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AelAel Az WP 1.09 mm, 2AFAN A WS 1.28 mm 9 ¢
GEE, 4%e) 2te @At 3.9° = et (32,
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11.5mm 9&EHES 45§ sz A4l
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Materials Diameter X Length (mm) Manufacture Name
Implant 40X 115 Osstem Implant TS
Fixation pin 20X 180 Osstem Implant Anchorpin
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Mo AYE AESHE QAo JESHEVF AFE 1, 2, 3 7 BEF
DICOM S OnDemand3D(Cybermed, Daejeon, Republic of Korea)
SZEofo A F

% e B QBAE 47 AAE FAsAt AL @
QERE FA 2D alow WAL, AA AT ABAE AAE 3D oW A=

=]

ol

&to] DICOM el JEFES A& 24
2z AXA2E @2 (Coronal Deviation), A% 728 2 2F(Apical Deviation) 474 9]
AYE S5 AFAZY x F WS Coronal deviation x(Cdx), y
W 9] &-S Coronal deviation y(Cdy), z % W$ %S Coronal deviation z(Cdz) 2}
A3, AHEAY HYHF = T2 Coronal deviation sum(Csum) ©]2} 3}ith.
I HEAYL x F WYHS Apical deviation x(Adx), v &
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a7 A2 B JEFES AN d

C(or A)sum = /(x; — x1)2 + (v — y1)2 + (2, — 21)?

ZHE A7 939 F A WY (Csum, Asum) 2] AR,

-y
e %

ANl CBCT & o] 88 QEAE A3 43

l-ﬂ

H el ti3ll Shapiro—Wilk test 814 Ad< Aot 2t o+ 2ol & vluwst]
98 ANOVA EAFEAS 3519 17, Bonferroni Correction Method & AFE 7AA

vt B A p<0.05 FFAA F4 Aol ol Fol R

2 f7el WE YEIE ¥y s

1ZE BYe 27 CT &9 8ol

DAY A9 W f7el BE A

A otell of gt
AEHE A9 A5 22 (Degree) oF THFANAME x, v,z Al 22 (Cdx, Cdy, Cdz),
ZREAAMY A-l Ak 3 (Csum), ZHFANAS x, v, z A-l 2aF (Adx, Ady,
Adz), ZHFANM Agl 229 FH(Asum) & Fgk FX = E 20 YERd 9tk
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kv S o = 3T >
E2 1AW A PF W fe] B JBAE 4 o
Anchor Degree  Csum Cdx Cdy Cdz Asum Adx Ady Adz
pin @) (mm)  (mm)  (mm)  (mm) (mm)  (mm)  (mm)  (mm)
Vertical 1.84+053  043x035 0.19:0.17 0.24:020 030:0.23 0.64:053 030:023 034:032 043031
Horizontal 194:050 049+038 022+0.19 027+022 035:0.25 073:057 035:032 039:034 0.49:034
None 247+063 079+050 036+024 043+029 056:034 1.15:070 058040 065:041 0.74+0.42
Overall p-value 0.0011 00151 0.0202 00259 0.0099 00185 00279 00171 00146
2 o) (ol = = 3z = 7] © A~
g AR 0 W e nE JERE Y A4k exe uAgds 7

UZHE ZPEANA Al 243 (Csum) & 1AAE FHROE A]els o,

o
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o
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H
L
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Hog A4S W, 0.49+0.38 mm =
etk 2898 A9eA] 29S W= 0.79+0.50 mm E UERGT JdEZEHUE

SHFAAY Al xFk(Asum) = =

o_>rL
mlo

FAowE A5sde wW, 0.64+0.53

mm 2 e, 1gas FEo R A§sigle w, 0.73+0.57 mm 2 YEREH
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3.2. Y A 9¥ @ Tl WE Ao} g wE
JEIRE 43 FEE B}

Degree  Csum Cdx Cdy Cdz Asum Adx Ady Adz

Anchor pin
) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Vertical 2.39+0.14 0.85+0.12 0.40+0.11 048+0.10  0.58+0.13  1.30+0.28 0.68+0.15 0.74+0.16  0.82+0.17
Horizontal 2.46+0.14 0.96+0.21 0.45+0.11 0.54+0.11 0.66+0.14 1.44+0.29 0.76+0.16 0.82+0.18  0.90+0.17
None 3.28+0.32 1.43+0.12 0.67+0.04 0.79+0.07 1.00+0.09 2.06+0.12  1.09+0.09 1.18+0.07 1.28+0.11
Overall p-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

3.28+0.32° & 4}
Aol BAMCE Folde HolH oY, nAAS AYsHA ks Bt
7

1RSSR

PEFE ZRFANMY A8 ex#% (Csum) & LFAS
H

yebgth 13RS AFElH kS wlE 1.43+0.12mm E UERHT AZEHE

SRRl A A (Asum) & 2FAS FHoR AHINS W,

-13 -



o), 1.44+0.29mm =

9%

1.30+£0.28mm = YE}S

g

= 2.06+0.12mm = vtEFh
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ESAAO0R FHS HolH

A2 oA
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Fo® Aol 2
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W Vertical
M Horizontal
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Lnegth difference (mm)

B Vertical

*
B Horizontal

05
0
Csum Asum
912, stet 5 SAA A 1A AT W 9 G5 OE JEGE 2§ A
Qb w= FAA FAATE S-S QT (P <0.05).
b W e Wow st H5 Al 1 A7l AEste] AdEE
GATHGE4).
steb 313 Al 1 27AA 130 A% g 0 G5 e QEAE 43
!
Anchor Degree  Csum Cdx Cdy Cdz Asum Adx Ady Adz
Pint ©) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Vertical 1924013 0324012 0.13+0.05 0.17+0.07 0.24+0077 046+0.18 0.18+0.09 024+0.12  0.34+0.11
Horizontal 198+0.14 0384012 0.15:006 0.20+0.08  0.28+0.08  0.56+0.19 0.24+0.10 0.30+0.13  0.40+0.11
None 223+005 064+0.06 028004 036:003 044x003 095:0.11 046:008 055:006 0.62+0.06
Overall P-value 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 <.0001
stob B2 A 1 ATHANA wFW AW YT L FRel 0E JBAE 43
e eas 1qWE £A PFOE AYPL W, 192:0.13° = dehga

- 15 -



S
=

= epd,

2.23£0.05°

=

oy

ok

oy
B

Jvmo

™
o
o
oy

ok

RATH(2¥ 13).

ojy

R
—_
fite)

—_

<

o]

—

s

ojy
B
%o
™

KN
R

A7 A2k (Csum)

HEoll A <]

e =
o, 0.32+0.12mm = Y&}

=

1S o, 0.38+0.12mm =

5]

]|

2l
o

= 0.64+0.06mm = ERSTH

0)ol) o
%‘ME

o

i
o

—

A=l 22kgk (Asum)

<ol A 9

o, 0.56+0.19mm =

KX
=

0.46+0.18mm = Y&k

1
fu

|

o

HAT (Y 14).

Aol &

oF

77t gAACR §9

1
o
)

<
ojy
B
%0
™

i B .
- [ ] [ |

-16 -

i uy ~ w - wn o
~ - a

(,)@ouaiayip 9|8uy



99 13, gt 45 A 1 ATANA 1AW Y BT D fe] e ASRE 4

*

12
€ -
£ E
— * *
*

8 08 * * W Verticsl
c . * *

7] I—' F

“ 06 * * * B Horizontal
g | N 3

l.'.: 04 * |—] B Mone
= B

=

02

S o

Csum Cx Cdy Cdz Asum Adx Ady Adz

S99 14 dtek 43 Al L 2PANA ndR AW 0 % Gl hE JERE 43

Ag) @b = BAA FAA7F A& duF(P<0.05).

How steh 95 A 2 Al AHEste] Adpts

2
ok
%
o
e
flo
ok

ne
30 HO
=
kd
N

E 58t $% Al 2 gFAeld wYW Y 9P U fRe] hE JEFAE 43
o3}

. Degree Csum Cdx Cdy Cdz Asum Adx Ady Adz

Anchor pin
©) (mm) (mm)  (mm) (mm)  (mm) (mm) (mm)  (mm)
Vertical 1212028  0.11£005  0.04:002 006002 009:004 0.15:006 005:003 005:0.03 0.14x0.04
Horizontal 1374030 014007  005:0.02 005001 0.11:004 018007 006:004 007+0.02 0.16+0.05
None 1894007 029007  0.12:0.04 012004 023:004 043:0.10 0.18:004 022+0.07 033:0.06
Overall p-value 0.0001 <.0001 0.0002 0.0009 <.0001 <.0001 <.0001 <.0001 <.0001

-17 -



AEAE A9

s

Joll Al a1

5(

5 A 2 o

bot

2 YEEa,

1.21+0.28°

EEEE

33] O
EED

al

o, 1.37+0.30°% YEFSET

30 .o
PN =

E

]

A
3

o

Y2
o

=
T

el
B

2e]

X

=

2 ueEsth

1.89+0.07°

=

)

X

1
N~

ofpy
2

—_

<

ojy
B
%o

™

B2 15).

ojy
g}
fite)

—_

T

o]

—

o

ofpy
B
o
B!

©
R

Agl 23k (Csum)

FE EHEAA <

il
0

]
=4

oS o), 0.17+0.05 mm =

S

2 43

o]

o, 0.11+0.05 mm = YEf

YEHE

0.29+0.07 mm = e}

L
.

LHERS T

1S i, 0.15+0.06

S

= A5

ol

W, 0.1840.07 mm = e

mm = YEH

0.43+0.10 mm = vtepstth

= M=

%k

1
R

Al eapelk HEF A= 2A4f

ofpy
B

BATH(1¥ 16).

o] &

Fis

Aol 27 FAHCE 79

%)

—

<

- 18 -



[
w

(]

=
in

[

1=
wn

Angle difference (°)

R

Y15, st 9% A2 GFAA PR 43 BF W 4ol B JFAE 43

7w 9t w= FAA FAE Es n (P <0.05).

— —
i

R BN I BTN

,ﬁ@qunqi

Adx

o
o § e
[V I -V I ) |

o
=]
v W

f=]
e
= 0

Lnegth difference (m

o
Ol

3916, dtet 35 A2 BFANN DD A BF W 4ol GE JBAE A7)

Al &2k x= SAA FAAE eE v E(£<0.05).

19 -



£, YEUE $EE PISE AMgEte] YBUES AY = Afels
gk oAk A @ 4 ok ole AFel MW £&E sl tixel el
e 99, #xe T A 9E 29 WEA §Fo GE F2e sols

agEe] mE gdlo] EAFT[36-42].

= AFedME FEd Tlol=dA 1S A9 AY W] JEFTEE 4
=
o

0.43+0.35 mm, <35 WYFE 0.64+053 mm 2 YelWon, 3 wgFow
13E Aol AF ®H 2 FolA A= A= 1.94+0.50°, YEHE ZTHEANA A
WS 0.4940.38 mm, LEF HY=S 0.73+0.57 mm & YEGT 7148 9
AbgEA] oke 3 79 ZhE Qab= 2.47+0.63°, ASUE ZHYEolA Ay WHe

0.79£0.50 mm, <HF WAZFS 1.15£0.70 mm = YEbRoh 1498 Ay 1+

-20 -



N9 a9 T 74w oabel SYPE Aw o 2AY A o= BANoE

fFeu gt 2ol & B TH(P < 0.05)

Sicilia ¢} Botticelli [43]°] 93t % 7lo|=F o83 UYZHE 29 A

WA ZtE o 3= 3.9° A HOZEHS 1.09mm, 2HE HYFS 1.28 mm, J°oH,
Schneider [44]°] 9std Zt% ex+= 5-6°, A% WHY=FES 1.1 mm, <ZY

A9 47 1.6 mm Gtk B QEAES s BN QBB @A)
WS zAStW £4e Azel TS WA Hvl, o]t oA vehd F ek

WnHTH45]. YEAEY AY 2w At AT ® dEAE 4 7w

el
Hoh 7holtE o] §ste] AEFREES AF ste Aol HSEUt Fi ABALEE
Zoln, g WKL s At B

AM. Ekram et al,[48] 7] 2ostd HFX A oA FEf 7lo)lt=s
o] g3sle] YZHE 215 A] A3 4% 2x= 3.0° AH WSS 1.14mm, FHF

HeFS 1.2mm 2 2 Aol s Fad 7ols ugas ARSete] JERES

1>
rt
o
oM.
o
ko
N
2
oE
do
2
=2
iy
2
N
S
N
=
=
oX
[-"l
o
>~
R
oo
ol
ol
X
g2

il
Bole 22k ;SIS Blojur] wiiel 1gds AHEste] dEHES ARee S0

= AT @A CeRe AAl @A o] obd @A} A fARS REE
Hlagt Zojw, Al @xpelA FEd Tl=E AREsha, uAdEs

Aol ABRE £ A @R T4 #Ao] vy wWEel FHTA oE

=21 -



AA Aol A

tod

S

1y

ghejofo} s},

=]

o]

T

S

5. A&

EUHE AY

HFel wek o

il

iy

—_—

X
B|H
B
gl

=
=

EHES SA

HE A9 ex, ZHFE A o4

3L
=

o] Ztm ex, &

ol

|

H

o|J

A =

S

Sl

AX o=z

o

1
o

&

il

o|J

ofy
700

‘.mvo

ol

o)
o

el
B

HH

22 -



3 B3

1. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. A systematic review
of the survival and complication rates of implant—supported fixed dental
prostheses after a mean observation period of at least 5 years. Clin Oral Implants

Res. 2012;23 Suppl 6:22—-38.

2. Buser D, Sennerby L, De Bruyn H. Modern implant dentistry based on
osseointegration: 50 years of progress, current trends and open questions.

Periodontol 2000. 2017;73(1):7—21.

3.  Gallucci GO, Hamilton A, Zhou W, Buser D. Implant placement accuracy using

dynamic navigation. Int J Oral Maxillofac Implants. 2018;33(2):447—453.

4. Kim KW, Lee KS, Kang PS, Kim WS. Comparison of chewing ability and
quality of life before and after the dental implantation. J Korean Acad Prosthodont

2009:;47(2): 215-221.

5. Vercruyssen M, Laleman I, Jacobs R, Quirynen M. Computer—supported
implant planning and guided surgery: A narrative review. Clin Oral Implants Res.

2015;26 Suppl 11:69—-76.

6. Lee DH. Correct positioning of an implant fixture for achieving ideal

aesthetics in the anterior maxilla. Implantology 2013;17(3):194—204.

7. Fang Y, Bai S, Zhang R, Wang G. Accuracy of computer—assisted guided
implant surgery: a systematic review and meta—analysis. Int J Oral Maxillofac

Implants. 2022;37(5):103—117.

- 23 -



8. Pozzi A, Polizzi G, Moy PK. Guided surgery with tooth—supported templates
for single implant placement: A retrospective analysis on implant accuracy. Int J

Prosthodont. 2021;34(5):497—405.

9. SuT,LiP,LiY, etal The accuracy of 3D printing guide template in implant
placement: a systematic review and meta—analysis. Int J Oral Maxillofac Implants.

2021:;36(1):28—-40.

10. Kang N, Wu Y, Li C, Grover L, Mattheos N. The accuracy of computer—
guided implant surgery and its sensitivity to implant positioning errors: A
systematic review and meta—analysis. Clin Oral Implants Res. 2020;31(10):

1047-1060.

11. Kim JE, Shim JS, Kim M. Accuracy and complications associated with static
computer—aided implant surgery: a systematic review and meta—analysis. J

Prosthodont Res. 2022;66(2):145—-157.

12. Ryu JJ, Kim CH, Paek J, Choi JH. Influence of surgical template design and
fixation methods on the accuracy of static computer —guided implant surgery in

edentulous mandibles. J Prosthet Dent. 2023;129(3):391—398.

13. dos Santos PL, Pereira Queiroz TP, Margonar R, de Souza Carvalho, ACG,
Betoni JW, Rezende RRR, dos Santos PH, Garcia JIR. Evaluation of bone heating,
drill deformation, and drill roughness after implant osteotomy:guided surgery and

classic drilling procedure. International Journal of Oral & Maxillofacial Implants

2014;29(1):51-58.

14. Cassetta M, Stefanelli LV, Pacifici A, Pacifici L, Barbato E. The influence of

guide template support and fixation on the accuracy of computer —guided implant

- 24 -



placement: A comparative in vitro study. Int J Oral Maxillofac Implants.

2023;38(2):337—345.

15. Joda T, Wittneben JG, Bragger U, et al. Digital implant dentistry: workflows,

components, and software tools. Int J Oral Maxillofac Implants. 2021;36 (Suppl):
s67—s78.

16. Ackerman CM, Putrino A, Neiva G, Tovar N, January SM. Accuracy of
computer —guided implant placement in edentulous patients with different degrees

of mucosal support: A retrospective cohort study. Int J Oral Maxillofac Implants.

2020;35(6):1113-1119.

17.  Shim JS, Kim JE, Kim M. The effect of surgical guide design and fixation on
implant placement accuracy: An in vitro study. J Prosthet Dent.

2022;128(2):288—-295.

18. D'haese J, Van De Velde T, Komiyama A, Hultin M, De Bruyn H. Accuracy

and complications using computer —designed stereolithographic surgical guides for
oral implant placement: a systematic review. Clin Implant Dent Relat Res.

2012;14(3):321—-335.

19. Katsoulis J, Pazera P, Mericske—Stern R. Prosthetically driven, computer—
guided implant planning for the edentulous maxilla: a model study. Clin Implant

Dent Relat Res. 2021;23(3):375—-384.

20.  Verhamme LM, Meijer GJ, Boumans LJC, de Haan AFJ, Raghoebar GM. A
systematic review of computer—guided implant placement accuracy and the

influence of possible variables. Clin Oral Implants Res. 2020;31(4):417—-435.

- 25 -



21. Ganz SD. Three—dimensional imaging and guided surgery for dental

implants. Dent Clin North Am. 2015;59(2):265—-290.

22. Van Steenberghe D, Naert I, Andersson M, Brajnovic I, Van Cleynenbreugel
J,.Suetens P. A custom template and definitive prosthesis allowing immediate
implant loading in the maxilla: a clinical report. Int J Oral Maxillofac Implants.

2002;17:663—-670.

23. D'haese J, Van De Velde T, Komiyama A, Hultin M, De Bruyn H. Accuracy
and complications using computer-designed stereolithographic surgical guides for
oral rehabilitation by means of dental implants: A Review of the literature. Clin

Implant Dent Relat Res. 2012;14:321—335.

24. Junesung Shim, Namhoon Kim, Jongeun, Kim. A procedure for the
computer—guided implant planning: A narrative review. Journal of the Korean

Dental Association. 2016;54:108—122.

25.  Sarment DP, Sukovic P, Clinthorne N. Accuracy of implant placement with

astereolithographic surgical guide. Int J Oral Maxillofac Implants. 2003;18:571.

26. Van Steenberghe D, Naert I, Andersson M, Brajnovic I, Van Cleynenbreugel
J, Suetens P. A custom template and definitive prosthesis allowing immediate
implant loading in the maxilla: a clinical report. Int J Oral Maxillofac Implants.

2002;17:663—670.

27. Van Steenberghe D, Malevez C, Van Cleynenbreugel J, Serhal CB, Dhoore
E, Schutyser F, et al. Accuracy of drilling guides for transfer from three-
dimensional CT-based planning to placement of zygoma implants in human

cadavers. Clin Oral Implants Res. 2003;14:131.

- 26 -



28. Van de Velde T, Glor F, De Bruyn H. A model study on flapless implant
placement by clinicians with a different experience level in implant surgery. Clin

Oral Implants Res. 2008;19:660—672.

29.  Van Assche N, Van Steenberghe D, Guerrero M, Hirsch E, Schutyser F,
Quirynen M,et al. Accuracy of implant placement based on pre-surgical planning
of three-dimensional cone-beam images: a pilot study. J Clin Periodontol.

2007;34:816—821.

30. Sarment DP, Al-Shammari K, Kazor CE. Stereolithographic surgical
templates forplacement of dental implants in complex cases. Int J Periodontics

Restorative Dent. 2003;23:287—295.

31. Ruppin J, Popovic A, Strauss M, Splntrup E, Steiner A, Stoll C. Evaluation

of theaccuracy of three different computer-aided surgery systems in dental
implantology: opticaltracking vs. stereolithographic splint systems. Clin Oral

Implants Res. 2008;19:709-716.

32. Giacomo GAD, Cury PR, Araujo NSd, Sendyk WR, Sendyk CL. Clinical
applicationof stereolithographic surgical guides for implant placement: preliminary

results. J Periodontol.2005;76:503—-507.

33. Ozan O, Turkyilmaz I, Ersoy AE, McGlumphy EA, Rosensti el SF. Clinical
accuracy of 3 different types of computed tomography —derived stereolithographic

surgical guides in implant placement. J Oral Maxillofac Surg. 2009;67:394—301.

34. Misch CE, Qu Z, Bidez MW. Mechanical properties of trabecular bone in the
human mandible: implications for dental implant treatment planning and surgical

placement. J Oral Maxillofac Surg 1999;57:700—6; discussion 6—8

- 27 -



35. Al Quran, Firas A., Rashdan, Bashar A., Abu Zomar, AbdelRahman A.,
Weiner, Saul.Passive fit and accuracy of three dental implant impression

techniques. Quintessence Int. 2012;43:119—-125.

36. Zhou W, Liu Z, Song L, Kuo CI, Shafer DM. Clinical factors affecting the

accuracy of guided implant surgery—a systematic review and meta—analysis.

Journal of Evidence Based Dental Practice 2018;18(1):280—240.

37. GengW,LiuC,SuY,LilJ, Zhou Y. Accuracy of different types of computer —
aided design/computer—aided manufacturing surgical guides for dental implant

placement. International Journal of Clinical and Experimental Medicine

2015:8(6):8442—-8449.

38. Matsumura A, Nakano T, Ono S, Kaminaka A, Yatani H, Kabata D.
Multivariate analysis of causal factors influencing accuracy of guided implant
surgery for partial edentulism: a retrospective clinical study. International Journal

of Implant Dentistry 2021;7 (1) :28.

39. Hinckfuss S, Conrad HJ, Lin L, Lunos S, Seong WJ. Effect of surgical guide
design and surgeon's experience on the accuracy of implant placement. Journal of

Oral Implantology 2012;38(4):311—-323

40. Liang X, Jacobs R, Hassan B, Li L, Pauwels R, Corpas L, Souza PC, Martens
W, Shahbazian M, Alonso A, Lambrichts I. A comparative evaluation of cone beam
computed tomography (CBCT) and multi—slice CT (MSCT): Part I. On subjective

image quality. European Journal of Radiology 2010;75(2):265—269.

- 28 -



41. Abduo J, Lau D. Effect of Manufacturing Technique on the Accuracy of

Surgical Guides for Static Computer—Aided Implant Surgery. International Journal

of Oral and Maxillofacial Implants 2020;35(5):931-938.

42. Rubayo DD, Phasuk K, Vickery JM, Morton D, Lin WS. Influences of build
angle on the accuracy, printing time, and material consumption of additively
manufactured surgical templates. The Journal of Prosthetic Dentistry

2021;126(5):658—-663.

43. Sicilia A, Botticelli D. Computer-guided implant therapy and soft-and hard-
tissue aspects. The Third EAO Consensus Conference 2012. Clin Oral Implants
Res. 2012;23:157—-161.

44. Schneider D, Marquardt P, Zwahlen M, Jung RE. A systematic review on the
accuracy and the clinical outcome of computer-guided template-based implant

dentistry. ClinOral Implants Res. 2009;20:730—786.

45. Lee DH, An SY, Hong MH, Jeon KB, Lee KB. Accuracy of a direct drill—
guiding system with minimal tolerance of surgical instruments used for implant
surgery: a prospective clinical study. The journal of advanced prosthodontics

2016;8(3):207—-213.

46. Al Yafi F, Camenisch B, Al—sabbagh M. Is Digital Guided Implant Surgery
Accurate and Reliable. The Dental clinics of North America 2019;63(3):381—-397.

47. Mahmoud, N. R., Eldin, M. H. K., & Diab, M. H. (2024). Computer guided vs.

freehand dental implant surgery: Randomized controlled clinical trial. The Saudi

Dental Journal, 36(2), 259-266.

-29 -



48. A.M. Ekram et al. Full digital workflow for prosthetic driven implant planning
and surgical guide fabrication without the need for scan appliance: a case report

Dental Implant Research 2024; 43(3): 330—380

ABSTRACT

The Influence of Fixation Pin Direction in Fully Edentulous
Surgical Guides on the Accuracy of Dental Implant Placement

Purpose. The use of surgical guides in dental implant placement helps ensure
implants are positioned and oriented as planned. Previous studies on the accuracy
of surgical guides have included diverse forms of guides, patient cases, and
manufacturing methods, often involving residual dentition, making it difficult to
objectively compare the accuracy of surgical guides used for fully edentulous
patients. Moreover, studies on the direction of fixation pins in surgical guides for
fully edentulous cases are scarce. This study aimed to investigate the effect of
fixation pin direction on implant placement accuracy in fully edentulous models.
Surgical guides were fabricated with fixation pins positioned either vertically or

horizontally and analyzed for their influence on placement accuracy.

Methods. Two types of surgical guides were fabricated for fully edentulous
models, one with vertically positioned fixation pins and the other with horizontally
positioned pins. Additionally, a guide without fixation pins was included, resulting

in three types of guides. Using Implant Studio, surgical guides were designed and
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planned for implant placement. Fixation pins were positioned in a triangular
arrangement at the right posterior, left posterior, and anterior regions. Implant
sites were planned at the mandibular right second molar, mandibular right lateral
incisor, and mandibular left first premolar. The surgical guides were manufactured
using a 3D printer and attached to 21 total models. For Groups 1 and 2, fixation
pins (2.0 mm in diameter, 18.0 mm in length) were placed in the right posterior,
left posterior, and anterior regions, respectively. In all three groups, implants (4.0
mm in diameter, 11.5 mm in length) were placed sequentially in the mandibular
right second molar, mandibular left first premolar, and mandibular right lateral
incisor. Post—placement, CBCT scans of the models were taken, and preoperative
and postoperative DICOM files were superimposed to compare planned implant
positions with actual placements. Analyses included displacement at the implant
platform, displacement at the apex, and angular deviations. Statistical analyses
were performed using SAS version 9.4. Normality was assessed via the Shapiro—
Wilk test, and differences between groups were analyzed using ANOVA, with
post—hoc tests conducted via the Bonferroni correction method. Statistical

significance was set at p<0.05.

Results. In Group 1 (vertical fixation pins), angular deviation was 1.84+0.53°,
platform displacement was 0.43+0.35 mm, and apical displacement was 0.64+0.53

mm. In Group 2 (horizontal fixation pins), angular deviation was 1.94+0.50°,

platform displacement was 0.49%*+0.38 mm, and apical displacement was

0.7320.57 mm. Group 3 (no fixation pins) showed higher angular deviation

(2.47+0.63°), platform displacement (0.79+0.50 mm), and apical displacement
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(1.15+0.70 mm). Surgical guides with fixation pins demonstrated smaller

deviations compared to guides without fixation pins.

For implant placements based on tooth location Mandibular right lateral incisor:

Group 1 showed angular deviation of 2.39+0.14° platform displacement of
0.85+0.12 mm, and apical displacement of 1.30+0.28 mm. Group 2 showed angular
deviation of 2.46+0.14°, platform displacement of 0.96+0.21 mm, and apical
displacement of 1.44+0.29 mm. Group 3 showed angular deviation of 3.28+0.32°,

platform displacement of 1.43+0.12 mm, and apical displacement of 2.06+£0.12

mim.

Mandibular left first premolar: Group 1 showed angular deviation of

1.92+0.13°, platform displacement of 0.32+0.12 mm, and apical displacement of
0.46+0.18 mm. Group 2 showed angular deviation of 1.98+0.14° platform
displacement of 0.38+0.12 mm, and apical displacement of 0.56+0.19 mm. Group
3 showed angular deviation of 2.23+£0.05°, platform displacement of 0.64+0.06

mm, and apical displacement of 0.95+0.11 mm.
Mandibular right second molar: Group 1 showed angular deviation of

1.21+£0.28°, platform displacement of 0.11+0.05 mm, and apical displacement of
0.15+0.06 mm. Group 2 showed angular deviation of 1.37+0.30° platform
displacement of 0.17+0.05 mm, and apical displacement of 0.18+0.07 mm. Group
3 showed angular deviation of 1.89+0.07°, platform displacement of 0.29+0.07

mm, and apical displacement of 0.43+0.10 mm.
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Conclusion. Surgical guides with fixation pins demonstrated higher implant
placement accuracy compared to guides without fixation pins. However, the
direction of fixation pin placement (vertical or horizontal) did not significantly
affect accuracy. Implant placement accuracy, regardless of whether fixation pins

were used, was highest in molars, followed by premolars and incisors.

Key words: dental Implant; surgical guide; computer—aided surgery; surgical guide
fixation pin; fixation pin directio
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