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ZH gAY WAL #og Al 28 (direct digital
radiographic system)e]& 71&9 x-4 &0
Al U charge-coupled device(CCD) A& +
Wl FAAIA 7129 X 7L x-d G717
2 %"33}“?‘1, 5‘5;\} 7J‘6‘ 74 IL'H _1_1451 Al»oﬂ g2
o] Yehte Alxdo] u}l 919894 RadioVisio-
Graphy”} =g 29| Trophy RadiologieAlol 2] 3}
HAzxz 2749 old*? 29wl Sens-A-Ray
(Regam Medical Systems AB, Sweden)®, ©] €
gle] Flashdent(Villa Sistemi Medicali srl,
Italy), Visualix(Gendex Dental Systems, Italy)
9 =9l9] Sidexis(Siemens, Germany) 5°| 7H

T AR T Tk o] A2dY FRE BD
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dge] vz AT

A9 E4AQ0 939 g5, ERAT AA
o Bhzlo] thgh ZAMAF A, GBAQ] e
A, 949 94 A% 7ty 5¢ =5 Jeon?,
TR e A AE o] HIE S} A, P12 HERG A}
Aoz Ae 44 A3 ¥ g%, CCD
AN B £ Sojri) o) HgZo
2 F 24, AEUE §923%, 2 AR, dF
E719 & W3 5ol #=-g A3 oAU/
A AT7A, P A, 44 A 50] =3
71Z oz &g dAE LEL dAE

3hale WALY AR L A g 934 i%] (film-
based digital imaging system)2 x A F&&
CCD 7digld 27| &E o] &3te] HAFE o
Halo] A e Aladloz H I S
AFH 222 AL AFHE o] & A
I 28 & A st Qoo o] §-5tuat ste
geo %7t ol 19839 Grondahl 5™
& A AR 0] £3le] A FA| &Y
< AgYste £4& B1sl91, Ruttimand
Webber(1987)P%= A9 A &G0z Z4F
ol Z¥A9l okg =4 stg om, Fujita S(1983)
2o gheglnl AL RS 94 ARL
3tdo] gt Rustgch & Hildebolt 5
(1990)¥ & TA g 3} WALAALD G4 A2
o] AF Ao &Elo]= AUE o] &7 Al
2glo] H|t] @ 7l EtE o] &3 A| A" B} S



stttz stk oM 19943 zsh 7o)
UAg g4 A 22 53l T Wi AFH
Bt B3 AFZAHE B el i1, 1992d
£3 o] vt e BEAE o] gsta] XHA
o] Zaro e #3 =TS LHIA

olg1g A g FA WA BYg] A °]
&0 BefAE UM 2HIE Hole XFA
& xo}s-A2? olzde? ot@del s
2 gxugBPso Acky Fo AFF BA
BRABo) o] o] T B BI7t YKTh

Z1zel 7 x-A &L AR wet Ul-
traspeed B &, Ektaspeed ¥ &, Ektaspeed Plus
PE So| dAdA FL4Hz Utk 19814
KodakAtol A 7idtsted AjshEl Ektaspeed B &
& Ultraspeed 280+ 234 =7 1.7 - 2.30 &
T w2y f2Er i 42 Ao ¥deA
91, 1994 KodakAtell M A2 23 74 71
% (tubular-grain emulsion)® Y& Ektaspeed
Plus 2 &o] 27E A&, o] 2&-2 Ektaspeed
HEEUE W2y, 5 2Ee ¥ A
AH(grainess)& Hole Aoz B

oldl AAE AH YA At FGA 2]
2 Ektaspeed, Ektaspeed Plus 9 &% o] &3
AP AR S Tt g GAA 28T ge] §A
AnEse 2ddA Hws By, A YA
WAL #g Al aEle] A wo]2E Bt H
a1z B A3E FYsh

I. d3is S e
1. &M=

D AR OAg SAhd E9A 2"

CCDAA g AN A(bufferbox)2  T4HE
Sens-A-Ray A 28l (Regam Medical Systems,
Sundsvall, Sweden)ol AH&EHA2H(Fig. 1),
CCD9 Z71& 17.3 mn x 26.0 nm(th & &0} A
2% d29 =7]), 385 x 576 3} (pixe) At

o] CCD+ %o} wHg-8l= RadioVisioGraphy
A 2el(ZZ 29 Trophy RadiologieAh) 2
x-Aol] A vkgdt} MM 9F 7= 41 x
22 x 8 o™, AAetAE vt A 329
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SHIE ohza fA|g ¥V & JHd s2gd
T g3ck(Fig. 2). dlolge AAE B3 AgF
F4A] (power supply)& AW, AFE ] image
grabber board®} super VGA board2 AgE¥th
(Fig. 3). 973& AFE Y A ALl A7=x,
249X ZUHE 9435 hard copyE UHE 5
et o) gAlel 43S FAld BRAES ¢l
on, 2= Z3ix W3t I g, 34
o &3 g 439 2] JhEdith

adage Sensor
] <7
£ <
%
@ Renot
————————— = cortrol
Pronote
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Figure 3. Diagram to illustrate the Sens-A-Ray

system

2) MAA ARG O g GAAI2H

WZ1EA 1 ci ZFE(Apple computer Inc.,
US.A), 13" Applecolor 184 %= RGB EUH
(Apple computer Inc., US.A.), 23]/ =2] Sony
XC-77 CCD 7}4l2 (Sony Co, Japan), Quick-
Capture frame grabber board (Data Translation
Inc, US.A)E TAE WA A& UAE
A ~d S AMEsHASH(Fig. 4). QuickCapture
frame grabber board¥ 640 x 480 skA&e] FZh
A= 256 GAl ) A =(0-9 , 255-F)F A
dstgen, 944 AUE 4T AZE o=
"Adobe Photoshop”# "NIH Image” T2 &
AHE-8t T

U g A s BE 33z g



A1717] 918} Kodak photographic step tablet no.
3¢9} Dual reference densitometer(Victoreen Co,
USA)E o] 4359 ot(Fig. 5), 7Ul x A 2§22
Kodak*+9] Ektaspeed E &3} Ektaspeed Plus¥
Eo] AHSHUT

3) 439 57 A A9

Az AAELEZH 2mEFH 10m7HA el oAl
Ao g o]FoA 420 F step wedge?l I
A 2 AbRE Rl en, #15 K-flexofile(Maillefer
Co, Swiss), XCP ¥ & 4172 (Rinn Co, USA),
70kVp, 8mA9] Oramatic dental x-ray machine
(Trophy Co, France)o] &l o] &=z, 4
H HE82 A/T 2000 plus(Air Techniques Co,
USA) A% @472 ARRIA =Yt

(Fig. 6), 9739 &3tz d2=E B8] 9
8 ¢F0|F step wedgeE TE FA7ITY =
g4l (bite-block)l] #ZA|F . XCP BE& A
7172 dE R &R Sens-A-Ray A2
CCD A4, Ektaspeed ¥ &, Ektaspeed Plus ¥
2 747 YAAAFig. ), 4% 70kVp, FA
F 8mA, 30cne] €59 coned 7 AFE x A
27102, PGP R X IEE YA
ol =ZAI7HE 0.06%, 012, 016%, 02%,
0.3%, 04%, 05%, 06X, 08%, 1022 34
7, W =&A1Zelt) 532 #dsiith. #4949
Ektaspeed ¥ &, Ektaspeed Plus 3&& A5 &
712 28°C, 5589 ZAdA ARRA s,
CCD 7Hl 88 o] &3l AR & dx|g
JAA 22 1t th Sens-A-Ray Al
Hlo] CCD M2 #dd 50709 942 ddS
Sens-A-Ray(S)#(Fig. 8, 9), Ektaspeed &2
2 #9% 50vle] 4’4S Ektaspeed(E)T(Fig.
10, 11), Ektaspeed Plus 2 E2.2 £ € 50vj <]
4 /}-& Ektaspeed Plus(EP)¥(Fig. 11)2.2 £&%
3], T2 Ml7ER] 9ol A % 7E Bl msta, Sens-
A-Ray Al2gle] AlA wo]2E Hrletith
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7t 949 F3x

ST, E¥, EPT9 RE JAdA <&FaF
step wedge®| 7} step?] S| M EE SASIHUTHE
T, EPT9] 7t stepd] S| M =8 FE S 2 W
3tA)7}7] 9980 Kodak photographic step tablet
no.3& CCD 7}vl|2}& o] &3t} Ektaspeed ¥ &,
Ektaspeed Plus B &5 {4 e} 43 24
oA FAAAZ & TA g FRA2HUE I
sttt 166419 g stepd Z3=E Dual
reference densitometer(Victoreen Co, USA)Z
ZR%t3, AFEH BYE A EE stepd 3
A2 2331 tHTable 1). & step?] E3%
o} sz o HAE 3|H A5t Fig. 123 &
e 5 ARAAFE=0999)9] THFA L Ak

o] #ANe g EF, EPFY EE 949 &
stepd] FMEE & Fsies AIAZT 2
TojA Y] =&Y Ft e B A
F3lzo WslE wmsigth Zk 2o AelE
ANOVA testZ A s

. 989 dx=
ST, ET, EPTe 2 984 vax 22
Aoz AdAY 94 dx=E AT

C = 2 (D1-D2)/(Dy+Dy) (by C. Price™, 1986)

C: AAQ G4 Z % (relative image contrast)

Di: & Z3}5 3k (density value of higher den-
sity zone)

Dy @& 3 3}x 7k (density value of lower den-
sity zone)

Zt FollA =BAIZEe] Fle] W B G4
qzxe ¥zE Blusiict. 24 #9 AolE
ANOVA test2 ZHA AT}

o #5%

Az Sr2e ALYTAY 24 & 2T
AFRIE #15 file® 339 XA} HET 2 e
NFoz HEFE Wil

1: 843A Hole 94
2 ¥wH Bn|siA Kol I



Table 1. Film density and gray value of pho-
tographic film step

film step density(X) gray level(Y)
1 001 1
2 0.21 44
3 0.38 100
4 0.55 144
5 0.68 169
6 0.85 193
7 1.01 212
8 1.18 224
9 1.30 232
10 147 238
11 164 243
12 182 247
13 194 249
14 2.10 250
15 221 252
16 243 252

y = -25.533 + 410.091x - 211.332x2 + 37.346x3

26
24 r? =0.999
22
20
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Figure 12. Regression analysis of film density and
gray value of photo graphic film step
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TS EF UL AW EAce ko
29| o g AFHAUY o2} A EFE R
& Hake A Jehdth 7 = E3AI7HEE o)
29 F& A5t =& AT ©E H3E
7Vt ANOVA test2 1 20| & AT

I. g3 it

7} 949 3

Sens~A-Ray(S)T, Ektaspeed(E)&#, Ekta-
speed Plus(EP)#2 RE FAdM 23" <45
U] step wedge?] 2 stepe] 34 T Table 2,
3, 4 9 2}, EX, EPF9 BE 4749 7} step
o AMEE PE ZIEE AN T =24
28 42ulF step wedged] T IANE 2 &
3%+ Table 59 201, Fig. 132 o] & =
2 Yyehd Aolt}, oju ST M =9} EF, EP
¢ 3% ¥ ZE McDonell# Priced] ¥
& w2}, Sens-A-Ray Al&H®le] M E &
E3lx9 10080l == #T vlmetA S
79 4FulE step wedged HF FHALE
006%, 0.1%, 0.16%, 02%; 03%, 04%, 05%,
06%, 08%, 1.0&4A 22+ 32, 42, 60, 70, 93,
118, 144, 148, 176, 1752, =& A|7to] Z7}3td
uel P A=t Frlete AS B on,
E79 ¢&ulF step wedged Bd ZI=&
006%, 0.1%, 0.16%, 02%, 03%, 04%, 05%,
06%, 0.8%, 1.0%A4 z+2} 051, 056, 059, 0.62,
07, 081, 082, 09, 0.99, 118, =& A|7to] F7}
3ol et W F3=rt S8k S BT U
A1, EPZAAME 006%, 01%, 016%, 02%,
03%, 04%, 05%, 06%, 0.8%, 1.0%dA ztz}
053, 062 0.71, 0.74, 0.78, 0.81, 1.02, 1.02, 1.16,
1128, x=ZA|7ko] Z7)5td] ulegl Mutzloz
BT E3ert FUkete AE EF ddth

Table 6& 2+ F2] € F1lF step wedge®| 3
Ae 9 E3xol 3ol ANOVA testZ Hlm
AART Eolth. 0.06%, 0.1% TolA SEL EF
o} B E3 7} @ken(p<0.0l), 0.2% o
IFME ST ETEY #HaE 320t 1%
tHp<0.01). & 0.06%, 0.1. 0.16% FoNAH ST
EPZRT} B3 E3%7t ©¥3kom(p<0.01), 0.3



Table 2. Raw data of gray value of aluminum step wedge in S group

Al thickness

exposure time (mm) 1 2 3 4 5 AVG SD
0.06s 2 71 73 77 74 77 74 3
4 35 36 37 36 38 36 1

6 22 22 24 23 24 23 1

8 15 16 17 16 17 16 1

10 12 13 13 13 13 13 0

0.1s 2 92 97 9 98 92 96 3
4 45 47 47 47 45 46 1

6 29 30 30 31 29 30 1

8 20 21 21 22 20 21 1

10 16 17 17 17 16 17 1

0.16s 2 129 135 139 138 140 136 4
4 63 66 68 68 69 67 2

6 40 42 42 43 43 42 1

8 29 30 30 30 30 30 0

10 22 24 24 24 24 24 1

0.2s 2 153 158 159 159 167 159 5
4 75 77 78 78 32 78 3

6 47 49 50 50 52 50 2

8 34 35 35 35 37 35 1

10 27 2 29 2 30 2 1

0.3s 2 202 210 211 212 209 209 4
4 101 104 105 105 105 104 2

6 64 66 67 67 66 66 1

8 45 47 43 48 47 47 1

10 37 37 33 38 33 38 1

04s 2 255 255 255 255 255 255 0
4 138 141 137 135 136 137 2

6 88 89 8 87 87 88 1

8 63 64 63 61 61 62 1

10 50 51 49 48 48 49 1

0.5s 2 255 255 255 255 255 255 0
4 186 183 189 189 189 188 1

6 121 120 122 122 122 121 1

8 36 85 &7 87 87 86 1

10 67 68 63 68 69 68 1

0.6s 2 255 255 255 255 255 255 0
4 198 193 198 197 200 197 3

6 127 124 128 128 130 127 2

8 92 88 91 92 93 91 2

10 73 69 71 72 74 72 2

0.8s 2 255 255 255 255 255 255 0
4 255 250 245 250 249 250 4

6 170 163 160 162 162 163 4

8 123 116 116 116 117 118 3

10 96 91 al 91 92 92 2

1.0s 2 255 255 255 255 255 255 0
4 242 249 249 244 248 246 3

6 158 164 163 160 162 161 2

8 116 120 119 117 119 118 2

10 93 95 9% 93 95 94 1
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Table 3. Raw data of gray value of aluminum step wedge in E group

exposure

Al thickness

hosy i 1 2 3 4 5 AVG SD
0.06s 2 160 152 177 161 165 163 9
4 133 127 157 137 141 139 11
6 119 114 146 123 129 126 12
8 112 109 141 119 123 121 13
10 109 106 140 117 120 118 13
01s 2 173 175 199 180 184 182 10
4 141 144 169 150 152 151 11
6 125 127 154 133 137 135 12
8 116 119 147 124 130 127 12
10 112 115 144 122 126 124 13
0165 2 200 190 191 190 198 194 5
4 164 154 163 157 163 160 4
6 142 133 149 139 143 141 6
8 131 123 144 130 136 133 8
10 123 119 140 125 128 127 8
02s 2 203 201 209 203 205 20 3
4 163 161 176 165 169 167 6
6 138 140 157 143 147 145 8
8 15 129 149 1312 136 134 9
10 119 122 145 126 131 129 10
03s 2 23 21 25 222 25 23 2
4 133 181 193 186 187 186 5
6 1% 154 173 157 164 161 8
8 141 1387 162 145 150 147 9
10 132 129 153 137 140 138 9
30.4s 2 233 237 242 238 235 237 3
4 198 204 218 28 206 207 7
6 168 171 194 179 176 178 10
8 151 153 180 161 159 161 11
10 139 143 168 150 148 150 11
05s 2 230 241 246 235 242 239 6
1 193 211 226 207 213 210 12
6 165 180 201 179 186 182 13
8 147 160 183 160 165 163 13
10 136 146 172 149 154 151 13
06s 2 244 25 7 243 247 245 2
4 216 218 230 219 224 21 6
6 187 183 208 193 1% 194 8
8 168 168 190 173 176 175 9
10 154 150 177 158 162 160 10
08s 2 249 249 250 248 21 29 1
4 230 21 239 21 2% 23 4
6 202 203 221 207 210 209 8
8 178 179 205 186 189 187 11
10 161 160 191 167 174 171 13
1.0s 2 251 251 250 250 21 1 1
4 237 240 245 240 242 241 3
6 213 218 232 219 2%5 221 7
8 193 193 218 199 303 201 10
10 176 175 206 181 188 185 12
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Table 4. Raw data of gray value of aluminum step wedge in EP group

Al
exposure time thickne)ss(m 1 2 3 4 5 AVG SD
m
0.06s 2 177 168 168 163 163 168 6
4 153 141 142 137 138 142 6
6 141 128 127 127 126 130 6
8 135 123 121 119 122 124 6
10 134 120 117 116 120 121 7
0.1s 2 206 201 204 203 202 203 2
4 170 166 170 166 166 168 2
6 148 140 149 144 145 145 4
8 138 129 138 132 132 134 4
10 131 123 132 126 125 127 4
0.16s 2 225 227 225 223 224 225 1
4 189 192 189 187 188 189 2
6 163 166 162 159 161 162 3
8 148 152 148 144 147 148 3
10 138 142 137 131 135 137 4
0.2s 2 232 231 231 231 229 231 1
4 196 196 196 196 194 196 1
6 169 169 168 167 165 168 2
8 153 152 154 149 148 151 3
10 143 139 143 137 136 140 3
0.3s 2 238 239 238 239 238 238 1
4 205 206 204 206 206 205 1
6 174 176 174 177 175 175 1
8 155 157 156 157 154 156 1
10 141 145 141 143 141 142 2
04s 2 241 240 238 241 242 240 2
4 211 210 205 210 213 210 3
6 182 181 178 179 183 181 2
8 163 160 158 160 163 161 2
10 147 147 145 145 146 146 1
0.5s 2 251 251 251 252 251 251 0
4 237 237 238 238 237 237 1
6 213 213 213 216 213 214 1
8 189 189 188 193 190 190 .2
10 170 170 169 174 170 171 2
0.6s 2 252 252 251 252 252 252 0
4 238 238 236 238 238 238 1
6 214 215 211 215 214 214 2
8 190 191 188 194 192 191 2
10 172 171 168 173 172 171 2
08s 2 253 253 253 253 253 253 0
4 246 246 246 245 244 245 1
6 228 227 229 226 226 227 1
8 207 206 208 206 205 206 1
10 186 187 188 186 187 187 1
1.0s 2 253 253 253 253 253 253 0
4 245 239 245 244 246 244 3
6 225 218 221 224 226 224 4
8 202 202 205 202 205 203 2
10 181 184 134 182 184 183 1
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Table 5. Average gray value and density of each

aluminum step in S,E and EP group

0.06s 01s 0165 02s 03s 04s 05s 06s 08s 10s
1 3l 4 57 i 90 119 183 149 18) 173
Sgowp| 2 B 42 5 69 B 120 148 146 1% 11
3 A 4 61 0 9 118 14 149 173 176
4 32 4 bl Y U 117 144 149 1% 174
5 A 40 61 “ 3 117 144 190 175 176
AVG B 42 60 0 9% 118 14 18 1% 1%
1| 048(127) | 0510133) | 06(152) | 050(150) | 068(167) | 075(178) | 072(174) | 086(1%4) | 0.94(204) 1.04(214)
Egroup| 2 | 046022) | 052013) | 056(144) | 059151) | 066(165) | 078(182) | 08I(18) | 086(194) | 094204) | 106(215)
3 | 06(52) | 066163) | 063(157) | 068(167) | 076(181) | 09(A0) | 096(206) | 0.9(210) 112(221) 25230
4 | 05(131) | 056(142) | 058(148) 061( 54) | 069(169) | 2081(187) | 08(186) | 088197) | 098(208) | 108(218)
5 | 05213) | 057(146) 061( 5) | 063(1%) | 072073) | 07908) | 084(1%2) | 091 101(2 2 113( )
AVG | 051033) | 0560144 | 059(151) | 06201%6) | 070171) | 081087 | 082018) | 05199 | 099(10) | L120)
1| 058(148) | 0640159) | 072073) | 075(179) | 078(183) | 082(189) | L 01(212) 102313) | 1 16(224) 1.12(221)
EP 2 | 0521%) 06(152) 07307 | 074177 | 079(18) | 081(188) | L01212) | 102(213) | 116(224) | 109219)
growp |3 | 0521%) (159) 072072) | 07078) | 078(183) | 0.79(185) 1 0H212) | 101) | L17(25) | 114(223)
4 | 05032) 061( 069(169) | 073017) | 073(184) | 0810187 | 106(216) | 104214) | 11423 | L12A221)
5 | 051134) 061( ) 07070 | 072(174) | 078(13) | 082(189) 1 01(212) 104214) | 114223) | 114(223)
AVG | 053137 | 0621%) | 071072) | 074077) | 078(183) | 081183 | 102013) | L02(213) | 116(224) | 112(221)
% o]|Z A E SEL EPFREUY #HE E3e Table 6. Comparison of average gray value
7b EXTHp<0.01). = EPTE ETZET 016X, and density of total aluminum step

02%, 0.3%, 05%, 06X,
=7F &3kt (p<0.01).

08% oM B &3

density
T1.8

gray value
180
160
140

120
1.0

100 "
80

—a&— S grouy
60 group
40 4 ~—&— E group
20 —®——EP group)

—

0.1 02 03 04 05 06 0.8 1.0

exposure time(second)

Figure 13. Line graph of gray value and
density against exposure time at
the individual group
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wedge in S.E and EP group accor-
ding to exposure time (ANOVA test)

exposure {S group vs.|S group vs.|E group vs.
time E group EP group | EP group
0.06s * *
0.1s * *
0.165 * *
0.2s * *
0.3s * * *
04s * *
05s * *
06s * *
0.8s * *
1.0s * *
* Significant at 99%
2 Jehd olth P9 B 9% WEEE
0.06%, 0.1%, 0.16%, 02%, 03_% 04%, 05%,
06%, 083, 1.0 A z+z} 141, 141, 141, 1.39,

1.39, 1.35, 1.16, 1.12, 0.94, 0.92 ) l-:%/‘] kol F
74ete) wat A 2 ert ZAastes Aol 3l
RN 2(p<0.01), ExS] HH G4 dEEE 0.06%,
0.1%, 0.16%, 02%, 0.3%, 04%, 05%, 06%, 0.8
%, 1.0x94 Zz+ 0.38, 050, 055, 0.63, 0.74,



Table 7. Raw data of relative image contrast in S.E and EP group

006s | Ols | 016s | 02s 0.3s 04s 055 | 06s | 08s | 10s |
1 | 142 141 1.42 140 | 138 1.34 107 | 111 | 091 | 093

2 | 140 140 140 140 | 140 133 | 116 | 115 | 095 [ 091

S group|—3— 142 141 141 138 | 139 | 136 | 116 | 113 | 095 | 091
4 | 140 141 141 138 | 139 | 137 116 | 112 | 095 | 093

5 | 142 141 141 1.39 138 | 137 115 [ 110 | 094 [ 091

AVG| 141 141 141 139 | 139 | 13 [ 116 | 112 | 094 | 092

1 | 044 | 053 | 063 | 070 | 079 | o084 | 083 | 094 | 105 | 100

2 | 040 [ 052 | 059 | 066 | 078 | 08 | 092 | 100 | 106 | 1.00

E groupl—> 0.31 047 | o042 | 053 | 065 | 079 | 088 | 090 | 087 | 076
4 ] 039 | 049 | 05 | 064 | 072 | 084 | 080 | 08 | 100 | 094

5 | 038 | 049 | 058 | 062 | 074 | 08 | 08 | 100 | 101 [ 091

AVG| 038 | 050 [ 055 | 063 | 074 [ 083 | 08 | 09 [ 100 | 092

1 | 037 | 063 | 076 | 079 | 089 | 092 102 | 105 | 096 | 100

2 | 042 | 064 | 075 | 08I 08 | 090 | 103 | 105 | 095 | 097

EP | 3] 044 | 065 | 076 | 078 | 08 | 08 | 104 | 105 | 095 | 097
group | 4 | 004 | 064 | 079 | 083 | 090 | 092 | 104 | 104 | 09 | 098
5 | 038 | 065 | 076 | 08 | 089 | 094 [ 103 | 105 | 095 | 097

AVG| 040 | 064 | 076 | 081 | 08. | 091 103 | 105 | 095 | 098

Table 8. Comparison of average relative image
contrast in S,E and EP group accor-
ding to exposure time (ANOVA test)

exposure |S group vs.|S group vs.!S group vs.
time E group EP group | EP group
0.06s * *
0.1s * * *
0.16s * * *
0.2s * * *
0.3s * * *
0.4s * * *
0.5s * * *
0.6s * * *
0.8s
1.0s

*:Significant at 99%

0.83, 0.86, 0.95, 1.00, 0.92% =& A|7to] F7}3td
gl g dzEr7t Frkske 7Adel Ut
(p<O0D). I EP¥e] H 34 dx=e 0063,
0.1%, 0162, 02%, 0.3%, 04%, 05%, 06%, 0.8
%, 10204 Z+z+ 040, 064, 0.76, 0.81, 0.89,
091, 1.03, 1.05, 0.95, 0.98%, =&A|Zto] &gt
o W} g4 dzxrt Srske Al AU

(p<0.01). Table 8& Zt 72| }o] & &A| 7
w2} ANOVA test® Hla HA3 Foltth 08
Z210% & A RE =FAZ FolM ST
2 E¥, EPTRET 94 tx2E7 3%2m (p<
001), 006X, 0.8%, 10X T2 A3 RE =&
A7t Fo M EP# EZ BT 94 25t &
S THp<0.01).

contrast
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Figure 14. Line graph of relative image con-
trast against exposure time at the
individual group
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Table 10. Average detectability of #15 file in
S.E and EP group

exposure time | S group | E group | EP group
0.06s 4.00 400 4.00
0.1s 4,00 400 3.20
0.16s 4.00 340 2.60
0.2s 4,00 340 2.40
0.3s 2.80 240 2.00
0.4s 2.00 240 1.40
0.5s 1.00 1.60 1.00
0.6s 1.00 1.00 1.00
0.8s 1.00 1.00 1.00
1.0s 1.20 1.00 1.00
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Table 9. Raw data of detectability of #15 file in
S.E and EP group

exposure S group | E group |EP group
time
0.06s 1 4 4 4
2 4 4 4
3 4 4 4
4 4 4 4
5 4 4 4
0.1s 1 4 4 3
2 4 4 3
3 4 4 4
4 4 4 3
5 4 4 3
0.16s 1 4 3 2
2 4 3 3
3 4 4 3
4 4 3 2
5 4 4 3
0.2s 1 4 3 2
2 4 3 2
3 4 4 2
4 4 3 3
5 4 4 3
0.3s 1 3 2 2
2 2 2 2
3 3 3 2
4 3 3 2
5 3 2 2
0.4s 1 2 2 1
2 2 2 1
3 2 3 2
4 2 3 1
5 2 2 2
0.5s 1 1 2 1
2 1 2 1
3 1 2 1
4 1 1 1
5 1 1 1
0.6s 1 1 1 1
2 1 1 1
3 1 1 1
4 1 1 1
5 1 1 1
0.8s 1 1 1 1
2 1 1 1
3 1 1 1
4 1 1 1
5 1 1 1
1.0s 1 2 1 1
2 1 1 1
3 1 1 1
4 1 1 1
5 1 1 1
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Figure 15. Line graph of standard deviation of
subtraction image made from im-
ages taken with Sens-A-Ray sys-
tem according to exposure time
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Table 11. Standard deviation of subtraction image made from images taken with Sens-A-Ray system

according to exposure time

0.06s 0.1s 0.16s 0.2s 0.3s 0.4s 0.5s 0.6s 0.8s 1.0s

1 16.66 18.29 2.88 21.84 21.20 23.96 26.14 25.13 26.50 24.90

2 17.141 18.09 18.79 20.82 21.46 24.66 22.42 25.06 25.50 24.23

3 15.41 17.47 19.91 20.50 23.29 22.95 23.61 24.49 25.05 24.57

1 18.90 18.40 20.10 2191 23.20 24.87 23.80 24.73 25.93 23.33
AVG 17.10 18.06 19.92 21.27 22.29 24.11 23.99 24.85 25.75 24.26
SD 1.16 0.42 0.86 0.71 1.11 0.87 1.56 0.30 0.62 0.68
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-ABSTRACT-

COMPARATIVE STUDY OF DIRECT DIGITAL RADIOGRAPHIC
SYSTEM WITH FILM-BASED DIGITAL IMAGING SYSTEM USING
EKTASPEED AND EKTASPEED PLUS FILM

Jung-Joo Do, Eun-Kyung Kim

Dept. of Oral and Maxillofacial Radiology, College of dentistry, DanKook Urniversity

The purpose of this investigation was to compare the direct digital radiographic system with film-based
digital imaging system using Ektaspeed and Ektaspeed Plus film with respect to image characteristics and
detectability and evaluate the sensor noise with the use of subtraction method.

Direct digital radiographic system which used was Sens-A-Ray system(Regam Medical Systems, Sundsvall,
Sweden) and film-based digital imaging system was composed of Macintosh II ¢i computer, high resolution
Sony XC-77 CCD camera and intraoral x-ray film(Kodak Ektaspeed film, Kodak Ektaspeed Plus film).

Images were taken by using CCD sensor of Sens-A-Ray system, Ektaspeed film and Ektaspeed Plus film
with variable exposure time(0.06s, 0.1s, 0.16s, 0.2s, 0.3s, 0.4s, 0.5s, 0.6s, 0.8s, 1.0s), 5 times at each exposure time.
And then ektaspeed films and ektaspeed plus films were digitized using CCD camera. Image groups were
divided into 3 groups; Sens-A-Ray group(direct digital radiographic system), Ektaspeed group and Ektaspeed
Plus group(film-based digital imaging system) They were assessed by the following three aspects ; image
density, image contrast and detectability and sensor noise of Sens-A-Ray system was also evaluated.

The results were as follow :

1. S group showed higher density than E , EP group except at the low exposure time(p<0.01).

2. S group showed higher contrast than EEP group except at the high exposure time(p<0.01).

3. All groups showed good detectability at the each proper exposure time. Lowest exposure time which shows
maximum detectability in S,EP group(0.5s) was lower than that in E group(0.6s).

4, Sensor noise of Sens-A-Ray system generally increased according to exposure time.

On the basis of the above results, it was considered that Sens—A-Ray system could show higher speed,

higher contrast than Ektaspeed, Ektaspeed Plus film except at too high and low exposure time and the same
detectability as the conventional intraoral film.
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8. Initial monitor display of Sens-A-Ray system
9.
Figure 10.
Figure 11.
Figure 16.

ARSE HY

. Sens-A-Ray system
. Bufferbox and CCD intraoral sensor of Sens-A-Ray system
. Film-based digital imaging system which was composed of Macintosh llci computer,

Sony XC-77 CCD camera and QuickCapture frame grabber board

. Dual reference densitometer and Kodak photographic step tablet no.3
. Number 15 file was inserted into the mesial root canal of the first molar of dry human

mandible
XCP film holder with CCD intraoral sensor of Sens-A-Ray system

Images obtained with CCD sensor of Sens-A-Ray system

Periapical film image obtained with Ektaspeed film

Digitized images with film-based digital imaging system

Subtracted image made between image at each exposure time 0.2(A), 0.4(B), 0.6(C)
and 0.8 seconds(D)
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