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efolw] BALA ARRIAde| A 2|5 H o] gle &
W ZH7t 1494 2872 A ekslth AT gk
Wit AL 274 3/HL I ATh23A A 3541 AL
o). WA mReA A olg A FolE o
1o Ewha Mokdong IRB (Institutional Review
Board)®] 591 it}

CT 29 2 Voworks 4.0™& o]&3dl 3218 4 4ko]

AT IR EL] 3A ALkst TGEARS(SOMA-
TOM Sensation, Siemens, Munich, Germany) 120 kv,
200 mAs, 0.6 mm detector, 0.7 mm thicknessol| A 2
Ftsct. o AlEE Hi AR Z2AFFE 3132
CTDIvole| ]t}

Digital Imaging and Communications in Medicine
(DICOM) I = A AH CT °|7|A|E V-works 4.0
(CyberMed, Seoul, Korea)= ©]-&3}o] 321l gAto
2 AT 5 AReIA 7] o] 2% skt
= Ao} Aol 2, Aokt BEH S ALWA W
Hol| F3Ro] H & ztzF gt 90° gH S UE
D% AL 2 ATt olw, At whet W
o7l QEH & dFKo ASTS 33kl I
2 AT, ATt (Fig ).
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ﬂJ

Fig 1. A, 3D reconstructed CT image using V-works 4.0™: B, bisect the image along a line that passes the contact
point and perpendicular to the occlusal plane; C, bisected and 90° right-rotated sagittal image between Lt. and Rt.

mandibular central incisors.
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A 2o} FZe] FH R 2, 4,6 mm Eo|E A
5, 2] woldllM AA =] FAE SH 8
TG 22 XA 15, 30, 45°9] A =E #oié&%

Long axis of
a tooth

Alveolar crest *
2

Fig 2. Measurement of cortical bone thickness. Cortical
bone thickness was measured in 4 different angles (0°,
15°, 30° 45°% at 2, 4, 6 mm height from the alveolar
crest.

= Middle

Long axis of
a root

Long axis of
a root

Fig 3. Measurement of root proximity. '‘Central' means
the closest distance between the tangent lines, each
one tangent to the proximal root surface. 'Buccal'
means the distance between the intersecting points
which are made by two tangent lines, one is tangent to
proximal root surface and the other is tangent to buccal
root surface. 'Horizontal' means the closest distance
from 'buccal' to 'central'.
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Het X2t He

o] sdE FAE SHsHAY (Fig 2). ol ==t
9] .Tﬂ—?goﬂ}q x]o} x]—x ] /\;ﬂ oz A]ﬂzﬂ- uHE 0°
2, X "eko g 15° 30°, 45°9] Zt=E Hojd uj
g 27h 15, 307, 452k F el Sc

A2k Aele] %

ANz O ZHE 2,4, 6 mm oA w3 HH
of sgejsiAl Z7t AepA 900 dHE weE *
V-works 4.0 W A7 A& =45 o|&3A] 23t
A S48k A2 2%—011 WE;} 5 4z
o] A2 W HA= Kl
V8 7k ARlE = ZOP‘:‘ 1 i
Z H=mo)| 0o HAY 22 OLXd
o] Yht= A Alele] AgE ¥
(buccal)2} g ol et 242t 7é }911, o] & A
Atole] 4= 7] (horizontal) S =4 3FSITH (Fig 3).
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F, Aokzk zpele} zt Fofo mME 2ol E A7)
213l one-way ANOVAS} post hoc testZ FAA 2| &

SFRIL 0.05 Fe]FEAA Brlsdnh |, vk &,
Lo WE 2o] = Hlwalr] Yol rtestS APt
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Cortical bone thickness (mm)

Fig 4. Mean value of cortical bone thickness in the
mandible. Inter-bar connecting lines mean significant
differences between one and the other (p < 0.05). 1,
Central incisor; 2, lateral incisor; 3, canine; 4, first pre-
molar; 5, second premolar; 6, first molar; 7, second
molar.
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2, U3, MM CHX| WX 382 6%, 2008

AP O RTH 2, 4, 6 mmol st 2t
gTdH EolollA A= Fofd BE}% 7‘40}7} JVEISE:—,] =
HAsE vk 2t

Q]

=

A& AAE HdA 8] 981 5‘*-d < dojz A mm =o|d o, sk i F l‘i:«l XlOP *}0101]*1 0°°‘
e 3 27Y 7&?&3 AZSAES rtest= B w3 rﬂH Zro] 15°, 30°¢] A5 2 RS wruT) 2 3t
A7 BAFH R ool f ﬂ}. dy Aole Atk olgfg AL 53] skt A247X]-A1
ttestZ, F-$-2] 2}o]= paired t-testZ 3+ A3} T tﬂ?‘i] AN TR -A2 T 2] 2 shet A 1472]-A)2
Aoz fFoido] fIUTh 2T Atelol A fejdk AfolE Ho|w F15HA

stet FAZe] Hit FAE A2&TA A A el atet SHA-TAR] Atolodl A= 45° Zt=
7 FAX-FAA] Abe], Al FA]-A2) X2} 5 £ 7Y o & AxdA e gGET folsHA
ARA-FAA), TAR-SHA], SHR-AR] Ate]oA 2 %2 /a1 ol9le THOME 1% Fofd
Fo]g 2po] 2 BT (p < 0.05), AX|FolA 1| 2 o3 57} Fde HolA &SkTt (Table 1,
2 4545 FANAE 4%FS BT (Fig 4. Fig 5). 4 mm =o|d o, st} FHX-SH|, A24

Table 1. Cortical bone thickness (Mean + SD) with different angulations at 2, 4, 6 mm levels (unit; mm)

Vertical  Interradicular Angulation »
value
level site 0° 15° 30° 45° P

2 mm 1-1° 145 + 072 132 + 037 142 = 0.44 1.84 £ 062 0.004
1-2 242 + 1.79 191 + 148 1.89 + 1.49 200 £ 0.82 0.482

2-3 298 + 162 231 £ 203 219 £ 152 258 £ 1.18 0.832

3-4 328 + 2.33 238 + 1.39 222 + 058 286 + 091 0.033

4-5% 459 + 318 262 + 064 313 + 1.10 434 + 1.82 0.000

5-6* 488 + 2.88 315 + 0.72 337 + 0.87 437 £ 1.29 0.000

6-7*Pe 552 + 342 354 + 2.04 313 + 1.02 340 + 1.18 0.000

4 mm 1-1Peet 125 + 0.30 1.37 + 032 159 + 0.36 214 + 057 0.000
1-20ef 163 + 1.13 163 + 055 192 + 063 283 + 099 0.000

9-gheet 1.79 = 054 205 £ 058 252 £ 0.73 357 £ 1.17 0.000

3-4Peet 203 £ 050 227 £ 049 270 £ 056 395 £ 095 0.000

4-pPedet 262 £ 037 305 + 041 369 + 054 492 £ 094 0.000

56 297 £ 0.77 317 £ 0.76 357 + 091 447 £ 1.19 0.000

6-7 329 £ 0.90 323 + 081 334 + 0.78 372 + 0.83 0.116

6 mm 1-1Peet 125 + 0.30 1.34 + 033 154 + 0.34 193 + 042 0.000
1-heet 1.35 + 0.38 149 + 042 175 + 050 234 + 066 0.000

9-gheel 1.89 + 0.46 206 + 052 245 + 058 395 + 0.86 0.000

3-gheet 2.10 + 0.39 236 + 0.45 265 + 067 3.70 = 0.69 0.000

4-mpeet 272 + 037 298 + 0.40 339 + 054 421 + 081 0.000

5-goet 303 + 0.80 317 + 0.83 353 + 090 423 + 099 0.000

6-7 353 + 0.87 336 + 0.75 345 + 071 361 + 096 0.705

Significant difference between 0° and 15° (p < 0.05); "significant difference between 0° and 30° (p < 0.05); ‘significant
difference between 0° and 45° (p < 0.05); Ysignificant difference between 15° and 30° (p < 0.05); ®significant difference
between 15° and 45° (p < 0.05); significant difference between 30° and 45° (p < 0.05); 1, central incisor; 2, lateral

incisor; 3, canine; 4, first premolar; 5, second premolar; 6, first molar; 7, second molar.
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TA-ANH TR Abel= 45°9] A4=g Foqd &
JdE FAF FeA SrFeAa 1 olske] 74
o M= folet Aol g HolA] ¥sith atet £
A-FAR], FHEA-AA], AA-A1eTA] Aol 30°,
45°0] A2 FoAgls wf dAZe] FA 7+ o}
A Skt aket AllaTA|-A2aTA] Ate]=
15° o]}e] ZAmeol|A] g AZo] folatA Frtehe
7eE 1ol vk, aket A1) ARU ] Ale]
T A= wE fold ®IE Holx] sk

s“é

[ Ooo
64 C 15
B 30° I
54 EE 45°
4

!

Cortical bone thickness (mm)

1-1 1-2 2-3 3-4 4-5 5-6 6-7
Interradicular site

Fig 5. Cortical bone thickness with different angulations
at the 2 mm level. Inter-bar connecting lines mean sig-
nificant differences between one and the other (p <
0.05). 1, Central incisor; 2, lateral incisor; 3, canine; 4,
first premolar; 5, second premolar; 6, first molar; 7, sec-
ond molar.

ﬂﬁ

Cortical bone thickness (mm)

1-1 1-2 2-3 3-4 4-5 5-6 6-7
Interradicular site

Fig 6. Cortical bone thickness with different angulations
at the 4 mm level. Inter-bar connecting lines mean sig-
nificant differences between one and the other (p <
0.05). 1, Central incisor; 2, lateral incisor; 3, canine; 4,
first premolar; 5, second premolar; 6, first molar; 7, sec-
ond molar.

slefel mH= FHet X2t He

(Table 1, Fig 6). 6 mm =°
2, THA-FHA|, SHEA]-AA, Al
1ATFA-A2ETR] Abe]= 30°, 45°9] ZHEE o
S v AFF FA7 F2 0}711 ~7H9%E} Gl
oF ARATA-AIYFR] Alo]lE 45°9] =S B
AS u gAEF FAV FelA ?7]"’}‘/\}\.1_ BN
sle] Ztmol M e o3k zte] & Holz] gkt 3
oF AN FA-AR2HFA] Ato]l= Z=el WE fre
gk ¥slE Ho|x] eFSkT} (Table 1, Fig 7).
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b
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5133 ¢°
— 152
44 Hm 30°
. 45

A

Cortical bone thickness (mm)

1-1 1-2 2-3 3-4 4-5 5-6 6-7
Interradicular site

Fig 7. Cortical bone thickness with different angulations
at the 6 mm level. Inter-bar connecting lines mean sig-
nificant differences between one and the other (p <
0.05). 1, Central incisor; 2, lateral incisor; 3, canine; 4,
first premolar; 5, second premolar; 6, first molar; 7, sec-
ond molar.

Elsil-1 [[nlN

Root proximity (mm)
w

Buccal Middle

Horizontal

Fig 8. Mean value of root proximity in the mandible. 1,
Central incisor; 2, lateral incisor; 3, canine; 4, first pre-
molar; 5, second premolar; 6, first molar; 7, second
molar.
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stet X237 Agle 5, 9T A
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BE 971 vy AZHEES AHetr]d v
FEI TS ATTLS & 5 AR ©] F Al
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TGN wRA 2 el MY 2 s
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ORIGINAL ARTICLE

Cortical bone thickness and root proximity at mandibular
interradicular sites: implications for orthodontic

mini-implant placement

Ju-Eun Lim, DDS, MSD," Won-Hee Lim, DDS, MS, PhD,’ Youn-Sic Chun, DDS, MSD, PhD°

Objective: The purpose of this study was to provide clinical guidelines to indicate the best location for mini-im-
plants as it relates to the cortical bone thickness and root proximity. Methods: CT images from 14 men and 14
women were used to evaluate the buccal interradicular cortical bone thickness and root proximity from mesial to
the central incisor to the 2nd molar. Cortical bone thickness was measured at 4 different angles including 0°, 15°,
30° and 45°. Results: There was a statistically significant difference in cortical bone thickness between the sec-
ond premolar/ first permanent molar site, central incisor/central incisor site, between the first/second permanent
molar site and in the anterior region. A statistically significant difference in cortical bone thickness was also found
when the angulation of placement was increased except for the 2 mm level from the alveolar crest. Interradicular
spaces at the 1st/2nd premolar, 2nd premolar/1st permanent molar and 1st/2nd permanent molar sites are con-
sidered to be wide enough for mini-implant placement without root damage. Conclusions: Given the limits of this
study, mini-implants for orthodontic anchorage may be well placed at the 4 and 6 mm level from the alveolar
crest in the posterior region with a 30° and 45° angulation upon placement. (Korean J Orthod 2008;
38(6):397-406)

Key words: Mini-implant, Cortical bone thickness, Root proximity
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