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Table 1.

Yy
1) &7 A
ook F-9of £adol gle A AxFAE
o Aot ol sjotellA FAA, HA, AM24T
A, 2l A 2AFH X2 FAE
5 gAsted A 5.97mme F5TE A

Al et

2) I zlol wALA AR Aod

AzFATo] Atugs olFw A2 3
o mAAZ ohg Az A AJe| we}
shxepul GG o HAA A, oW A=2F
AEe AZH7F BAH Y HFAl AA =
A stdew agwe] vietst HYSIe E WA
W2 zHAA G

BAFY =FA7E Az A4l wt
gt YA F FAE S3Ee) dzEF o
7] f8) Ak 2FdPen FeFs WA
7] Y8 7.82mme] FrhAl dFulE o3
9} 1#9 3t (medium speed screen,
Okamoto Co., Japan) & °]&3}gict. AHE=
Peeo 57x12” 7945 (Konica-X-ray film,
Japan) o] 3 o =}5 & A7 (Doosan Parka
2100, Korea)E o]&3le &dAslsict.

HAE wAA A AGNA] AE ol B A A st
AA =S g F, shcehel wap AR
< &9dslgen dFert ARG 5T A
=3 L}E}Lﬂ s} ghal AR S 7 71 E5G
10914 <

The type and exposure condition of panoramic machines

Type of machines

Type of rotation center

Exposure condition

Orthopantomograph 5 3
Panoura 10C 3
Panoramax 3
Panoradix 3
Panograph 11 continuous
Paneiipse |1 continuous
Veraview continuous

60kVp, 10mA, 15sec.
66kVp, 10mA, 13 sec.
60kVp, 10mA, 16 sec.
70kVp, 10mA, 10 sec.
65kVp, 10mA, 16 sec.
65k Vp, 4mA, 20 sec.
60k Vp, 6mA, 16 sec.
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w2} cheFsiAl vebitot.

sixeel For1EH e Aot 432 g
& A3 A3 AXFol4 = panelipse 1T 7]
Fol 20.10%, ZAAFol4< panoradix 7|%
©] 20.44% £ T ¥4 Panelipse II 7|%
°] 19.77%, ™A F-olAE panoradix 7|F
o]  20.60%EA &y} AR FZAgown]

Panograph II 7[FolAd& A Fg oA 27.
97%~28.64% = ezt 7 2A elyo
(p<0.05) (Table 2).

dotol| o] 4 sl AR Ho} A x| Foll A
Panelipse II 7]Fo] 20.77%<F 21.27%, £
2| #-oll 4= Panoradix®} Panelipse II 7]& 9]
27+ 20.94%, WHFAF-olAE Panoradix 7|
Fol 20.21%2A  Edi7b sbg #gker,
Panograph II 7]EofA& HA HYol4 27.
64%~30.15% =2 &7} 713 aA Jelxo
(p<0.05) (Table 3) .

oto Aol A E AARAME
Panelipse II 71Zo] 19.43%, AAEY £
Aol A= Panoradix 7]Z°] 19.439%, o+
A H-ol 4] &= Panoramax 7}& 3} panoradix 7|
Fol 747 20.77% =24 &hsb 74 zgtoer,
Panograph II 7]FellA AF-9oA 26.97%
~27.97%% &7t s 2A ebde(p<o.
05) (Table 4) .

stotell Ao SIde AAFAME
Panoradix Z1&°] 20.77%, ZHAAFolie
Panoramax 7|&o] 21.11%, ZFHFoAx=

Table 2. The vertical measurements and percentage magnifications of images of metal balls in the maxilla

according to the type of machines

Type of machines Incisor Canine Premolar Molar
Orthopantomograph 5 7.36 £0.03 7.32+0.02 7.31£0.02 7.31£0.03
(23.28) (22.61) (22.45) (24.45)
Panoura 10C 7.60 £0.03 7.53%0.02 7.65£0.03 7.58 £0.02
(27.30) (26.13) (26.47) (26.97)
Panoramax 7.20 £0.02 7.23+0.02 7.23%10.03 7.22%£0.03
(20.60) (21.10} (21.11) (20.94)
Panoradix 7.18 £0.02 7.19£0.03 7.17 £0.02 7.20 £0.02
(20.26) (20.44) (20.10) (20.60)
Panograph I} 7.68 £0.03 7.65 £0.02 7.64 £0.02 7.64£0.03
(28.64) (28.14) (27.97) (27.97)
Panelipse 11 7.17 £0.03 7.2310.04 7.1510.03 7.24 £0.03
(20.10) (21.10) (19.77) (21.27)
Veraview 7.44 £0.04 7.48 £0.03 7.43 £0.04 7.47 £0.03
(24.62) (25.29) (24.46) (25.13)

Values are mean and standard deviation (mm).

The values in parentheses are percentage magnification (%).
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Table 3. The horizontal measurements and percentage magnifications of images of metal balis in the maxilla
according to the type of machines

Type of machines incisor Canine Premotar Molar

Orthopantomograph5 7.40*0.03 7.39 £0.02 7.33%0.02 7.36 £0.02
(23.95) (23.79) (22,78) (23.28)

Panoura 10C 7.65£0.03 7.55% +£0.03 7.46 £0.03 7.59 £0.04
(28.14) (26.47) (24.96) (27.14)

Panoramax 7.28 £0.02 727 +£0.03 7.27 £0.03 7.27 £0.03
(21.94) (21.78) (21.78) (21.78)

Panoradix 7.23*0.04 7.26 £0.04 7.22 £0.03 7.18 £0.03
(21.11) (21.61) (20.94) (20.27)

) Panograph |1 7.77 £0.02 7.70%0.04 7.63 £0.03 7.62 £0.02
{30.15) (28.98) (27.81) (27.64)

Panelipse |1 7.2110.04 7.24 £0.05 7.2210.04 7.26 £0.05
(20.77) (21.27) (20.94) {21.61)

Veraview 7.49 1£0.03 7.51£0.03 7.42 £0.03 7.62 £0.03
(25.46) (25.80) (24,29) {25.96)

Values are mean and standard deviation {(mm).
The values in parentheses are percentage magnification (%).

Table 4. The vertical measurements and percentage magnifications of images of metal balls in the mandible

according to the type of machines

Type of machines Incisor Canine Premolar Molar
Orthopantomograph 5 7.28 £0.02 7.27 £0.02 7.28 £0.02 7.30 £0.02
(21.94) (21.78) (21.94) (22.28)
Panoura 10C 7.52+£0.03 749 £0.03 7.52£0.03 7.49 £0.03
(25.96) (25.46) (265.96) (25.46)
Panoramax 7.16 £0.02 7.1920.03 7.19 £0.02 7.21 £0.03
(19.93) (20.44) (20.44) (20.77)
Panoradix 7.17 £0.03 7.16 £0.02 7.16 £0.02 7.21 £0.03
(20.,10) (19.93) (19.93) (20.77)
Panograph 1| 7.59 £0.03 7.59 £0.02 7.58 £0.02 7.64 £0.02
(27.14) (27.14} (26.97) (27.97)
Panelipse 11 7.13%0.03 7.18 £0.03 7.20 £0.02 7.2310.03
(19.43) (20.27) (20.60) (21.11)
Veraview 7.42 0,03 7.45 £0.03 7.46 £ 0.04 7.46 £0.04
(24.29} (24,79) (24.96) (24.96)

Values are mean and.standard deviation (mm)
The values in parentheses are percentage magnification (%),
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Panelipase II 71Fo] 19.93%, HF=]4-olA
+ Panoramax®} Panoradix 7]£o] #7} 20.
17% 34 &rs} 714 2gker] Panograph II
71FelAe A FHolA 27.30%~29.82% =
g7k b =2A vhebxkeh(p<0.05) (Table
5.

Aot ol gletel mE YoM 4T ubat
AR e 42 o 438+ Panoradix 7]

Zo] 20.21% 9 20.94%% 713 e Hojz
vetyEd o] Panelipse II 715§ A
Et71 5ol Al Fd zelst Ut p
<0.05) (Table 6).

HygAsr AooaE Panoura 10C 7]Zd
A HYAxs A HA9isd o]+ Veraview

Table 5. The horizontal measurements and percentage magnifications of images of metal balls in the

mandible according to the type of machines

Type of machines Incisor Canine Premolar Molar
Orthopantomograph 5 7.35+0.02 7.39 £0.01 7.33%0.02 7.3310.03
(23.12) (23.79) (22.78) (22.78)
Panoura 10C 7.61 £0.03 7.57 £0.02 7.52+0.03 7.53+£0.03
(27.47) (26.80) (25.96) (26.13)
Panoramax 7.26 +£0.02 7.23%0.01 7.2010.02 7.21£0.02
(21.61) {21.11) (20.60) {20.77)
Panoradix 7.21 £0.03 7.27 £0.03 7.26 £ 0.04 7.21.£0.03
(20.77) (21.78) (21.44) (20.77)
Panograph |1 7.75£0.03 7.68 £0.02 7.60 £0.02 7.61 £0.03
{29.82) (28.64) (27.30) (27.47)
Panelipse || 7.22 £0.05 7.34*0.05 7.16 £0.03 7.25%0.03
(20.94) (22.95) (19.93) (21.44)
Veraview 7.46 £0.02 7.563+0.03 7.48 £0.03 7.49%0.03
(24.96) (26.13) (26.29) (25.46)

Values are mean and standard deviation (mm).

The values in parentheses are percentage magnification (%).

Table 6. Average vertical and horizontal measurements of all metal balls according to the type of machines

Type of machines Vertical Horizontal
Orthopantomograph 5 7.30 £0.04 (22.28)* 7.36 £0.04 (23.28)*
Panoura 10C 7631005 (26.13)* 7.56 £0.06 (26.63)*
Panoramax 7.20 £0.03 (20.60)* 7.25£0.03 (21.44)*
Panoradix 7.18 £0.03 (20.27)* 7.22 £0.04 (20.94)*
Panograph 11 7.62 £0.04 (27.64) 7.67 £0.07 (28.48)
Panelipse {1 7.19£0.05 (20.44)* 7.24£0.06 (21.27)*
Veraview 7.451£0.04 (24.79)* 7.49 £0.04 (25.46)*

Values are mean and standard deviation (mm).

The values in parentheses are percentage magnification (%).

Significant difference from Panograph |i: *p <0.05
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Table 7. The degrees of vertical/horizontal measure-
ments of the images of metal balls in the
maxiita and the mandible

Type of machines Maxilla Mandible
Orthopantomograph 5 99.41 £0.47* 99.12 £0.58*
Panoura 10C 100.03 £0.89 99.32 £0.61
Panoramax 99.31 £0.43* 99.47 £0.63
Panoradix 99.28 +1.656* 99.17 £0.70
Panograph {1 99.57 £0.70* 99.17 £1.01
Panelipse |1 99.36 £1.16* 99.19t1.24
Veraview 99.67 £0.52  99.41 *0.50

—71% AdY BAF

* Maxilla: Significant difference from Panoura 10C
{p <0.05).
* Mandible: Significant difference from Panoramax
(p <0.08). - -

Sol sl Feod olst
Ade Aoz etk (p<0.05). ddelAE:
Panoramax 7|ZolA #EAs 7 A
el e}t o] Orthopantomograph 5 7|%

of dajAut 23 Aol7t Y= Aoz e
vk} (p<0.05) (Table 7). . -
v. o

S5 FrootdA T2 Hrl g odF HE
o] At o} wif F-23 el wAlA
gz wAAdAYe B AAANFHE
598 452 A= FddE: g
5 o] &3} Ao IHAAY A Fo] H
ol ois] L3 AESEE FASHA oz
A 2 H-99 =HEd AL dA ®Hcoh, o]F
A Ao}l AwsiA J1EEE FEE AE
olgl 3t o] A& FA, A, oz Rk

< A 248 2, 2EY AREE, ¥
AR BHAFAAY Azl W wFA
FARAS) el AR shwetel 297
Zol we} chapsial vehdeh,

A2 9344 Gads Tohde Agel A
W3l olfojxt Aol Theelel A4
AN ke FHAME vt ASY 49

Ao gl #3 A7t LTsHARAT et o]
213 sheepel sALAARR A A HER s A
o Wy ool FeME oy AEe] &

WA AFete] gtovt Y A WA
gt ghu} 23 rFe] @ d7+9o= Lundst
Manson-Hing'¥ato] 3714 #4715& viag]
SHolny #37FE e vud d+E e
Aol EE ole{q AAY &dr1F5E o
Aoz dojal A8E A2 vl —'é'— T AR
o ATl AL IAHA o S e] o
oFsled mlael ol go] Ut

AZ7A o] Foijd AgEe ATAAE 4
#i ¥ 7 Orthopantomograph 7|&el #3 A+
+ Langland®t Sippy®$t 'l o3 #7
29%~35%9 FA e 30%~46%2 3
sl go] MnEgn, Rowse™E 23%~36%
o +AHYH 8%~24%2 +HHIE 2as)
9i°w% HEdd g A0 16%, A up

2 15.4%~31.3%2 Basigiort owl AW
°ﬂ/‘1«] T3 B P 22.28%<F 23. 28%
gt}. Panoramax 7|Zol|AE o7} Az
NEoA AFAA He A= '?‘—7-:%%3
5 A Syt Atz Ll oj1l
Aol 4 2 £HIdd= 20. 60/;9} 21.
44% 2 ebgtch. panelipse 11 71 FollA x9}
4292 profile index2] W 3tel] w2 4] 2o
€ ATt 12.5%~16.6%=] = 32} 35.
4%~45.9%2 THIEHE B astgo} oWl
Aol A 43 o 387t 20.44%2 21.
27% % velytch. Panoura-8 7]|EolA o8
A 10%~36%2  FAEHE}  -14%
~46%9 FHIHEE Fasigovt oyl A
¥ 9] panoura 10C 7| ZEo]A o] 44 ol 433

= 27 26.13%9} 26.63% L T},

a2l3 Lund®} Manson-Hing!®-2 Panorex
71%, Orthopantomograph 71%, GE-3000 7|
Z 2o Ao #3 9 sHIAAE vl FH
T 433 d+= Orthopantomograph 7|Z o)A
10% A= o 2A Jetgteovt HF +33
€7 l%—% Zrell A wldtetn Bkt

2ol cpofdt AFst vebd o2 e
1/‘1 &7, AR T AAAR



PAFAE AA FA9 gxeel GAKAAAA
ol A HBA]7| 7ol ofElgo] lorg oy
Ago e Az5FAAEY o Fd G5l
T& HAAA okl shren} 2937
FolMe 3 o 3 EdE T3

shicelel WAL AR Aol A Eh e 2 8
e G 25 A Y XA, U
AL Z=AE fokgel, EFE FAE, AF
59 sl FaRIA FHE A 9
5~10°¢) zZtxg AZEAP® Elojx] 7] w-Foll
A71H, ol2jqk olfZ o]3le] 3lotoll AR}
Aatol| o] FAZd7t AAA Ho olwl A
o4 vehd Sl Aol M e 19.77%
~28.64%< wWeden stedolAE 19.43%
~27.97%9 #WHE Jeld 2E JFY diE
5o Fdoa Aofol o] A Er} slotel
Adcel aA by

g FF e FHEdde A
abAl zALe ol o ‘=‘7V4° |

A ST

5= 4
Foll A7 AVlE e £, 2y A
A el EAR Sl s dFe WU HoE 4

Aeonet 2A vebdon deA epe,
oyl AelM w3 gele el 20. 27%
~30.15%¢] #H9 2, stetelAE 19.93%~
82% WAoo FAANE g ofs T »PEP
v of?] Alehge] dAFAzs} A
a2y ol Adeld vehd Ao +HHY
E 2Yoa g Aoz vehal 4
S4E 2ag AgEe] odgresee Astel
e ol ol AyelA F5TE 4
obe] Ak ol XAl Az A
ANt €502 A o F&T7 4%
of s Foz HAEHAY oz Y7
o, =3 dubdal ghxepl ) Fola AR
Az yolsl 4~7mm2eld vls] A&H F
79 277} 5.97mm ez A4
otk o] sl Aoz 7w o2 s
o cheksiAl uebdetn gAee 433

d

e
o,

XNoox fo e
A Pﬂ

del WHAE ojAE AR dehd Aoz
A 7= o}
st M i%é o4 Ael e o
i .

/‘Pﬂé °éT‘:- 7;i°l °:!/t}°ﬂx1 27528 gxa
n} #Zo7)Fo we} FEFA4Y FAAS

FHAZAZ pro] A2 oz Ao wgA
=& H/e A3 AdolA+ Panoura 1CC
7123 Veraviw 7|Zol 4 vlaad Abe] #Fo
A9l dtetel| A& Panoramax 7| Fol4 713

l

s

Mgel Agont o %3 f8 Aele @
ek,

=3 gopyeol s AFHET} sebielol
At A7 dehd gl ByFelgied ol

A gL Aokt sttt of
=45 aA vebgov detehy- ke 43
geelle 2 zolst g7 wWEee AA4de-
ol Aol AHgE shizlel edrEe
3AY gAFE JHA 4l 7N1EH AL AESE
AR 3 AAFolaledl sa%e] FFel we
spxehol WA ALY 3 2 s AR
vlasl] Bghovt #og Aoy vehubA] ek
orl 2 7154 4 B £HAHs} 74 Az
Aol A e o2 AAsto] AAG A2 o
27 veigted], ole Ay Hyes o
olA 4Fel st Feirt Az Al A A4
g A2 o4 da2n =g 4] JFEYLe
2 gk A FAle] WA, LAY £
AzFAEe] AFAs 243 AT
A £dx, azx 4579 2rig 435
el Fo] F& At 5 olFE s Aol

FQG Aol A A FA ¢3S

£% sreinl #9719 AFHE 2
Aetr) g8 Adl ARSATS Aot 33
A, AA, A2EFA, AgATAL A 2L
Aol 47 AAAA AL smele} WAL
AAE Ada A5E LA dedl AE

% aglwh

e

—293 -



-2 gy oF 43 glo) ]
+ eyt rlE¥W=z = Panoura
Panograph II, Veraview 7]Z&ol4] #t}.

7154 H7 F2Ed9 +HIAd= Panor-
adix 7]FolA 20.27%F 20.94% =4 7HF
zZtgto vl Panograph II 7]ZollA 27.64%%}
28.48%2A4 713 2 oH(p<0.05) .

Aol w3y e Aot A4+ Panoura 10C 71F
A 7h Agtont ool A ZFET e
e]fs} 71 310,05

A% oo wE FA S &
9 7]'°]T: Akt

2l 39 ol
10C,

o
Job
2

REFERENCES

1. Langland, O.E., Langlais, R.P., and Morris,
C.C.: Principles and practice of panoramic
radiology, W.B. Saunders Co., Philadelphia
(1982), pp. 2-34.

2. Lund, T.M. and Manson-Hing, L.R... A
-study of the focal troughs of 3 panoramic
dental x-ray machines. Part I. The area
of sharpness, Oral Surg., 39:318-329, 1975,

3. Graber, T.M.:
Angle Orthod., 36:293-311, 1966.

4. Paatero, Y.V.:
pantomography,
1961.

5. Phillips, J.E.:
the Orthopantomograph, Oral Surg., 24:
4149, 1967.

6. Langland, O.E. and Sippy, F.H.: Anatomic

Panoramic radiography,

Pantomography and ortho-
Oral Surg., 14:947-953,

Principles and function of

structures as visualized on the orthopan-
tomogram, Oral Surg., 26:475-484, 1968.
7. Manson-Hing, L.R.:
pantomography: The GE-3000, Oral Surg.,
31:430438, 1971.
8. McDavid, W.D., Trojet, G,,

U.: A method to maintain a constant

Advances in dental

and Welander,

magnification factor thoroughout the expo-

10.

11,

12,

13.

14.

15.

16.

17.

18.

19.

—294 —

. Brown, C.E. Jr.,

sure of rotational panoramic radiographs,
Dentomaxillofac. Radiol., 18:160-167,
1989.

Christen, A.C., and Jerman,
A.C.: Dimensions of the focal trough in
Am. Dent.

panoramic radiography, J.

Assoc., 84:843-847, 1972,
Hassen, S.M. and Manson-Hing, L.R.: A

study of the zone of sharpness of three
panoramic x-ray machines and the effect
of screen speed on the sharpness zone, Oral
Surg., 54:242-249, 1982.

Glass, B.J. et al.:

the image layer determined experimentally

The central plane of

in various rotational panoramic x-ray ma-
chines, Oral 60:104-112, 1985.
Van Aken, J.: Panoramic x-ray equipment,
J. Am. Dent. Assoc., 86:1050-1059, 1973.
Lund, T.M. and Manson-Hing, L.R.: A

study of the focal troughs of 3 panoramic

Surg.,

dental x-ray machines. Part II. Image
dimensions, Oral Surg., 39:647-653, 1975.
Goaz, P.W. and White, S.C.: Oral Radio-
logy; Principles and Interpretation, the C.V.
Mosby Company, St. Louis (1987), pp.
314-338.
Brueggemann, I.A.: Evaluation of the
Panorex wunit, Oral 24:348-358,
1967.

Christen, A.G. and Segreto, V.A.:

Surg.,

Distor-
tion and artifacts encountered in Panorex
radiography, J. Am. Dent. Assoc., 77:1096-
1101, 1968.

Freedman, M.L. and Matteson, S.R.:
structure of the Panorex image, Oral Surg.
43:631-642, 1977.

Rowse, C.W.:
the orthopantomogram, Brit Dent. J., 130
425-434, 1971.

%< ! Orthopantomographel] 2|§ <}<}

Fine

Notes on interpretation of



20.

21.

22.

23.

24.

Holl B3 -, N FAAY3 A, 9:
303-309, 1971.

713+ . Orthopantomographel] lelA A
o] 3ol A3 A7, ddTAetekd
AL 8l A, 40 39-44, 1974,

o] 719 : Orthopantomographel 4  Image
layers} AxzA Al A A7, HALT
7ottt AbAd 88l A, 61 41-46, 1976.
o}3 4t . Orthopantomographell $lol4 A
&5 Aol wste) #g A7, TR
b= ulalAl &8l ®], 9:19-23, 1979.
Zde, welsd 1 55U E2  Orthopanto-
mograph®] At&dio] A3 wlam AT, o
G A A3 A, 16 25-30,
1986.

o] 7] & : Orthopantomographell glelA] A
o] Wbl #E A7, dhgTetdwwA

25.

26.

27.

28.

—295—

A&3l=], 8:29-38, 1978.
ZA35, AAE : Profile Indexd] w&
Panelipse I A4 439 w3k, gt
7hekebd wkabAl g8l 2], 20 @ 71-78, 1990.

o], whAA ! gxeivl ALK AbAlof
Ao A AEFAHA A} A7, dHIEFH
oot kA4 8] A], 16 : 59-68, 1986.

o] & ¥, 71 A 9 ! Orthopantomograph ¢
A5 A o) lojA e Astoel Hd AT,
Tt AAEs] A, 21
119-125, 1991.

Sjoblom, A. and Welander, U.:

form and thickness of the image layer in

Position,

narrow beam rotation radiography, Acta
Radiol (Diagn)., 19:697-704, 1978.



— ABSTRACT —

COMPARISON OF THE IMAGE MAGNIFICATION IN THE JAWS
ACCORDING TO THE TYPES OF PANORAMIC MACHINES

Choon Ho Ha, D.D.S., Karp Shik Choi, D.D.S., M.S.D.

Department of Dental Radiology, College of Dentistry, Kyungpook National University

Chin Soo Kim, D.D.S., M.S.D., Ph. D.

Department of Oral and Maxillofacial Surgery, College of Dentistry,
Kyungpook National University

The purpose of this experiments is to compare the vertical and horizontal magnification, and
the distortion of the radiographic image according to the types of panoramic machines.

Total 70 radiographs, 10 radiographs out of 7 panoramic machines respectively, were taken
from the dry skull with metal balls in the periapical areas of the central incisor, the canine, the
second premolar, and the second molar in the maxilla and the mandible.

And the author evaluated the vertical and horizontal magnification degrees, and the distortion
degrees of radiographic images obtained from each panoramic machine.

The results were as follows:

There were no significant differences in the vertical and horizontal magnification degrees
on the various portions of the jaws (p > 0.05). But there were higher magnification degrees in
the Panoura 10C, Panograph 11, and Veraview than those in other panoramic machines.

The lowest average magnification degree was 20.27% vertically, 20.94% horizontally using
the Panoradix. The highest average magnification degree was 27.64% vertically, 28.48% horizon-
tally using the Panograph II.

The lowest distortion was shown using the Panoura 10C in the maxilla, but there was not
statistically significant difference between the panoramic machines in the mandible (p > 0.05).

There were no differences in the vertical and horizontal magnification degrees according

to the types of the rotation centers.
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