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CONSTRUCTION OF THE IMAGE READER

Scanning airror /\/\

Laser bean

Fig 1. Schematic diagram illustrating the
scanning of image plate with a laser

vice)e XA 24 ABE gFo2 w3 v
A714Q A3 2 AZAZIY (Fig. 1 F=X). ¥ &
o]l BF Yoz AFHAY D YT o}
F A& oA [Pl &= XA Az 7} Eol 3l
A HEZ IPE Rl =EAF|HAM A A
A7) g&d [P+ B T+H o2 A8E + 3
249 e 7o FAWd] HLAFeE AT
¥ Kashima £ Blanc 5", Nessi £ 9
st} Ao gt}

@8 HZo 27/0¥ Digora® Al2®le] @
E2HQ EAS AFF =82 F, Welander &
®o] LSF(Line spreading fuction)$+ MTF (mo-
dulation transfer fuction)& &% 591 32, Borg
Grondahl”& Digora® AN 2®l3 B2 de 2=
#9 CCD 24719 tA g 44 A 2HE vz
& A3 OdE A2gE Ye 2EAT HY
AN FL 4L B F9, 7 =& AWM T
Aol HAl= @4 (burn-out)ol]l tha] g W
A gton, AL EAY FH FHAME
Digora®7} 714 £& A8 BolZQgn Ha
&4t} Grondahl® Borg® 7} 158 H-file & ©|
£3}o] Digora®e] @712 ¢ B9 Ba5e
748 A3} Digora® & k2A|2te] ¥l 2 9
-5 wx|glol =2A|12te] 4Tl Wi §)
93, Velders ¢, 2083} 259 fileol] tial A
= 959 xZA v 3%7HA EY 5 A
o sttt T3 Sanderink P& ojA9 o
T3 g A G 44 A2 v 43
A YL /M AXAR =& &4
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A7t We Aol FAojgtn gtk E
Luostarinen 5% Digora®7} 2@ wWi9
Axd FEF FHY5S =itz g3,
Wenzel 3% 47948l Digora®, RVG,
Sens-A-Ray, Visualix®] $-21%9] A5y L
vlwsle] £5% A9 AdsEE Hda
B33

FTYAE tAE G T A7e B
&3] A o], Xo} $2]Zof g PO
o X 29 Fo BT A7, A2 olR 2
224%3 wae AV g A7, A9
AR 5ol B AP So] AT, I A2¥
of g A FAA Wit PP, o
Gy, o] g Tue] g g Gagol dg A7
Ao 952 OAT 94A28E Yol
A1, AH g FAEL o] 43 AT =FL
59 7199 EUE, E-plus &L o] 48 A
g JA3 Sens-A-Ray Al2#19] 44% vlu
ATE ZAOZ Sens-A-Ray Al2de vT &
AU, 11 =& NS AT oA 5% &
z9o BE FYHE Hdva s

ojo] A WA Al 2k Ao B
o] AF&E0]-& L20]%F step wedge' "9} LA E
45709) AolE Y22 3lod, Ektaspeed plus
(E-plus) ¥ &7 Digora® Al 28lo)H w=ZA|7H
o] ¥yt 2R 2L 109, 154, 208 K-filed)
JEA o o] JEFL )X A v wEA s}
o] Digora® A|2®lo] ZHXZA0) o]&E AS
ARG filed A =E2AE A Gt

0. 6372 XM= X 2
It &4 iz

1. YA 2E 712 4 mm, A2 2 mm, F4
2 mm¢ aluminum® 6HAE WE LFUF
step wedge®t 45748 HAE AT ITA &
Tx)9 457 23/ Ag ddez dqdch

2. OAg T AL &3 A 2% Digora®
Al 2]

tAE Fl HA & A"l e



o] 6 line pairs/mm& B35 1 Y& Digora®

A 2 & (Soradex Orion Co., Finland)< o] &3}
1, Digora® A 28 9) [PZ 416 x 560 pixels, 35
x 45mm 2719 489 A& 43§ Feay
HE HYM ALSsIATh 298 P BlolA
2R 29 stch AFE = 486 DX 7%
< gt e, s Aelrt Lolst=E 8MB

& R BUEHEE 17 94 F
EUEZE, 1024 x 768 pixels, 256 M2 & Jed
F glen, = fxze &% 1GB, Tape
recorder (712 180MB)E Back-up deviceZ ©]
43194t} Digora® Al2dle] Zzad Zo 2}
T Azx 2% Z23Y (Automatic grayscale
adjustment program), edge enhancement T2
O g o] &3l AL 2HNF 1, AT &4 &
% Z2 3% (Distance and Angle measurement
program)& AR&38te] X|o} Zols} file Aol
2384 chFig. 2 FR).

3. Ak AR AR g E gAY

&L 3= EFS Ektaspeed Plus(Kodak
Co., Rochester, USA)B & #&7]7t0] A UXA
%2 A AL ALY U A 29
Z17e =2 &8st W 7kVp,
TmA, £3 37171 0.7 x 0.7 mme|y, o371
15 mmAlgl T AR &9 7] +(Heliodent
MD, Simens AG,Germany)& A&ttt &
H odvt ¥AAAR e U AHEE A7) (Perio-
mat, Durr Dental GmbH & Co., KG)oll A @4
o, d4qT FHA2 g9z B9 v g
< 1482 42 Readymaticd #(Kodak Co.,
Rachester, USA)E AH&-3t%ich.
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1. EAE Xoto] HA|Ao] &34

UAE AAZ AT 45700l HIE viAA
2lote] WPAS Ao FHOZ AT Hoj
Aot ZolE dxg wo] ZAH (Digimatic,
Mitutoyo, Japan)2 AAl® m¥golx 2oy
7HA Aol Al 3910] 2 2% AL Wy

L 23te] A Ao} AolE AU

2. 48 BE g4 2 X-A FU &9 gd 9
&l ¥4
2 AE A AudE S B3tq 24T §
7t AEHES of2d 32 7FF9 M 39 y|
£ 2 3igen, dz¥9 4§ FHsi
A3t olZd #A BE 20cm FAY A& A
£33t HA E59 FAC dg 7| E-L oy
AYA B Yng 4L £87 o3 g
A B2 FAE Y Trrt gtz oz E-
plus ELE &FH #Go AL HE &4
ZH0.25%) Agste 928 YehEAE ¢
ol gHoj o}a¥ YA EE9 FAE AAIIY
ot EAE Xol /e 2ALYHE A Fo] FE
stgon, 2ol INE AAFF XojHo] wid
BYP=F Aol Ao d2sle 1579
502 YAt 2B 8L K-filed] H3
of mwa} 10M(12), 158(2F), 208(33), 3719
TOZ BRI fileE SHd AXATIE T
HE AE ZHE Hold Lol& 7Eoz 2T
& AL E B0 - 3 mm o)A T2
2 AN Al ¢WHFAZ rubber stops
fileo] A ZATh

Ao} EE3 ¢FnF stepwedgeE FAMA 2
P8} E-plus &9 &9 23& 5Y3HA 37l
Asted g g FFol(lead foi)E B
Ad o oA de PE JHE B9,
Y38 ZEtaE W IS Az sl B3 IPY
ool YAAAHH, IP-RE Wol LF0|F ste-
pwedgeE F3o] HEE RIAAZ FHo X-A
&9 Al IP-9&3 Xo}te] A(TFD)+ 1.0
cm, IP-B &3 XA £33 A= (FFD)E 35
cml g FAIY R, dF3 e xS FHs|
A3 20 cm o}2YE ¥ £ES ALY &
e HYPRYES YN £ U2 UE &
A 717+(XCP, Rinn Corp., USA)E Al&3to] &
g slAHFig. 3 IA=X).

T A #97] F(Heliodent MD, Simens
AG, Germany)2 Z4ztel ol &} 0.01%, 0.03
Z, 0062, 0122, 025, 59A 9 =&A|teg

%
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194 w2A Ao IPE Digora® Al2de] F
olA MY, &L AT st d
olA 27 gAlcle Bl 3t P TS uf
A7 A F9] FLE Ao, A
FH 2YUEY BE of5A AT

3. Digora® Al28e| A 2@ &4 file 2ol
&3

o] dge AAAEZ X WAL AF9
491% AL Digora®Al2wlel Az} 2z
53 2o g AHEYE S B AdS A F
7] Aol A H.

IPE A FEL ¢FF stepwedged] 7l
Z2%7F B 130-240 HHolA w7l viaF
dHI=E AFH BUHANAN 233,
BolA FEL AT AR 2% T2, edge
enhancement 2P0 2 A4t F&A
B2 Xotdolu, fileo] Wit HE7L Qo] 4d
o 4o, sddA gy gz A3}
A Z3A sk #EAAEL AY 4 23
Z2 YL 23l 2B S filed] Ho)(2t
AY ABEGNN ZHRAEL filed] HEAA)
& ZAoH st en, 24 19y FYPstx
% sk ch(Fig. 4 &=).

4. E-Plus &% °] &% tekd XA ZAM]
o] 8 ZUA 8L filedo] W3}

A BE filed] AolE FH] Hal ¢
& 2z REUA HEo)9d Foe
Hol 8% A0l Digora® Al 282 FLEH
4?l0] FY g A 4= dAE vy
78 2] 9] (Digimatic, Mitutoyo, Japan)& ©]&3}¢
Z3 st

5, #AAE] A= Pt

BEAE INEE BAY Bohid, B
AE9 IAE7t Fh el AL F9
Wgolt, ol ol wet FARES ZA
o Wol7k Z74e & gk olol] WE BIHE 9
st 4] FRATE 2HE Bl UT BER
T AES Frsdt
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6. A file Aol &3

2E #go] B 9 fileZ AASA file I
A rubber stop7tA| e A& X TeAL 32U0]
gzg wyo] a3 (Digimatic, Mitutoyo,
Japan)Z2 2914, 23] £33 %2 H AsAd
o}

Ch D1 &8 & S 24

dolA AHNE dBased] Y SAS 6.4
57 packageE o] &3l FA ¥4 33t}

1. Z} 222N &4 file Aol T H
o2 2 EF WAl tig E-plus &3 Dig-
ora® Al xHle] vlm

2z} =2 A 7H) A Digora® Al 28 % E-plus ¥
g9 HF & H file oA HAl file gk
9 e HEh)ek EEHA thdt] t-test
2 f94< FAsdd.

2. =&A12ke] W37t Digora® Al 2delA 2
#x 8L file AoJol v|Z F&&

Digora® Al2®o|A &7 file Zold] g 3
T 23st ¥ BAE T3}, Digora® A2
Yolld fA AR et o2 E-plus &
ToA AFA 9] #Ydl Bo| o]&He A =
2A1719] 0.25% 9] HHF o319 Digora® Al 2AHE]
9 BT 2x17ke] B E ANOVAS Tukey's
methodE T3 £4& A3ttt

3. xZA)zte] ¥sl7l E-plus &4 23
8L file Zolol v]A F&

BARZO] S @ Alold BE oxe X
Z UAE Faol, ¥F oxe WY 4 w2
Azt BF ea5e] 025229 BT e3ts
EAHA K27}t AEA] ANOVASH Tuk-
ey’s method2 o5 4 APt

4. files] FA7F SB/AEE file AXTHol
ud g
E-plus &3 Digora® Al &€ o)A 10, 15, 20



Table 1. Comparisons of mean errors and standard deviations in measured file length Digora® with

E-plus film according to the various exposure times (mm)
0.01sec 0.03sec 0.06sec 0.12sec 0.25sec
Group . ) . - ) . . ® . - ® N X ® :
Digora® E-plus Diff. Digora® E-plus Diff. Digora~ E-plus Diff. Digora~ E-plus Diff. Digora® E-plus Diff
1 ME. 0065 -4453 S 0564 -~1.001 NS 0649 -0467 NS 081 0026 NS 0974 0171 NS
(8D.) (0.729) (1.316) (0574) (0.774) (0456) (0.536) (0.298) (0.392) (0.341) (0.383)
9 ME. 0607 -4497 g 0789 -0.311 NS 0897 -0041 NS 0866 0013 NS 1009  0.054 NS
(SD) (0.869) (2217 (0481) (0.898) (0538) (0577) (0495) (0515) (0438) (0.589)
3 ME. 0719 -3857 S 0.765 -0.151 NS 0788 -0.002 NS 0840 0021 NS 0937 0075 NS
(S.D.) (05200 (1512) (0.394) (0514) (0545) (0.569) (0.505) (0.438) 0.384) (0422)

M.E : average value of mean errors

Diff. : Significant difference level : p=0.05, S: significance NS: no significance

Statistical analysis : t-test between Digora®

H file 39 HF 2LARS vlwdto, filed] F
A7} file AF-9] QAo v J & ANOVAS}
Tukey's method2 O35 24389

5 BEAZEY] AEE H7F (Inter-observer
reliability)

E-plus B &3} Digora® Al &=leA] 4w} 3}
o] A= H7E 93 ANOVASH Tukey's
method2 HF EA4 8¢t

I o937 MA

" 1. Z} =% A7k A Digora® Al A% 3} E-plus

B9 £H file ol i} HHF 233 L B
& "t it ¥m

Digora® AlA® % E-plus B &9 24 file 2
olo] H A& w3 ZH} E-plus ET
H) gt Digora® Al2#l& 001204 5483
9 foa7t UATHP<0.05) (Table 1 FZ).
Digora® Al2de) 37 93}gto] Zzte) fileT
oA E-plus BE2Y 2gich

2. =ZAzke] ¥3l7} Digora® Al2del M
B84 file dojd] oH Hgt
Digora® Al28lo)d w=ZA7te] Wl 2%

system and E-plus film.

X 24 file Aolo] n|F FgS B, 109 file?
(1) = HaE 229 ¥ 7} 0.065 mmol A
0974 mm (2% = 0909 mm)Z “eptor
0019 B 9347} 0.12%, 02529 ¥|5le] &
oJstA H3t3, EF Hale 07292 AL ZA
e THp<0.05). 158 fileZ2@R)ANHE =&
Az W& Ho ake] M7t 0607 mmell A
1.009 mm (89 = 0402 mm )2 JEton] =
€ E3AgeM BE 2317k fejavt ¢l
AHp>0.05). 208 fileZ(BI)NME =EATT
o W& BE 239 ¥H7F 0719 mmellA
0937 mm (Y = 0218 mm)Y L, BE =54
oA Haeapzke] f-2 27 AATHP>0.05
). £ Digora® Al 2% 00129 HF Xz
E-plus 59| 025x9 HF 2337 vz
27, FAEEA 37 AA(THp>0.06)
(Table 2 &%)

3. =&A12te] W&} E-plus BEAM 23
A 84 file Aojo] v I

179 A4S+ 373 249 W97t -4453 mm
oA 0171 mm (8 = 4624 mm)Z Jelto
o, 239 ZA$e ¥ 239 WUt -4497
mmel|A 0.054 mm (¥ = 4551 mm)Z YE
3, 379 A%+ -3.857 mmolA 0.075 mm (3
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Table 2. Comparisons of mean errors in the measured file length Digora® system with E-plus film

at 0.25 seconds according to the various exposure times {(mm)
Digora® E-plus
Group Sig. Difference
0.01sec 0.03sec 0.06sec 0.12sec 0.25sec Range 0.25sec
1 ME. 0.065 0.564 0.649 0.851 0974 0.909 0.171 S D-0.01/D-0.12,0.25,
(SD) 0.729) (0574) (0.456) (0.298) (0.341) ’ (0.383) E-025/D-0.25
9 ME. 0.607 0.789 0.897 0.886 1.009 0420 0.054 NS
(SD) (0.869) (0.481) (0.538) (049) (0.438) ’ (0589)
ME. 0.719 0.765 0.788 0.840 0937 0.075
3 D) 50 03 055 056 0my 48 o S (FOHDOB

Range : difference value between maximum mean error and minimum mean error
Difference significance level : p=0.05, S: significance NS: no significance
ANOVA and Tukey’s multiple comparison method

Table 3. Comparisons of mean errors in measured file fength according to the various exposure

times in E-plus film (mm)
E-plus
Group . )
0.01sec 0.03sec 0.06sec 0.12sec 0.25sec Range Sig. Difference
1 ME. -4.453 -1.091 -0.467 0.026 0171 4624 S 0.25/0.01,0.03
2 ME. -4.497 -0.311 -0.041 0.013 0.054 4551 S 0.25/0.01
3 ME. -3.857 -0.151 -0.002 0.021 0.075 3932 S 0.25/0.01

Range : difference between maximum mean error and minimum mean error
Difference significance level : p=0.05, S: significance NS: no significance
ANOVA and Tukey’s multiple comparison method

N 2="o) A 001204 EARAA fi3te B
A THp<0.05) (Table 4 #X).

9 = 3932 mm)2 eyt

7t 2% AIZHY HE AUE &A1 025
29 vz E o 1ZAAME 001X, 00324,
273 37 0.01%00N HaF A7t AN F9
A2 BYHp<0.06) (Table 3 FZ).

5 #AAY AA H7}l (Inter-observer
reliability)
E-plus B &9 A S+ file Ao} 23 4] 449

4. file®] F7A7t SVA &4 file 48l 7|
9%

file 7o 2 BT 2319 42 H7l3
E A3 g2 =EATA file FA e H
T 2Agke HAZE ZA JvElen 109 file
Fo| E-plus B &9} 7 9= 00320, Digora®
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TEAZES] A HIE 237 00129 104
fileZ}, 003322 204 fileTolM 28 B
th(p<0.05). ©]9 ke Digora® A 2®lo)A 4
go] #FFAAY FoAE EolA EhtHp>
0.05).



Table 4. Comparisons of mean errors in measured file length according to the file numbers groups

(mm)
1 2 3
Range Sig. Difference

0l Digora® 0.065 0607 0.719 0654 s 123

: E-plus 4453 -4497 -3857 -0.640 NS
- Digora® 0564 0.789 0.765 0.225 NS

: E-plus -1.001 -0311 -0.151 -0.940 S 123
0 ocec Digora® 0649 0897 0.783 0.248 NS

: E-plus -0.465 -0.041 -0.002 -0.463 NS
O l2sec Digora® 0851 0886 0840 0046 NS

: E-plus 0036 0013 0021 0023 NS
- Digora® 0974 1.009 0935 0.074 NS

roosec E-plus 0171 0054 0075 0117 NS

Range : difference between maximum mean error and minimum mean error
Difference significance level : p=0.05, S: significance NS: no significance

ANOVA and Tukey's multiple comparison method

V. n&E 8 s

CCD ZA71E ol &stes UAE 94 Al2d
Al XA =] ofAj7F CCD #A]7jef 93}
o A7]174 2 A3 (electrical signa) & 2d H§
& Al2"lo] gl1(Sens~A Ray, VIXA/ Visu-
alix), & %3} (scintillator screen)}A CCD 7%
A71e) =&2HPE XA URAE A FAoz
A7 & Al2"E ) eH(RVG, Flash Dent
¥, @A gAluict YA R Eo g @
A& 2asid Nz MEd Y5t g
S CCD #AA71E olgdte UAE 94 A
g g dF3e FEsiA = A g
G4 A2de B PAR opgas
I QgAel Ak HFo i AF7L Bo] B
DHJAFAR 23] CCD AA7) S o] £F T
Ul dXg G4 289 d4 Aol glol =
2 5 & 2y L E 9o #xld g
23 A2ALSF e FPoz Qew
TR B 43t A7 Bol AYPHAT

1T

r H

SRABER g, oA T FHE BFa,
LubgAld AR sl & SHE R 74
719 &)d%o] &L 16-20 line pairs/ mm3!
gl gétdd, 10 line pairs/mmzZ EojAle
BB m@ 742719 A/ WERY B, F
Y 2o B FP £ 20| £o517]
a2 3% P2 A gdte dAY 94 A2
H|3te] Aol gfFojut, =FA|te] LYt
FL QNP 5ol gy oz ARAY. oo
3to], [PE o] &3t TN g I PY A7)
7F B8 Aolg HES A7 FYs,
CCD ZAZ1E ol &l tAg g4 Alx=d
Hlate  xZA|zte] W7t AFE HWo®
Velder 2% 4& w217k B%HA 29
F Aot SHth B3 3|ALSo] o &tH $Ate]
XA =2%FE diEd g9 =239 80%7t
A ZAAEAHE ol 0580l A 8l i
g4 2 90°, 180° 3 Hde] ¥4, A% ARE =
3 X233 WA edge enhancement, 3-DAY,
Aze 24, 9% &3, A9 Zt S22 0
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ToE A9 TR ofJE WAy AXFE
sAZTn

224, Digora® Al2®le] A$E Pe) ¥
WAl o3 el Fo] HA 4 gloy, F&
EANEFE FANAH Y] Ggo] Aga g}
D aydz Bt JAAd AY 5Ee
3 =EE Z, Wenzel $V3 Velder 5%,
Borg® Grondah!? €& Z& xZA|7)A gt
T8o] ZadA getta 3. o+ Digora
® Azde] A 5ol YRpubEe o 9
B} Aol 2z w8 o3t o] & Aoz
3% 4 k. £, Digora® A2ge tre
A" g4 A" vlste] didFo| ol 6
line pairs/mm(0.08 mm)AEo] &g o?
Digora® Al 2d9] Ao] T tixg A AlA
dectt dojd oz FFHA2Y, Luosta-
rinen 5% o] Ao 3t X2 Bie| o
g 258 < ¥ E7 Digora® A AES vl
A7, JEEYE= AX Yo o, gAT
§ 438 A9 FAth Wenzel 5V
Digora® A|2¥3, RVG, Sens-A-Ray, Visu-
aix 59 AHAT aFA L4 Fo dig A
Y < Yk 49, A34E $45Y dAzE
Digora® 7} A1Y $5ax, nHde] $42
o A4 F AR ¥dvta B2 ol
wtsle] Sanderink 522 X% £ CCD #A
718 o4 U dAg 4F Az2"HER
Digora® Al 28l 9] Aeksd - ¥ H7kslr) 9
3t A2 $a)atdrh. A48 23 Digora® Al
2glo] g tAg I A2y Eg Ad 59
o] gojAttm AT,

Borg$} Grondaht? E-plus &3} Sens-A-
Ray, Visualix$} Digora® & 159419 =&A17t
o] B3 A3 Digora® A|A"o] w=ZA|ZH
o] g8y9rt 24 don, 2 & g
AR 5Hol, &9 Heo] CCD Al2"lol}, HE
o ¥ste ¢5etttn Bostdch T3 Gron-
dahl®} Borg?, McDavid 5 Sanderink 5%,
Velders 52 Digora® Al 28lo] w227t
24497 Hon st £ dreMe 4 =
2 A2t A Digora® Al 2813} E-plus Y &7t
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2% file Aojo U3 A 235 vxnd A=
0.01%9) A Digora® A ~®]3} E-plus B &3k
#2938 Bo(p<0.05), Digora® Al 2®le] $2=
A Jetgth 23 tE =EAdAe
Digora® Al ~®]3} E-plus @ &7t 9= ¢
Ao} E-plus Y E] Digora® Al 28lo] )3}
o EF HaF 84 AAN ddF o2 FH file
Aozt o7t & Ao JEPGTHTable 1
#z). =& Digora® Al2d] 3¢ 5849 x
ZAZHA QoA HF ake] MYl 2715
H file?)oN A 0.420mm=, 37204 filext)9] 7
$+ ¥97 0218 mmE Jvehygteny Z filed
e B A0 FAgHEA FA7T U
Hp>0.05). ¥HH 17(10¥W filed)o A=
001%A HF xtgto] AY AA Yehd,
0.12%, 02529 F2A7F A 2H (p<0.05), o
€ =20 gl 3F U= AY A
el TtH Table 2 ). o] 2@ A7+ Digora®
Alz"e] =217 00124 109 file?d] E
T UAE 1EE) £ o), 29 file olBT} &
A8 file Zol7t #A Yehd Aoz FHE +
lch

=3, Digora® Al2"dA 2z file oA
0.01%9] HF 239 E-plus BETY 0.25%9
B LAE Huad] & o, FATHY FA}
AATHp>0.06)(Table 2 FZ). olgjd Ade
Digora® Al28le] w&A|Zto R 00128 A
g 5 gleng =37t E4¥HYI He
Borg®} Grondahl®, Grondahl®} Borg®, Mc-
David ', Sanderink 57, Velders 5% 2
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- ABSTRACT -

The effects of various exposure times in the detectability
on the tips of the endodontic files in Digora®

Jee-Young Ko, Chang-Seo Park

Department of Dental Radiology, College of Dentistry, Yonsei University

Digora® - an intraoral digital radiography system utilizing image plate (IP) - has a dynamic range of exposure
time which allows it to decrease the patient’s exposure time and to increase diagnostic ability through image
processing, transmission and storage.

The purpose of this study was to evaluate the Digora® system by assessing the effects of various exposure times
on the detectability on the tip of the endodontic file. Examining the root canals of 45 extracted sound premolars,
K-files No. 10, 15, and 20 were placed at slightly varying distances from the apex. The teeth were glued onto
resin-plaster blocks. Five exposure times varying between 0.01 seconds and 0.25 seconds were used. Four observers
were asked to measure the distance between the tip of the file and a reduction of crown portion, and obtained mean
errors (subtracting true file length from the measured file length), comparing Digora® monitors with E-plus films,
which were both obtained under the same geometrical positions.

The results were as follows :

1. Comparing E-plus film with Digora® at 0.01 seconds, the mean errors in E-plus film showed -4.453 mm, -4.497
mm, and -3.857 mm, while the mean errors in Digora® showed 0.065 mm, 0.607 mm, and 0.719 mm according to
the file groups. Therefore there was a significant difference between E-plus film and Digora®(p<0.05).

2. By comparison of mean errors according to the various exposure times in the Digom®system, the mean error at
0.01 seconds was significantly lower than that at 0.12 and 0.25 seconds in the No. 10 file group(p<0.06). And the
standard deviation was the highest at 0.01 seconds.

3. Comparing E-plus film at 0.25 seconds with the Digora®system, the mean errors showed a significant difference
between E-plus film at 0.25 seconds and the Digora®system at 0.25 seconds in No. 10 and 20 file groups(p<0.05).

4. Comparing E-plus film at 0.25 seconds with other exposure times, the mean errors showed a significant difference
between E-plus film at 0.25 seconds and E-plus film at 0.0l and 0.03 seconds in 10 file group(p<0.05). In the NO.
15 and 20 file groups, there was a significant difference between E~plus film at 0.25 seconds and E-plus film at
0.01 seconds(p<0.05).

In conclusion, Digora® was better than E-plus film in detectability on the tip of the file at the exposure time of

0.01 seconds in all file groups. And we concluded that Digora® can shorten exposure times up to 4% of 0.25 seconds
(0.01 sec), which is adequate exposure time for premolar in E-plus film using No. 15 and 20 files.
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Fig. 2. Digora® digital radiographic system
Fig. 8. Geometrically standardized experimental design.

Acrylic resin plate mounting of plater-resin block, Rinn paralleling device, and IP-film positioner.
Fig. 4. Distance and Angle measurement program in Digora® system
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