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5 DIEB)FEAE 2 7 L 7.

IS OEEGMRERIL, a3 v o — XEITIZ X o TR -

AR, PRRERBE AN L 7o —MRATEIRE & U C o XFRE) B EI{57% (physiologic-
functional radiography : pfRAD) ” L WILEDIT TH 5. BEWBREIIOWT, KFHE
HERREIE, FESTIE 1.9 mGy, BEIAICTI2 5.11 mGy &, Wb [FEERETF IR (JAEA)
OHEES Z2IREIRE ZH#E 2 0. AR CIBIE S 2 oBses b Ot Tl s 2.
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$£EHS (EHK, HPAR) oeIRRFEH G
FECW, BERMYOFWERXIRT 7y hRANVT 4 T2
£ (FPD) #HWT, A LBRERTIBTSSX
7 ) —=v 7EEGREE R LTS (Fig. 1).
DEYEGIRATE I, IEROBERE L L ToXHEMRMR
BETIELL, —KOHMRAEL L To “ ) - A3,
HRERVBE I Z 2 v ¥ o — ZEITIT X o TN L 72 A
[l X #RE) i &% (physiologic-functional radiography :
pfRAD) ” EfLEIT T WS, /ERDRZ Y —=> JH
B (—AHRRE) 12, < Bilk® 7 2 “KBjOF L~
THAREITREL, RER LRWTIER S 215 2 Fr L
BENRE LIREERRTTONATWS, LaL, Xif
AR=V YT DON—=FY T ORSGH#ESL, WG
2 NLHIBEIC X 2HEEGRA T LOXRKEL#ESL UL, —
IATHRAL N HT 72 TR W & $R 4L T & 2 FOhY i s
WREFFHST 2 2 LITRATFETIE L.
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Fig. 1 Overview of the physiologic-functional radiography

(pfRAD)
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2. EHEE - BSIREBEE

X METE G OIRGITIE, KD 2 Y AT A e AL
O# - ESH CANON# FPDY 254 (CXDI ¥
)V —X) %, 5 Mz 75 fps (frames /second) % 7z1%
10 Wiz 3fps OBIEHRIG LT FIBEICT 2 L D ICHUE L T2
VAT AL, BHEBEO<FY v 7 XY A X% 2,688 x 2,688,
TVART—=NVIT12 ¥y b TH 5. QE)HEEH Konica
Minolta # Prototype FPDY A7 A, 7V —AL— L
1315 fps T, D < b ) v 7 2% A X% 1,024 x 1,024,
TVART—=NIT1I6 LYy N TH .

EE D X AR EREEIZ B W T, BHREHIECHRE
FREROMEB X fRtAE (Em -+ 282wk i
WG EHRELL. Thbs, ZEMITHY 2R
MEY 19mGy & LT, ZHFERRFEF DB (AEA:
International Atomic Energy Agency) DHESES 2iREIR
B (B IET 5 0.4mGy, FOERE ; 1.5mGy) &I1ZIEH

ECHo Y, USRI OWTIE, YR OREE
O XMETBIGITET 2RO 2 ez e &5

ELT T2 ZIREfi0%E, ZEmE TCOREREL
#5.11mGy £ LT, 24U 1 AE ADMERE (10mGy)
FEZTVY. Lk, AR ERAHMEEEZEA
SOERBEBTEBLI:. F1:, 2TOWFREITEmLE
HSEIC X 2 RANEO o Lt T, FEIcL a4
VI74—hRavey sEET:.

3. FeREMY AR HEBE D AR

TR R DERICBWT, FOEEIE 2§ 2
TERBOTEETHS. LrLl, BHEDEHEGHKRE
WL, 12 EAEHBXEFEESG (Em, fifmb, AMrX
MR 2% &) 12X 2 TEREREHE b & ITHIHEGNT A3
ThntTwsd, 7, CTRMRI & &L 2BEHRE
IZBWT D, 3 RIITEEM 2 S 2R & 45 <8l
ZiEToTWEHDD, FNEDIFE A ERIPIRE S
LS TiTbN T3,

FPDY AT LADEAIZL D, XAREGIRE DD IL
XTI ZNVHI AT DRERIPEIR LI E VS THIHET
Fxwv., Thbt, BEGIRZICL o TEED “Bs”

#FSF L MBS 2 2 L RIS TE B, 7, =
KTEAETH 2D “TURE” %38 5 Bk & i 12 7

%L C=RoeEHili (72 & 21F Tomosynthesis) 9% Z &
LHICTE S, UTIREENGF PDE AW/ E)RE
B RN TEIZOWTHIRS 5.

ER O, FEAER Y ERVIGHET 279D X
IRENEIRGIE & £ OWREMNTIE 2 BA% L 7 (Fig. 2)* 7.
ZOHER, HEEAEREDOR ) —= v IHRECFEE
22 Mo A v 7+—LFavey o EICBEHATH 5.
FRCEFF BT 2 HMASNEOEME, BRI LERND
WIFEILZ LW E Y 2L LEEUME S IREE 2 5.
M OSERIE BRI B $ 2 e E & LTI, HFE=—2
IZEBFI vy XV 7Y AT A% MRIIC & 2 HERIAEE) O

The Right Condyle Path The Left Condyle Path
B 0? ‘;‘ 5 10 15 0 | 0 0 10 15 20

g - 7 -
E £
; 10 ; -10

15 -15

X(mm) X(mm)
(a-2)

’(3-1)

(a) The TMJ condyle moves from closed to maximally opened mouth in lateral
sequential radiographs. (b) The velocity of the condyle in axial sequential
radiographs. This graph indicates an anomaly in right-and-left TMJ symmetry. (TMJ:
temporomandibular joint), ¢ *
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Fig. 3 Relationship between glenohumeral angle (G-angle) and scapulothoracic angle (S-angle) (b-1) and
G/S ratio (b-2) with regard to the arm angle. (a) Sequential images obtained from a 17-year-old

male with thoracic outlet syndrome ¢

HEOHAIEDZDDOD, ZhEIFEHEREDOME ST
TEaA b (B, BERBHECEMHEEL E) THYERK
JIERITEES> TN ™Y,

Sakuda K, et al 1%, BRIENER) ¢ E&IFHE T 2 72
& O X RBNE R GIE & £ ORBEMEITIE B L 72 (Fig.
3) V. ERi%ZE b9 2 EEN RO BHHER) I X
WYV AL H 5., Thbt, EHEEEFRELDOA
& (Glenohumeral angle) &JEFB & MosEieh & o M
(Scapulothoracic angle) 23, E#7Z%E, Ltz LA
Eizoh b b3 M4 201 (scapulohumeral rhythm: G/S)
E—ELLD. 2D Y XREDEACIZBEH ORI D/ X —
VREEEOFHMEICERTH), ZOHEITIRETHOR
ELIRERER DT =2 v T PRNTTHETE 5.

BRI 8 BB RE & 34T 3 2 BiER 1T B % <,
SETORELUREBEL) T 4 I T 2R ME»D
5. 72& z1%, Inman VT, et al lIZ XFETV VAT L%
FlWCHrEf L7243, Field of view (FOV) 2VNSWZ &
LSHEEHTENZ LT & o TRITEEIZRA RS - 72 7.
Roberts CS, et al i¥ MRI C &5 B 72 57 & 5l 4 72 23,
B 3200002 Z &R XA M DEHW T &7 ETHRIGH I
BES>TwRWY, 7o, BEREGEIEETIEH 2
DD FOV 23/Ns Wi s, K& Mg+ i3 2
WEBRR S 2 Y. € FARHERN AW TERERD D
FHT 2 HE LS IHEShTWE 0, BEfNEEE
EREMIAT L CEHMIi T S v E WO BRI H 2 101,
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Fig. 4 (a) Dynamic radiography and joint angle analysis of wrist.
(b) Relationship between wrist angle and RL/CL angle.
(RL: radiolunate, CL: capitolunate) 7

#3185 & Kawashima H, et al 13, FRIENES) 2 E&H
IZEHE 9 2 72 & O X ARBIEHR G E & £ OWBEETIE &
BIFE L7 0. Z OMBEITIRIC X o> ¢, BB TR
(radiocarpal joint) & FARHUEIEH (midcarpal joint) @
BEZIZ—ED ) RLHH 5 Z ExFL I LT: (Fig
4) " iz, A7) —=v ZHE L L CERTHME 21T
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S T&L, MR - WRIC B 2 EHEIRBE O P 7 &
IZBWTHEHATH 3.

FRIES OEB BT OBEEM XL EHE SN TE
D,CT Wz 3 XuBMT oG RESHL 0L Lo
TWwz Y UL, #EE O XM CRE L HE
AR MEEET DL, BERELLTUIEATVWEHOD
DAV ==V THREELTITOZEFE LY. T4b
L, £330 X REERGE CEBIEIE 2 E L <,
HLAEIBEOL AL, SHIZCTRMRIZLEIZES
FEHEMETIERT 2 EVIBDROEDHNRSZITH
5. FHEHIzoWTE, FEEZEEESET, 74 VX -1
IEMHREEIC L > CTHBN T 3 XouFrsHiks (Fig
5) O ZohkEE, RELEEOREOBE & EE
LA, ZRICHEIE & BEBERRNT & RIRFI2AT 2 2 Al REME
DR L 72,

BIEARMEEIC B 2 X RBEER SR, iz E
e, FBAED, BRI L OBIEFHIc O TEATH 5
TEDEITHL R E o T WS 2B Eir it & o F|

Rz HT, 0L OEHEEREEL, vaeT 4T
¥ Ro—2 (locomotive syndrome) O FHAFEff< 1L 2~
V=Y a Y AR=VIZX 2 BAMIET E, BRAEGE
WOWMHELA 2 ) —= v 7EEMAE L LT lifFa
5. T, A
HbEEZD.

KEEFRITB T 2IMGLHRITHDERT

- -
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3-D
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(b)

Fig. 5 (a) Sequential radiographs of rotating wrist. (b) Three-
dimensional reconstruction with filtered back projection
method 2

(a)

4, BERBH (XiZiRH) 2F BT 2 WBERERD
R
— AR & L C, MEPIER X ARESIIREE TH
5. ZaE, Ot EE IR OR G b 2 IRRE T
Blox2PWMEREHBONLLLTH L. MEEd5He

U 7e XERB R CI, 72 & 2 IEIPUEE) |2 fE 5 AR
FE, BUEREs, BiAEE, OEEER ORERIIZLE
SRV IRAT LRI L 72 Y. RS 3 AE I o B X AR T T
B ETIEFEBR G HET, HIRE QR R — R K
R KWK & TOMTGRIEH ORI E NS L LT,
Z O XFRENESE b LI, WHREOZ EORE, EhH%
PEZ E2 @t L, BHGDIEmEE2 2 LnTaT.

3517, ZOMEREIRE X AR c B 1) 2 BEEOF
F%, MRRICHE D ISR O X #iE it (B RBR%R)
DEALD, BFRFTOMFHLIREBICERLTWSE Z L
ZPHALBHL I LT ZETH o722 0D, JHEND
BEER (€272 VEOKRERIIZ) 12oWT, T&2
\X Fig. 6 OFERFITIE, [FRHIZERG S 7z C T /BRI
% ECIBIZR O LN 5T o Z R ZAE (bullous
emphysema) OfLEIZ—ZHL T, XHEE G (F 2 &
O XARENES) DEEZ(LIZ KBS R o0 ®, Ex
FEGITIE, 0 X)L RIBEHLAHANZREZNZ RS
Lhols, Thbb, [LIDRMITL > TELAITA
T L2 WETNERT CIRIBE R L % L, EWLANE
FTCIE % RAE C© X AR 238 L C &<, LT X
BRI L CHL B Esd 5. 2k, FiN
JIFT DAL D12 ) OIMESLTE L % & OfiNEEY)
DEFEDS, WA TINS LT TCREL L EZ0ELTH 2.
Mz X 2 IR O HSIRIE AR EZ L (€27 v
EZEAL) 1RSI S 2 2 803, B EBR T L 22 E T o
728 NI EEIZ & 5T, 100ml 22 5 500ml & 5 B¢
B DR TR 3% T, 0 XEEEKE (7
2 VE) OB ERITT 2 &, HSEIEZ 212065 T
X Rz oAt I IEO MBI cHE L 72 (Fig. 7).

X7, BRENREDIITIZE o CREL ) A XEFEZT
W7z IREDBA> 25, FEIXOAEN EBIR L TV B Z & A
0, MRS 2 b TE 2 Z Lo &
Kotz ™. Thbb, DELHORFT~OHENRE > T
MDA, WHT 22 LITLoTET T4 X
MDD, YR OBEBRIINMEhEZ L
PELPE L o7z, ORI OIEREREIZOVWTD, B
1, FULEWER (L, B 12LoT, 0@
FEROIEREE L BHMEORIELHED TE D, ZOREIE
L ES NS,

ZBa
2 Re

5. £¢&8
—RMERE (R27 ) —=v 7HRE) OMESTT,
IR, - GRS B BN AE & 71l & 2 XARiR
BEL Yo — ZEGIEITIEICO W T L 72, RS
OO R FENACHE ST, UEE
HiRB L CHEBO A 150 EFIRRE 205 E LKL
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Fig. 6 Sequential change of X-ray translucency (representing pseudo ventilation) during respiration of
patient with bullous emphysema *
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Fig. 7 Correlation between ventilation air volume and X-ray translucency of an artificially-
ventilated pig under anesthesia. (a) Color mapping of ventilation changes, (b) Changes of
pixel value during ventilator-delivered breath 29

DHIIRES ORER, WEROBIEEBRIZL X7 ) —=> ESGRN LT TS 2 2L bt Lol £22T
ZHEGIRE TIEE S N b o 7oA I T RERS W B+ SIL, 2O XREREEGRERIZO W TIIRE - #

#s, MR LR BohsEr g o7, B BE - A HREH 2 XARmBHRE OB TS 2 L WO ERT,
12, M XRE ek EyE (functional digital radiography: physiologic-functional Radiography (pfRAD) & #5835 Z
fDR, %7:1% Dynamic chest radiography) 1%, B¥3ER L L L7z pfRAD IF, KERSLFMZEOEFIREEIC
Ik DGR ERET, BB T ARG EHME R < BB - fFEEEEDE=F —IZFLLE S, &, X
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A0y FAZXT 4 ZBIB LTV BEENIIDOWL 2l
oL E % 5T, pfRAD FEABHKET 2 FEL Lo
Tw3 (2018 4E 10 ).

FEDIRUICZT 225, 20 X RENEGIC X 52—
H (R7)—=vI7HE) OMES T, BERELD
YEILLBELHET, 5FTORZ ) —=v THREL
DH%L DBWIEREEL L5tk LZ L Th 2 (Fig
8)%. BIE D X #REk I H 512 & 2 TEREEIIIBIR D A T3,
CTOERTUIBEMEEEEET LI LIEFTERW. Ttk
z21%, MBI R TH UL, pfRAD IT X 2 BhBeKLAES
L CT T & 2 ZXTuESNEH < MRI 1T X 2 fH AR5
1B MR L CHIELZMIERE 01§25, BEBlcow
T, S i T — VT Y ARV A — R TH D
2848 X ) TIEEL AT WHNET OSSR %,
pfRAD I2&k 5> TH2 2L TE 3. 51T, ZMI Lk
Ko MFERES 2 2 LD TS MEFHREOHSRE
& LT pfRAD Z#IRNTE 2 WEEMED H 5.

F1%, pfRAD X RGIHIC B 1) 2 HHEY, ERMZHE
HERE . §%b b pfRAD 1%, Br1EE G TR
D R AR A o2 X FRIEA A B OIRBITN T 57
REPEWV. NRMIIE, @Y EREGF ey —yavy
AFMEoT, HOAR—V VY IREBA X =DV T
IZERMT 2RO TV 5.

6. HEE

AR O—EIL, SERRI AR AR ERIE, 3<
L EREASS (R - KERMICEREDR) FIFEE
BHBE R SICL o TEMS R, WRBEEOREZITHEL
Tk, (W) C & CIRBEEI O T8 % D IF £ LTe.
AIFFRONEL, SIKFBUNRET: « USRS, I
WarARLE - SR, RO RS, BRI D
EERT & PR BURR T O T 2 ORIR L TR D b LI1THE
asnE Ll 7, IALOETRELOWEEDE
¥4, BT4A (HPAE - SIRKFHEIR I, %
ERAEAAE, KEEPEA) &R THED TS IHRERTT.
RS NI TOH L ITHATHEI N LET.

7z, AWFEOUH X DI AL OWFEREZE ML,
BUTE, BT X DIREESEERR E#HE L C v 2 WHE ERRE
OB IO LT 5, WHEERKEINIREE, B
MREYE, REERBREZDERD S 2 123 A THHhW
VA U= 3

Z LT, WIROMEABRE © XARENEHRSiskas & i
TR EEREMELCHEWCANON (), B X UHIE,
ORI TR 4 L ILFRIFGEEHERE U, BRIRERKO Lz
FHRITa=sI o vE (B &Z2oEMEFHEIIGE
ACEEH T L E T,

B#RIT, RERPMOBEREM ClEd ) 325, 51
DOFFHRICBIDZHECIHT £ LI b AEERETY.

Higher precision

pfRAD

physiologic

functional
Radiography
with computer
analysis

More facilitation

Quality and quantity of diagnostic information obtained

Screening examination (General initial X-ray examination, etc.)

Diagnostic examination

T, MRI, etc.)

—p

Cost of examination (expenses, time, level of patient exposure, complexity, etc.)

Fig. 8 Cost-performance of medical examination and orientation of the pfRAD (physiologic-functional radiography) *”
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Physiologic-functional Radiography (pfRAD): dynamic imaging
for physiological and functional diagnostic information

Shigeru Sanada

Abstract

We have developed a functional digital radiography system that allows assessment of
physiological and functional information of the chest and/or joints using an X-ray flat-
panel detector. Sequential chest radiographs are obtained throughout the inspiration and
expiration cycle to analyze diaphragmatic movements during chest examination. Ventilation
and circulation are analyzed by assessing changes in pixel values in localized areas of
the lung. For limb joints, such as the wrist, shoulder, and knee, flexion and extension or
rotational movement is assessed using sequential radiographs to analyze movement angles.
These imaging techniques and quantitative analyses, referred to as physiologic-functional
radiography (pfRAD), provide physiological and functional information. The pfRAD
method is promising for screening examinations because of its simplicity and precision.
The entrance surface dose for the detector is within the limits recommended by the
International Atomic Energy Agency (approximately 1.9 and 5.11 mGy for chest and hip
examinations, respectively). Recent relevant studies are reviewed.



