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Fig 1. 3D model and axes of rotation that were used
in this study. X, transverse axis; Y, anteroposterior ax-
is; Z, vertical axis. The model was constructed using
SolidWorks program. Arrows show the model being tilt-
ed anteroposteriorly along the transverse axis (X axis),
tilted laterally along the anteroposterior axis (Y axis),
and rotated laterally along the vertical axis (Z axis).
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Fig 2. Model positioning in the panoramic radiograph machine. A, Frontal view; B, lateral view; midsagittal positioning
beam (a) was aligned to model's midline and focal layer positioning beam (b) was aligned between the upper lateral

incisor and upper canine.
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Fig 3. Angular measurement of panoramic radiographs
using the measurement tool (Cobb's angle) of the = -
ViewStar program. a, Angle between long axes of ad-
jacent teeth was measured on the occlusal side when
long axes of adjacent teeth was converged toward the
occlusal plane; b, angle between long axes of adjacent
teeth was measured on the apical side when long axes
of adjacent teeth were converged in the opposite direc-
tion to the occlusal plane. This was assigned a neg-
ative value (—).
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Table 1. Angle between long axes of adjacent teeth at
ideal position

Angle between long axes of

Measurement adjacent teeth (°)

Mean + SD
17416 -1.79 = 0.11
16£15 382 = 0.12
15414 -483 = 0.03
14213 -6.48 + 0.10
13£12 866 £ 0.08
12£11 -053 + 0.04
11£21 027 £ 0.06
21422 0.14 £ 0.08
22223 737 + 0.04
23424 -6.50 = 0.08
24 £ 25 -5.39 + 0.03
25226 447 £ 0.04
262427 -159 + 0.14

SD, standard deviation; numbers in the measurement
row indicate tooth number (FDI system); £, root para-
llelism between adjacent teeth; negative angulation
values indicate the long axes of adjacent teeth were
converged in the opposite direction to the occlusal plane.
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Table 2. Paired t-test comparisons of root parallelism between ideal head position and head positions tilted ante-

roposteriorly along the transverse axis (X axis)

Model 5% up 10° up 5° down 10° down
position Mean . Mean . Mean . Mean )
Measurement difference (°) '8 difference (°) Sig difference (°) Sig difference (°) Sig
17216 (-)-0.49 T (-)-0.47 T (-)0.11 NS (-)0.48 T
16215 0.25 T 1.05 -1.00 f -143 T
15214 (-)-0.29 T (-)-09 T (-)0.75 f (-)1.35 f
14213 (-)0.14 % (-)-0.20 x (-)-0.16 x (-)-0.10 NS
13212 1.66 T 3.09 T -1.70 f -2.50 T
12211 1.33 T 325 T (-)1.02 f (-)1.82 T
11221 173 T 379 T (-)0.83 f (-)2.33 f
21222 116 T 2.65 T (-)1.44 T (-)2.43 f
22223 111 f 240 f -1.01 f -2.04 T
23224 (-)-0.03 NS (-)0.20 * (-)-0.06 NS (-)0.42 T
24225 (-)-053 T (-)-0.80 T (-)0.36 T (-)1.01 f
25226 0.45 T 1.25 T -0.87 f -1.15 T
26227 (-)-0.32 x (-)-059 T (-)0.22 NS (-)0.61 f

Numbers in the measurement row indicate tooth number (FDI system); £, root parallelism between adjacent teeth;

mean difference (°), amount of change in measured angulation between ideal position and various head position; values

with (-) indicate that the measured long axes of adjacent teeth were converged in the opposite direction to the occlusal

plane; Sig, significance; NS, no significance; o < 0.05;
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Fig 4. Angle between long axes of adjacent teeth at ideal head position and head positions tilted anteroposteriorly
along the transverse axis (5° up, 10° up, 5° down, and 10° down). Values with (—) indicate that the long axes of
adjacent teeth were converged in the opposite direction to the occlusal plane.

Table 3. Paired t-test comparisons of root parallelism between ideal head position and head positions tilted laterally
along the anteroposterior axis (Y axis)

Model 5° Right up 10° Right up
position
Measurement Mean difference (°) Significance Mean difference (°) Significance

17216 (-)-0.79 T (-)-1.28 T
16215 0.23 115 T
15214 (-)-0.20 T (-)-0.12

14213 (-)-0.77 T (-)-1.84 T
13212 0.58 T 1.08 x
12211 (-)-0.42 T (-)-0.22 *
11421 (-)0.31 (-)0.98 T
21222 (-)0.63 * (-)1.90 T
22223 -1.25 * -1.65 T
23224 (-)0.01 NS (-)0.26 *
24225 (-)0.57 T (-)0.77 T
25226 -0.58 * -1.10 T
26227 (-)0.40 (-)1.00 T

Numbers in the measurement row indicate tooth number (FDI system); £, root parallelism between adjacent teeth;
mean difference (°), amount of changes in measured angulation between ideal position and various head positions;
values with (=) indicate that the measured long axes of adjacent teeth were converged in the opposite direction to
the occlusal plane; NS, no significance; p < 0.01; Tp < 0.001.
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<0l ¢ Wt 2po] &= 048° - 2.50°% 12213 & ZZtE 0| H3} (Table 3, Fig 5)
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Fig 5. Angle between long axes of adjacent teeth at ideal head position and head positions tilted laterally along the
anteroposterior axis (5° right up and 10° right up). Values with (—) indicate that the long axes of adjacent teeth were
converged in the opposite direction to the occlusal plane.

Table 4. Paired t-test comparisons of root parallelism between ideal head position and head positions rotated laterally
along the vertical axis (Z axis)

Model 5° Right rotation 10° Right rotation
position
Measurement Mean difference (°) Significance Mean difference (°) Significance
17216 (-)-0.10 NS (-)-0.02 NS
16215 -050 * -0.71
15214 (-)-031 % (-)0.08 NS
14213 -) x (-)-0.65 *
13212 -0.73 T -161 f
12211 (-)0.35 * (-)0.63 T
11221 0.15 NS -0.09 NS
21222 (-)0.25 x (-)0.27 f
2223 031 T 1.53 T
23224 (-)0.38 T (-)0.20 *
24225 (-)0.10 NS (-)0.06 NS
25226 0.01 NS 0.63 T
26227 (-)-0.11 NS (-)0.10 NS

Numbers in the measurement row indicate tooth number (FDI system); £, root parallelism between adjacent teeth;
mean difference (°), amount of changes in measured angulation between ideal position and various head positions;
values with (=) indicate that the measured long axes of adjacent teeth were converged toward opposite of the occlusal
plane; NS, no significance; p < 0.01; Tp < 0.001.
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Mean angulation ( °)
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Fig 6. Angle between long axes of adjacent teeth at ideal head position and head positions rotated laterally along
the vertical axis (5° right rotation and 10° right rotation). Values with (—) indicate that the long axes of adjacent teeth
were converged in the opposite direction to the occlusal plane.
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ORIGINAL ARTICLE

Distortion of tooth axes on panoramic radiographs taken at

various head positions

Hyun-Sang Jeon, DDS," Gab-Lim Choi, DDS, MSD,’
Sung-Hoon Lim, DDS, MSD, PhD,° Kwang-Won Kim, DDS, MSD, PhD?

Objective: The purpose of this study was to evaluate the effect of head position changes on the root parallelism
between adjacent teeth on panoramic radiographs. Methods: A model with normal occlusion was constructed in
the SolidWorks program, then RP (rapid protyping) model was fabricated. The model was repeatedly imaged and
repositioned five times at each of the following nine positions: ideal head position, 5° up, 10° up, 5° down, 10°
down, 5° right, 10° right up, and 5° right rotation, 10° right rotation. Panoramic radiographs were taken by
Planmeca ProMax and the angle between the long axes of adjacent teeth was directly measured in the monitor.
Results: Axes of adjacent teeth tended to converge toward the occlusal plane when the head tilted up and con-
verged in the opposite direction to the occlusal plane when the head tilted down. Anterior teeth showed the most
notable differences. When one side of the head tilted up 5° and 10° along the anteroposterior axis (Y axis), tooth
axes of the same side tended to converge toward the occlusal plane and tooth axes of the opposite side tended
to converge in the opposite direction to the occlusal plane. When the head rotated to one side along the vertical
axis (Z axis), the canine and lateral incisor of the same side converged in the opposite direction to the occlusal
plane and the canine and lateral incisor of the other side converged toward the occlusal plane. Conclusions:
When assessing the root parallelism on panoramic radiographs, the occlusal plane cant (anteroposterior or later-
al) or asymmetry of the dental arch should be considered because these can cause distortion of tooth axes on
panoramic radiographs. (Korean J Orthod 2008;38(4):240-251)

Key words: Panoramic radiograph, Various head positions, Root parallelism
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