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Fig 1. The reference planes for angular measurements.

Note) A, Maxilla - occlusal plane; B, Maxilla - sagittal plane; C, Maxilla = coronal plane

D, Mandible - occlusal plane; E, Mandible - sagittal plane; F, Mandible - coronal plane



Fig 2. The reference points for angular measurements.

N A

B4
&

Note) A, Incisor and canine reference points; B, Premolar reference points;

C, Molar reference points



Fig 3. Method 1 — method using protractor.

Note) A,Measurement of angulation; B, Measurement of inclination;

Blue line: vertical line to the occlusal plane; Red line: Reference line

Fig 4. Method 2 — Method using calculator.

Note) A, Red points : coordinates of the reference points

B, Diagram of 3 dimensional coordinates system
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Table 1. Measurements and method errors by method using protractor. (unit : °)

Angulation Inclination
M1 M2 M1 M2
Position Mean SD Mean SD Se Mean SD Mean SD Se
Ul 2.6 2.1 2.4 2.2 0.5 29.6 4.5 29.6 4.0 0.9
U2 10.8 2.8 10.3 2.5 0.8 28.0 4.1 28.2 3.7 0.7
U3 13.2 4.0 13.3 3.2 2.9 8.8 4.1 8.0 3.3 1.1
U4 8.8 3.2 8.9 3.2 0.5 7.3 3.6 7.3 3.4 0.9
us 6.5 3.3 6.6 3.4 0.8 9.2 2.9 9.3 3.0 0.9
ue 8.1 4.9 8.1 5.3 1.6 5.8 3.7 6.5 3.6 1.7
u7 4.9 6.9 5.3 7.9 1.8 7.1 5.7 7.8 7.3 2.0
L1 2.9 1.7 2.8 1.4 0.6 22.2 6.1 23.1 6.1 0.9
L2 7.8 2.6 7.9 2.6 0.7 20.3 5.2 21.0 5.5 0.9
L3 7.4 3.5 9.2 4.2 2.6 8.1 5.9 8.2 6.0 1.1
L4 8.2 3.7 8.1 3.3 0.7 6.0 5.1 6.2 5.3 0.8
L5 10.0 5.1 10.1 4.7 0.9 3.0 5.6 3.4 5.9 0.6
L6 13.7 5.1 13.4 5.0 1.7 -7.7 4.2 -8.7 4.0 1.7
L7 16.7 6.1 16.9 5.8 1.6 -11.9 5.4 -124 56 1.2

Note) M1, first measurement; M2, second measurement; Se, Dahlberg’s formula (Se=+(d2/2n),
d=difference between measurement, n=number of measurement pairs.;

U1, the upper central incisor; U2, the upper lateral incisor; U3, the upper canine; U4, the upper first
premolar; U5, the upper second premolar; U6, the upper first molar; U7, the upper second molar

L1, the lower central incisor; L2, the lower lateral incisor; L3, the lower canine; L4, the lower first

premolar; L5, the lower second premolar; L6, the lower first molar; L7, the lower second molar
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Table 2. Measurements and method errors by method using calculator. (unit : °)

Sagittal Coronal
M1 M2 M1 M2
Position Mean SD Mean SD Se Mean SD Mean SD Se
Ul 29.0 4.4 29.2 4.2 0.3 2.2 2.0 2.3 2.0 0.3
U2 26.6 4.3 26.5 4.3 0.4 10.6 3.2 10.5 3.2 0.3
U3 22.2 5.0 22.4 4.9 0.4 7.6 4.6 7.4 4.6 0.3
U4 14.1 4.0 14.0 4.1 0.3 6.0 3.3 6.1 3.2 0.3
uUbs 8.9 4.0 9.0 3.8 0.4 7.7 3.2 7.7 3.2 0.5
ue 5.6 4.0 5.3 3.9 0.5 3.9 3.0 3.9 3.1 0.4
u7 4.9 5.7 5.4 6.1 0.8 6.2 4.4 6.5 4.4 0.8
L1 21.6 6.6 21.7 6.5 0.2 2.5 1.6 2.2 1.7 0.3
L2 19.1 5.4 19.0 5.3 0.3 7.5 2.9 7.7 2.9 0.2
L3 19.1 4.5 19.3 4.4 0.3 7.3 5.0 7.4 5.0 0.4
L4 15.4 4.7 15.1 4.6 0.5 5.1 3.9 5.2 3.9 0.3
L5 14.9 4.6 15.0 4.5 0.2 0.9 5.1 0.9 5.3 0.3
L6 13.0 3.7 13.2 3.8 0.5 -7.6 3.7 -8.0 3.7 0.5
L7 19.8 5.6 19.1 5.7 0.8 -12.7 4.5 -13.5 4.4 0.7

Note) M1, first measurement; M2, second measurement; Se, Dahlberg’s formula (Se=+(d2/2n),
d=difference between measurement, n=number of measurement pairs.;

U1, the upper central incisor; U2, the upper lateral incisor; U3, the upper canine; U4, the upper first
premolar; U5, the upper second premolar; U6, the upper first molar; U7, the upper second molar

L1, the lower central incisor; L2, the lower lateral incisor; L3, the lower canine; L4, the lower first

premolar; L5, the lower second premolar; L6, the lower first molar; L7, the lower second molar

13



Table 3. Comparison of mean value between two methods. (unit : °)

Methodl Method?2
Position Mean SD Mean SD P value
Mx 1.2 0.7 0.4 0.2 0.001
Mn 1.1 0.6 0.4 0.2 0.001

Note) Significance at the 0.05 level

Mx, Maxilla; Mn, Mandible
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Fig 5. Difference in angulation depending on reference planes.
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ABSTRACT

Evaluation of dental inclinations

in normal occlusion using CT images

JIN-YOUNG LEE, D.D.S
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(Directed by prof. KEE-JOON LEE, D.D.S., M.S.D., Ph.D.)

The studies of the tooth inclination for aesthetic and functional arrangement have
been made on the basis of the clinical crowns. However, it is difficult to apply
uniformly because of the variation of the crown, wear, and the degree of exposure
to the oral cavity. Recently, since the CT images are developed, measuring the
inclination of the entire teeth including the root is possible.

The aims of this study were to present two methods to measure the 3-
dimensional inclination of the teeth and to compare two methods to find out which
method was more accurate. Through repeated measurements we obtained the

following results.
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. Because of canine position, the method using protractor resulted in more errors
than the method using calculation in canine measurement. Also the method using
protractor showed inaccurate results in first and second molar measurements.

When setting up molar reference points, the reproducibility is reduced.

. The method using calculator had the error value less than 1. Due to the

reproducibility problems, upper and lower molar relatively had lager errors

than incisor and premolar .

. The method using calculator had lower errors in the level of statistical

significance compared to the method using protractor.

. By using 3-dimensional CT images, we obtained the average and the tendency

of tooth inclination for each entire tooth in normal occlusion.

In order to increase the accuracy of the angle measurement, the correct setting

of reference plane and the reference point is required. And we need to improve

the reliability by increasing CT image resolutions and sample size.

Key words : Normal occlusion, Tooth inclination, CT
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