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A Stucy on the Visual System of the Digital Periapical Images

Eun-Suk Choi, Kwang-Joon Koh.

Department of Oral and Maxillofacial Radiology, School of Dentistry, and Institute
of Oral Bio Science, Chonbuk National University

Objectives: The purpose of this study was to evaluate the optimal distance and angle of
observers by modulation transfer functions(MTFs) and receiver operating characteristics(ROCs).
Material and Methods: Digital periapical radiograms were taken from 43 patients who have
dental diseases(19 patients : dental caries, 12 patients : periapical lesions, 12 patients :
periodontal diseases). Segmental images(4x4cm) were evaluated by 4 MTFs and ROC analysis.
Results: The optimal distance{magnification) using MTF by Mannos & Sakrison was 12.97, and
those by Nill, Ngan and Rao were 8.39, 4.78, 5.84 respectively. The optimal distance obtained
from 4 radiologists by ROC analysis was 32em(Az value : 0.89), and it was 40em(Az value : 0.78)
from 4 non-radiologists. There were significant differences of Az values between 4 radiologists and
4 non-radiologists at 24, 32 and 40cm (P {(0.05). No significant differences of optimal distances
were observed using 4 MTFs among +20, +10, 0, -10, -20 degrees(P > 0.05). The optimal angle
obtained from 4 radiologists by ROC analysis was +20 degree(Az value : 0.91), and no significant
differences of Az values were observed among +20, +10, 0, -10 and -20 degrees(P) 0.05). The
optimal angle obtained from 4 non-radiologists by ROC analysis was 0 degree(Az value : 0.81),
and no significant differences of Az values were observed among +20, +10, 0, -10 and -20
degrees(P > 0.05). And there was significant difference of Az value between 4 radiologists and 4
non-radiologists at +20 degree(P {0.05), but no significant differences of Az values were observed

among +10, 0, -10 and -20 degrees(P)0.05).(J Korean Oral Maxillofac Radiol 1999:29:
259-272)

Key words : digital periapical image, visual system

I.M 8 VisioGraphy (RVG) /Sens—A—Ray, Visualix/
VIXA, Flash Dent %°| 3lo™, 4%
) AeARIE FooA TiAY WA (imaging plate)2 ©]-8-8h= Digoraol ATt

gl B e Aok ololaz gomfy T Ol UXE FYS AR gl 3 ¢
HI AN E 2] 71 28] Oxg GAF A) 1 Picture Archiving and Cfmr_numcatlon
~elo] AM-3LE] 3L ¢ E}/’Z}%ﬁ&]l 9% Uiz System(PACS)o] EAA SR F&3e 7 gle
g o4 A2de KL 7HA S Charge o1 World Wide Web(WWW)QIE1 Ul £3}a]
Coupled Device (CCD)E ol&3H= Radio @ 987 8= A, 224 oAl

Y+Y 0 19989 128 219 Y 1 19994 189 4
261



WAL JAL ol % 71&9] ojdZ2 T W9
A AR W msle] e Bl g wet
A #EA7E OAE AR 93 #3339 24
A QAT F UEE G4 29 /Ae] B.3)
ot AZrEc/A e AR g E AE
TS AAN] % e ¥y, J2d P
o] 71513k A2, e A4 52 AldE 7]
£3 3’/"3’2}-‘4 A AN 7159 94H
Hol &4 W¥o] gleE 3l 7159 dAHE
g a2 JaZdold 4 Yojor F¥ EA &
Y ol daZgold g4 A7 dAlolA
T 989 Az, 4, 45, A, 98 v==
59 goon H FLINT AL 5 A

OAd gAe] ekt g/dxE7H] dat
o] HZH(interpolation), ¥3# ¥ (image
segmentation), Noise Equivalent Quanta
(NEQ), Signal to Noise Ratio(SNR), Line
Spread Function(LSF), Modulation Transfer
Function(MTF) & ©]-83 377t o] f0iA]
L\ 2

T AR EE IFHEE Q7Y A
o 2JsiA HrEER A2 A1z Al2" (human
visual system)& 22igt 973o] 87=HAR, 1
A3} Q17ke} 912) (perception)oll that 7ido] 4
el ==t

A7t} A7 EE IS B FHF HAE
o w} 5P Ashe 72 /3 A
on, dtE o olF e I3t Fukro
T3 FEolAE Axr) 9ojXin olee &
AL z2Z =g (contrast sensitivity
function)2 VeRd & glom, dxedre
°F 3.0-4.5 cycles/degree(cpd) oA Higts
e $3Y 539H (band-pass filter)
EAS e Aoz A Y.

Mannos$} Sakrison® g4l AA 255
Discrete Fourier #(DFT)3ld 42 #SHA
e A Az Al 2"le] MTFE F3ta, iz
Ax3re] Hdigle] 10] HEE F3sI <l
b A1ZF A|28le] MTFE Bd3gsidtt 1 %

=

262

NillP& 9473 A<l HrlolA 1zt Al Al 2=l
MTFE cosined &g ol 448 4 == 3
£ 5E At £ Ngans'”2 Nillo
ARt g MTFO Fild I 75X ES
Discrete Cosine Transform(DCT) WHEATE
o 71EAZ o 2N TEE T JAFAAS 43
o ¥t 2 ¥ Raot DCT H38}o) A3
A1zt Al 28le] MTFE 233 9489 A28 A
S 98l B AEEA 3 I
< ARk B,

AT G dutdoz FUg gt
719] Ao}, AZEF, w4 59 Al /N 9449
doz FAF glovg AFu JYo] L
AE7} T3 gitt, XolE ¥ 34 ¢
Fo2A U7t A9 A3, AZFLE Ao}
FEHTh ot o 58 A fFoz A FHH
Wr17F <k Baddty, wiaRE-e 93
ol FA FAET?, mlebA A ZHLA G
3| o] M3 A Ale] I dgeom FE
g ¢ onz XZA 9 Ag st
7] YA = ol Bt 497 A Az
A28l g 323 Y717t o} FolA of it

Furkart5¥-& Q191802 Y& AFHA
£ oz 3t AoA, bAg e e
AR PIAIRIT D Has1g.28, Versteeg
e gAg 94 2719 Fae AdF R
< PR Y. Svan&sEYL
Digorag ©]83 U™ Ao} Fe Ake
of T3t AolA Fuld Fido] SuEx] g
GAEC o U Ade] AEPE HoFrn
3HTH Méystade'9 A7 o] B2 i
Aol e BUE| Q] 270 mE Z1ts9] Afo]
= 83, 3L BUEdeMe] Jdse] vl A
Aol vl3) E3ttha shlen, ofe 2 F7|
o] HAPAAR BE AE g Zo)0g Aol
At =3 M4 ystad5"e A" 29
A gellMe] ZhAH Kokl HA] o
o] e FEARPA G3E vl o g
T o] gule Adte] S FaAZITa




BslgE, o Ad A2glejxe] A g
E AAEeiol & Bt vt 31}, Fischer
S} Brauer®& 943 £ Aol AZE WA
A G a4 g 7HAE + At
At

gt de| H7H =R FRA B7piY
9l Receiver Operating Characteristic(ROC)
A Hrke A3, AZ4E Hrp FolA 7t
A 03 Hrh whgoga] AE SoxE H
78 ¢ g Bk ofel Fde] FRFS A
2 g F Qe o,

2 A3 AR 9 dxd Ak 9% 2
9] 7MAE A% GAAZTA A ofn] At
Mannos®} Sakrison, Nill, Ngan 28] Rao9]
47179 AoM 42 MTFE 583}, Azt
ANzt 54 F 952419 #F AR 2 4=E YA
g 4ol AEAIF 2N FF YAE X2
AP g9 BE=A] A9 21 AAIEELL o
g g43lmA) e 2 530 3l

I. o3 Rz Sl

1o A

ARem APPLd) WEF B4 F Ao}
$4%0] 9k VA 1993 A2WPAT} e
87 129, AFA%0| g B2t 1299 tAY
WA A e e st

2.1 AR ARR &9

ALY AR #ede wA St 60kVp, T0kVp,
#AF TmA, 3937 1.5mmAlY Heliodent
MD HHAHA @A) (Siemens, Germany) &
0] 23T}, Digora® A28l (Soredex Medical
Systems, Inc., Conroe, Tex)& 3xdem® F4
222 4165560 ko] viE S e e 2
7], 8k 27] 70x70um, S 6 line pairs/an
(Ip/mm), GAAG Y 234KBE o} &-3h= ¥

Amos I ¥, 10wz IAFHE FolAF
g BAE], JATE 7)1 3HR e )
& o siwol JAMUS WA} Digora A
£ scanners ©] Y& #A, FIMAAA YA€
gao= WMElY] 150MHz, ¥ 32MB, 294
Al Windows 9514 Digora® Al2%] 84¢] s}
U2 AT

211949 84 2 A%

Digora®iA 4d& 9442 BMPHY ¥4
2 A% & Adoberte] Photoshop 4.0 221
A ol galel Al Gl NokeAZ, AT
&, W40} e WA 722 o, 99
o YAg 94 F BAGE 128X 128 pixels
(4x4cm)8) AN o= BEsd AR
o,

2.1.2 33

98] #FL 9A FAR £ 980 ¢
Ehbe BUEZAY AE WA #dE
Az, oluf) FAR}e] AXM} AL FF o] H
A 3t Tee BUEle] $AZHS H3iAT)
AA #ZEF,

#F Agle TF 939 Z(4em)9 48
(16cm), 64 (24cm), 84 (32cm), 104 (40cm),
1281 (48cm)e] Aglela &8It #EAA =
g} #EA S B A GRS Bout
#EY £ U=EFE Bolo] A& 16, 24, 32,
40, 48cm Zo}9] umpAAE o] &3l HAFY
o},

TUEe] FHzHg W3lAF17] Adsted 74t
ZARE Ao dide #AALE AF
o FollA G2 A Azl 84l AloliA 22t
+20%, +10%, 0%, —10%, —205=% 3)d
("+'¢A2H : RUEE Aol shes #F
& 3%, ' FRZ L BUEE shiellA] e
2 FAT 49 9% FEA

2E #3 94 ACDsee 2.22 T2 1382
olg3tad 17912 HAM U E ol FA3Y

263



I JEL 2F o= Agiglen e 2
¥ 33 T PaPSE St
Zzke] g/gel sl 5TAIR Brtekd 7
E3lglon ol9] 7|2 U3 2t
1 : B4vt $43] lo.
1At e R 2
L Bt
1A e A 2o
s avt g4 gl

Ov W N

2.2 FH H2lOl bt

Mannos$} Sakrison, Nill, Ngan, Rao 54
Aol o3 d& 4719 MTF (Fig. 1. %)
o djg dAr Y3l, Windows 95 Al28<]
Visual C** #8730l A|Zt A 22333 o
£l T G HA Azl § 27 A
o & HA AR AEIAT

2.2.1 MTFE |83 A Agle 4=
Mannos® Sakrison, Nill, Ngan, Rao 52
Agd) og] A 47l MTFFAS 44 4
(1), 42, 43), A= 21, & Fig. 1.
# 2L A% 5EA434E BUY. Fig. 1.9
MTEFE 4 x 3¢) CCIR 601 23&9] 712 Zo]

]. .O h '71*

sensitivity
<o
(9]
]

Mannos
- ——=Nill
—=--— Ngan

22 64 BoiA Al BFEARS o At
o] wrle 33t Foee] A=E BT Aol

H(f)=2.6(0.092+0.1140{-(0.11401.1)  4(1)
H(f)=(0.2+0.45f)(-0.18f) 4(2)
H(f) =(0.31+0.69)(-0.290 4(3)
H(f)=2.46(0.1+0.250(-0.250) A(4)

4714, I3t T AR 47 F3
AZ%(contrast)2] W32 FFe] Hull Hant
B 357t M/29) A%, Fu 3 FIHFE £
= M/2/a = M/2a(cycles/degree) ©]t}. ZE3F
#2 Axe 23909 712 Zol9] guf oA
AdA #FIPE a = 2%xtan (0.5/d)
(degree) ©It}.

2.2.2 £A 7} ¥igle] 2 HA Az A&

Q7ke] Bt Fuldol| tid BEe FHAI 0]
ot} & FUT I FuFE: J/do] FA
9 Aoy Axre AR Fe oA
R\t 7kt Alelehd A ofehd 45% W
gro 2 Fio] 3A5IHE W 6(cycle/degree)°ll
A °F -3dB, 1(cycle/degree)°lA <F -1dB 74
k= EAJo] o] HaH: 3ot

T, B AT o] 3 dAte] sAz

spatial frequency(cpd)

Fig. 1. Modulation transfer function of visual system

264



o g BEe MTF 292 78 5 glz o
A" GAL AAANHE BF 715K <l Fo]
sl BAA mEd, RUEAd Uehd o
A3} Alzke] 2] Zke] Aloldl] WE WEE o4
3] H3 AL AEIHT A4 98T A
Zte] 42)zke] ol Fig. 2.9 2 Ax 2’ &
oJu|gt} Fig. 2904 Zt= a' = cos a & 24}
Aog 7] W&o Fig. 1.9 T F3¢ 01
2 &)L £, = M/24 2 BAsl JF 4
T3t

2.3 SN0 I}

4] PR ALAE T} 45
ulAgel7} 4], 64l gull, 10w, 12u] A2l A
5TAle] #AGS AT EE Qo] A
A $ALE +20%, +10%, 0%, -10%, -20%
2 WgAT)a 24 BFEARZRE o] ghg o83

vertical plane of monitor

Fig. 2. Vertical angulation of visual system

o] ROC #49] trapezoidal ruleS 343} Az
e T #EAAT BE AR Fole
t-testE, BRI Zol& ANOVA testZ %
7V8ltt. =3 Wilcoxon testE ©]-43l4] ol&
< vl ke

A4

0. o7 A5

1. MTFE 0I88t Z& Hel

Mannos® Sakrison, Nill, Ngan 232
Rao®] Agd] 93] doizl 4719 MTFF4]+
o} 8% eI (4 x4em)2] HA Az (di4x4
cm)E Mannos® Sakrison®] MTF4E o] -4
g At Xok-4F 13.794), AT A
12.034, x15-213 13.00u) %524, Nille] MTF
45 o] &3t A=/t Z42F 8.90H], 7.80MH,
847993, Ngan®] MTF44-& ©]43 A2

vertical plane of observer

Table I . Optimal Distance Obtained from 4 Modulation Transfer Functions

Dental caries

Periapical disease

Periodontal disease

MITE Magnification(N=19) Magnification(N=12) Magnification(N=12) Mean £5.D.
Mannos 13.7941.30 12.03+0.88 13.09+0.88 12.97+1.02
Nill 8.90+0.79 7.80£0.56 8.47+0.55 8.39+£0.63
Ngan 5.05+042 4.46+0.30 4 82+0.28 478+0.33
Rao 6.18+0.53 5.44+0.38 5.8910.37 5.84+0.43

Mean * S.D.(X4cm)
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Table II. ROC Analysis of Optimal Distance by Radiologists and Non—radiologists

Magnification Nonradiologist(N=4) Radiologist(N=4)
(Distance) Az value Az value
4(16cm) 0.70£0.07 0.78+0.08
6(24cm) 0.73£0.4 0.84+0.05*
8(32cm) 0.77+£0.04 0.89+0.03*
10(40cm) 0.78+0.06 0.88+0.02*
12(48cm) 0.78+0.07 0.87+0.03
Mean+S.D.
* 1 P0.05 (by t-test)
Non-radiologist 1 Non-radiologist 2
1.0 T T T T T T 1.0 1
r—
Az value i
> B Az value > Mean : 081
S Mean : 0.70 ] > )
% 5 . T O 1
00 o 00 L]
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Fig. 4. ROC analysis for optimal distance in 4 non-radiologists
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Table . Optimal Distance Obtained from 4 MTFs according to Vertical Angle

Angle Modulation Transfer Function
(degree) Mannos Nill Ngan Rao
+20 13.13+1.26 8.50+0.79 4.84+0.41 5.91+0.53
+10 13.10+1.28 8.48+0.80 4.82+0.42 5.89+0.53
0 12.97+1.02 8.39+0.63 4.78+0.33 5.84+0.43
-10 13.10+1.28 8.48+0.80 4.82+0.42 5.89+£0.53
-20 13.13+1.26 8.50%0.79 4.84+0.41 5.91+0.53
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Fig. 5. ROC analysis for optimal angle in 4 radiologists
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Table IV. ROC Analysis of Optimal Angle by Radiologists and Non-radiologists

Angle Non-radiologist(N=4) Radiologist(N=4)
(degree) Az value Az value

+20 0.80+0.06 0.91+0.04"
+10 0.79x0.07 0.88+£0.06

0 0.81+0.05 0.89+0.05
-10 0.79+0.07 0.89+0.04
-20 0.79+0.06 0.87+0.04

Mean+S.D.

*: P<0.05 (by t-test)
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- Mean : 0.74 . Mean : 089 J
Z L 4 roy ]
2 =
g 5 t 1 g 5 :
" 1 "
O'O i L 1 i [ 1 d OO 1 1 i 1 1 1 1 [ 1
0.0 5 1.0 0.0 ) 1.0
1-Specificity 1-Specificity
10 . 'Nﬂ-r?ﬂ)lois . 1.0 Non-radiologist . f
4 Az value } ] >
d . - - Az value
Mean : 079 | Mean : 076
Z - oy .
S 2
2 5 ] g 5 ]
c | 5 B
A &
i ]
OO 1 1 L [ T 0.0 ¢ ) L L L
0.0 5 1.0 0.0 5 1.0
1-Specificity 1-Specificity

Fig. 6. ROC analysis for optimal angle in 4 non-radiologists
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