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Abstract : Dynamic chest radiographs could be obtained in a screening examination using a dynamic flat-panel
detector. The dynamic images will provides not only conventional anatomical information but also respiratory
kinetic information easily and cost-efficiently. The purpose of this study is to develop the method of quantitative
analysis for respiratory kinetics on dynamic chest radiographs. We obtained the dynamic images of six healthy
volunteers during respiration using the dynamic flat-panel detector. Our computerized method quantified the
movement of diaphragm and lung markings, and the change of density in local area on these images. The results
suggest that this computerized method may aid radiologist for the evaluation of lung diseases in a screening
examination.
Key words: Dynamic Chest Radiograph, Respiratory Kinetics, Computer Analysis, Flat-Panel Detector,
Screening
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Fig. 1 The overall scheme of our analysis technique.
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Fig.2 Diaphragm movement. (a) Distance from the lung
apex to the diaphragm curve in the right lung of a healthy
volunteer. Diaphragm movement was used for index of
respiratory phase. (b) Range of diaphragm movement from
inspiration to expiration in six healthy volunteers. The lung
apex corresponds to 0 at the vertical axis. Range of
diaphragm'’s position are shown as bar graphs.
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Fig.3 Images with local vectors. The arrows show local vectors from the previous frame. (a) At the beginning of
inspiration from. frame# 2 to frame# 3. (b) At maximum inspiration from frame# 17 to frame#18, diaphragm doesn’t move.
(c) At expiratory phase from frame#23 to frame#24. (d) The enlargement at the small square on Fig. 3 (a).
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Fig.4 Local density in lung field. (a) Local density was
measured in the small square drawn on the image. The
numbers shown in the image correspond to the series
number in Fig.4 (b-e). Relationship between average
density and frame#(b)in the upper local lung field, (c) in the

lower local lung field. m's position are shown as bar graphs.
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Fig.5 Average difference in local density and its
standard deviation in six healthy volunteers.

h%ﬁﬁ&%ﬂ%rﬁ%ﬁﬁ%%:yel—yu
S THERIIZBH L7z, REIZL D EROBEF

MM%cmwﬁﬁ%ﬁMTé‘tﬁﬂ%tah.@

GEMIcERTHLI LARIEENT,

MBI O FRES & O BIERA S, 1B S PEA
#58.(COPD) R I R M B EDBLE A TH 5.
PR PEM B R TS O AL E L5 % B A%, TRE
2 ki Aevs, F 75, COPD TR (L #1315
b, BREEESIZESL, LML, MEEORE
BIUONMBOEF@GMICIIESHL . Tabb,
AR AT R L2 & S AR S AR R &
AMTEIEILE2TAZ Y == Y DO DG
S LT 5 LM SN D, WAB L UTR
DM ERET A LICE > T ORI %
b+ A L3 THL. LAaL, KEIZLDE
BB W 1% T AN O IR A~OBLERE L LA
ORI L TEETH L. Lrd, MEHEHM X
MEED 15 EOWBERETH Y, BEREIEY
BIEETOBIICL D, SHICHBRRELIKKT
BHILLFEALNG,

F 1o, WEERBE N2 P VBT, BETORE)
HEzom& oERMIZEABFHIATR 2. 72,
WEMIZEATLI LR o/, MMBEED
FREME R B E R A TIN5 2 LI2& o T, ¥R
%ivawmmﬁm%MWﬁaxmmbtmﬁwm
RO HBLEZ TS

I e FE 25 (L D AT C L, IR TE 7 £ A



ERL, BMRTRITHEVIERVPBONA, S
NEHRICE 2 X REBMOELERBLAbD
THab., Thbb, 6BOEEKRT YT 147 OHR
HREECIEE LIPRERZENHARERL TS
EEzOND, WREXELELTVWALEETLIRE
AEALL TV B DIE, LAY - THiMEE A
Wit r-0ThorLELZLNSL, LT TEIAES
EDLVICHHST, THEFETHEEEND /-0,
RO BHEEDRNNIEODTHILEELD
D, SCEEYIZIZAHEF PR AT O R (SRR D S 8k
BEICE DL, MBERIIMROER - iR L
DB T B ERRHRTWAY, Thbb,

RFEZL DERREICB TS air  trapping D & 5 IZIE
Rtk E LI REERTRBOBHBLUER
FMEOT AR SN/,

KiFEDOHRHEBRL LT, COPD, HHEMEMEE,
MRS, KEXRY, M, WERLEELT
Wa, F7:, IEBHEES Ve L 2o g BhE
glckh, FEHEHOBISHRTS L) L lEH
KEEEERETESLLEERZ T, FIZCOPD I
HREOICBBRLSLAL, BREICERL TS (B
W:7AU%, Ha4fi/BFK, H8f). ROEHED
PER O IZESRHEHICHED L OEREIRD
LERTWVRM, REIIHBERED L) LHETED
e LTYH, lELOEIR TR ZSHHHRME
BREmATEE L L THARETE .

LAL, WREBRERITOH B IIMEREICS
WTRRENTVELDD, KEZWDTHORAT
Ho1D, THHERENIEF Y Ahhw, L
HoT, ShETICHRLA Y Ea—YBINED
BaPRE RO % 3Bl 2 = & &, Mol gEERA &
DHBEEEHELIICT LI LN SHDOBRETHS.
4 I IEFBEGOBT O EDOTVE ., ESHHE
BOFRAEICOVTIZLLXB TV VAT ATHE
LA#EgEdRIcBESN TS, ZOHEICL
i, EFPEGETIIREXTEFELES ICHT
TE5NT, AMLEMLEEL, BELHFEND
Wi AT EETd B

MR By G RIS TH B /oo, BHRERT
OFEIZRRREYH A, T/, WHEMXREE

FIH SN A MBI, EROMME s & RE
FHED 1B ITERWD, BHEORIIZHBRA
Hb, EROLIIC, BEREDL ) LBELKRD
ZDTIEHRL, "MEH»OEIR MCBEERLYE
BI2ODRAY )~ THRE “LWINERTTH
REYDIENBETHHEERD. T1, HikHNH
DEEERIE, NEOBERERE TS L TS
aREL 2 B,

SEIIREEBOMEICSLET, BESLESBL
UHREHERRELL. LrL, FHREBELIE
BN OMEE X (TS 5 2 LD EEL RFIZOow
TRIATILENH L. |EEICHL TIEHR~—
ARBEBEOAHDOH L AIZ2WT, RELHFICH
LT XEEEEBRE FPDRAIOTH O FKMH4I22
WTORFDPBHTH 5.

5, £ & &

BEBRPED O TV S KK O 8 E IS
FPD % WA Z L2k o T, KEREH W18 DILIE A
AL s, COMBBEGEEY 2 Ea— ¥ BT
I LT, (EROBHEMETRICHHEERE FMT
SN H B, RAIZRZ ) —= 0 THEHRE
B{EZW DN Ea— @iy —ILERR%EL,
BIFLREHBL. Z0arEa— 9 BIEDRERK
MfiE % M 5 2 & &, MOIFRBEERE & D4
PAMEBEOMICTAILLISHROBRETHS. Fa
i, A7) —= 7IEBEREEERAETHIL
E, MEBEgEsHRE LTy ¥ a— 9 IRDHT
(CAD) Y A7 L5 B%TAHIL2HIEL TS,

B o=

K HFEERRBFERRGHRE DR HELLEC
(2, AENHREBICMTIBEE L T/ E
FLA. BHBLLETES.

X ™

[1] Suga K, Tsukuda T, Awaya H, et al.: Impaired

% R (% W B R



Respiratory Mechanics in Pulmonary
Emphysema. Evaluation with Dynamic Breathing
MRI. JMRI, 10, 510-520, 1999.

Miniati M, Filipppi E. Falaschi F, et al.
Radiologic Evaluation of Emphysema in Patients
with Chromic Obstructive Pulmonary Disease.
Am J Respir Crit Care Med, 151, 1359-1367,
1995.

Sakai S, Murayama S, Murakami J, et al.
Bronchogenic Carcinoma Invasion of the Chest

Evaluation with Dynamic Cine MRI During

Breathing. Journal of Computer Assisted
Tomography, 21(4), 595-600, 1997.
Murata K, Takahashi M, Mori M, et al.: Chest

Wall and Mediastinal Invasion by Lung Cancer :
Evaluation with  Multisection  Expiraotyr
Dynamic CT. Radiology, 191, 251-255, 1994.
HepFE, HHEE, $SHARIETM @ HREeEE
BEMTOMRELH L VIE X ML BiX
Fedk, 58(5), 665-669, 2002

HFIE, HHEE, SHARET M HLvR
7)== VHE X BRI L B MR
DIEEYHNT I & U MR A DR EEREMT. H
mEEEEE, 58(11), 2002, (In press)

Powell GF, Doi K,

Localization of inter-rib spaces for lung texture

Katsuragawa S. :

analysis and computer-aided diagnosis in digital
chest images. Med Phys, 15, 581-587, 1988.

Li L, Zheng Y, Kallergi M, et al.:
method for automatic identification of lung

Improved

regions on chest radiographs. Acad Radiol, 8, 629

Vol.20 No.l (2003)

(10]

(11]

[12]

[13]

[14]

15]

[16]

-638, 2001.

ARF—BB, WFHEIE, REFRE F 2RI
EEEMOFHR, THRICIEHRENN, 7-80, i
RFF4, 2001

Kano A, Doi K, MacMahon H, et al.: Digital

image subtraction of temporally sequential chest
images for detection of interval change. Med
Phys, 21, 453-461, 1994.

AKREST, #LHE, KIES, i CFET
FRERT (V5 VBHRBINET 2 ], 206-
252, 4 — L#t, 2001,

Suwatanapongced T., Solne RM, Gierada DS :
Diaphragm Position and Shape on Standard Chest
Radiographs in Patients with Normal, Obstructive,
and Restrictive Pulmonary Function. Radiology
217(P), 647, 2000.
Squire LF, Robert A.:
colloapse of the lung, In: Fundamentals of
radiology. 4th ed. Cambridge, 88-89, Harvard
University Press, 1988.

ROFEEIBIE SEHAEEMEEORSE-
TR, RFEFM, HLOBH L EHFED
ABCI, 1814 2EhiH B — @R E LR - i
SME—  MRURER 1, 9-32, MHTEE:E, 2001
HAPFIE, HEE, SHAIEST, A7) -
= > R B REE{R B W O 7o 00 D 5 (R R
Br. BEBER. 102(299), 19-23.

% BT, AR, KHEE, . : Digital
fluorography % IGH L 7= # ML H O RE S
BRI E. ERARACAT#R, 35, 259-263, 1990.

Overexpansion and





