 6.03 8.03

C: Angle of channel, N: number of mini implant,

*P<0.001;'P<0.01;*P<0.05

12



3. NMSD Jt0IE=Z A A E
0% NMSD Ji0lE%t Hlwg i, 30k el 40== X0IJt i, 50=2

=
s
IS
HO
>

0E0ME B2 X2 2% X+ A LIEFSCH (P<0.05; Table 5; Fig 8,
9).

Table 5. Comparison of NMSD guide placement errors by angles

C N Deviation Mean S.D. P
Coronal (mm) 0.14 0.04
0 10 Apex (mm) 0.38 0.10 -
Angle ( ) 1.97 0.57
Coronal (mm) 0.15 0.05
30 15 Apex (mm) 0.47 0.13
Angle (°) 2.37 0.65
Coronal (mm) 0.20 0.10
40 10 Apex (mm) 0.50 0.30
Angle (°) 2.27 1.58
Coronal (mm) 0.11 0.06
50 10 Apex (mm) 0.85 0.32 *
Angle (°) 5.56 2.90 *
Coronal (mm) 0.29 0.11
70 15 Apex (mm) 0.90 0.27 *
Angle (°) 6.02 2.46 *

C: Angle of channel, N: number of mini implant, S.D.: standard deviation

*P<0.001;1P<0.01;*P<0.05

0.6

- 3.8

0.5 L

— 0.4 2.8
£ S
= 23 2
~ 0.3 fe)
c 2
O R
© o2 - 13 3
& (=

O o1 r &8

] [ 0.3

o -
| - 0.2
0 30 40 50 70
0.1 0.7

W Coronal m Apical Angle

Fig 8. Coronal, apical and angle average deviation in guide of various

degree comparing against 0 degree angle guide.
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Fig 9. In a coronal view, angle deviation of 50 degree (B) and 70 degree
(C) angle guides were caused mainly in the direction of occlusal surface
compared to 0 degree angle guide (A). Purple line represents experimental

models and OMlIs.
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Accuracy of orthodontic mini—-implant surgical guides
for angled insertion fabricated with
3—dimensional printing tolerance.

Ju-Won Yu

Department of Dentistry, College of medicine, University of Ulsan

A variety of orthodontic mini-implants (OMIs) surgical guides fabricated
by Cone-Beam Computerized Tomography (CBCT) and Computer Aided
Design (CAD) have been introduced. For precise placement of OMIs into a
desired position and direction, appropriate tolerances between interna
diameter of guide channels and external diameter of blades should be
required. With regard to a guide that secures tolerances by adding meta
sleeves (metal sleeve design; MSD) to the inside of channels, it has a
week point that the metal sleeves have to be produced again depending
on the external diameter of exclusive blades provided by OMI
manufacturing companies. Accordingly, if designing OMI surgical guides
and non-metal sleeve design (NMSD) channels using CAD and printing
them at one time using a 3-dimensional printer with high resolution, we
can easily produce guides suitable to varied orthodontic mini—-implant
systems.

In this study, we designed NMSD channels with a tolerance of 80um for
the occlusal plane between the root of maxillary right second premolar and
first molar, and produced a number of guides to assist with estimating the
degree of angulation for implant placement such as 0, 30, 40, 50, and 70
degree angles using a digital light processing 3D printer in order to
compare the difference by metal sleeve use in OMI placement, angled
mini—implant placement, and operators. To verify the accuracy of guides,
we placed an OMI with 1.5 mm diameter and 7 mm length to a maxillary
posterior teeth model produced by a Polyjet 3D printer using hand drivers
and guides. The placed OMI and model were scanned by an oral scanner
and were saved as a STL file. They were then fused using EXOCAD
program, and placement errors (coronal, apical, and angle deviation) were
measured using In2guide program. In addition, we set prior studies to a
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historical control group and compared the effects of presence or absence
of metal sleeves on placement errors in experimental and historical control
groups using a one sample t-test, and performed significance tests for the
difference by operators (Independent t-test) and errors in angled insertion
by NMSD guide (Dunnet t-test) in the experimental group.

The following conclusions were drawn in OMI| placement by NMSD guide.

1. At a 0 or 30 degree angle, coronal, apical, and angle deviation were
less than those described in MSD guide.

2. At a 0, 30, and 70 degree angle, errors of operator B were greater
than those of operator A.

3. Comparing placement errors at a 30, 40, 50, and 70 degree angle to
those at a 0 degree angle in operator A, there was no difference at a 30
and 40 degree angle and there was an increased apical and angle
deviation at a 50 and 70 degree angle.

4. Applying a 70 degree NMSD guide, there were angle deviation of 6.02
and 8.02 degrees on average in operator A and B, respectively.

The OMI guide designed to use 3-dimensional printing tolerances had
higher accuracy compared to the guide designed to apply metal sleeves to
channels. To place OMIs with a angle of 50 degrees or more, we should
design a guide by considering angle deviation and compensating channel
angles.

Key words: 3D printing, tolerance, angled insertion, orthodontic
mini—implant, surgical guide, accuracy
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