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Fig 1. Adjustment of reference lines. A, Occlusal plane in sagittal section - from incisal edge of maxillary central in-
cisor 1o 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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Table 1. Landmarks and measurements used in this study

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'’
WF 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
WE3D  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
1LOP Angle of incisal axis to occlusal plane

CLOP Angle of incisive canal to occlusal plane

CTS, refer to Fig 3.
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threshold - 1,037 - 3,710 HU ® 9|7} =% 3ttt gth #9= X o] Bl AL F=e| 7t gk
MPR mode el A58l dg & Slal Fg 14 o2 J1S3Aich AAFE 409 nasal aperure
Aol 71E5E 2 o FHNE 2 WPOE CTSE 45319
ajee] e aba Jeje g9 A= 2. Ao X\&3} A e Ftrsle] A
1 A we] A5 915 qA o] A&7} AR R FPA4E D FEA A
B ATl He AS 71 2R ASYEL B o] Aedoln AARTF FAt WA FAA ] Az
E Table 13} 2t} Fig 20M AR AFA A Alolo] AaA £72 sjea] Sla) mebgwz
A AENERE Adeidon] A A A ANTE #E3h JA Aele] AdE, AAA S}

T =2
TRE AAFOE, ¥

1745 755 A& na- o] 2= g AF3ATt (Fig 2).
sal aperture® THIIFETE” Fm-Nm Ake]9] Agj2
A #e] dol, FaFpE AXFo] FHo R 7h73d} 3. X @] £ AS
Fom dag Tl wFHHd 4 Ul MPR mode®] sagittal section 32| axial sections
H& v axial sectionol| A ©] At Xd—?-‘ﬂo*zi—o-i ”75"5‘}L £ 71EAE AAF Foldl AN
FUT AR U= wFH A EP)E 7153 Z axial sectionol| A Ax)g<] FH5- FAHE ASIA
‘4 OI‘LH Fig 33} o] w3sgrAgol A Ax|e] nlF 1:} oluf 7Nl AAIE T¥dlo] axial sectlonoﬂ/\i
A& 35, xﬂw?ﬂﬂ BEAFHE 455, AsT A2 Fo] Wi BFog Hol: slicedr FAL
Aol dEuFHE 558 3, o8 nFHE AlZslath A% nasal apertureoi A& 22 HH
Abole] oA gl 7‘4 A3 YR E 105E8e] 0.1 o7 EZAL A28 2 sagittal sectionol 4| axial
=2 FARgete] 7153l om Aol olelgt Wb sections A8k 49 7S vk Ao

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; | 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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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; 1P, 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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Fig 4. Mesiodistal width of incisive foramen on 3-D view. WF3D, Width of incisive foramen of paiate; 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 barder of papilla on midsagittal

section. Refer to Table 1.
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Table 2. Method error according to Dahiberg's fomula

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

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

G-Fp (mm) 040 Pp’ (CTS) 0.05
WF (mm) 0.16 Fp' (CTS) 0.07
WM (mm) 0.38 Np’' (CTS) 008

WN (mm) 0.16
WF3D (mm) 0.16

1LOP (deg) 1.46
CLOP (deg) 0.4

|

At A= 0.06, 2t AlS 95 209 S oA
122 UERGT} (Table 2).
MPR modeol| A Ax]F2] Z733} 3D view ‘ol A]
AR T F739] ASATE ZFo] o 52 Mann-Whitney
U testE o|-§-3to] Lol kg vl WFS} WF3D (p =
0.719), WNZ WN3D (p = 0.613) 7ol f-2l 3+ 2}o]
7} 2T} (Table 3).
ﬂi}%% ZAoA AR FATA Y] FRE
g upg} AS3 ALPp-Fp)T 615 + 175 mmSA
o 9592 2lFeEeR A o Fdakd
Hol= 543 - 6.87 mm (6.15 + 0.72 mm)$I T} (Table 3).
A5 59 AxT9 T, AXHY nasal
aperture S wFFWH FAEL IS W
CTS #he 77t 394 + 021, 446 + 021, 5.17 + 0.29
At} (Table 3).
G-Ppot thE A FH Zo] AlSgE, AA| ¢ A3

rr

151



o] FYPA 7F ATIA o tsia] Ldolrr] 9
g A3, G-Ppet Pp’, G-Ppot
Fp’, G-Fpo} Fp ol A ko] FaaA 7}

Table 3. Mean, SD and range values of measurements

G-Pp (mm) 862 116 65 - 110 014
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) 343 095 20 - 53 0.27
WN (mm) 526 121 30 - 707 023
WEF3D (mm) 3% 071 30 - 55 0.18
WN3D (mm) 545 114 30-74 0.21
Fm-Nm (mm) 1370 204 104 - 192 015
1.LOP (deg) 61.30 722 488 - 760 012
CLOP (deg) 6690 602 551 -804 009

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

Table 4. Spearman rank correlation

CHXImFX| 393 3%, 20094
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Figol gl A= el 1L0P9 G-Pp, 1L
OPS} G-Fp AtoldlMe &9 HAAE HATh
G-Pp&} Fa-Fp (r = 0.287, p = 0.165), G-Pp$} Pp-Fp
(r = —0.055, p = 0.795) Abelel| = a0 @& A
o2 yehgor G-PpY G-Fax FitgkolA vl
& A5 B ot FHgS @Skt (Table 4).
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G-Pp r = 1.000 r= 464" r= 169
p = . p= .02 p = 419
Pp’ r= 464" r=1000 r=-19
p= .02 p= . p= .339
G-Fa r= .169 r=-19 r = 1.000
p = 419 p= .339 p = .
G-Fp r= 5127 r=-09 r= 671"
p= 09 p= 637 p= 000
Fp’ r= 4327 r= 432 r= 40
p = 031 p = .031 p = 037
110P r=-49% r=-23%4 r=-.3%%
p= 012 p = 260 p = .08l
CLOP r=.047 r= 178 r=-129
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= 003 D= . p = .003 p = .449
= -496°  r=-567" 1= 1000 r= 294
= 012 p= 003 p= . p= 153
=19 r=-159 r= 29 r = 1.000
= .364 p = 449 p = 153 p =

[S%)

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

Male Mean 1.58 2.96 426 6.67 6.00 6.33 549 544 5.23 518

SD 1.84 342 1.40 1.38 1.29 1.34 1.21 1.18 163 152
Female Mean 0.75 1.59 3.38 501 496 5.39 497 512 5.57 559
SD 117 2.35 1.38 1.59 1.28 1.42 1.49 1.58 1.89 1.97
Total Mean 1.15 2.25 3.80 580 546 584 522 527 540 539
SD 1.56 293 1.43 1.90 1.37 143 1.36 1.38 1.74 174

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

Male Female Total

Bone thickness (mm)

O_;l\)wbmm\‘

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
papilia. 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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