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Accuracy of implant according to support type of
dental implant surgical guides: A retrospective study
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Purpose: This study evaluated the influence of surgical guide support type on implant placement accuracy by

comparing planned and actual implant positions.

Materials and Methods: Thirty-two patients who underwent guided implant surgery between January 2024 and
April 2026 were included. 136 implants were analyzed: 60 in 9 edentulous patients and 76 in 23 partially eden-
tulous patients. CAD/CAM surgical guides were fabricated using preoperative CBCT and intraoral scan data.
Postoperative CBCT images were superimposed on planning data to measure coronal, apical, depth, and angular
deviations. Guides were classified as tooth-supported or tissue-supported, with tooth-supported guides further
categorized as unilateral or bilateral. Implant sites were classified as anterior, premolar, or molar.

Results: Tooth-supported guides showed lower coronal and apical deviations than tissue-supported guides (1.48
+ 0.09 vs. 1.95 £ 0.14 mm, p=0.006; 1.85 % 0.12 vs. 2.28 + 0.15 mm, p = 0.030). Depth and angular deviations did
not differ significantly. No significant differences were found between unilateral and bilateral tooth-supported
designs. Implant location did not affect coronal, apical, or depth deviations but affected angular deviation. In
tooth-supported guides, molar implants showed greater angular deviation than premolar implants (p = 0.031),
whereas in tissue-supported guides, anterior implants showed greater angular deviation than premolar and molar

implants.

Conclusion: Tooth-supported surgical guides provided greater implant placement accuracy than tissue-supported
guides, particularly for coronal and apical deviations. Guide stability and implant site characteristics should be
considered to improve the accuracy and predictability of guided implant surgery. (J Korean Dent Assoc 2026;

64(10): 359-366)
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Fig. 1. Guided implant surgery procedure

The surgical guide was positioned. Guided drilling and implant
placement were then performed according to the planned im-
plant position.

Angle: 0.08°
Shoulder : 0.99mm

Vertical : -0.24mm

Apex: 1.03mm

Table 1. Distribution of implants according to surgical guide
characteristics and implant related factors

Category Subgroup Implants
Surgical guide Tissue support 60
support type Tooth support 76

Anterior 23
Implant sm? in tissue Premolar 17
support guide
Molar 20
Anterior 26
Implant 51t§3 in tooth Premolar 19
support guide
Molar 31
Support type of tooth Unilateral(distal extension) 57
support guide Bilateral(between teeth) 19
Timing of implant Immediate placement 8
placement Delayed placement 128

Angle : 825"
Shoulder : 1.94mm

Vertical : -0.24mm

Apex : 0.65mm

Fig. 2. Accuracy assessment by image superimposition Postoperative 3D images were super-
imposed onto the preoperative implant planning data using Dentiqguide software to assess

the accuracy of implant placement.
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BA B4 R software (version 4.5.1; R Foundation for
Statistical Computing, Vienna, Austria)s ©]-&s}o] <~3§5}
Aot 2HZE HH + BE2HA} (mean + standard devia-
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a : angular deviation
b : coronal deviation
c : apical deviation

Fig. 3. Measurement of implant placement deviations Implant
placement accuracy was evaluated by measuring a) angular de-
viations and linear deviations at the b) platform and c) apex be-
tween the planned and placed implants on the superimposed
images.
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Z2] A2} Ao} A 7] 7to|E 2 A Hl Wik A,
FE A 2loli= 23] AALofA 1.95 £ 0.14 mm, Z|of A]
Aol A 1.48 + 0.09 mmPoH, Z& A A]Zo] A G-oJ5H
2 AL Bt} (p = 0.006). E2HE o1 2fol= 23] AR
0] 2.28 + 0.15 mm, o} 2| A|£0] 1.85 + 0.12 mmZ e}
U 5AH 0z golgt atolE Bt (p = 0.030). Z= &fol=
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Ao} A A] 7to| =t WollA] HE] (distal extension)T} &
=/ (between teeth) AA] W40 £ H|HoAN = SHE
Ak 2017} 242+ 1.49 + 0.10 mm, 1.46 + 0.20 mm (p =
0.913), & P AJo|7} Z+2F 1.86 + 0.14 mm, 1.87 +
0.27 mm(p = 0.980)= I3t Z}o|& HolA| ghgtom 71w
4 =23 Z]o] 2fo] FA| 7 7t FJt Afo] & Ho|A] ¥k
ot (p ) 0.05) (Table 3).
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Table 2. Comparison of implant placement accuracy tissue-support vs tooth support guide

Variable Tissue-supported (Mean + SD) Tooth-supported (Mean * SD) p-value
Coronal deviation (mm) 1.95 + 0.14 1.48 £ 0.09 0.006
Apical deviation (mm) 228 £ 0.15 1.85 £ 0.12 0.030

Angular deviation (°) 5.11 £ 0.45 5.49 + 0.37 0.513
Depth deviation (mm) 1.03 £0.11 0.88 £ 0.12 0.367
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Table 3. Comparison of implant placement accuracy unilateral(distal extension)-support vs bilateral(between teeth) support guide

Variable Distal extension (Mean * SD) Between teeth (Mean * SD) p-value
Coronal deviation (mm) 149 + 0.10 146 + 0.20 0913
Apical deviation (mm) 1.86 £ 0.14 1.87 £ 027 0.986
Angular deviation (°) 5.67 + 0.41 496 + 082 0.445
Depth deviation (mm) 0.89 £ 0.14 0.88 £ 0.20 0.974
Table 4. Comparison of implant placement accuracy according to implant site(teeth support guide)
Variable Anterior (Mean * SD) Premolar (Mean + SD) Molar (Mean + SD) p-value
Coronal deviation (mm) 139 + 0.15 1.55 + 0.24 152 +0.11 0.810
Apical deviation (mm) 1.76 £ 0.20 1.97 + 0.27 1.78 + 0.23 0.837
Angular deviation (°) 479 £ 0.66 451 £ 0.60 6.58 £ 0.61 0.025
Depth deviation (mm) 0.85 £ 0.15 134 + 041 0.65 £ 0.11 0.129
Table 5. Comparison of implant placement accuracy according to implant site(tissue support guide)
Variable Anterior (Mean + SD) Premolar (Mean + SD) Molar (Mean + SD) p-value
Coronal deviation (mm) 2.14 £ 0.24 1.62 £ 0.19 1.98 + 0.24 0.251
Apical deviation (mm) 2.56 £ 0.29 1.84 £ 0.19 2.28 £ 0.23 0.149
Angular deviation (°) 6.47 £ 094 4.40 £ 0.45 4.10 £ 0.57 0.013
Depth deviation (mm) 049 £ 032 0.11 £ 0.25 0.05 £ 027 0.564
£ 43k 59 2 Z00] Aolol At WA, AT g7 T Ee A T AR 2N 548 rlol=e) gt
A3 2 it Ao} BRTIA] ket () 005). T2 2 EORHIAL A7) o 2 Ajzbe uhE 24 Ao
T oo A= -ofjt Aol 7F UERE O H (p = 0.025), A2 oA X|ot A|A] 7t Extat 224] A|4] 71o]& 7t {-of%t &
4 7k g7 (658 + 061°)7} ATAR (451 £ 060°) ol FEEA) 1gkon], o] Zjo} 4] 7ol =7} o HHe 7}
of Bl freJsHA 2 A= Aol Bt (p=0.031) (Table 4). &= 2AHE HAW & A% A7 2ok tE YAl
FA AA 7t e mR7 R 2 EREATE SHF R & AF9] Kot A[A] Zlo|Erolle WA F SA] AlY S
2] Zlo] Afolof A= AR, AT, th-A1 7 7Rt 2} 7k 871(10.5%) 2= o] AU W, 24| 2]A] 7lo] =4t
oIS G () 009, T80 AEAOPIE W £ A2 AT, 54 491 34 skl 9 2
(647 £ 0947FA7A (440 £ 0459, BIFAR @10+ 7] 74 b 319 & 2 21229 923k Ak cortical
0.57°)°ll BJsl] f-2l5kA & 2k UeRHtKTable 5). interference) 5l oJol ALE A1 W A A9 4k
Atolof] 7k Q1 HAL7H HhAYSE 4= QITt?). Mittal 520250
APl ol P B A 3 g

R

L
L

£ AolA A 2o H3f| ZJo} 2| 2] 7}o] Eof A E3H
g 9 sPe] Apolofl A FofoHA| A2 g Bt ol=
of Z|Z] 7}o] =7} 2] Z|A] 7to]Eo] H]s AR O =E T
2 AEA)S HItkal B1SH Raico Gallardo 5(2017)9)

AR} AT, o= o7} Az Aof ujs] o] A

i > o

rf

363

A L}E}h}ob‘r—‘éﬂlﬂi gt Aol flgleH
oAt FofgE Aol 5 HarstgrHY. Wt
Ao} A= A2 4] ApA| 2] FFolt |
Sel7t 2k ) e 29 7hs/gel Sl
& 7 Aot A7 7holEolA F54g ARt B4
Ao B8 B 22 2AgEE HiH. ol WS4 A4



oA AP FHR JETEo]
Kholy 5(2019)9] &7 A7}e}
o7} Z71e=E 3R A He7F Zek=
L o} 27 7ol =} shef ek oA o] A gl

[©]

| AotkE]o] ASHE A7 Hgheof 27
[AFRICE.
Tl AR Ao 2

sjpe] Fjolof iz HA,

heg A

H

=

4

i
=

2 0ZdE 7ol o
5]_9& 1—4_13)_

EoA ke Ao} S7ske 4F At
9] ofgiF o= Ad 4= k. FAIFollA
2 g LAAZ17] ol#E < 3Uot Bae
o ZANEQO2DNA & 2 EHE, 53] Al
T2 BgjolA § 2 2 QAL e 4 ok Busigl
oH7. wba 2 AtolA AR ZmAjel7t ST A
< Ao} AA] 7to|= A 9] FAZ G H k= SR 4| A
sk 7190 AT Algte] HRtdom 28t At
AT & QU Hh, 2 AollAs 2ARAES] ZeAtol
A AR 272, AR Be o5k & #he LrEr
W= ol Aok R[] vls) g o FA1 2] 7]+
= % AJORRIETE GostH AAH-2| B¢ 2AA|A|= R[oHA]

o T L=

=
L

Aof| H|g 7lo]=2] 1o BZsly| wiEo] &g 71| =9
317 500 23k Zt=Ajo] 7t S Z|ofof| Hlsl| & 4= Q&2
2ol 4= it

Tahmaseb 5(2018)2 AA4 EAvE 9 HEtEA S &

3]l static computer-aided implant surgery (s-CAIS)2] %2}

£ HUIotR. o, ASHE A)Y A TRl TeFof| 49
Yt 22F 22 1.2 mmet 1.4 mm, 4 2= @A} 3.5°
2ty B usielon, B Ao Fel7t b FA o S Hk
FOloHA T2 4GS eRiTtaL FcH?, o]9f 2H2- A9

364

TS Ztoto] BAZIA] A A AL At 94
S 3131 2018 International Team for Implantology (ITT)

ConsensusOlA+= s-CAIS A1) A] 58 ol 84 ftx 8528
E| 2 mm®] QPG H(safety margin)S EH S 213 AL
CHY, B gitof| A ARG} 2| of A Aol A SHE 4
o] Bt QAP 2442 1.95 mm@ 1.48 mm, 2] 3
o @27k 747} 2.28 mmet 1.85 mm, Bt 2= @217 242t
5.1°9} 5.5°%2 UERLt 7]&E AtollA B e B¢t tha
2 TS B} Zhou 52018y A2 o] JF vjA|=

L
S

%8 Y 89102 vlo|S T4 W), x4 ) & Wt A
A RS ANFHOT, TG LIS o] 83 9 R 7Y

N &l 71

o
RHo| 22 A7) SYolA TG IS Ag5HA]
Wt A4ke Eohl
Aol vl3f o 2 A
2 97 2YE 55 el
o=xE Alg Hilof

72 w— 1

E NS HUSICR, & Aol A
olo

16 AA

(B

(i

[o

My Jr o> oN Hif N G

o

N, i

AR«

Mr <

5
<k

(
(

-+

M
o>

> > pl Ho ot
<k

2 o @ .

o

I
-
)
i)

X

32
r U
Lo
ox oX
%

U‘O v
° rH
ok >
(S

op
_o‘L
2
= -
3
[
lo

T
ik

e
1o
‘

K

[
ox
ok
%9,

» 1o

PR
mrﬂ
1o o

>.
P 4

>
o

ﬂH

EUE 2 A8 B,

EREDEETTEEN
AR 710 & Bz 21 5]
& UARE 0] 83 2717
S48 7}o|=0] QPgA gy
=y o A=
18 e A4l o) o]
A gt

71

)
=)

H
2 ox

ofy
Fo
ik

|
w
_O|L
rr
v
BN
o wH oX >N o gO 9

&
[o

al

X
(M)

Rl
2

0.

2

M
<k

A7 729
2 o] =20l
Vg7 588 7tolE]

AE A

d
it

A

_ﬁ
2

O:
R

A

7

30 HE

o

S~

a9 2

oz M
o
ek
>

o

filo

=

=

NN

rie
8,
e

AE 7 B, T 7138

o)
S~

A

2



ol
QL
2
i)
o
i
2

_l

e
-
=,
p

ol
=B

3Q,
(o

—_

(] —1n
HE
I
o,

A

i

n g
o

re !
e
.
> 19 %0 rlo

1o

b

o nZ < riz i
o E
=4

re
-

x5

e
]
il

"3

_l
o X
3

>

u

oX

o Mt
>

inc)
B

)
o)

on M

;’%

=
E

=

AN

d

5
0.
]

nd

It
2L,

Q.

_\-1;_1‘

He)

-

o 8
)

v o
Ir
B

l

,d
fo r

iy, 4

A=)

cheat
A 7ho|= et foj8A
Lrebglan 24 Aol Hof A1) 7ol =0l o] 2
A1 o] Aol 22 4] o]0l B 23S 1
$94, Aok A7) 10| ol B34 A2\ek 24 )

ol §AE 0.2 .01 ol BREIA] ggront, I
g Aol B 2 93 Hol o] ekttt A,
A3 9100] T2 slmolAl s SE Ak, R 2 A1 o]
oA Zol7} gigiort 2 Rolo M £.2J3 Kol et
s, Xob ) 7lo|=od H7H| R 27X 5 ulh £
ofst] 2 g BYow, 214 o] S B R

&TA] B iAo Blsh B 2 7 AlolE Bt

r

]

N
w sk
_)#

_l

T

]

—_—

filo

(]

e

pach
e

X N 30
S

2

Conlflicts of Interest: None

Tk

el

. Ribas BR, Nascimento EH, Freitas DQ, Pontual AD, Pontual
ML, Perez DE, et al. Positioning errors of dental implants and
their associations with adjacent structures and anatomical
variations: a CBCT-based study. Imaging Sci Dent 2020; 50:
281-290.

2. Younis H, Lv C, Xu B, Zhou H, Du L, Liao L, et al. Accuracy of

dynamic navigation compared to static surgical guides and

365

the freehand approach in implant placement: a prospective
clinical study. Head Face Med 2024 20: 30.

3. Kuo PJ, Lin CY, Hung TF, Chiu HC, Kuo HY. A novel appli-
cation of dynamic guided navigation system in immediate
implant placement. ] Dent Sci 2022; 17: 354-360.

4. Ramasamy M, Giri, Raja R, Subramonian, Karthik, Naren-
drakumar R. Implant surgical guides: from the past to the
present. ] Pharm Bioallied Sci 2013; 5: S98-S102.

5. Somogyi-Ganss E, Holmes HI, Jokstad A. Accuracy of a novel
prototype dynamic computer-assisted surgery system. Clin
Oral Implants Res 2015; 26: 882-890.

6. Afshari A, Shahmohammadi R, Mosaddad SA, Pesteei O,
Hajmohammadi E, Rahbar M, et al. Free-hand versus surgi-
cal guide implant placement. Adv Mater Sci Eng 2022; 2022:
6491134.

7. Unsal GS, Turkyilmaz I, Lakhia S. Advantages and limitations
of implant surgery with CAD/CAM surgical guides: a litera-
ture review. ] Clin Exp Dent 2020; 12: e409-e417.

8. Malo P, de Araujo Nobre M, Lopes A. The use of computer-
guided flapless implant surgery and four implants placed in
immediate function to support a fixed denture: preliminary
results after a mean follow-up period of thirteen months. J
Prosthet Dent 2007; 97: S26-S34.

9. Stumpel 1J. Deformation of stereolithographically produced
surgical guides: an observational case series report. Clin Im-
plant Dent Relat Res 2012; 14: 442-453.

10. Marquez Bautista N, Meniz-Garcia C, Lopez-Carriches C,
Sanchez-Labrador L, Cortés-Bret6on Brinkmann J, Madrigal
Martinez-Pereda C. Accuracy of different systems of guided
implant surgery and methods for quantification: a system-
atic review. Appl Sci 2024; 14: 11479.

11. Raico Gallardo YN, da Silva-Olivio IR, Mukai E, Morimoto

S, Sesma N, Cordaro L. Accuracy comparison of guided sur-

gery for dental implants according to the tissue of support:

a systematic review and meta-analysis. Clin Oral Implants

Res 2017; 28: 602-612.

12.Shi Y, Wang J, Ma C, Shen J, Dong X, Lin D. A systematic
review of the accuracy of digital surgical guides for dental

implantation. Int ] Implant Dent 2023; 9: 38.



13. Derksen W, Wismeijer D, Fligge T, Hassan B, Tahmaseb
A. The accuracy of computer-guided implant surgery with
tooth-supported, digitally designed drill guides based on
CBCT and intraoral scanning. A prospective cohort study.
Clin Oral Implants Res 2019: 30: 1005-1015.

14. Mittal S, Kaurani P, Goyal R. Comparison of accuracy be-
tween single posterior immediate and delayed implants
placed using computer guided implant surgery and a digital
laser printed surgical guide: a clinical investigation. ] Pros-
thet Dent 2025; 134: 1133-1139.

15. El Kholy K, Lazarin R, Janner SF, Faerber K, Buser R, Buser
D. Influence of surgical guide support and implant site lo-
cation on accuracy of static computer-assisted implant sur-
gery. Clin Oral Implants Res 2019; 30: 1067-1075.

16. Park JY, Song YW, Park SH, Kim JH, Park JM, Lee JS. Clinical
factors influencing implant positioning by guided surgery
using a nonmetal sleeve template in the partially edentulous
ridge: multiple regression analysis of a prospective cohort.
Clin Oral Implants Res 2020; 31: 1187-1198.

17. Bae JH, Lee SY. Clinical precautions for implant placement
using computer-guided implant surgical guide: a system-
atic review. ] Implantol Appl Sci 2021; 25: 147-157.

18. Tahmaseb A, Wu V, Wismeijer D, Coucke W, Evans C. The
accuracy of static computer-aided implant surgery: a sys-
tematic review and meta-analysis. Clin Oral Implants Res
2018; 29: 416-435.

19. Wismeijer D, Joda T, Fligge T, Fokas G, Tahmaseb A,
Bechelli D, et al. Group 5 ITI Consensus Report: digital
technologies. Clin Oral Implants Res 2018; 29: 436-442.

20. Zhou W, Liu Z, Song L, Kuo CL, Shafer DM. Clinical fac-
tors affecting the accuracy of guided implant surgery-a sys-
tematic review and meta-analysis. ] Evid Based Dent Pract

2018; 18: 28-40.

366



