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g WAL 29+ (Digital radiography) ©]
g A B3 £ dtE x-Holvt 299}

& oh}E A3E YAE SR upto] B
UE ol 448 AdANAFT #Ye9 4F
oz x4 93 A& UAL}, F3HE € 949
O2Zg ol vl BAE AXA P, G4
£71¢] &7} uwle} Digital subtraction angiogra-
phy, Computed radiography, Radiovisiography,
film-based digital imaging system S°] 1v}.
Digital subtraction angiography: ¥35Hj#
(image intensifier) %} 17T 7lviets o]&&
Aoz ¢ 2YH3S uyAE3sl 4T
3= 27ke) AXo|n*®, Computed radiogra-
phye 338538 =¥ 3§ 44 H(imaging plate)
& EQA o] &3 xHE BYshe, YEAA
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Mg BHez HA nrteltd, Radiovisiogra-
phye AgFUEgLoz shid Aeg 7
29 xd RS A A sk g,
ZPAE T YEVE W A ARGEORT,
71&e) WHog &9 d4E EES dAYs
3= film-based digital imaging system& x4
¥E¢& CCD(charge-coupled device) 7}vleht
29 E o4t AFE dHstA F4Ag
e Alzcgo g I M AFEY dER
AL AFEE 0|88 UAY A" E
A zated gl o]&3tazt s A7}l ol
9} 01 %q3.10-13.18.23.14.27)'

1983'd Grondahl %2 AT APLE
ol&3ty tAE ITAHEFE APde £4E
B8 L, Ruttimann? Webber(1987)™=
g FAHFGoE FAHU IHAY R} &
Bat.2m, Fujita 5(1988)"W& sheelul AR S
gAg 44 HeElde 9 shdo] AdEna B
134tk & Hildebolt 5-(1990)% & tjX& x|
HRAMAARZL 4 Al2ElY BF BN &3
ol= AMUE o] &8 A2He] YL FHi e
o] $3+ A|AHIE T} $-43lthal ST ol A
= 1990 I Ao A YN TA MHE
53 NFzFe F ya Al A3} A7
ARE BF 6 Q13,1992 9} o) HY e
FLAE o] &3t XAAIK Y 3w} tlxz o
B =55 LdH3Y.



ayut olg EEL [BMEE 719 AUE
AREE o] 83t AFE | A Ao] REH
AHgEo] &438l7)d) e ofel o] wsian,
Bl A Algol golgt miZIEA] AFEE o] &%
AN2ge Ao Rud u itk oo AHze
W 71EA] [ci AFH, 2= Sony XC—77
CCD 7Mla}, Quickcapture frame grabber
boardE ©] 4% tAY FPr2HE A=y,
F239 A2V ES gAY X FF
Ao g Prlle tie AL Al ol
Husdhke welch

1. H7xiE % by
1. 7 XM=

1D gxg 34 A2H

g g4 Aol AHEE AFEE WUEA
Uci F%E(Apple computer Inc, USA)Z, 13"
Applecolor 184 = RGB EYE (Apple compu-
ter Inc, USA)E AH3ch A2 1)
%9 Sony XC-77 CCD 7}k (Sony Co, Ja-
pan) S ol 43t x4 ARG YA, o] 2H
AL PAL 640X 480 pixelse] F7t AP =} 256
9A 9 ART(0-F, 255 ) & ML= Qui-
ckeapture frame grabber board(Data Translation
Inc, USA)E o83l txgst stk 9%
A2 94§ AZE goj2 “NIH Image” ZE

T TTT T R
8-

Fig. 1. Digital imaging system
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a%e AH3AHFig 1).

2) XA ARA & 3 @4

AR Az FHtEH GFvE step wedges
A2 o), 95389 30cm cone, A ErO]
o7} 229 70kV, 8mA¢] Oramatic x-A1 24
22 (Trophy Co, France) 2 #93}4lch. B&&
3 E79 A2 E(Kodak Co, USA)E
olg&tgen, ¥ FY 9, Y A= 98}
98 AzspelEF XCP & FAZANE AH4E
ANT 2 olagd gHo g 73y (Fig. 2).
U2 0lF step wedgee 2mm FAZRE 2mmY
Z7H07A 20mm7tA 104D L2 TrEoiA|, XCP
4E SAAAY bite blocks] BEHZ| F3
ANFA &9k £%9 ¥ XA AL Dental pony
A% B4 71(Fuji Medical, Japan) 2 @338
H, @4x0L& 28C, 620l

2. 17 W

1) &2ujg FAY AzELY FAHA

70kVp, 8mA, 0.3%9] 22U 08 4FH|F step
wedgedt 3HA stet ol A2 AL 8yf
93l AEdAA7e st d48 XA
ML CCD itz ot tA" 94 MEH
e sy RUE 49 FddAM e
step® 7o) AXEE ZA3, FFUFE F
st AZEZ ARBAE B7] 98 A4 37
B4 & A3y

Fig. 2. Mandible with film holder for standardization



2) A Wael A4 FAg g TAE

93 HrtE oA WA AF o 4
#3A '

A3 WAE A Ao et FARY A

20 ARE B ARA(scout film)o2 #F3t

At 2 F 42| round bur® AZITH 15

el ¥MAE 4G 449 BAE LT
muict AAE 29 TS 0.1mg7HA ST F
90 direct reading balance NL-200TP(Shima-

dzu Co, Japan) 2 BAdA EAsk1, AZHA

A€ vl sYzdoe Fait 471

& UAYg G4 AN2der HAEAH & AR
9 ARS tXg3} dted, NIH Image Z271
AL o] L3}l ZA(subtraction) 34 TH Fig. 3,4,
5). TAE ARoA g 2 o g
29 Wi AFE Tk

AR el WA A3 (relative lesion volume)

=c3ztd WA (polygon area)XHie 1
F9) Azx7ke] A} ol(average gray level
difference between lesion and its sur-

round)
(Ruttimann 3, 1987)

Z Ho] Yrlkd AuFe AF7 A4 FF
&+ AA A B ‘
3) FA Y} A

w3 WSt B
=39 Juadel vxe 9%

Table 1. Gray level value of Aluminum step wedge

70kVp, 8mA9] =L FYHAl 3L, =54
7HS 0062ANA 102714 109AE HA $7t
A H &F19)F step wedgeS FHAA FYL YA,
5Y Zxg x2d g8 g8t YA
gAsle, oxgsl 3 F 77 ¢FeiFE stepd
AZEE 2R3QT. =222 ¢E0)F F

Aot AZEgE AA A BAslo] vlastg.
m. o7 45

1) ¢20)5 FHL AxTZie] A3 T

gulel A2g ARKE YAEs st ZUH
g gdA BT 4FulFE stepd A4
AZE9 FHghe Table 13 29tth EF w9l
FAF FAQASFE AZEY o] Hx FUt
g5 AL B £ Jon(Fig 6), ¢Fvwy F
At AzxEe g A A BN 47 o
2ol 099(p<0.00DE & 4% IAE BT
(Fig. 7).

Hao

2) Ay X Friet Cix|E B &0l
olal) el MoHEQl HAME zte| Ay

ZHA|
Ag WA AA FA 9 OAg TRz o3
B7tE A WA A HE Table 29 2kt
olg A ¥ FAg A7 kel 0.98(p<0.
001 E IA =& 4% BAE RAKFig 8).

ao 2 3 4 5 6 7 8 Avg | sD.
thickness :
2mm 11 11 9 10 11 11 27 14 13 5.83
4mm 32 29 20 22 27 25 38 25 27 5.75
6mm 63 61 43 45 54 50 61 46 53 8.03
8mm 101 95 71 73 82 74 90 69 82 12.12
10mm 123 126 91 97 105 98 114 85 105 1490
12mm 146 147 109 117 123 118 133 95 124 17.90
14mm 161 162 129 128 135 133 147 104 137 19.10
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Fig. 6. Graph of relation between Aluminum thickness
and gray level

Gray level
14

12

y =11.04x -11, 1* = .99

et + +
10 12 14 16mm
Al. thickness

2 4 6 8

Fig. 7. Regreséion analysis of gray level to Aluminum
thickness

rel. lesion vol. -
700 + y=7.07x+61.19,r2=.98
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Fig. 8. Regression analysis of estimated relative lesion
volume to measured weight
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Table 2. Estimated relative lesion volume of each ex-

perimental lesion

Measured weight(mg) | Relative lesion volume
4 61
7 113

10 136
15 173
22 238
25 240
29 270
32 296
43 383
47 393
48 406
59 438
61 458
72 558
76 644

3) =EARLS et URolg FAY A=
E2ke) Ao olxlE I
2ZAI7HE 0,064 1.027HA] 10G9A 2 3
A S7HAA 29§ AHRE dAE s sty ZUE
4ol JAA 2T LFUF stepd 279
AZE< Table 37 2stth ¥ @AY HE
)TN AFu|FAGRS TE] olElE F e
ZAgA A XA E Aol 4] w
g i ARE grol Ha Zasien, 243
Aol AAE(bED) 7t Fashe o] YU
(p<0.01), 0.2% wlgre] FH wE AN A
Aoz e AGASF(HDE Bt



Table 3. Gray level value of Aluminum step wedge, according o exposure time

Atlaxpotsilrlrrlg 0.06s 0.1s 0.16s 0.2s 0.3s 04s 0.5s 0.6s 0.8s 1.0s
thickness
2mm 82 45 28 20 11 9 8
4mm 137 9 67 50 29 19 15 10 10 9
6mm 175 143 107 86 61 42 A 22 20 12
8mm 199 169 143 120 95 73 59 45 40 19
10mm 207 190 161 143 126 99 87 68 62 30
12mm 176 163 147 122 113 90 86 45
14mm 187 175 162 140 135 112 106 60
16mm 154 153 131 123 79
18mm 140 132 95
20mm 103
gray level| 160 | 120 | 124 | 108 90 82 76 7 72 50
r 0.92 0.96 0.95 0.98 0.99 0.99 0.98 0.99 0.99 0.98
p 0.0096 | 0.0032 | 0.0002 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 { 0.0001 | 0.0001
312 36 26.8 26.7 26.9 225 199 20 189 14.3

g3l 94 Az, 94 dxFgol vl dAE
AXA PP, olF 4 HEVY TR wet
Digital subtraction angiography, Computed ra-
diography, Radiovisiography, film-based digital
imaging system 52.2 ¥/ +=4d”, Digital sub-
traction angiography®} Computed radiography <
a7te] gu) 2 ARl B2 A Fo] 3t Radiovi-
siography= Xd7uddL&o2 /Ndd Eds
e, YEHA S7HA 9} CCD(charge-coupled
device) 2 7A€ Tl HAE ol&3he= ALz,
Y FA BUE AolA d4E E 7 U ¥
FA2Eolt), ST} HEEANA 71 T

R} do] oAy, #Ae] kmE Aok A
Ao Yoz goz I FRETt Bold A
o2 7lEa Qepssw J)Ee] Aoz HY,
#4¥ 45 JALE s film-based digital
imaging system< xd ¥§S CCD7M=ht &
WA E o] &3t AFE o PHste] A el st
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Ax"o g HZd AL HFE L2 A
g AFEE o8 U IS A
Zate] gAadoll o] &dtaat e B A=7H Y
o grjronsnam oju QA2 CCD7
=g 2y, Elol= 2 Fo| ol&H e,
Hildebolt & 949 AMITE HAre &
A7t $Ssidkn Rustgo 18y 2909
73$- CCD7Hv 2hol) B3] TR & G B.o] o] Fol,
OA e GArel Ao} B &) AQ M T3
QA AAztez HYHA| gol B3 A
A3e ojg]gol mat) B3] B dToA A1g-g
NIHON A 70ate 271389 “Image”= X34
9] &etol= AU E AHEE F §lAl Ho Yo
B AFgMe 48 B2 2F =Y Sony XC-
77 CCD 7HElE A3tk dAE FAA&
dHoj AL&5E QS HFEHE tiF-E IBM &
1o RuFoy B AFois v
Abgo] fold UiZIEA AFHZ YAG 44



A|28l-& A=}e

4 AFgele qesAs) sled, 1 F
2% F7(contrast enhancement), &7t F1}
4 %7 (spatial frequency enhancement), &7
(subtraction) 5-°) 7} ®o] &5 upyzeo
olth. 53] FAg @AsA= 19839 Grondahl
TPol XIPPARA ARzl A" A wWe
B oy B A=t loith gA" A
We BAFLE FAA shs T "EY o
Zx9 B 5 "E 294 FY 9%, ¢
e ZYsiol ke A, £ 94 AHA F
429 FHEA I F TEY x=E BA
32 WYL Ruttimann 5] 7% robust di-
gital 3 Ohkis® ol AT F G2 A
ZEBAZRE FojW FFE o &3t WHlo]
Aok FF3tE Juz #2Fste EAE 7IAA
o2 XA 29 FA &1, EE ARANA
#ggo e Add 4 Ut 2 o] WELS
ARFAQ QAN A7 oY LT
£ BATAA T AR 7HEE Do) Sk Jeff-
coatT®o] 19870 FRH FAE AHESE
o] 7lEe] AHIEE Algste WRET §
Falcka Bastgel. ® Jeffcoats(1984) 03
van der Stelt5(1989)* & Bl EZ3He WAFIAL
A-g FA s Wil B B vt Qo 2y
ol EF3} FAT A Aol & AR Hot
otk B Ao Me FAE Sl 2Ert frabe
gs5& Mgt Adstgen, qFEs EAe
Az TS Mg opady e 14
st TUFHE FFe7] wEel B AL
ik 190 AN HE FH Aol 2
ol B FFE U A Hedw, B AFedMe
gA 2] LT “NIH Image” W F3%
(transparency) 7)5& ©] &3t SHe FAA
c}.

ol 3 YA Y FA WA #de9] I
&0l walAE A ZHELE Hole (34
Aol-¢- 250 AEZHED odHe FHzP 2
AA g F o] At} Fo] Ak EAuswo] o)
ol ¥ B2 Ryl Yok ABEM #F

T
.
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olwj 9AZY step wedgeE 7 FFatA A
249 & 49 Hrlx 7hestelet g AR Rut-
timanns’’e] Hio @2 25709 Ay Wi
AA) BA9 Horg T o) A A BY
A7 o] 093008 U2 il ¥ AtoMe
0.98% 1% & 2ato] Usith 1 YRle 2 Rut-
timann§2 A= Wi AA FAE =
A, B A AR F9) 3l FAE &
Aale} 1 olE HATAZ Yoy 94 10
mgthe] & g9 Haeg 19 2e FHWYY
Ao FAZE A gy AEEHAY
wZ2AZEe) Fbe] WE Wsle B AN
E& A7l Sl wet Ha AxE ghol Bt
Hastg o, A8 A e HAE(bE) 7 A
e AFo] ANL(p<0.01), 02X ke &L
EEAZA AReE e AAAR(AE
Bk A AAE(bI)E G4 o
2z} BASE vl =FA7bo] 713 uat
xErt ZAAashe Ao g vEhdth o] 19924
¢t o)?e AFATe} YRA)EkA e, 2SS
ABHLL(60, 65, 70kVp) oA ZAFAIZ o] Z7}+eE
of wet 2E7 F7FEAL, FAH80, 90
kVp)oll e 2ARAIZbe] Z7tgel ula) ol zxr)
ZAE AT Baskg o] REd) daMe &
o &9 Aol "asittn AzEn = 2 o
TolA 02% vlgte] #& EAZblA A A
o2 32 AAAF(DE Eged, gAg &
B FHFY shid =S AT PEA) A3
=&A7te ZFAo] oty Algdch

AAHoR BES o B A7olN ARG o
A G4 Nxdo) ATlwe At U
Al

Fdel Azxxitel £ FABAE BHex, 4
Fne dA FAS OAegdssA Hrhd
2 AR FAME & FAAAE B,
THEES AT et FF
E & Aoz i

V.2F A ZE
WEA] e AFH, La)d=9 Sony XC 77

CCD Zbel, Quickcapture frame grabber
board® o8 T GHA2HE Ao,



70kVp, 8mA, 0.3%9 #9
step wedgeS 7 €9 i’l
& dAEYgYE A %
9 AA T EP‘]%}
#BAE B, Azl 1579
st 9 BEFgE X ]:Lq’%ua
A= g4s} siA 5 FdE WA AR A4
AR ZEze] FBAAS HYth T kA
ZHE 006294 102712 W3S Fo] #3)A
FAIZES WS 470 FA 9 AlRE
BEAA v X 9T Frisd, e 2

A7E Ik

dFuEe FAY URggte Azxee
48 FAE 2RH.(£=0.99, p<0.001)
A 2o HA A gREFAslaA
e duE Wi AFHe 5 A9 WS
BHoh(*=098, p<0.001)

3. =FAt Wyt 4R ulREY FAY Az
T2 AR ulxe FFL =EA)7ho)
S7/HETE GFuFe TG Axmte FHA
AN AAErt Fashe f‘%H° 9-“1(1)
<001). & =& A7l A e F 0.
A4S BYrt

=
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TAYE wFo] Ho} wiZlEA] Ilci
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—ABSTRACT—

EXPERIMENTAL STUDY ON QUANTITATIVE EVALUATION OF
FILM-BASED DIGITAL IMAGING SYSTEM

Heang-Hee Cho, Eun-Kyung Kim

Dept of Oral and Maxillofacial Radiology, College of Dentistry, Dankook University

A digital imaging system using Machintosh Il ci computer, high resolution Sony XC-77 CCD camera, Quickcapture
Frame Grabber Board was evaluated for quantitative analysis of standardized periapical film with aluminum step
wedge.

The results were as follows :

1. Correlation between Al thickness and gray level was high-positively associated(r?=0.99, p<<0.001).

2. Correlation between measured weight of experimental lesion and estimated relative lesion volume by digital subt-
racted radiography was also high-positively associated (r?=0.98, p<<0.001).

3. As exposure time was increased, mean gray level was decreased(p<{0.01) and slope of regression line between

Al thickness and gray level was also decreased(p<(0.01). And when the exposure time was shorter than 0.2 second,

the value of r* was relatively low.
On the basis of the above results, it is considered that this digital imaging system using a Macintosh Il ci computer

& a high resolution CCD monochrome camera will be useful in evaluating digitized image from standardized periapical

film quantitatively.
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Fig.
Fig.
Fig.
Fig.
Fig.
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EXPANATION FIGURES

Ditgital imaging system

Mandible with film holder for standardization
Periapical radiograph before lesion formation
Periapical radiograph after lesion formation
Substracted image
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