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Lb RS CIRPEIRLICE#BR L T\ b, —J7, as low as reasonably achievable

(ALARA) OJFHIDO S &2, SORLEEEMNEEND EZATHD, mK
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FUATIRE—L LT, A A= 7 — | (BEHAL 31 mm X 41 mm) %
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%, DIPVETIE, AiJiIP (FrontIP;FIP) & 1277 IP (Back IP; BIP) O 2 Kz fii ]
L, FIP ® TIP % #|728 L7z EC, FIP & BIP Z HAQ CERSICEE LT, £7-,
BEFRD 1 ¥lz & % TP (conventional single IP; CSIP) 75 TCiX, 1 D IP & fR#E LS

(CHEHE L, S REE DRI,

X MR E UCHBT X iR e@E 2 L7z, REERE, BR—T472 %
—MHIFEHE 40 cm, EFEE 60 kV, FHEIR 6 mA & L, HHEFHIL DIP £ TiX 0.1
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BB AR, BEERIN 018, 02 8o IAK I, HFN 0.33mGy, 0.66
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Al 2 7R L7 SR R0 A B ZEITR O 2o 7o (P<0.05),
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TN X HONEEIE (DWNIE) 13 charged coupled device (CCD) <
complementary metal-oxide semiconductor (CMOS) Z{#f L7z i8R G Ve,
photostimulable phosphor plate (PSP) Z{# ] L 7= imaging plate (IP) 23& 5, IP
(2 & 2 X AAMRRE (P AME) 13, 1980 41T Fuji Computed Radiography (FCR)
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1. 1P

TATIH—EL LT, YCRA A=YV 77— (FEER DT-1: 31 mm X
41 mm, FHHEEERF) 2z, Z0 P O_R—ZOEMANTILFE KR (thin iron
plate; TIP) 23435 X4 CuW%, DIP (£ TId, A7 IP (frontIP; FIP) & %% J5 IP (back
IP; BIP) @ 2 # % L, FIP ® TIP Z#23 L7~ |C, FIP & BIP # Hia CIii#
FASITHEE U=, 72, Bk 1 M2 Xk 5 1P (conventional single IP; CSIP) 4T
X, 1D IP R AR L, IO AW (Fig. 1),

2. WRESRMFB XOEBEE AHNRE

i L7=#5#1 % Table 1 12779, MR X #RIRGTEEE & LT Xspot-TS (7 &
Ly NFY) BRER LT, RESME, BT 47 7 X —RiEEE40cm, FE
J£ 60kV, EEIE 6mA & L, PRETEER]IX DIP £ TIX 017, CSIPIETIX02F
E LTz, A ARREORIEIZIE, X-ray Output Meter MSM-3 (HRLHBNL K /1
B OREFZ L VIR 2V, AR22&% 7 —~ (incident air kerma; IAK) Z & L
7’*: 15)O

WEARIZIE, CNR FHEDO7Z0ODT IV =7 A AT v 7, 224 RRERTAm O 7=
DOPEMBEW T v — &, EBREEM OO0 7 2 FHE LY VAT
7 MAEHEH LT,
3. AF¥ vl

IP DA% ¥ J—& LT, Digora optime DXR-60 (ZOREDEX, PaloDEx Group)
ez, EFES A ZXE01,333 % 1,020 W38T, EiFE YA 21330 pm x 30 pm (ZE%
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72o FIP D A% UBFIZIX, FIN L2 TIP 2 FEELE L, A 217 -7, BIP
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4. DIP g DAk

DIP /£ Tl%, FIP [Eif% & BIP Hif % & Ak L C DIP Bffg & 1ERk L7z, EfRE RIS
I% C# version 2019 (Microsoft Corp.) TIERKL7=A Y Ty 7 b =7 ZHH]
L7e, /D ZIEZHEH LT, WE OB O 2S5 OB /M8 5 K9 12 HiE
DONLEZFHFE L, 2 DOBERORFEE 2 INE Y LA R E{% (DIP Hi{g) 2157,

5. FHmEH
AWFFECiX, DIP Eifg, FIP M43 KON CSIP {EIC L A X #rEifg (CSIP %)
D 3 FEFHDO X REHRIZOWT, LLTFD 3 IHH O #=1T - 72,



1) /A RX¥eE (CNR) OFHHI

WERELT, EFEX1mmM»o 2mmFTOImm ZEDTIVI =T LAAT
yTEMEH L, 2OT NV =T ARAT v TORNIARTGEEESM & LT, &
SA4em DT 7 I NTwy 7 EwRE L, BA—T 47 7 & —HEHE & RUTREE
XAt & FIREE L, DIP #& CSIP O 4 FEhi L7-, Ax ¥ 1%, Image]
version 1.53¢e (NIH) Z{#HFH L, 71 I = AE Imm & 5mm OFNFENDOFEK
(2 50 pixels X 50 pixels DR OREIZ FRE L, IREM D) (Mean) & IEHE(RZE

(standard deviation: SD) Z&HHI L7z, FHAMEZ & & (2 FIP Hif%, DIP ik L
CSIP Hif§ > CNR %3k 72, CNR OH A LU FICRT,

CNR = Meana1smm) — Meanaimm)

o SD(alsmm)~ + SD(al1mm)”
2) ZEM Rt O FHA 2

RE MR F ¥ — & (micro chart R-1W100, Huettner Roentgenteste) % i L
2o WEAERE T v— ME, EX01mm DX 7 AT T 1.0, 1.6, 2.0,
2.5, 3.2, 4.0 X05.0 line pairs/mm (LP/mm) O BEKINTND, =
DF ¥ — b ORNAEERPRBEEMS & LT, ES4em DT 7V vT 0y 7 &k
& L7, R —7 ¢ 7 7 & —HlhHE & RN IXATR & AR & L, DIP ¥4 & CSIP
O 2L LTz, A% ¥ 1%, Image] A L, IO line profile % 7
HI#%, square wave response function (SWRF) %% L7-, FIP [E[{%, DIP E{&F:
L OVCSIP Hifg D SWRF %77 7 Eic7 v v b L CEHliZ4T - 72,
3) FEIRVEE R

THETHELYUVEATZ 7 bA (E10cem, &S 4cem, FX 3 cem) Z2HE
K& U TR 21T\ (Fig.2), FIP Mif%, DIP Hiffis L O CSIP Mifg %z F81nIZ Lt
WL 7o, X BRI R E O ihT =4 — (1,920 X 1,200 pixels, FMV VL-
24WMID, & +3@) IZHm S, /A R EFESUEZ N ZE U O T 21T - 72
B, Zo28% 1 e LZEBRE=Y—EICERIN, /A4 RXBDinE%
1, Z2WH%E0 LMl L7z, 70, SEERHMETIX, mWhn 1, Knhz o &
L7z, Ziv% FIP [if% & DIP %, DIP Ef5 & CSIP [Eif§, 355U CSIP i &
FIP B8 D 3 FHIZ DWW TR L7, Z D%, FIP {4, DIP if%ds L O CSIP i
DEBOEHEEZEH L, Zh oo 3 #IidT o F CHBES L, FHERICE
E OB RM OB ENTFHEE IZE#RE L THE 26N o7, EBIHEERE
filivk, #Bk 5 FLLED 7 4 OEFHERE 2 4 ORI 2 2> A O kG
T2EFEM L, /A AR & SR 3B 2 12T - 72,
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CNR OFHiZIX, CNR O#fi# CIESME 417 SDIZEAL T, 2,500 [EisE4L (50
pixels X 50 pixels) ZEAL LT, F REEIT- 70, EBAYEEFEM CTIE,
Friedman ¥ EZ R L, EEZDH - =345 121% Bonferroni ffi IEZ V7=
Wilcoxon 5 NEN AR E Z 1T > T2 F72, FHMIE TN Cohen @ k 25K,
FEAME N FFELE L Fleiss @ k FRE0CRIM L 72, k RO EIEZ BT 5IH T
D, kR OBFBEZOHEEIIIPDOLT, MEVHEZHEH Lz, i LEicix
SPSS25 (IBM Corp.) EHEIET 7 7 A4 v &#FIH LIz, WTNOBREIZBWTH P
<005 #FEZEHD & LT,
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1. B AN
UNIFRR]2Y 0.1 B, 02 B TAK 1E, E4Z41 0.33 mGy, 0.66 mGy Toh o7
(Table 2).

2. /A RREEFEAR
TN =g AAT v TR LIz FIP |itg & BIP [E[{%, DIP il LY CSIP
W% % Fig. 3 (2779, CNR OJIERE R A Fig. 4 (2777, DIP Hifg & CSIP {53
HPﬁﬁkw@LTCNRﬂﬁﬁ_mﬁ%rbt(quﬁompﬁﬁi,am
M &g U IR E % 7R L7 SRR R A B2 TR oo 7= (P<0.05),

3. ZEfE oy R ne R e R
WERERN T v — b 28 L= FIP Mit% & BIP i, DIP @3 L Y CSIP
B % Fig. 527, 22 fEne4 £+ SWRF OfER % Fig. 6 (27”7, FIP [
%, DIP i3 L O CSIP Hifg > SWRF (338 EL L= #2757 L7223, 5 LP/mm
[ZFB T CSIP HEif% Ti% 0.15 7~ L, FIP Hif%, DIP Hifg & ik L TEfETdh -
7=

4. LA EE FEAT

TEMEE RN T X FRE VY VAT 7 v s A &R L= FIP
% & BIP Hif%, DIP #fg3 LN CSIP Eiff % Fig. 7127~ d, FEBIAVEE M ORE
% Fig. 8 1T~ T, /A RFHEICBI LC, DIP Mg (% FIP M5 & CSIP @i X v
bABICEMAZ R L. (P<0.05), SEHULRHMMIZEI L TIE, Friedman fiE T 3 %
ICHEBEZIIA LN -T2 (P<0.05),

5. FHMEOFEIH M

PN AR B (Fleiss @ k £2%4%> 1 [BIH, 2 [BIHFEGOY) X, /A XGF
i 0.44, FEPLEFEMCT—0.03 THH-7-, sMBEENEIRME GHEE 94 L0
Cohen @ k FREL D)) 1%, /A X5, SESEFEAROWTNE 032 Th o7z,
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I K BB IEIE 1980 A RSB &4, FCR & L TIAS B K LT=3Y, 2D
@é, OIETH T X LR IR E - 72 W49, 8RR L 5 0 PER, BN
HIRFICAR OGN D RERFEDR DTN, T4 77 X —IBHRH Y, BEDER
DRV, —J7, 1P HFRUC K 2 ANER, EERER DRV, L—PF—ZF% ¥
AN DTARY RN RS, BB 8l5T 5 £ TICKMAZES 5 4719, —f
2, TUENTRILT 4 VLR EL 0 BN & <, R RAIT BRI & ORI
HiAL TW5, ALARA OJFHNC XV, FEBLA[RER & T, XV EEDOEWT 4
TIHE=DNROLNTND, LL, —RIEKELZ LR IELE A XN ESL,
EENETT 5720, —FICKEZ ETF5Z LICERARH-=Z, Z22T
Workman & ¥ 1%, IP % 2 ¥rE1a7- DIP i D58 %17V, DIP ¥ Tl CNR 232
BITLHEMEL, 2, 2O IP F723 7 4V AEHHA LT, ZENIES dual
energy (2 X DB OERE BN TOINLTND 1719, LovL, HNJETO DIP i
DS DFAASL CNR <028 [ 77 i RE D AR 70 i A 1372 0,

AWFIETIE, 28D IP ZFEi/- DIP EEZEHT 52 LT, /4 XK T
CCNR % EH &, fAXICERE %2 BRS¢ 2 L &2 A7, DIP LTI i, FIP
Hf5 & BIP B0 2 OB )5 /N (LT DIP B2 5 LT, ZDOERK
Wit Tk CNR O EFNRBD S, /A AN T 252 E3nEni, ik
AT D TP TIEWRI E 2o 7o X BRSO IP TRIRE D Z & _otof,
V2L X BONETDEBRIERIZETES Lizlzd B2 b5, EEREE R
IZBWTY, DIP i I% FIP Eifg & CSIP Ei# LV & ) A AR D EHESH
oo R M AR L ORHhE N BB IR S 00, FBIRYIEFHRIZ W
T/ A XETFRBELNTZZ LiE, CNR L5 &S B iy B 2 ROk L 7= &
EEZONT,

258 oy fiR e nﬂﬁﬂf ¥, 4 LP/mm % TIX FIP Hi{%, DIP {3 KO CSIP [
%D SWRF DEIXIFIZFEME CTH - 7=, LA L, 5LP/mm (281 5 SWRF Ol
CSIP [#[{% 7% DIP ﬁﬂ%i Db ETEWMEZ R LTz, ZORK E LT, DIP £ Tl
AT IZALE T2 FIP 2> B HGEL X BB L, TR % 50 BIP IZH AT 5720

ZEMRREME T T D & X DTz, £70, BBRARICED /N " FIEODT
DIRFRZEDS, EMRORr 24T, ZEMSMREME T LB 2 bnlc, —J, W
BRI 722 ZE [ 43 R RE % O3 2 fESLRE o =RV T 12 35V T, FIP i, DIP
Wi L ONCSIP B MICABEZE T -T2, & 51T, Pl B X O
& NIRRT ITIE ) o 72 2 & 1%, SWRF CTrs L7- 2210 fRGERFIENS 3 &
EBHULTWEZ 2L TWD EFE X BT,

A [E] DIP (£ TR L7 RERFRENZ 0.1 B, A —7 ¢ 7 7 Z —[ME#ES 40 cm
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Thol-, BEEECTIIES—T 47 7 % —RIHEEEE 20 cm FENMEH ST
W5, ARIEERO DIP (LD NS EL HEERRSMCHE T 5 &, BRI
HEDW Z3RIT/RD Z LD 1/4 0 0.025 FIZFEY L, FERIZFEWERE T OHRE N
ARE L 725, EORER, KB L 5RO HEGTHEEZ BN, FFT/h
Wkt 28 Tk, REN A 712 L 2 EE OB LoHm Ry O KX 2 ERIZ /R
STWNDH72®, DIPIECTHENIHGTEX D EE 2 BN, —J7, DIP IEICfEA

L7250 1AK 1X 033 mGy TH Y, [ENO/NE TEEATH S 0 NEOZKSE L
~L (diagnostic reference level; DRL) D23 LLF Th -7 2124, $72 5, DIP
HEEFERTIL, DRL Z BB I ERAEETHLI EEZ LN, 2D LD
IZ DIP 1%, BN L0 SN BIEZEO VNI LTA Y v R RENWE
EZz 6N,

AWFFECTHWZ DIP I EORIBES E LT, 1) IPR 2K L5720, JELNH
LABFEOERNEMT 2l 6eEnH 5, L, IP BEROE X I mm LT T,
PERR IR E R D RE S 2R TE L7200, ZOREBIIRKTH D AhE
PERFENEEZBND, 2) AFZETIE, FATEICHE L T X ERIT IP ICEE
ICASFT D EHLESIT Lz, Lo, EEORKIE TIX, XBERIRIDIC
AHT D2 ENnZ, £z, 1P REL72EA D, DIPETIEHIZO IP I
AN LT T, B R/ N " RETIINR TE T, ARERICA 7 &£ L5 alhert
WD, 5k, XBERBROICAG T D ZFESEOCKEIETYH, 2O IHRED
KNV EERAET DM ERNDH D EBEZXHD, 3) DIPIETIE, R -
A X ¥ VR BIP @ TIP OFEBNMLEICR D, ZOEEOEHIL, HRERFIC
TIP X2 XBOWIHEBFS Z L THDHMN, AF v UERE, TIP N0 E 2y
T —TOFHEY N TER, 2O, REFFIZIZ TIP ZRB L, FEAE0 [l
(2 TIP 2R ET DN B o T, T OMEREITIEF MR 72D, DIP {EDRIRIS
AIZix, Zo—EOEEE2K LT 08N H 5, 4) DIP WX, FIP L
B LT, A ABME S 720y, EEERCIR ISR B 722 K o R Iz B W T, FEERIC
G2 W RE A B U 72 3R TS TIEB & v TId 72wy 22, 5%, receiver
operating characteristic (ROC) 734772 EDFIE 292 W THREEZ1T 9 LENH 5
EEZONT,
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TE A EE R BV C, DIP E{§1E FIP @if4ds X O CSIP it & bhig L,
fESUE [ ITRD DR o 72,
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X-ray

Photostimulable phosphor plate (PSP)

Base
.

Thin iron plate (TIP) — i E—

Conventional single imaging plate (CSIP)

Back imaging plate (BIP)

Dual imaging plate (DIP)

Fig. 1  Structure of the dual imaging plate (DIP), comprising a front imaging plate (FIP)
and back imaging plate (BIP)
The FIP was peeled off the thin iron plate (TIP) prior to X-ray exposure. After exposure,

the TIP was repositioned, then the image was read out.
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Dual imaging plate (DIP)

Porcine mandible embedded in acrylic resin
BIP FIP

TIP

X-ray focal spot
°

Base <

Focus—detector distance = 40 cm

IP, Imaging plate

(@)

| - | \X—ray focal spot
Porcine mandible :
embedded in acrylic

(b)

Fig.2 Block diagram (a) and overview (b) of X-ray generator, subject, and DIP
The distance between the DIP and X-ray focal spot was 40 cm. A porcine mandible was

used for the subjective evaluation of image noise and sharpness.
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FIP BIP

|
DIP CSIP

Fig.3  Aluminum step phantom used for measurement of contrast-to-noise ratio (CNR)

The FIP and BIP images were obtained using an exposure time of 0.1 s. The DIP image
was synthesized from the FIP and BIP. The image from a conventional single imaging
plate (CSIP) was obtained using an exposure time of 0.2 s. The CNR for each image
was calculated from the mean and standard deviation of the image intensity of the 1 mm

and 5 mm steps.

Contrast-to-noise ratio (CNR)
40 ®

30

CNR 20

10

FIP DIP CSIP
* P<0.05

Fig. 4 Comparison of the CNRs obtained using the DIP, FIP, and CSIP
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FIP

DIP CSIP
Fig. 5 Images of a line pair gauge obtained using the FIP, BIP, DIP, and CSIP

SWRF

0 1 2 3 4 5
Spatial frequency (line pairs/mm)

— F|P - 9=~ DIP = CSIP

Fig. 6 Assessment of spatial resolution using the square wave response function
(SWRF)

The FIP, DIP, and CSIP had a comparable SWRF except above 4.0 line pairs/mm, where
that of the CSIP was highest.
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DIP CSIP

Fig. 7 Porcine mandible images used for subjective comparison of the FIP, BIP, DIP
and CSIP

Subjective evaluation

* #*
[

Mean of the score

DIP CSIP
H Noise @ Sharpness * P 0.05

Fig. 8 Subjective evaluation of the noise and sharpness of the images
No significant difference in image sharpness was observed, but the noise in the DIP

images was significantly lower than that in the FIP and CSIP images.
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Table 1 Instrumentation and experimental parameters

X-ray generator  Xspot-TS (Asahi Roentgen Co., Kyoto, Japan)
Tube voltage 60 kV
Tube current 6 mA
Exposure time 0.1or0.2s

Focus—IP distance 40 cm

YCR DT-1 (Standard type, Cross Field Co., Tokyo, Japan),

Imaging plate
smep Single or Dual
Digora optime DXR-60 (SOREDEX, PaloDEx Group Oy,
Scanner ]
Tuusula, Finland)
) Rectangular wave chart (micro chart R-1W100, Huettner
Object

Roentgenteste, Bayern, Germany), JIS Z4916-1997

Aluminum steps (1-12 mm)

Phantom (porcine mandible embedded in acrylic resin)

Dose meter X-ray Output Meter MSM-3*

* Provided by Prof. Izumi Ogura, Tokyo Metropolitan University
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Table 2 Comparison of patient entrance dose (incident air kerma, [AK) with the

diagnostic reference level (DRL) for a pediatric mandibular incisor

Exposure Time TAK

0.2 s 0.66 mGy
0.1s 0.33 mGy
DRL 0.7* mGy

IAK; incident air kerma
DRL; Diagnostic reference level
*DRL of pediatric mandibular incisors

http://www.radher.jp/J-RIME/report/DRL2020_ Engver.pdf
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