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Intermittent photofluorography and its application to roentgenological studies
on the respiratory changes of the lung.
2nd Report.
Roentgenological studies on the respiratory changes
of the lung of the normal adults.

By

Chosei Watanabe
Department of Radiology, Faculty of Medicine, Tohoku University,
(Director: Prof. Y. Koga)

The respiratory changes of the lung of the normal adults were studied by the in-
termittent photofluorograms taken with a newly constructed apparatus

Results are as follows.

1) Respiratory changes of the thorax could be measured minutely, therefore, the
extent of the respiratory changes of the thorax was seized.

2) The respiratory changes of the heart and the hilum shadows was measured and
discussed. The change of the transverse diameter, considered to show the pulsation of
the heart, was also measured at the resting respiratory phase, and it was found that
the amplitude of the pulsation was greatest in the resting respiratory phase.

3) By the observation of respiratory changes of the lung vessels, the narrowing of
the diameter of these vessele were noted at the maximum expiratory phase.

Diameters of the visible finest lung markings in our ‘photo'gramzs, taken at the
maximurn inspiratory phase, were in the range of 2 to 3 mm. |

4) Diameterchange of the lung wvessels by the pulsation of the heart in connection
with the respiratory phases were not touched.

5) In normal adults, the respiratory changes of the density of the lung field were
measured. At the right lung, results were as follows: The respiratory changes
of the density of the lower lung iield were more evident than that of the other fields,
and consequently the isodensity curves related to the respiratory phases showed a
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divergent inclination from the upper lung field to the lower.
6) Visibility of the details of the lung in the photofluorograms was much influenced
by the base density of the lung field, and less by the respiratory phases.
7) Roentgenographic changes of coughing act and Valsalva-Miiller’s test were observed
8) Usefulness of the intermittent photofluorography was confirmed by these

results.
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Fig. 1. Roentgenogram of the grids for mea-
surement.
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Fig. 2. Resting respiration.

Table 1: Changes of the thorax by Respiration

) [ .
Thorax amphitude (cm) | Diaphragm Lung area
amplitude rate)
upper middle lower (em) (re
Resting respiration 0 0 0 1.5 1
A N insp. 1.5
Maximum respiration 1.0 3.0 3.0 5.0 —————
exp. 1/1.5
Resting respiration 0 0 0 [ 1.2 1
B " . [ insp. 1, 2
Maximum respiration 0.5 2.0 2.5 4.0
exp. 1/1, 2
Resting respiration 0 0 0 1.5 1
g - . - i i 1.
= Maximum respiration 1.0 2.5 3.0 4.0 insp- 1.4
exp. 1/1. 4
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Fig. 3. Maximum inspiration
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Fig. 5. Inspiration.
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Fig. 6. Coughing.
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Fig. 7. Transverse dismeter of the heart and
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Table 2: Respiratory and pulsatory changes of the heart. (transvers diameter)

A B ©
Ampli- | rate § Ampli- | rate e Ampli- | rate |
| Mr+MI | 4 ge (%) | MrMl | tude (o) | MrtMl | e (%)
min. 43472 47470 5313
Max. - 3 3 : 6 4 £ 4 3
nSp. | max. 4875 4974 55475
| min. 52479 53480 574178
Rest. - 5 4 i 8 | ey 5
Resp. max. 53483 56485 60482
Max. min. 57487 604-90 64486
Lot . 3 2 5 3 | ——— 6 4
D gliUmax) 5890 62493 65--91

MI<15) T, Ho Ml OZ(b Mr kb 3 —
VZIERRTH D 7.

FERACHPTERDZERY S o bh, —IRCRAELE
LB X BN DR /ANRICIREEIE B X b
L R MERC i T3 B B R g u B
FEAITH Y, ZDZEEE)D IRFFIFRIFAC I D BEE
TH D7,

(i) ZBIFRALHE & OB OZE(L ¢

SRR D DO B IR L T S, R
VAREAZEZ B 07 B BRI D TR &
I I N JB R & Y, T OREREHER
CERD LNz, RSN RS O O£
ELTBiEEh, HEOEHAMERZED b
B, ZEOZEE Mr iz B2t Ml oFREL
a2

(i) ARERALAH & IS « FHIPERER 0
FERNOZELAOL D LEZ LN BERIITE D b
Nhore. BIBERGERE R LT YA %
ZDRE, VR EEZ BN ABRER O - TESR) &
B L 7P R X 3D b o7, {HL
VERR, VERTFROBEVIE FERME AT 0 fiF8
LR TR LPNIRTTRE, LAERED 5

N7203, X DRG] CEICHR_EO S 10nnfE

BEThot:.

c) E

XARSEANC OIEEN 2 L 5 X 32 L2 X 200
D JEREN TN BERED g Rk 21T hh Tk
7. RET T 7400, B OREIEY L RN
DN EEEE 22BN L 2 DR B, BT
& O TOEEEE M, EEO X{RE 0 iR
RO DEEB O NI 3 134 v, &R
BR TuOB & O SRS HUH ¢ TR R L

DY ThH BN, WEER) E OBEICR Tis 23
Tz,

Bl SEERAS & b 4SRRI A TR O3
BOELEEZ LN ZUBEOBIERTED BN, B
RO THe R 2 L QRIS hzt,
O REN T b EFIFRREIC H B Z E 2B L
72bDERZR BN, OB ORI E L

T Mrdbhd MIcky A BgEE 20, A

HIBERALEEFRTOWCHE L, EENVEZEDL
BERL, TOECHIBIOREEZ bi:,

VBB — AR ATAE D FISRT X o THIRITES

L, % OREFEOHED LFFRAECRH L T
PE2 5 BRI LBbaoT.

XBER TR 5 MM 0 g A0S &
IBhSIREF I OEREEZ TH 2 L &, BTk
WSERLSPRELTURZLEILNDN, i

MEZOY O, HFREZELZO W TOHEETL 6.

nawv, HLKRE, SEZEOFRITHE S EBNC
DT ORI T TIoH b HfThh:.), 3
& LTHEEXEBINCG Lo TS, & 13 Wein-
gertner?) RSB BSREAT TREL, MESURRC [
FAT B L ERANCE D, (HLFDREEZ]10n
DECRZZL3FFTH B EBL TE DD, =3P
TERENEDDEIGFR B 1, FDFETHEED
fEEBEAD | FAHED & L THRAS 5. SnnfEsl4mn i
a2 4S, SEORERME E BN = L g
EOM-IGEENC k> ThEAR b B LKL CE
%. WPI% AR R ST ) & 3 E— R
R, ASERR TV SN AT D [T % Bl &

TNERERSR, ECEIC Lo THka 5 ~10md_E
TERBFHE N, EEEHEECEENCEIE T 25

s




N

FRFIST4E 6 H25H

CEDN, GEENC X2 TR RAL TED T
FOEBRBDDLNZDHRTH 2R, TR
Y BRI RED A GBI OB IR 1T A 72
PDEEZ BN

4 BB O REEL

a) LR LYE

EREL oM OB B LT, L
A, RO L il 28 AWE O
kAN RN DU TE OIEIREZE(L I D\ TS
0%t

BN FLOBEENT B 720 W, A THEEE
B4 AMER HigE AR R R T B L B
0T, MEREOIERMEZL Bk ZEKRIH
MICRESMF (FRTD 22 A TEFRMHCD
WTIEE L, BKE—-BECEFRIIOWTEI LAY
72, XERROFECHAMESEFEREER 0. tnn)ic
£ o T SRR OV THRRET L 72
IE AR O M O E BRI D IR EE T
5LBbh3NT, BEARACOWTIBEZ A
bt

R E L € OEEEE GO e L
T35, [HEGTEEREO EAMHET B/ L
7o, FTOEET 4 M AEHEOGINIEETEH BDT
ENEAE 12 6 6% (BRI B Y2) W BERIRE L
T XA & BRFMIEE 245 L7z (U ZEIEK
FAEEIREZ 6 CLENERAFETIIEZ b2 CEDE > &
bl 7= _

b) g

BIERATFA D R R (R U 2 RIEAMBETD

i M AT b MmAFE L Bbh 5 2 Ol i
FAERS X bR 20T CHEERCER D bz s, EEE

243
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Fi. 8. Shows the measuved lung vessels.

i“'lnw. Omsp - Rest. Rasp - Mo, Txp -

Table 3: Diameter of the visible peripheval lung markings at the each vespirafory phases.
A 1 B c |

Direkt Radiogram max. insp. 1.2~1.5 (mm) 1.8~2.0 (um) 1.5~%4.0 Cum)

max. insp. 2.0~2.5 2.0~3.0 2.0~2.5
Normal ; ;
Photofluorogram rest. resp. 2.0~2.5 3.0 3.5~4.0

max. exp. 2.5~3.0 3.5~4.0 3.5~4.0
Direkt 2 times max. insp. 2.0~2.5 1.8~2.0 2.0
enlargement rest. resp. 2.0~2.5 2.0~3.0 3. 5~4.0
e e max. exp. 9.u~2 5 3.0~3.0 3.5~4.0
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Table 4: Diameter changes of the lung vessels by respiration.

A B ’ ©
lung vessels @ (mm) @ (mm) | ® (mm) @ (mm) ® (m) ® (mm)
max. inspiration 13.2 8.0 4.0 e P 10.5
rest. respiration 14.0 8.5 5.8 6.0 7.8 11.5
max. expiration 14.6 9.0 5.8 8.0 9.0 12.8
Table 5: Relationship of the Iung vessels diameter to the

pulsation at the erch respiratory phases,

Max. Inspiration Resting Respiration Max. Expiration
Transverce Dissactes max. (m)| min. (pn)| max. (up)| min. (pn)| max. (um)| min. (om)
of the heart 123 120 136 131 148 144
‘ ® 9.3(a)|  9.5(m)| 10.0Cmx)|  9.6(mw)|  11.4Caw)  11.4(mm)
lung vessels F
‘ ® 18.2 18.0 19.8 20. 0 22,5 22.1
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Table 6: Changes by Valsalva-Miiller’s test.

Transverse Hilum Shadow Diameter
diameter — T changes of the
of the heart Situation | Largeness lung markings
Valsalva’s test 6 m ] Com)
(!:on.lpa}'ed w1.th) shortend constant reduced 13~8 —11~7
max. 1msp.
A Miiller’s test slightl
(n:ompored wiith) constant sgen d}; d constant constant
‘max. exp. 2 ’
Valsalva's test .
(wcompoped W‘lth) shortend constant reduced f~4-—+5~4
max. imsp. i
B Miiller’s test
(wcompared w‘ith) constant constant constant constant
- max. exp.
Valsalva's test 4
compared w‘ith) constant reduced 10~6-—+8~5
. ( et s shortend
Miiller’s test elightl
(wcompared w‘ith) constant asgénd}; d constant constant
max. exp.
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Fig. 11. Densograph of the right lung field

A B

Denaily Oualtj
2L pid 12 =l
1o oi=lo Lo il
T —=lol o (B e s =
96 e X3 “\‘\\.
o4 5 o4
a2 a2

——— g g ———
De.lli"y uﬂu_n.m__l;?ur upper  widdle  Gower
12 gy B O e SO Max, inspiration
104 ;—__,.____-_:::-- _____ test. rimﬂm
s - — ety —_ max. e_xF-rn.‘limv 5
o \
04 e
011

apper middie Cer
C

B, BRGIARE (Figl) wkor. Wk
D—ENEEE ek R & B L o8B
WA Lot BERUHEMSRT, B
FEIRRVCIEEE 0.8~ 1. 1DOHHENEMERE L EA L
n, EE0. TSmO EOTEH b 2841 Ho
7z. U LFERAEHE & G EFEERERA D LN T,
AN DA FAT S FEIREE 1. 0FEEEIC 7 28k 7%
WERMRER L EX SNz,

c) /MFE

(i) HHEP¥EE O RMEEZE (LT oW THlE, &
Z2 L 7=8 3 FIALRE[ER O S A phisE 2 2R L 7=, Bl
R B NI S, A R U2 OIEIRIL
i, T L USSR OREZ 5 B LELDL
N5, FHEFERECE L T3S L ORHERH D,
T 2EF~OMI VTN TES. — 5Tk
% OFERERRISH O #5108 3 fThh TF
%.

I & 53k K U Bl T B i i v S L
BESHARA T % 2 L G AEERNCHL N TE 5.
{H LT Z OWEVC £ X 28BN TH B L
Bbhh s, o THERIC X BHE 0 EEOZE(L
m PEIRVZ & 2 IR E: o 22X 2D Tixk

, IAESKE DT & 2 I0HE & @ 7= fiiHEE
ﬁﬁﬁw’z’dbb LIBHDEEILNTES.

AR 15 b B IR RATAEE B AR i A
WARRT HZ Ldad, LFHECATEEBIL T
FBS. BRD ERROFRE LGB 5, BTk
SUEBEERISED B B b Ok, FOEEE L CEEY
BFICL LAY T3, LB TED, #E2

247

THEORENE(LEBET 5 - L3, IHEaES
Wi EVEL L L THBEREZI BN
FOMEIRECEET L0 L LT, OIEEfT
Ho HE, RUMREHRRIC O THREL-
N, ZEAT ko TR E O I R EC S 0E
qﬁﬁmg;n:o WTE BIZEIE S o7, 2

BT TEER K B O ZE(L D A Tl i EE a4
%é Y758 R EEIRT EFEZ BT

(ii) MEEEROMERIEO BT,
PR B DA e MCBER T 5 2 23T TCIiTR
A7z, BT 4 0 2 ZEHRSEE b B O R RE
LD, AR T OIEMEEE 0.9~ 1.1TH
BLEERE LS, ANMEKSEEHEAL Lo
EERAER D IE R EROBIEETH D2, T LTI
EATAE & 2RI OB RIS b T, KRz
ERBID B HEREE D B ANETH b,
W B AERERD B DA BT FIFERATREZ 232
DHENGEN LB BNLE.

SECOTIENC & Y R Bt BERARTEED
/IR 7 A1 B B, B RAEIRE TR
ErZ o EET 1.0REEC L THINBEE B -
RO, & OREEERS RN IR/ NGRS
& Wz o, RSEOiEoEme, FL
DEXEOBM TR EEDRD B IRAED Ky & B
A b, HEBRR- S 28 REERD, PR
TREOHBZRT E LiddkzoEER+BICT 3
HDEEZ BN,

NI B¥EIE IS EHR

it XAl B L <2 o EIEYBI ST ik iEeE
MBS VIEL T2 L3EERTH 5. A9
SRR TSEENC fEo THIEROD ZERD, BN © IS Eifd,
Bivfr U BFRIEOAE, ETxEZEERL T
Br:. ZEOZEBNCHEL T3 EL 62T T 7
4 — B RR- A DA FIE R T, BEE
FEED LBEIN, EAI O TOREIED
BHENTED. RERFGR D MEEREOFHHE S
LI, ZEOEED: HE HIT] 4J|Ef‘%él€ﬁﬁ’@%
BEDZEMCENMT § 20T 3 EICEE & g
LB, (ELZZOZEENIMAZ 31 »L,FEEE:‘
Eﬁﬂ)@“ﬁ‘@“ﬁj, B RIS, B O RS
By T 572 51, BIERNGO R ES



248

ABMEC R B L EZ BN A, ST ISR
Hn LEERT b N TRBRINBED 1 DO E
HOLTRIAEGTH B LBbn3s. AIEL
R 0 MBS R TEERA Ry B BEE N
72 DVEE DOATFEIVETIANC R D BARRRETH B
ZEERBELEBDEEL BN, '

PSRRI AR kD CZERI L, W
ML, "R 2 SN TUEDE, KEE
FE LTI TR 14 3 7 OB DR B2
bR, MEREEE 3T 22 Ebho
B, TEERM R OVEREZE (Lo R b3 hadsk
DEHEDFRC S Bbh 728, EBECEHLE DR
KR, PEERRIENGC X o TR R DOZ[ LA
5D TlEa v iEEINT:.

[ B o WEREEZE L 2 WIET B2 it XD
T, {EEEAIZDWT, FOkLOBESTHEED
ERINESN-EFEZ bh, RITBFICHEYT 20
Rk DS N & 1 E B RF OZ (LA E ST
HSRIC B bbb TH B8, HES h-jEE
RIS TR TA Y, B i EE W
hot. ZhTHE Tz ol ERLORER
¢t LTHIZEKREOEILD B T X L MR O
TSEENC X 2 F S 0 IEcras: o AR D e
VCEIRT 2y AL b, HEEENXARRHTLE L
TEDOMERIRREZ LR 4052 L, FHECH
L5 ZIHEBROBEN O SHEEY BT 5 E B
nzHB, E, BT OREFEILOESGILL
THECRHN 2 NEL T 5.

—75, DRI B O OB B
RT B2 L Rbno7=0, ik EEEN O&M
WAIAERI BEE R T, M2 E Bbh S5 AW EE
DITREEEE 2 kD758, EREHCi/MEE
157 DV AETIRNC R FREER L D BWIRAED & L 72
A bh7z. f/NlREEE R SERC ko TEo
7223, ZMHIRE DERSAE TLEEMEE2 DT
OEZ QLTI REOHIC L AL EILN
7o, EEOBEESG O F—F A BT X B
IS E ST TR LS 2 R e 2 3
FIL T 0. 6mmaitE DEAEZ 45 TE 52, Zhiz
ARG BATHIESAE & EC AR T 5
Horaibhi:.

HARE EH e &R #5224 43 5

FABElTIEIREE . X oC, FEINEBREA O ZghE
By, RUTERET R E (Valsalva-Miiller’s Test)
DEZ ZEEC O GERRIBIE RS 1208, B
WRERNE, —REEGH 2 WMEEBITH B L2,
% DRI S BERRIEDZEE ) 54600 57228, Bk
HFAE D KR IR B ) BB 2 LR
AgETE D7z, X V-T iz X > TEREZE Eofl&%
D@, T ORISR D 57z 28, M
¥ O L2 TSR EOE L S 7254, B
BEERCIMAEEINA)27. M-T T, BE
BRIV L 7 L BES R h o7
vk, SRR EBEE L 2RI OBHEED 3 L E
Z =Y Pl .

IV. #%

RIBAETRIRECETE % IV T, B A OEkehne
WLRB DG EEOBEE AL, DFEE 2487,

1) Koo r R pEZEEh % B2 23 L4E, Z o
FERNHEEH 2 0% 2 & 3 HiR 7= .

2) DIEEE RU M OV YRR O
HOE2R, LEHEIHERT L Ebh 3.0EE
DZEENE I RA TR A E {, FEAHERE D
AEFIANRBEII B B LEZ b,

3) MR MM o T, % OV
BRINLE 27205, — IR RE B, TR
T2 ERbot. FE LS SR NE SR
WIERSHE G THZEI . ZhiahorEn
LAV o~ RSN 5 b AEPIRN SR B D 2
WIRRBIC 20 T B AL HE X e, ;

4)  BMERATFRIC OV T, OREIEHEOFHES
Lo TR ITIAE OBMBZILIR D SN AEh D7,

5) WEEWNFEVT X THEERE N O [ ik pE O
PEZE(L R R ESTHA TS b L, FOHRE 25
52 LA bR S S5 b &
BT, TNTAMEEAN BBREN 2 R L 7.

6) (LB E O FREIEL AR R 28 I BT JL e i
WEIMR L, FESEERERE 1. 0FTE T H o THEIERAL
A& MR T H 7. RED T PR EE DR
#48 BIVEEE I RALIREZ A s - 2T B R,
L2y U &5di & i fis e & 2 ATRa0s R
BEGRTSRALR S B LB R b,

7)  PZERER) R O A R B (Valsalva-Mid-

T P P e



@RI 6 A25H

ller’s Test) 12 X 32Z5{kiz o T §BERNBESEE

A ATz

8) DI EDEERRR L b ME RS OFR M

DER S N7z

(MEMEo —if 12 HAREERMREE—H18EH
it - deiEiE - HIBIL &, H519E, BOEBEKC KT

B =)
V. &
1) fmikifh : H @ik, 18, 9 (ME33). —2) FiA:

TSR, 9% (1050). —3) fEAT: A:BEAEM
#, B, mlx (F26). —4) &8 : HvEs

= 13, 2 (WE10). —5) #k: H &3, 8, 5
(FF6). —6) Hk: &RERFES, 4, 1 (R
22). —7) KN : EpREAE, 8 (IB13). —8) M
Afll : &R EPLF S, 11(0E25). —9) Schich et
al-: Fortschr. Rontgenstr. 49 (1934), —10) Ha-
ns et al.: Fortshr. Réntgenstr. 51 (1936). —
11) Herxheimer, H.: Thorax 4 (1949). —12)
Lundsgaad: J.Exp. Med. 27, 65 (1918). —13)
Hurtado, et al.: J. Ciln. Invest. 12 (1933). —
14) Simon, P. et al.: J. Franc. Med. et Chir.
Thorac. 5 (1951). —15) Cohen A.G.: Am. J.

249

Med. 10 (1951). — 16) &4 : HE KL, 20, 2
(E35). —17) Di Rienzo: Fortschr. Réntgenstr.
78, 1 (1953). -—18) H.H. Weber: Fortshr, Ro-
ntgenstr. 90, 4(1958). —19) Schinz. et al.: Le
hrbuch der Réntgendiagnostik Band III, —20)

R ERESE 51, 2 (B9, 8). —21)

R3fh : BE G, 14, 3 (WR29). —22) i&H| :
HE#E, 2, 3~5 (ME16~18). —23) #H : B
B: ik, 11, 10 (h@27). —24) Weingaertner, M.:
Arch. f Laryngol u Rhinol. (1919). —25) Mac-
klin, C.: Am. J, Anat. 35, 303 (1925). —26)

Stutz, E.: Fortshr. Réntgenstr. 72, 309 (1949).
—27) nfr: HEHREE, 18, 4 (FE33). —28) H.
Assmann: Die Klin. Réntgendiagnostikd inne
Erkran. (1934). —-29) N. Westermark: Ront-
genstudies of the lungs and heart. (1948). —
30) == : MUEpE¥MEE, 8 3 (FR31). —-31) W
o BEEEEOMER, 3, 10 (1958). —32) G. Rigler:
Am. J. Roentgenol. 82, 1 (1959). —33) f& A H:
HE#k, 20, 2 (iE35). —34) Corcoran: Rad-
iology 50, 751 (1948). —35) Leomard: Arch,
Indust. Health. 11, 189 (1955). —36) k&K : H
[E ik, 19, 9 (FB34). —37) ¥lifi : HE fEh:
21, 3 (HE36).

A



