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Distortion of tooth axes on panoramic

radiographs taken at various head positions
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Table 1. Degrees of angle between long axes of adjacent teeth at ideal
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Table 2. Paired f(-test comparisons of root parallelism between ideal head
position and head positions tilted anteroposteriorly to the transverse
aXiS (X aXiS) ....................................................................................9
Table 3. Paired f(-test comparisons of root parallelism between ideal head
position and head positions tilted laterally to the antroposterior axis
Table 4. Paired ftest comparisons of root parallelism between ideal head
position and head positions rotated laterally to the vertical axis (Z
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Fig 1. Fabricated model for this study and axes of rotation.::--«eeeeeeererreeenen

Fig 2. Model positioning in the panoramic radiograph machine, ===+ eeeeeeeees

4
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Fig 3. Angular measurement of panoramic radiographs using the measurement

tool (Cobb's angle) of the 1-ViewStar ™ DFOGIAI, #v e veesnssnnsensnesnssnnaenees

Fig 4. Angle between long axes of adjacent teeth at ideal head position

head positions tilted anteroposteriorly to the transverse axis (5° up,

up, 5° dOWH, and 10° dOWl’l)

Fig 5. Angle between long axes of adjacent teeth at ideal head position

head positions tilted laterally to the anteroposterior axis (5° right up

lOO rlght Up)

Fig 6. Angle between long axes of adjacent teeth at ideal head position

head positions rotated laterally to the vertical axis (5° right rotation

10° right rotation).
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ABSTRACT

Distortion of tooth axes on panoramic radiographs

taken at various head positions

Hyun—-Sang Jeon, D.D.S.
Advisor: Prof. Sung-Hoon Lim, D.D.S., M.S.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to evaluate the effect of head position changes
on the root parallelism between adjacent teeth on the panoramic radiographs.
The model with normal occlusion was constructed in the SolidWorks® program,
and 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°, 10° up, 5° 10° down, 5° 10° right up, and 5°, 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. The results showed that there were statistical differences between
tooth angulations measured from the panoramic radiograph taken at ideal
head position and tooth angulations measured from the panoramic
radiographs taken at various head positions. Axes of adjacent teeth tended
to converge toward the occlusal plane when head tilted up and converge
toward opposite of the occlusal plane when head tilted down. Anterior teeth
showed the most notable differences. When one side of head tilted up 5°
and 10° along 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 toward opposite of the occlusal plane.

_iv_



When the head rotated to one side along the vertical axis (Z axis), canine
and lateral incisor of same side converged toward opposite of the occlusal
plane and canine and lateral incisor of the other side converged toward the
occlusal plane.

The above results suggest that panoramic radiographs should be taken at
correct position. When assessing the root parallelism on the panoramic
radiographs, occlusal plane cant (anteroposterior or lateral) or asymmetry
of dental arch should be considered because these can cause distortion of

tooth axes in the panoramic radiographs.
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@ 2.6 mm [Giasciams
I mm cut
‘ 10.0 mm
3 A

’ = : == X

: 4 W Bottom
(occlusal) plane

Y

Fig 1. 3D model and axes of rotation that were used in this study.
X, transverse axis; Y, anteroposterior axis; Z, vertical axis.
The model was constructed using SolidWorks® program.
Arrows represent that the model was tilted anteroposteriorly
along the transverse axis (X axis), the model was tilted
laterally along the anteroposterior axis (Y axis), and the

model was rotated laterally along the vertical axis (Z axis).
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Ay AARS dhxebnp Zg 7] P A HAAI7]I7] Y8 130 ecm E o] 9
22 AAegn A" 974 (Smart Tool™, M-D building products,

Oklahoma City, Okla, USA)E o] &3}o] Aylo] AW £=HE o|F =2 24359
t}.

C Thwghvh PAHAD 2

WAL AR Z ¢ 2 Planmeca ProMax (Planmeca Oy, Helsinki, Finland) ©# &
g epup AR E S A E o] &Sttt AEeta AdEAG YA BRES $A A7V
Asl Ax3|ALY] AA R R Aotdx] drkdo] HAHF Ftol=Zep g Fo
¥ 0] lof mjg] A & 05 mm x 05 mm Z(cut)o] HFAIFHAS XA
7171 A% delA Wy dAGESE o HARS ATl fAA7I7] HF
ol A W& FAXS HA Atole] FolkE R AE MUY (Fig 2). &
9 ZH& 54 KVp, 4 mA, 1622 dgon dojzl gAE onr= gzmit =
Aste] DICOM #d =2 AAstdvt. & "o 2471 159 (M4 0= 55 F
SRl R G e o s B R S e

fd
b
mf‘u

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 upper lateral incisor and upper canine.



e A=
UAE e #EES 1792 LCD ZUE (4= 1280x1024) FAA w
~ViewStar' ' (INFINITT Co., Seoul, Korea) &3S o] 431 #HE47 =
Hele wle dxrg 245%n 5PRAE F0E & QRS 3k Aobe I
Qe $5 ATANA 25 ANFARA sZEdClA AdeE =T
(Cobb's angle)E o] g3to] AHXxo} A= FTAs 2 Aol ZHS 0.01°7FA A
Sehgirh. AckdFel agAURAA &
& 73

e
sholw WY W el A &

FA A (Fig 3).

Fig 3. Angular measurement of panoramic radiographs using the

measurement tool (Cobb's angle) of the m-ViewStar " program.

a, Angle between long axes of adjacent teeth was measured
on the occlusal side when long axes of adjacent teeth was
converged toward occlusal plane. b, angle between long axes
of adjacent teeth was measured on the apical side when long
axes of adjacent teeth were converged toward opposite of the

occlusal plane and was signed as - (negative).



7t A exE HUbetr] flsto] kel AR AR 15%E dolE FE
Ao 7 Wi A =39l Method error® A AFst7] 9] Dahlberg’s
formulag ©o]&stow, 714 D= AFA He] zololw N2 F ¥ A3 &
B solth Me= /Y D%/2N
2 A3 0.09°~0.40° H 9 method errors R 93 Hr 22k 0.14°% )
SPSS version 11.0 =13 (SPSS Inc., Chicago, IL, USA)& o] &3fo] &
ASFEe Hdd ZE=A2E sk, ol Al fAA 299 Hi=dnp WAL
ARZL T TR A E WEtAI 7L g WALAARE Abolel felgk xfo] 7t 9l

A dolr 7] 98 paired A testS A3 Tt

rr

oI, A+ A4

wegEe] =3 yjEdel e At oem 8 FAE e oA A FRAA
A1 Aopg Sl AR olFe AR HuEd RFHAE Tkt 17//16,
15//14. 14//13. 11//12, 23//24, 24//25, 26//27 F=5<L n@H W WoFHol s F=d 4

A YA FEES wFHAZLNA FEEE AopujdS H YTt (Table 1).



Table 1 Degrees of angle between long axes of adjacent teeth at ideal

position

Measurement I\EI(ieail iogllglo(lz)
17//16 (-)1.79 + 0.11
16//15 3.82 = 0.12
15//14 (-)4.83 + 0.03
14//13 (-)6.48 + 0.10
13//12 8.66 = 0.08
12//11 (=)0.53 £ 0.04
11//21 0.27 = 0.06
21//22 0.14 £ 0.08
22//23 7.37 £ 0.04
23//24 (-)6.50 + 0.08
24//25 (-)5.39 £ 0.03
25//26 4.47 + 0.04
26//27 (-)1.59 + 0.14

SD, Standard deviation; // sign, root parallelism between adjacent teeth; (=) sign, long

axes of adjacent teeth were converged toward opposite of the occlusal plane.

g FHow AFWon HANA AL A=

=
7t = o] W3l (Table 2, Fig 4)

AME EAY Fo]a(5° up, 10° up, 5° down, 10° down) &3 ztzbo] o]n] x|
S oA TR AACA AL olm Aol vud A A fREe] FEoA
FAGH R Fod Aols BT 5° AAE E A o)AHAd TR YA
ol Ao nuyPS v FF 2ol 0.03° ~ 1.73°%2 11//21 FEo A 713 2
abol & B A, AAF(13//12, 12//11, 11//21, 21//22. 22//23) A o] folg +F
o2 v wil(divergence) H & S HAT (p < 0.00D). 10° 2/HE & A5 ol
A TR AAG vwPE W Bt ol 0.20° ~ 379°F 11//21 FENA 7}
A 2 AolE R¥x: AARA3/12, 12//11, 11//21, 21//22. 22//23) 2 16//15,
15//14, 24//25. 25//26 &&59o] A do] Fog FFo= vl WAEHAT (p <
0.001). 5° LAZ %9 2% Hi 2ol 0.06° ~ 1.70°= 12//13 dEol A 714 2
Aols mym WAR R 16//15, 15/14, 25//26 F%o] AT FF FFow



H 4" (convergence) A HA(p < 0.001), 10° ZNE %o AF HAF Aol=
0.48° ~ 250°= 12//13 3FolA 71 & Zolg H

16//15, 15//14, 24//25, 25//26, 26//27 %ol Fo3 FF o2 o FHEA v
(p < 0.001).

Table 2 Paired ¢test comparisons of root parallelism between ideal head
position and head positions tilted anteroposteriorly along the

transverse axis (X axis)

5° up 10° up 5° down 10° down
Measurement Mean . Mean . Mean . Mean X
. g. . . 8. . Sig.
Difference (°) Difference (°) Difference (°) Difference (°)
17//16 (=)-0.49  xx (-)-0.47  xx (=)0.11 NS (-)0.48 *%

16//15 0.25 ok 1.05 okk -1.00 okk -1.43 oHk
15//14 (-)-0.29 = (-)-0.96 #xx (-)0.75  #xx (-)1.35 s
14//13 (-)0.14 * (-)-0.20 = (-)-0.16 * (-)-0.10 NS
13//12 1.66 ok 3.09 oxE -1.70 ok -2.50 ok
12//11 1.33 ok 3.25 sk (=)1.02  wwx (2)1.82 s
11//21 1.73 ok 3.79 s (=)0.83  wkx (2)2.33
21//22 1.16 ok 2.65 sk (=)1.44 wwx (2)2.43 wwx
22//23 1.11 Hokk 2.40 okk -1.01 okk -2.04 oHk

23//24 (-)-0.03 NS (-)0.20 *  (-)-0.06 NS (-)0.42 sk
24//25 (-)-0.53 == (-)-0.80 ==+ (-)0.36 * (5)1.01 s
25//26 0.45 ok 1.25 ok -0.87 ok -1.15 ok
26//27 (-)-0.32  x  (-)-0.59 = (-)0.22 NS (2)0.61 sk

*

Mean difference = (angle between long axes of adjacent teeth at various head position)
- (angle between long axes of adjacent teeth at ideal position)

// sign, root parallelism between adjacent teeth
Sig., significance; NS, no significance; *, p < 0.05; #x, p < 0.01; **x, p < 0.001.

(=), long axes of adjacent teeth were converged toward opposite of the occlusal plane.
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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). — (negative) sign indicats that
long axes of adjacent teeth were converged toward opposite of the

occlusal plane.

B. A3WES TAHoE HEFo0= 7| AL AF
Ztx o] W3} (Table 3, Fig 5)

ATWES Aoz W20 5° 7] 49 AL ojdel TR oA Fow
Aoo Hmgs u FEFAoR 001° ~ 1259 AE7ztEe] folE wPon s
ArZo] 2R A9} AX Abo](22//23)l A FhA 2 Aol 7b ERTE A AApZo

Aok (17//16, 16//15, 15//14, 14//13, 13//12, 12//11)& A =3 Alol7t o HolA

L ggon oEsga s AAE HohEe ATH Aok o ARAAE B
oz oEadrh AFPEHL FHOR AZo2 10° 7189 A% AF4E9

Aol 0.12° ~ 190°2A S AAZe] FARS ZAA Aol @1//22) 4 1
Aol7k 4 Am, AN A AAZ AokEe ALH Aol HolAE B
gom olEae s AMZe Ackse A=W Aol © AL W

= ol Fslth
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Table 3 Paired #test comparisons of root parallelism between ideal head
position and head positions tilted laterally along the antroposterior

axis (Y axis)

Measurement 5° right up 10° right up
Mean difference (°) Significance Mean difference (°) Significance
17//16 (-)-0.79 ok (-)-1.28 ok
16//15 0.23 * 1.15 Hoxk
15//14 (-)-0.20 ook (-)-0.12 S
14//13 (=)-0.77 sk (-)-1.84 otk
13//12 0.58 ok 1.08 5
12//11 (-)-0.42 stk (-)-0.22 ok
11//21 (-)0.31 * (-)0.98 otk
21//22 (-)0.63 ok (=)1.90 Kok
22//23 -1.25 sk -1.65 otk
23//24 (=)0.01 NS (-)0.26 o
24//25 (-)0.57 sk (=)0.77 Kok
25//26 -0.58 *% -1.10 Hokk
26//27 (-)0.40 o (-)1.00 ok

Mean difference = (angle between long axes of adjacent teeth at various head position)
- (angle between long axes of adjacent teeth at ideal position)
Sig., significance; NS, no significance; *, p < 0.05; #x, p < 0.01; **x, p < 0.001.

(=) sign, long axes of adjacent teeth were converged toward opposite of the occlusal plane.
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i\\ /5\ ——ideal position
)

+ —=— 5’ right up
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Mean angulation (%)
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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). — (negative) sign indicats that long axes

of adjacent teeth were converged toward opposite of the occlusal

plane.
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Table 4 Paired ttest comparisons of root parallelism between ideal head position

and head positions rotated laterally along the vertical axis (Z axis)

Measurement 5° right rotation 10° right rotation
Mean difference (°) Significance Mean difference (°) Significance
17//16 (-)-0.10 NS (-)-0.02 NS
16//15 -0.50 5k -0.71 5
15//14 (-)-0.31 5k (-)0.08 NS
14//13 (-)-0.68 ok (-)-0.65 ok
13//12 -0.73 ok -1.61 sk
12//11 (-)0.35 ok (-)0.63 ok
11//21 0.15 NS -0.09 NS
21//22 (-)0.25 ok (=)0.27 ek
22//23 0.31 ok 1.53 o
23//24 (-)0.38 sk (-)0.20 ok
24//25 (-)0.10 NS (-)0.06 NS
25//26 0.01 NS 0.63 ok
26//27 (-)-0.11 NS (-)0.10 NS

Mean difference = (angle between long axes of adjacent teeth at various head position)
- (angle between long axes of adjacent teeth at ideal position)
Sig., significance; NS, no significance; *, p < 0.05; *x, p < 0.01; #=xx, p < 0.001.

(=) sign, long axes of adjacent teeth were converged toward opposite of the occlusal plane.

_13_
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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). — (negative) sign indicats that long

axes of adjacent teeth were converged toward opposite of the

occlusal plane.

_14_



o

shighul FAAARR 9 A shFel b A e AV AAME 4 297
ot ZhA = g AF el BARE AXAI7IE o] FasH olF s Ax
Attt o2 71A] Zhel=E Algetal dth ¥ d9to o] §¥ Planmeca ProMax
gp-epul AR G 7= A A 7Fe] == bite blocko]Y chin rest, temple
supports9} Al Wrakol A ZA}LE = laser beamS 7FA 3l Jth WA o] vz e}
g W%o] A$-a Ast A E bite blocks ZFRA EA AU AAV gl A
% chin restoll B& AAA7IEF star Al el A AME = #lo]l A Wo] gzt
2E F3H, SFAXG AR Atolo] AT eF FH OHAE
ZAT & Ho Fob Sxr 1 YA A S F o)A Y= temple supports’t A
= oA FRE AASES Sk sHA W S@E v]AbeRa s = Aol Al g

¢ werHE el AHAL (occlusal plane

[e]
o
canting), #etAU entet A wEHWe] A T& He FANE #AE A
o]

b

gt AdA JA AAAT7] =

shuehel WA ARG e s3] s olslaha ofw e Aol A A
H oA Aokl FAEE ZARAL AFLS oldAT F Ax WPl AFH oo}
et

Shcehel RARAAI A ASe 5 BAA Aopdo], AxF o, A

BAY F& U2 A FG@ A v

Zo]th. Ramstad 57, Turpp 5% 2 Batenburg 52-& di-@tn} WAL AALZ 9] 9

=1
ol
s
st
o
o
5
ofy
fo
oX
°
An)
Ho
N

)

B AAE 244 JSae] ARY F AW, ouA e FH dolg Ari AY
g oshtha stdTh =@ 4 50 sl MAMAAGA AZA7 A 3

ol7F QY eE il WARIARD Aol o] S oM ourt s A

Larheim %% Larheim 5°& #9 A #x4e] F27F A3aiA AAHAY o]
A

_15_



T+
_?4
14
Al
=
o]
3l
A
kil

it

T EF g T
— [} ~ T

) N %°

By R P gl

ol E X ° oo B O
) e ox cile = WoT R R o
“ R e w R I 5L P T T
7@rﬂ?ﬂ.wm#1$ﬂ%%% o oE A v oo B T T R
P E T T T W G ﬂﬂ,aoigﬁﬂ A
PR PR L s o2 N o T @ T EE

=R g o b — N o= Lo ﬂyl o) X < o M o ., K
s T — = ¥ ﬁﬂ%yxaz,ﬂj T P 5 N
@?ﬂxh%ﬂﬂﬂﬂﬂ@@d Mﬁi%&u -t I
ﬁo4,ﬁ_1,7ﬂmﬂworﬂoma éﬂw ' Hrmumﬂﬂuwwx w BT
AN K 7 oy A o7 o~ el = T o~ o = X
% 5 o B o s T
= T oy B9 o N % R 3 W e .
I :.ﬁ ol =) —_ 1) X Et — jang 2}
A2 4 g s = ¥ T XTFE s ROW B W i i o @ W
mx‘xmmn,_ﬂﬂ%%%e__arﬂﬂl T%%%EE%HT;HO z B

w KR P SR R e Mmooy dnE S B
X o o - mw B S = 8 B w o = A O B S n =
oF Lx T ¥ S N 7 = 0w\ T o B OB I A - =

W ° = fin P g & (I

T - N s w1 wOK — oo R T noo o o T o
T o F 0 no.ﬂokar%lx ¥ MY R T o ow o °
A %o o R =) < =) MUAW o or ° % < X % ) o " Wm op B

% Bs ' . - _ = Joax —_— — = o
Prdee® gl 5w o X_QMMJ%OEA o B2
x ﬂ%@zﬂagglg,ﬁ% N S ® BT
e Hr - A g WIEw — N i Y - = M
o ™ K s ™ . 5 IO w2 5 mox ) M ™ . Bl =0
X N Ty © | T F AR N T o N+ ol g X < {+ ® m o i

X ms T NS < BT o O 5 . ko]

\Mﬂ —_ ) o< N ZT_ . N o L.x HO ~L \ml ET E#E # E..ﬁ m
= % o zAt = o B ™ o W B . ok o 5 om TN o mw N
)| X X < B
o < ol 7 N | M o ol © el o K _ { el <o Y o TP

< = BN < U T o R IS o Ll
w X aﬁﬂﬁﬁgeaﬁa - %@ﬂﬁxgq v "l
- X N = i - o - x B
xmowj;%ﬂEA%awﬁlqﬂfA oA AT . G
— < W o F T oW B — b TR g T Gy )

o o -y . wom )T o < + =

S E A = D e PEL T ® L T
NooaroL 1er_-‘_ o X < ﬂﬂ %o oo K TN b o X Wow < DN S~ | 3 70°
a«i@_mmnu%%m o_?%%ﬂm_ ﬂ%%ﬁa_@ ﬂ,rgLﬁo

Wow S %ﬂeﬁ@@zﬁe Ami}m%prﬂa%ﬂdﬁm
Xog ok K &%g@ﬂ%%ﬂmaﬂ%o ﬂcuﬁ@oma%
R0 S - = ) 3 W
© . S g w2 171%5ﬁogxﬁoﬂ%¥m X e
R O_E}Mﬂﬂ@r%% EE%%Lmrﬂcro,%7ﬂ%1ua
R | @@%ﬂz - o WoT
© R N W g o= N R B o TR R T
U R 2 A A = X e
X o ——— _ﬁ. T oo W C
oﬂ%%o]i%%
o0 0 —
bR

- 16 -



=

—_—
o

—_—
o

i

Srweetol AR AN S W5

)

o

TTY
OO

webeh A AHRS B

o oggoz AAAA

-
ol | Aot

iy
il
i

o
~
e
wr
M

b

o =

g4

@ 79 (Table 4, Fig 7) °]*

1

juse)

(2

t‘gt

of M= 7MAAA= W

<3

I

X

Al Abol (13//12)

=
=4

3}

]

7 =

2 o)

L
R

RERRTSEY

o

o

kel
i

o]

Al

59

37 ¢)

3 FolAM ol

A=t |
T

9l

1:101-

Aol A Al E A

e}
p

=

ﬁo

2 wolr

& Aol

]
&

=z

7}

Z O]gj\jl

d

3]

=
"o

A o]

=
=

A AR

;\“L}_I_,
-

W3k

94
shicepul WAL A AR o] A

73 0]

] 2 o]
9

o] A &

3

7}

3

bz

dol} 7}

) o} o]

2] 7]

o

ZHkEA HAAA

=

=
E23
=

1A ¢4 84

9]

H7]

s
of

)

i —
o

A

jzel

wjr

7=l

1
T

4717k 74A

H% shwetel AR AR

A7k FolE 7]
§ oshawebvl gaba

9]

,._mvﬂo
i
)

e
of

%

el

A

of

o
it
_&o

B

—_—

ofy

ofU et AR FRALAALA o]

e

=t
2

o
o

?l,

o
HEE 94

—_
o

o
Nfo

£y
B

)

o

o

|

j

Fobe A BAe] sheehul WAAAA

R EE R

:\j_]_\__
-

A o] &

X
el

X

B

™
ol
&+
o
=y
N
2=
B

o

™

o

%)

N

e

rvgel

ey

o
F
ol
Nr

14
N~

-—

Zhat=dl vy

3

oz

&

0
juse)

(2
mJ

X

e

_17_



| Ashoz 8 AAR

9]

o

il gt

ofR7] 93

o)
=

=4

joh-

el

2)

.
o

—_—

X

oF
-
i

—_—

0
G

79 (5° right
75 (5° right

5° down, 10° down)$}

up, 10° right up) 218

j

Fol o

©

rotation, 10° right rotation)E 2tz H]xl

AARANA g 2 A

3

E
=

Bt

j

o]

el

2
o

A} o]

<3

I

o -
- A

ol
o0

B
o

Btk 5° 2ME 7
] Abolell A 7}4 2 zol7b urERYE L, 10° 7]

)
)
TH
¢

s

R

o
47

|

[e}

o
=

Nr

o] NE AANAE

g

AR Apo] A

J

B

=
=

1.61°)

Aol w2

73 0]

% A

R AR

o g

=
=

2 A=

4o

I

[¢]

ZHEA A AT

kA 7] el #aE

=3
=

)} ozl Wi,

ﬁo

il
M

o
ﬁo

rJ

X

Ao}e] 914 of

_18_



i oo
a1 & o9

1. Frykolm A, Malmgren O, Samfors KA, Welander U. Angular measurements
in orthopantomography. Dentomaxillofac Radiol 1977;6:77-81.

2. Floyd P, Palmer P, Palmer R. Radiographic techniques. Br Dent ]J
1999;187:359-65.

3. Wyatt CC, Pharoah M]J. Imaging techniques and image interpretation for
dental implant treatment. Int ] Prosthodont 1998;11:442-52.

4., Lam EW, Ruprecht A, Yang ]J. Comparison of two—dimensional orthoradially
reformatted computed tomography and panoramic radiography for dental
implant treatment planning. J Prosthet Dent 1995;74:42-6

5. Frederiksen NL. Diagnostic imaging in dental implantology. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1995;80:540-54.

6. Holdaway RA. Bracket angulation as applied to the edgewise appliance.
Angle Orthod 1952;22:227-36.

7. Mayoral G. Treatment results with light wires studied by panoramic
radiography. Am ] Orthod 1982;81:489-97.

8. Jarabak JR, Fizzell JA. Technique and treatment with light-wire edgewise
appliances.” St Louis: Mosby; 1972. p. 277-379.

9. Hatasaka HH. A radiographic study of roots in extraction sites. Angle Orthod
1976;46:64-8.

10. Strang R]J. Factors associated with successful orthodontic treatment. Am J
Orthod 1952;38:790-800.

11. Lucchesi MV, Wood RE, Nortj C]J. Suitability of the panoramic radiograph
for assessment of mesiodistal angulation of teeth in the buccal segments of
the mandible. Am J Orthod Dentofac Orthop 1988;94:303-10.

12. Casko JS, Vaden JL, Kokich VG, Damone J, James RD, Cangialosi TJ, et al.

Objective grading system for dental casts and panoramic radiographs. Am ]

_19_



Orthod Dentofac Orthop 1998;114:589-99.

13. Ursi W, Almeida R, Travano O, Henriques J. Assessment of mesiodistal
axial inclination through panoramic radiography. J Clin Orthod 1990;24:166-73.
14. Xie Q, Soikkonen K, Wolf J, Mattila K, Gong M, Ainamo A. Effect of head
positioning 1n panoramic radiography on vertical measurements: an in Vitro

study. Dentomaxillofac Radiol 1996;25:61-6.

15. Samfors KA, Welander U. Angle distortion in narrow beam rotation
radiography. Acta Radiol 1974;15:570-6.

16. Tronje G, Welander U, McDavid WD, Morris CR. Image distortion in
rotational panoramic radiography III. Inclined objects. Acta Radiol
1981;22:585-92.

17. McDavid WD, Tronje G, Welander U, Morris CR, Nummikoski P. Imaging
characteristics of seven panoramic x-ray units. Dentomaxillofac Radiol
1985;8(suppl):1-68.

18. Larheim TA, Svanaes DB, Johannessen S. Reproducibility of radiographs
with the Orthopantomograph 5: Tooth-length assessment. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1984;58:736-41.

19. Larheim TA, Svanaes DB. Reproducibility of rotational panoramic
radiography: mandibular linear dimensions and angles. Am J Orthod
Dentofacial Orthop 1986;90:45-51.

20. Mckee LW, Glover KE, Williamson PC, Lam EW, Heo G, Major PW. Effect
of wvertical and horizontal head positioning in panoramic radiography on
mesiodistal tooth angulations. Angle Orthod 2001;71:442-51.

21. Steve S, Joseph PG, Peter P, Darendeliler MA. Accuracy of linear and
angular measurements on panoramic radiographs taken at various positions in
vitro. Eur J Orthod 2002;24:43-52.

22. Schiff T, D’Ambrosio J, Glass B]J, Langlais RP, McDavid WD. Common
positioning and technical errors in panoramic radiography. ] Am Dent Assoc

1986;113:422-26.

_20_



=

23. AW, AE, BHY, DAL, dwebok PAAAQNA Aoke] TR AR

24. Ash MM. Wheeler's Dental anatomy physiology, and occlusion.
Pennsylvania: Saunders Company; 1984. p.387-92.

25. Cohen S, Burns RC. Pathways of the pulp. St Louis: Mosby; 2003. p.151

26. Ricketts RM. Cephalometric analysis synthesis. Angle Orthod 1961,;31:141-56.

27. Ramstad T, Hensten—Pettersen O, Mohn E, Ibrahim SI. A methodological
study of errors in vertical measurements of edentulous ridge height on
orthopantomographic radiograms. J Oral Rehabil 1978;5:403-12.

28. Turp JC, Vach W, Harbich K, Alt KW, Strub JR. Determining mandibular
condyle and ramus height with the help of an orthopantomogram-a valid
method? J Oral Rehabil 1996;23:395-400.

29. Batenburg RHK, Stellingsma K, Raghoebar GM, Vissink A. Bone height
measurements on panoramic radiographs. The effect of shape and position of
edentulous mandibles. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1997;84:430-5.

30. AAY, A, 7oA. FevpRAd ARG A 8 wgd 7
A ob A B AR A4 of b AL 3] A 2005;35:25-31.

31. Philipp RG, Hurst RV. The cant of the occlusal plane and distortion in the
panoramic radiograph. Angle Orthod 1978;48:317-23.

el e

AN

32. Samawi SSB, Burke PH. Angular distortion in orthopantomogram. Br J
Orthod 1984;11:100-7.

33. Yoon Y], Kim DH, Yu PS, Kim H]J, Choi EH, Kim KW. Effect of head
rotation on  posteroanterior cephalometric radiographs. Angle Orthod
2002;72:36-42.

34. Yoon Y], Kim KS, Hwang MS, Kim HJ, Choi EH, Kim KW. Effect of head
rotation on lateral cephalometric radiographs. Angle Orthod 2001,;71:396-403.

_21_



	I. 서론
	II. 연구재료 및 방법
	A. 연구 모델
	B. 경사판 및 스탠드
	C. 파노라마 방사선사진 촬영
	D. 각도 계측
	E. 측정오차와 통계분석

	III. 연구성적
	A. 수평축에 대해 전후방으로 회전시킨 경우 치축각도의 변화
	B. 전후방축에 대해 좌우측으로 기울인 경우 치축각도의 변화
	C. 수직축에 대해 좌우측으로 회전시킨 경우 치축각도의 변화

	IV. 고찰
	V. 결론
	참고문헌

