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Al717] 9ol 2dY FEd S 7=, A2 0.5 mme)
A 22 AL st ZAET Fig D).
A2 A solid 2@ SLA 5000 (3D Systems,
Rock Hill, SC, USA)S o] &3] B BE4A
o #HolAE FAteld FHE AA7]= SLA
(stereo lithographic apparatus) "4 0.2 A1&ZE 1
(rapid prototyping, RP)S A|2}3l5itt.
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alete xoleg g Aljlaly] et 27 2.6 mm

s 2 Aole i Ao|Pg e FAYE By
(milling)ste] F¥& WHEx s8] e AT

2.6 mm QDO.S x 0.5 mm cut

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),
tiited laterally along the anteroposterior axis (Y axis),
and rotated laterally along the vertical axis (Z axis).

CHXIwHR| 383 4%, 200814

a8 YAL 7L} A7) FEE AR o}
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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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O atif HARMALE 2F

HFEALAALZ] &) 2 Planmeca ProMax (Planmeca
Oy, Helsinki, Finland) TA|E dhgha} WA &<
FAE ol gstitt st A¥A UA ZdE
AR 7171 el A E3| AL AAIHE o] Aot
A Aol AR rte|=EeaE Fo Foln
wdoj vlg] s £ 0.5 x 0.5 mm Z(cu)o] 3
AFHE X A7) 918 golA M dxjate s
o AXEE FZ ol AAAI717] $3t 2o
A Hl-E SHX e} HX| Alold] Fo|2E R 9
& A3} (Fig 2). 29 212 54 KVp, 4 mA,
1622 3o Aozl tAd o|n|A] = daewt
Z43st DICOM FHH & AAsixtt. & Hel =4
7H1FY HHoR 55 B BE TR AR A ot
Al A Bk #Hodsto] F 2579] ARKIS AT

2= A=

A g gare] #5L 1799% LCD RYEE|A
T 1,280 x 1,024)°FlA 7 -ViewStar (INFINITT,
Seoul, Korea) T2 1S o| &3¢ A=A/} =
Ue ] 879 2w 2ds S479E g
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[
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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 (—).

mpoein YARMALRIYS] X|H2EL| Y=
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HEABE 1 Afe]l & 0.01°74A] AlSskTh

ELEEES RIEEL L
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Table 1. Angle between long axes of adjacent teeth at
ideal position

Measurement S
17216 -1.79 + 011
16215 382 + 0.12
15414 -4.83 + 0.03
14213 648 £ 010
13212 866 £ 0.08
12211 053 + 004
11221 027 + 0.06
2122 014 + 008
22493 737 + 0.04
23794 -6.50 £ 0.08
24495 -539 £ 0.03
%522 447 + 004
26227 159 + 014

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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SPSS version 11.0 Z=21(SPSS, Chicago, IL,
USA)E o83t RE ASPE] HH7 XFH
= T 01’5“—1 AR AN HFE st}
AR 3 B8 & WA 7] A #GT WAL
AAIIE Atoldl]l frelgh akol7h SleA] dopEy]
Al paired t-testE AT

HPYE

AFHA] =3 7]EH s Aspgoz §°
BAALE Zhe ol AAEQ FH Y X|AA 1 X|opit
Zo] A2 o|FE ke Y XEFAAE ot
Ack 17416, 15414, 14213, 11212, 23224, 242
25, 26227 EEE wFEHE HfZolA FHEEH
R YA FEELS WIHHHZNA FEHE A
olldS EGTt (Table 1).
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N o

2 B2 MFYOR FTAIZI g2l |
9| tH3l (Table 2, Fig 4)

4

IS EAY £l 25 up, 10° up, 5° down, 10°
down) &3 Zt7he] o|m|A & o] FA FH- 913
oA AL oju|x| g} Hlwg A A< thR-E 7
2o BATHoE Fogt o] HYL. 5° 1
MNE E A5 odF FF HRA &3d B¢
o} HwPE uf P Aole 003 S 173°2 11421
FEA 7P & Aol EH:, AXF(13£12,
12211, 11421, 21£22. 22223) X 2%0] §23
FEOE T m/\}(dlvergence) HE A%gS Bt
(p < 0.001). 10° IAE € A5 o] AU FH ¢

T
28 v wP S o F x}olf 020° - 3.79°% 11«4
21 FEAAM 7P & Aol & B AR F(13£12,

12211, 11421, 21£22, 22£23) B 16415, 152
14, 24425, 25226 59| A THo] {AT FEL
2 o AT ¢ < 0001). 5° HE HU S
Hd Aole 0.06° - 1L.70°2 12213 F=FlA 74

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 Fw

Measurement™.difference () ° ce () 7
17216 (-)-0.49 f (-)0.48 f
16215 0.25 T -143 T
15414 (-)-0.29 T . (-)1.35 t
14213 (-)0.14 * * ) * (-)-0.10 NS
13212 166 f 3.09 T -1.70 ¥ -2.50 4
12211 133 f 325 f (-)1.02 T (-)1.82 T
11221 173 t 379 f (-)0.83 ¥ (-)2.33 '
21222 116 t 2,65 f (-)1.44 T (-)2.43 t
2223 L1l T 2.40 f -1.01 ¥ -2.04 T
23424 (-)-0.03 NS (-)0.20 * (-)-0.06 NS (-)042 T
21225 (-)-053 t (-)-0.80 f (-)0.36 T (-)1.01 1
252% 045 T 125 f -087 T -1.15 T
26227 (-)-0.32 x (-)-059 T (-)0.22 NS (-)061 T

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; p < 0.05; f p < 001, t p < 0.00L
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10 1
oA 8'
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5 --=- 5 up
3 44 - 10° up
3 2- -xm 5°down
g 5l - 10° down
C
§ -2
= -4

_6_

_8 T T T T T T

T T ¥ T T T 1
1741616 2151521414 £1313£ 121241111 £2121 £2222 £ 2323 £ 2424 £ 2525 £26 26 £ 27

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 ttest comparisons of root parallelism between ideal head position and head positions tilted laterally
along the anteroposterior axis (Y axis)

17416 (-)-0.79 ' (-)-1.28 T
16215 0.23 115 t
154 14 (-)-0.20 T (-)-0.12

14213 (-)-0.77 ! (-)-1.84 f
13212 058 ' 1.08 *
12211 (-)-042 t (-)-022 x
11221 (-)0.31 (-)0.98 f
21422 (-0.63 * (-)1.90 T
22223 -1.25 * -165 T
23424 (-)0.01 NS (-)0.26 x
242 95 (-)057 f (-)0.77 T
2522 -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; ‘Lp < 0,001,

2 #olg AT HAR- 9 16415, 15414, 254 o3 #EoE ¢ FHHA BATH p < 0.001).
26 FEe A2 FAY FELeR v ¥

(convergence) = Al HA I (p < 0.001), 10° LAE HSHURE Aoz FRE0ZF 7|82 AR x|
%9 B H Aol 048° - 250°E 12213 & Z7te0| H3} (Table 3, Fig 5)

oA 7pg & AolE B nliA 2 AX R 4
16215, 154 14, 24425, 25426, 26427 &Eo] & AT FHo2 HE02 5° 7|82 Z9E
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—— Ideal position
-=-5° nght up
& 10° right up

Mean angulation ( °)

T T T T T T T T 1 T T 1
1721616 £1515 21414 £1313 21212 21111 £2121 £2222 £2323 £2424 £2525 £26 26 £ 27

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 * -071 x
15214 (-)-0.31 x (-)0.08 NS
14213 (-)-0.68 x (-)-065
13212 -0.73 T 161 T
12211 (-)0.35 * (-)0.63 T
11221 015 NS -0.09 NS
21292 (-)0.%5 * (-)0.27 t
22223 031 T 153 T
23224 (-)0.38 T (-)0.20 *
U225 (-)0.10 NS (-)0.06 NS
254 0.01 NS 063 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; o < 001 'p < 0.00L.

ol Al TR YA HYHE Ao vnds SR Y BASe] AolEe A 2H Alel7) ¢
o JFFeZ 001° - 125°9 A&=Z4Ee zo|S 7WAA = WEke R o %6}%11‘% AEsg 4
Hgon st AASe SR HA| Alo](224 o2 W&oz 10° 7€ A &A= A At
23)ellA 7P 2 Aol7t UETth AW AASS olE 0.12° - 1.90°%A 31 AAlEe S4x9 &
) oFE(17£416, 16415, 15414, 14213, 13212, 12 AR Abo](214£22)4 2 =)zt 7B Za, npzt
Z1)& A2H Alo]7} o] HolA| = WEFo R o]F A2 W ZAALES A|oled ATH Atelst H
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Mean angulation ( °)

mpo2tnt YAMALZIAS] X|&

Aol 92

—— Ideal position
-a-5 nght rotation
e 10° right rotation

T T T T T T T T T 1 T T 1
1721616 2151521414 2131321212 21111 £2121 £ 2222 £ 2323 £ 2424 £ 2525 £ 2626 £ 27

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.

A= HEo R o)FaAUaL b BAEY Aoks
< A2F Abl7E B Al HELR olEdt
At

FEZE BHCE HURECR T 42 R=E
Z

2+ 0| B3t (Table 4, Fig 6)
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HEo] A -1 Al A& bite blockE 7PHAl &

| stAY A7} gle Z-F chin restol] BlE& £1X]
A7 25 sta A WakollA] ZAME S dlo]A ®o|
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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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