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Fig 1. Types of distortion.

Fig 2. Square grid pattern.
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Table 1. The image size and compression ratio used in this study
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Y—axis

ear rod ANS X~axis

Go

Me

Fig 3. Landmarks and reference planes.

S (Sella): Me (Menton): Gn (Gnathion): B (Supram-

entale): Na (Nasion): A (Subspinale): ANS (Anterior
Nasal Spine): Go (Gonion): Po (Porion): Or (Orbi-
tale).
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Table 2. Mean and standard deviation in each focal length

CIXNTAX 343 55, 20044

mean 1.045
SD 0.026

1.021 1.011
0.013 0.007

1.009 1.024
0.012 0.020

Fig. 5. Image and relative distances at a

focal length of 7.8mm. In the cen-
ter, the relative distance of each
side is greater than 1 and it decr-
eases as it moves further away

Fig 6. Image and relative distances at

a focal length of 16.4 mm. The
relative distances of each side
in the center and the edge re-
main approximately the same.

Fig 7. Image and relative distances at a

focal length of 29.56mm. In the ce-
nter, the relative distance of each
side is less than 1 and it incre-
ases more as it moves further

from the center. Distortion is fo-
und with the naked eye.
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away from the center compared
to the image at a distance of
22 0mm. Pincushion distortion is
found with the naked eve.

Wspo® Upold AESHITHTable 3, 4). Mean
distance of errorst= 3] Al h 5o v
2y A2d WA 2R42 Yehid” o &
o] 0o 7IHeE WEHE ASH AN FEE F
AE FEeA AAE = vk AL on|g)
Table 3, 404 2+&d +H W30 2 9] mean error
(MEx, % 438F2] mean distance of errors®] 632
B AHEEo 2 ol mean error (MEy, 2t
ko] mean distance of errors®] 632 FAZ)EFH
3lo] 1070¢] AlZH A9 total mean error( TME)E
A2t A3 Nao| 7H8 22 248 B33 ANS7}
Mg 2 eAE B ZeE UehtH(Table 5).
Total mean error (TME)= #Elxelxe] H2E
o] g-38te] ArEBIATH
& olmA MYl 9ile & YxE 7
MM Table 3, 4, 5 oA &} Zo] ASH 3t
£, $37 wekogo 93 (MEx, MEy)$ total
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CIAE Ftulets 0188 HE TRUARIARIC| CIXE 0[0[X] &et

Table 3. Mean distances of errors (mm) in the horizontal direction

0.12 0.32 1.06 0.13 0.33 0.42

0.15 0.25 0.52 0.27 0.38 0.60
0.21 0.45 0.69 0.40 0.62 0.89
0.14 0.11 0.73 0.54 011 0.48
012 051 2.00 0.49 0.07 0.37
0.10 0.07 0.77 0.45 0.31 0.32

LT M A A 6

film1 0.24 0.14 0.21

film2 0.37 067 0.48 0.24
film3 0.34 0.48 0.30 0.39
film4 0.20 0.40 0.33 0.21
filmd 0.20 037 0.43 0.31
filmb 0.16 0.35 0.30 0.20
mean error 0.25 040 0.34 0.27
SD 0.08 0.17 0.10 0.07

0.14 0.29 0.96 0.38 0.30 051
0.04 0.18 0.04 0.16 0.20 021

Table 4. Mean distances of errors (mm) in the vertical direction

S Me Gn B Na A ANS G P O
filml 018 011 03 040 02 074 06 040 027
film? 013 018 06 06 012 032 024 042 05 049
film3 007 021 01l 049 012 013 014 0% 223 02
filmd 0l 020 04 030 014 120 0% 08 18 02
film5 020 003 0% 05 008 098 1% 087 034 02
film6 041 010 05 048 010 062 019 08l 06l 043
mean eror 008 014 044 049 013 0 08 062 08 03l
SD 02 007 019 013 006 03 08 02 079 0l

mean error (TME)E AFHE38HITh

olu]x] AR} zAzte] AL sl ATkl

ook

oo Bl

& ov|A A"} 97fe] Gxg il AlEof
&t total mean error7te] zbo|E dolx 7l Q&)
ANOVAE A3t A3 243 005904 4 1
w1 A7t e Aoz YEpgrh A A 17t
kol g B7] ¢ Duncan®] thsHlm HAE A]E
A3} 2272x1704 fine (1/4), 2272x1704 normal (1/8)
AR S EF olniA AEH 2e HE9 total
mean errors 2Tt Table 6).

ASH AEA A7) LAtk slo] 10714 247] o2
A"l wel o ze)7) Al dolry] H3) Al
Pearson correlation analysis®llA] 2272x1704 fine(1/4)
AR (r=678, P=03D)°] ZF olnz] A3 fFoaF

Table 5. Total mean error for film image setting (mm)

S 025 018 031
Me 0.40 0.14 043
Gn 034 0.4 056
B 027 049 0.56
Na 014 013 0.19
A 029 0.70 075
ANS 096 053 1.10
Go 038 062 073
Po 030 086 091
Or 051 031 0.60
total 038 0.44 061

MEx, Mean error in the horizontal direction; MEy, Mean
error in the vertical direction; TME, Total mean error
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Table 6. Comparison of total mean errors for the different settings (ANOVA with Duncan’s multiple range test)

S 031 0.49 040 0.57 0.53 049 061 0.54 0.4 0.52
Me 043 0.51 0.53 150 1.04 1.51 1.37 114 1.07 0.74
Gn 0.56 0.56 047 164 114 152 143 1.29 1.24 0.9
B 0.56 0.69 1.06 153 117 147 146 1.30 1.46 087
Na 0.19 0.32 025 1.18 0.9 1.10 091 0.84 0.93 053
A 0.75 0.87 0.71 125 1.04 141 1.09 112 0.96 0.96
ANS 1.10 0.65 057 1.26 0.88 1.34 117 113 101 0.76
Go 0.73 0.86 0.93 112 1.00 11 113 0.89 1.02 1.46
Po 091 0.77 0.44 0.78 0.59 0.64 0.77 057 0.96 0.9
Or 0.60 0.39 0.46 115 0.79 1.01 1.06 0.90 0.80 0.66
Total 061" 061" 058" 120 091 1.16 1.10 097 1.00 0.84

*p<0.05, statistical significance with Duncan’s multiple range test

Table 7. Results of Pearson correlation analysis B Z2a¥ So] Fol MEEA 71E9 BE F
WARARI o] OAE olulAz gAg e glE A
1ot 2 dAE ]UWQ} #Hsto] A8 7HA 9

et

B
8
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Z
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2072x1704 normal(1/8) 0319 0370 stel e g A S 8 2 HEE 7 3Ud
. I3 kA vt 7]& E THERLAAIZI S o
22721704 basic(1/16) 0.001 0.998 ;; A 1?;}&;% L}L}lj ?ﬂ u]:}:q JX] Ej o1
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. A X8 23 4L VA £ Y F
640x480 basic(1/16) 0483 0158 HuA BAA o AE Zol7] AN A
1, Pearson correlation coefficients; *p<0.05 A Aol ABREE 2474 = FYWdA
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Al S 3715 Fol7] Y% ¢ Fgo] Haghd o
%50 upg} 29| o|n|z| 9 AJFHH TAE o]n]A]
2t zpol7h yAl Aot 4FEC] 2EFF ovA] A
A& 913 9 A7 Fasks Aol AR 2

Joint Photographic Experts Group (JPEG) 1}
&3lo] 4ERIE 1/4, 1/8 1/162 WsiAzith

& oluA] A" 9714 txg Jidet AH S
sl 2 10709 AlB 7] 9lo] total mean errore] #}o|
Z 1Y) 913 ANOVAZ T BAH R o4 e A
olZ H9ol Ao Yehygth FAHCl Aol E B
3l Al&3 Duncan®| th& Bl H|l2~E A3} FE o|u]
2) AT 2272x1704 fine (1/4), 2272x1704 normal (1/
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8) Alelo] BAACR 22 HEe| QA5 Hole Ao
2 Uittt & ASA AEA 45 FRRAHAARL
A= AE=E BY F = fAE 7Sy Age
2272x1704 fine(1/4)2} 2272x1704 normal (1/8) ¥ 74|
2 E $ 9tk 449 A" upe}t 257 o= B
ato] & Hol=X] &7] Y&l A3 3t Pearson correlation
analysisell A& 2272x 1704 fine (1/4) AR Z$- &
E oluA M} AX|(r=678, p=.03D)3= Aoz Y
gt} 2272x1704 normal (1/8) AE Q] A= & o]
o)z g3} v @A FREA BN Az AR E
2kA) 2t total mean errorgte] 0.58E film image A&
06D vl&] 238 o] A vt AFH AEA H
Fead Aoz Jehgrh F 7R B4 B8 £
B & TR F 2 &3 ASH 2
HE e HAdke] YA shvler AR 2272x1704
normal (1/3)7HAZ2 £ 4 ith

E Ay e onlA Z7|et ¢EHE dElste
25 FRIAMIARY AAE olnA] ARA] AS
A Ao FEsd gsiA vt dolrgkth &4A 5 o
g onA|e] AL 7lEy EE FERHAMIA T
g2 & FAHe] gRxx F74oly dsksmoothing),
HAR 73l 5o o4y 7R A A Bl o
219] A ggo] 7beet Aol & & Sl wetA o
g 7HA AP & A FdE 2y UAE oln|
Ao ASH PEA 1 FEEe e o B
< A7) Hesojo & o2 AtgET)

2 B

gzl Aud A8AE YA 5AQ0 TR
APAARE BA L 98 AFE ol AEa v
Z9] F FHRMAMAE tAE our 2 AE
Al71E Bgo] dastA HAnt o] o tAE 7iv 2t
g ol £ AL 2AAY A wE oju)R|g ¢ Fo] W
Adled oy FEUAMAAL B8] ASA9] 9
25 A § ok g olm|x] Z7] 9} ghEH] o
o YA|g olu)z|o] el M E FRHAAAL
A BESA VY o8 A AZE AE4 9
aE & F Utk

weha B Ao A E COOLPIX4500 tiA g 71
2H(Nikon, Japan)E& ©| &3l 7]& BE FHEWAL
S A E oluA 2 A8 Hade] g 3&
Holg 23¥AYE 243ln D5 FHYAMAARA
A Hole Fxe] g ASH AE S 93 H4&

==
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CHAIID&A| 342 65, 20044

@el OAY e AR Bl 2AHE A% S
3} e 2ES A9

1. 7129 28 SRHAMA ZY9A 2HAY 164
mm (35mm Y& R A 794mm)oA
A4 g A& Bt

2. 2 A7} 164mmE T F-2 B2 (wide) £9A
o] &3 o Z(barrel distortion)o] FAYFIL 16.4
mmEt 71 G (tele) HFAFA ol ARG 43
(pincushion distortion)e] A3t}

3. 98 FRIAPAAL A A €22 tracing@
g olnx A" 39 HET ASH e ¥
3 FHAagke] tAE e ME L 2272x1704 pi-
xel normal (1/8) compression ©]$ith.

waba) COOLPIX4500 ©iA¥ 7hofl 2H(Nikon, Ja-
pan)& o] g3t 7]&9 & FHRUAMAAIE HA|
g ojulA| & Hesle AF 2H AT 16.4mmo Al 3
AB2272x1704 HA o|u}x] Alo]=¢} normal (1/8)
Qt&n] o] MES A stoiol gt
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- ORIGINAL ARTICLE -

Digital imaging of film-based cephalograms using a digital camera

Sung-Jin Wang", Kyung-Ho Kim?, Kwang-Chul Choy?

As computer programs for cephalometric analysis were developed in diagnosis & treatment
planning, digital imaging of film-based cephalograms came to be needed. When a digital camera is
used, a problem encountered is the image distortion produced according to the focal length, which
causes errors in indentifying landmarks. In addition. changes in the image size and compression
ratio will inevitably produce a low quality image, causing errors in identifying landmarks.

Hence. we have found the focal length producing the least image distortion when digital imaging
the film-based cephalograms and the minimal digital camera setting which helps to identify the
correct landmarks using the COOLPIX4500 digital camera (Nikon, Japan).

The results were as follows:

The image distortion was minimized at a focal length of 16.4mm (79.4mm when converted into
a 35mm fllm camera) when digital imaging the film-based cephalograms.

When wide imaging, with a focal length of under 16.4mm, barrel distortion was found and when
tele Imaging, with a focal length of over 16.4mm, pincushion distortion was found.

The minimal digital camera setting was 2272 X 1704 pixel at normal (1/8) compression from which
we can identify the correct landmarks at the same level as tracing the film-based cephalograms
manually.

As a result, when digital imaging the film-based cephalograms. using a COOLPIX4500 digital

camera (Nikon, Japan). the focal length should be 16.4mm. the pixel image size over 2272 X 1704,
and the compression ratio over normal (1/8).

Korean J Orthod 2004:34(5):448-57

% Key words: Digital camera, Film-based cephalogram, Digital imaging, Error of landmark identi-
fication ’
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