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Fig 1. Adjustment of reference lines. A, Occlusal plane in sagittal section - from incisal edge of maxillary central in-
cisor to mesiobuccal cusp tip of maxillary 1st molar; B, anterior posterior line in axial section - from ANS to PNS;
C, transverse line in coronal section - a line connecting lingual cusp tips of maxillary 1st molars.
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UM, AUME
CBCT &9

o] 1312 olnuA 4, st Ao}

A= Fol cotton roll > EA=E G
CBCT 2JlUY(CB MercuRay, HITACHI medical,
Osaka, Japan)E ©]83}o], 15 cm A|oFd 9(field of
view), 15 mA, 120 kV, scanning time 9.63, 0.292

Table 1. Landmarks and measurements used in this study
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mm AZ FA9 7oz &gt

CBCT Y49 thresholding & 7]F% Z4

CBCT AR E Accurex ZZ 13 (Cybermed Inc,
Seoul, Korea)= AF-8-5te] Al=3F3it) 3kxte] CBCT
A2 E ¢jo]E°|™ 3D MPR (Multiplanar Projection

Reformat) mode<| coronal, axial, sagittal section %!

3D view”7} YEF}A Ht} 3D view?] volume render-
ing opacity preset<- ‘skin & bone 4’'Z 3} o™ ©]

Landmarks
G Gingival margin of interdental papilla between maxillary central incisors
Fa Palatal surface point on perpendicular line from the incisive foramen'’s

anterior margin to the tangent line of palate

Fm Center of incisive foramen

Fp Palatal surface point on perpendicular line from the incisive foramen'’s

posterior margin to the tangent line of palate

Nm Center of nasal aperture of incisive canal
Np Posterior margin of nasal aperture of incisive canal
Pp Posterior margin of incisive papilla

Linear measurements

G-Fa Palatal surface distance between ‘G’ and 'Fa’

G-Fp Palatal surface distance between 'G’ and 'Fp’

Fm-Nm Length of incisive canal between 'Fm’ and 'Nm’

WEF Width of incisive foramen on axial section

WM Width of incisive canal at the middle level between incisive foramen and

nasal aperture of incisive canal

WN Width of nasal aperture of incisive canal on axial section

WEF3D  Width of incisive foramen on 3D view

WN3D  Width of nasal aperture of incisive canal on 3D view

G-Pp  Distance between 'G’ and 'Pp’

Anteroposterior numerical scale by cusp tip (CTS: cusp tip scale)

Fp’ Location of cusp tip on the perpendicular line from posterior margin of incisive foramen to

the occlusal plane

Np’ Location of cusp tip on the perpendicular line from posterior margin of nasal

cavity’s incisive foremen to the occlusal plane

Pp’ Location of cusp tip on the perpendicular line from posterior border of incisive papilla to the occlusal plane

Angular measurements
1L OP Angle of incisal axis to occlusal plane
CLOP Angle of incisive canal to occlusal plane

CTS, refer to Fig 3.
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Fig 2. Landmarks and measurements made in the midsagittal sections. A, Landmarks, linear and angular mearsur-
emnets in midsagittal plane; B, measurement of bone thickness at the cusp tip areas. L Surface, measurement along
the perpendicular line to the tangent line to the bone surface; L OP, measurement along the perpendicular line to
the occlusal plane; C, mesiodistal width of incisive canal on axial section. Refer to Table 1.
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AZ3 Ax#e] 272 3D view oA e A=}
B w3t7] Blw3tr] Y8l 3D zoom 7]%S ©|-&35t]
AA# F2E gt 3D rulerg ©]-§3tc] A

Fig 3. CTS (Cusp Tip Scale: anteroposterior numerical
scale by cusp tip) was used to evaluate ante-
roposterior position of posterior border of incisive fora-
men and palatal bone thickness at each cusp tip area.
C, Canine cusp tip scored as 3.5; CP, midpoint be-
tween canine cusp tip and lingual cusp tip of 1st pre-
molar scored as 4.0; P1, lingual cusp tip of 1st pre-
molar scored as 4.5; IP, midpoint between lingual
cusp tips of 1st and 2nd premolars scored as 5.0; P2,
lingual cusp tip of 2nd premolar scored as 5.5; PM,
midpoint between lingual cusp tips of 2nd premolar
and mesiolingual cusp tip of 1st molar scored as 6.0;
Mm, mesioligual cusp tip of 1st molar scored as 6.5.
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1. AX#e] Fejol] wet A9 = FA

S W TR YA E #H sl A} axial sec-
tion 2] coronal sections A3t 7|FEAE F=
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Fig 4. Mesiodistal width of incisive foramen on 3-D view. WF3D, Width of incisive foramen of palate; WN3D, width

of nasal aperture of incisive canal at nasal cavity.

150



Vol. 39, No. 3, 2009. Korean J Orthod

Fig 5. A, G-Pp length measurement on plaster model; B, cusp tip scale of posterior border of papilla on midsagittal

section. Refer to Table 1.
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MPR mode©l| A A =3 WF, WN2} 3-D mode©l] A
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Table 2. Method error according to Dahlberg's fomula

Measurement Me

WN3D (mm) 0.30
Fm-Nm (mm) 033

Measurement Me

G-Pp (mm) 0.11
GTFa (mm) 060

G-Fp (mm) 040 Pp’ (CTS) 0.05
WF (mm) 0.16 Fp' (CTS) 0.07
WM (mm) 0.38 Np' (CTS) 0.08

WN (mm) 0.16
WEF3D (mm) 0.16

110P (deg) 1.46
CLOP (deg) 094

|

\<!

g4 92k 0.06, 4= AlS &5 2719
122 YEST (Table 2).

MPR modeol|A] AX|F2] Z7 3} 3D view Aol A
AX|g F739] ASAZt 2po] o F-Z Mann-Whitney

U testE ©]-&3to] YolH k3 vl WFeF WF3D (p =

0.719), WNZ} WN3D (p = 0.613) 7tol| f29]&k z}o]
7} g1t} (Table 3).

AA 7 Tl AR g FA7A ] T4
g upel Al=3 A Pp-Fp)E 6.15 + 1.75 mm$A
om 95%9] AlEeFoR FHoIA S W ik

9= 543 - 6.87 mm (6.15 £ 0.72 mm)SIT} (Table 3).

AAFF $4, X3 FA, AX#9] nasal
aperture FAoA] nWFFH FHE IS o
CTS & 7tz 394 + 021, 446 + 021, 5.17 = 0.29
AT} (Table 3).

G-Ppst th 2 A5 Zo| A5, dx| et dA]
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A3}, G-Ppe} Pp’, G-Pp<}
G-Fp, G-Ppe} Fp’, G-Fpe} Fp oA ko] J&aA 7}

Table 3. Mean, SD and range values of measurements

Mean SD Range CV
G-Pp (mm) 862 116 65 - 110 0.14
Pp' (CTS) 394 021 36 - 45 -
G-Fa (mm) 898 215 32 -126 024
G-Fp (mm) 1480  2.08 99 - 181 014
Pp-Fp (mm) 6.15 175 26 - 95 0.28
Fp' (CTS) 446 021 40 - 48 -
Np’ (CTS) 517 029 47 - 57 -
WF (mm) 403 064 29 - 54 0.16
WM (mm) 343 09 20 - 53 0.27
WN (mm) 529 121 30 - 707 023
WE3D (mm) 396 071 30 - 55 0.18
WN3D (mm) 545 114 30 - 74 0.21
Fm-Nm (mm) 1370 204 104 - 192 015
1LOP (deg) 6130 722 488 - 760 0.12
CLOP (deg) 6690 602 551 -804 0.09

SD, Standard deviation, CV, coefficient of variation;
CTS, cusp tip scale.

Table 4. Spearman rank correlation
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OPS} G-Fp AtololA= &9 ZadAAE HAth
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(r = —0.055, p = 0.795) Alo]ell = a/do] & A
o2 Velton G-Ppst G-Far Hargtold vlS:
g FRE B o AL SoUTE (Table 4).
AA T FANA wdHA = FAEACd 7
o7 ASe AFNT 74 =AY Hdd &
THAFE Table 59 #okow Ixlo|A ZFFA 7}
g Zou BARCRE {oldt AolE HolA= &
Atk A PHEHd 2 FFAE Ao)lE B HF
TAE M SEFEY 571 23] &
A ASE A 53] Ax#e] JTFS v, A5
HOR AlaTA| B Al 2873 Aol -9l
Fole AT nFFH TR 5
o ARG ZxHd FHo R S 57
7} 2}Skt} (Table 5 and Fig 6).
g
Hl 7 dolgtns Eee dAAHe 4 5
o] FIRSel flA|ste] AR5
2 Jh8k, AA| el = v
TFAEHo] St dntdo s A AL

o,
i)
-
=
e
S oo o 2%

G-Pp Pp’ G-Fa G-Fp Fp’ 110P CcLoP
G-Pp r = 1.000 r= 464" r= 169 r= 512 r= 432 r=-4% r= .047
D= . p = .020 p = 419 p = .009 p = .031 p = 012 p = 824
Pp’ r= 464" 1 = 1000 r=-199 r = -.099 r= 432 r=-234 r= .178
p = .02 D= ) p= .339 p = 637 p = .031 p = .260 p= 3%
G-Fa r= .169 r=-199 r = 1.000 r= 678" r= 420" r=-35% r=-129
p = 419 p = .339 D= . p = .000 p = .037 p = 081 p = 53
G-Fp r= 512 r=-09 = 68" r=1000 r= 565" r=-49% r=-1%
p = .009 p = 637 p = .000 p = . p = .003 p= 012 p = .364
Fp' r= 432 r= 4% r= 420" r= 55" r=100 r=-57"r=-159
p = .031 p = 031 p = .037 p = .003 p = . p = .003 p = 449
110pP r=-49% r=-2%4 r=-3% r = -49%" r=-567" r = 1.000 r= .29
p = 012 p = .260 p = 081 p = 012 p = .003 D= p = .153
CLOP r= .047 r= 178 r=-129 r = -.190 r=-159 r= 294 r = 1.000
p= 824 p= 39 p = 538 p = 364 p = 449 p = .53 p =

“Correlation is significant at the 0.05 level (2-tailed); TCorrelation is significant at the 0.01 level (2-tailed).
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Table 5. Midpalatal bone thickness posterior to incisive canal (unit, mm)

Region P1 P P2 PM Mm
Sex 1 Surface LOP LSurface LOP LSurface LOP LSurface LOP LSurface LOP
Male Mean 1.58 2.96 4.26 6.67 6.00 6.33 5.49 544 5.23 518
SD 1.84 342 1.40 1.88 1.29 1.34 1.21 1.18 1.63 152
Female Mean 0.75 1.59 3.38 5.01 4.96 5.39 497 512 557 5.59
SD 1.17 2.35 1.38 159 1.28 1.42 1.49 158 1.89 1.97
Total Mean 1.15 2.25 3.80 5.80 5.46 5.84 5.22 5.27 5.40 5.39
SD 1.56 2.93 1.43 1.90 1.37 1.43 1.36 1.38 1.74 1.74

1 Surface, Perpendicular to palatal surface; L OP, perpendicular to occlusal plane.

Male Female Total

Bone thickness (mm)

Surface

Fig 6. Midpalatal bone thickness at cusp tip areas. P1, Lingual cusp tip of 1st premolar; IP, midpoint between lingual
cusp tips of 1st and 2nd premolars; P2, lingual cusp tip of 2nd premolar; PM, midpoint between lingual cusp tip of
2nd premolar and mesiolingual cusp tip of 1st molar; Mm, mesioligual cusp tip of 1st molar; OP, occlusal plane.
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ORIGINAL ARTICLE

Anatomic study of the incisive canal in relation to midpalatal

placement of mini-implant

Sung-Jin Kim, DDS," Sung-Hoon Lim, DDS, MSD, PhD"

Objective: The purpose of this study was to reveal the position of the incisive foramen in relation to the incisive
papilla and cusp tips. Methods: Plaster models and CT images of 25 adult orthodontic patients were used to
measure the width of the incisive canal and positions of the anterior and posterior borders of the incisive foramen
in relation to the incisive papilla. Results: The palatal surface distance from the interdental papilla between the
maxillary central incisors to the posterior border of the incisive foramen along the palatal surface was 1.7 fold
of the distance from the interdental papilla between the central incisors to the posterior border of the incisive
papilla. The distance between the posterior border of the incisive papilla and posterior border of the incisive fora-
men along the palatal surface was 6.15 + 1.75 mm. The anteroposterior position of the posterior border of the
incisive foramen was slightly anterior to the lingual cusp tips of the maxillary 1st premolars. The width of the
incisive foramen was 4.03 + 0.64 mm, therefore it is recommended to position the mini-implant more than 3 mm
laterally when placing a mini-implant lateral to the incisive foramen, from the center. Conclusions: These results
can be used as a reference in presuming the position of the incisive foramen when placing mini-implant in the
anterior palate area. (Korean J Orthod 2009;39(3):146-158)
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