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Table 1. X, Y mean values (mm) of each tooth center of upper teeth for normal occlusion in adults

Central incisor Lateral incisosr Canine

First Premolar Second Premolar First molar Second molar

X axis +/-42 +/-11.3 +/-16.7
v axis -21 -4.8 -938

+/-20.7 +/-236 +/-25.3 +/-27.3
-16.3 -23.1 -32.2 -40.8

Plus (+) sign in x axis, left teeth of upper dentition; minus (-) sign in y axis, right teeth of upper dentition.
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Fig 1. Center positions of each tooth constructed through
an x-y axis. Y axis passes through the midpalatal suture,
and x axis passes through the contact point between the
right and left central incisors and is vertical to the y axis.
Mesial and distal contact points and all cusp tips of each
tooth are selected in Adobe photoshop. The center of
these points gives the tooth center. a, mesial contact point;
b, mesiobuccal cusp tip; ¢, distobuccal cusp tip; d, distal
contact point, e, mesiolingual cusp tip; f, distolingual cusp
tip.

Ae vl WY Be, v7Ae 24E8E 258 H 2
AL 5%, dA4EE 739 d44E uTH
a3 2, AAAT AN e g XEAFY] FE
£ o] 83l xZF, y& HI S AU (Fig 1). 18
3l Excel program{Microsoft, Redmond, WA, USA)S
o] g8te] Z Aololl A A& xF, y& AAgEY T
I Hio g2 alF | ote] T4 HFE AU (Table
). ,
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Fig 2. Acrylic model. The holes of 2.0 mm diameter were
made in the center position of each tooth and were
connected by .016" x .022" SS wire.
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Qelz% sholol S PAasith (Fig 2).
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@AY ARE BT 0}=8 B50 A
(Fig 3), A2t o3 259 d=w £0.3°9] 4
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Table 2. Mean values of mesiodistal angulation and buccolingual inclination in normal occlusion'

Central incisor Lateral incisor Canine

First premolar Second premolar  First molar  Second molar

A©) 83 83 73
1% 62 64 74

8 30 32
34 82 30

A, mesiodistal angulation; I, buccolingual inclination.

Fig 3. Acrylic blocks. In order to locate the wire with an
accurate angulation in three dimensional space, acrylic
blocks are fabricated.
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Fig 4. Wires are fixed by utility and sticky wax in the hole
on the acrylic model.

Fig 5. Panoramic radiograph with normal angulation and
inclination. The angulation between the wire axis and guide
wire of .016" x .022" SS was measured in the distal side.

WA olelAZE Fhed BEE Rl SRl g

ntic2fol AR o|ofx| AHIF

solo] dol B% o AUAYR AW, ARE
24537} she olole] A& AT 016" x 022"
& AFAN 22k T id 2 (Fig 5).
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Table 3. Linear magnification of wires measured in panoramic radiographs according to inclination change

Central incisor Lateral incisor Canine
Mean + SD (%) F Mean £ SD (%) F Mean £ SD (%) F

I-15° M2 =00 982 + 0.2 1064 £ 0.0
1-10° 103.0 £ 0.0 1045 £ 0.0 1136 = 0.0

I-5° 1073 £ 03 1095 £ 0.0 1149 £ 24

I° 1113 £ 03 33.30" 1132 = 06 951" 1174 + 05 8.10
I+5° 1153 + 0.3 1170 £ 16 ' 1198 + 0.3
+10° 1189 + 0.3 1189 £ 03 1206 £ 0.3
I+15° 1182 + 06 1186 + 0.6 1189 =

First premolar Second premolar First molar Second molar

Mean * SD (%) F Mean + SD (%) F Mean £ SD (%) F Mean + SD (%) F
1177 £ 03 1205 = 0.7 1197 = 07 1190 = 00

1218 £ 0.0 1219 + 00 1216 + 0.0 121.8 + 04

1221 £ 03 1235 £ 16 1245 £ 0.0 1250 = 0.0

1214 £ 0.0 1.39 1226 + 1.0 341 1238 £ 0.3 1.03 1250 + 0.0 2.27
1221 £ 03 1226 + 0.3 1248 £ 03 1258 + 04

1214 = 0.0 1223 + 0.0 1240 £ 07 1253 + 04

1184 £ 0.7 1198 + 1.0 1214 £ 0.3 1223 £ 1.1

“p <005 "p < 00L Fp <0001 SD, standard deviation; I, normal inclination.

Wire linear magnification (%) = (actual wire length / wire length measured in the panoramic radiograph)x100.
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Table 4. Angulation measured on panoramic radiograph of a mode!l with normal angulation and inclination

Central  Lateral First Second . Second
incisor incisor premolar  premolar First molar molar
Angulation on panocramic radiograph (°) 916 8.5 79.0 84.4 875 838 &5
Normal angulation (°) 83.0 83.0 73.0 81.0 8.0 80.0 32.0
Normal inclination (°) 62.0 64.0 74.0 85.0 84.0 82.0 80.0
Table 5. Angulation of wire measured on panoramic radiograph according to inclination change
Central incisor Lateral incisor Canine
Mean + SD (°) F Mean £ SD (°) F Mean + SD (°) F
1-15° 936 + 0.8 M8 =12 832 + 21
I-10° 912 + 11 921 + 04 816 + 06
I-5° 910 £ 1.1 8.7 + 0.8 798 = 0.7
I° 916 * 13 367 885 + 0.3 1533 790 + 09 14.48'
I+5° 91.1 £ 04 882 + 04 84 £ 06
+10° 898 + 03 8.9 + 06 767 + 07
1+15° 896 £ 04 8.6 + 05 763 = 1.0
First premolar Second premolar First molar Second molar
Mean + SD (®) F Mean £ SD (°) F Mean = SD (°) F Mean £ SD (°) F
888 £ 16 931 + 06 8.1 £ 0.7 90.8 £ 0.7
873 + 0.3 908 + 0.2 871 £ 02 88 + 0.3
&0 + 03 8.3 + 04 849 + 06 871 + 02
844 + 05 3135 875+ 01  37.23 838 = 04 878" 8.4 * 06 3878
829 + 07 &5+ 03 822 = 06 842 + 04
809 = 0.3 845 0.3 0.7 £ 0.7 824 + 09
795 £ 1.0 826 = 05 794 + 06 810 = 04

" p <005 "p <005 tp <0001 SD, standard deviation;
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I, normal buccolingual inclination.

MEE LI5S BADoNA e (d 2 A hE A
A o) BE Holrt BAGH oz fo3l 294
ZtE W3S BT} (Table 5). A1, 2473 €] 1+10°,
[+15° 253 A, 20072 9] H15°01 A7 A4 &
A AZRET O A F, 0 ZHEAE Aoz A
HAZ 72 9 YeA] Afolde 25 AA 294
AAtE T o AN BAE A AlZE Q) (Fig 6). x| o}
o] £(FY AALEE AoldSE & ()= AAt
BEE gghal PAbd Ao QAZAL 7 o]
U2 7R3 o]2f3 A& FHA 9 2™ x]oA 7}
A Zt} (Table 5 and Fig 6).
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Fig 6. Differences in angulation measured on the
panoramic radiographs according to inclination change.
(angulation difference (°) = angulation measured on
panoramic radiograph - normal angulation of each tooth)
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Fig 2. Diagram showing the length alteration when an
inclined object is projected on the screen. a, length of
object; b, constant number of magnification in panoramic
radiograph; 8, inclination of object; ¢, length of object
projected on the screen.
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Fig 3. Diagram showing the angulation alteration in
panoramic radiograph when projection beam is angulated
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ORIGINAL ARTICLE

Change in tooth length and angulation
on panoramic radiographs taken at different labiolingual
and buccolingual inclinations

Gab-Lim Choi, DDS, MSD,* Sung-Hoon Lim, DDS, MSD,b
Kwang-Won Kim, DDS, MSD, PhD,° Jae-Duck Kim, DDS, MSD, PhD’

Objective: The purpose of this study was to examine how the mesio-distal angulation and the length
of each tooth changes on panoramic radiograph at different bucco-lingual inclinations. Methods: After
constructing an acrylic model based on the mean arch of 30 aduits with normal occlusion, the wire was
placed in the center of the teeth on the acrylic model. First, the wire was implanted in normal angulation
and inclination and a panoramic radiograph taken. After changing the inclination from 1-15° to 1+15°
by 5°, a panoramic radiograph was taken again and the mesio-distal angle and wire length on the
panoramic radiograph were assessed. Results: When the wire was implanted at the normal angulation
and inclination, the length measured in the panoramic radiograph was magnified 111 ~ 117% from the
original length in the anterior region and 121 ~ 125% in the posterior region. Only the central and lateral
incisors showed significant length differences when the inclination was changed from 1-15° to [+15° at
fixed angulation. When the inclination was changed from 1-15° to 1+15°, the angulation of most teeth
on panoramic radiograph appeared to be more disto-angulated than in reality, and the lateral incisor
and canine showed the largest difference. Only I-15°, 1+15° groups of premolars and 1+15° group of
molars showed more mesio-angulation than in reality. As the labio(bucco)lingual inclination of all teeth
were decreased, tooth angulation in the panoramic radiograph appeared to be more disto-angulated.
Conclusion: The labio-liugual inclination of teeth should be considered because it affects panoramic
image of teeth, such as length of incisors and angulation of other teeth. (Korean J Orthod 2007;37(2):
114-24)

Key words: Panoramic radiograph, Angulation, Inclination, Tooth length
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