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A Study on Roentgenological Measurement of the Pulmonary Function
: (Densoplanigraphy)

by

Takafumi Miura
Department of Radiology, Faculty of Medicine, Tokushima University
(Directer: Prof. F. Kawamura)

A study on roentgenological measurement of the pulmonary function was made
on basis of 48 clinical instances.

Method

The patients submitted to this study stood in a special frame made for exposure,

- two vinyl bags ifilled with water were put befor and behind their chest and they were
placed between two panelite plates parallel mutually in the frame. Subsequently
roentgenograms of the chest were taken at the maximal inspiration and expiration
on the same exposure condition and were developed simultaneously. Furthermore,
cinefluorographing and development of the picture of the chest were done during the
deepest respiration. ;

Results

1. When the films were used on which a linear relationship was found to exist
between the exposure and the density, the pulmonary function could be measured.

2. The phase of every cinedensogram on the same film was concordant to.

3. When the mean value of the difference between the densities at the maximal
inspiration and expiration in every intercostal space for each lung was calculated and the
vital capacity was devided in proportion to the products of these values and the resting
inspiratory areas for the lungs, the vital capacities of the lungs could be calculated.

4. In healthy subjects and consumptive patients there was a practicable agreement
between the ratios of the vital capacties of the lungs obtained by above-mentioned
‘method and by means of bronchospirometry.

5. Change of the regional pulmonary function could be readily estimated.

6. Various instances of tuberculous lungs with an infltrative character, improved
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cases, others followed pleural thickening, some in which the diseased region was
resected and cases treated with %Co for breast cancer postoperatively were studied.
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Fig. 1 Schematic presentationof the apparatus

used for exposure
SR

I [ 1
INSPIRATION EXPIRATION
5. IR EBCEH 2 e TilET xS
WOEKREOEE MY, MHEEL S hBH &
NTEBLBALNS.

(2) EBME

Fig. 2 JeUf Fig, 310R 7 2 & £, #ics vl
JAREPNSE 2, BB RIEDOKORE 2335 k%
2~3mIib k3T, MPOREE LT, F
TR OMIBE & 388 L7z, (GiiH23cm)

Fig. 2 The method of roentgenographing
of the chest
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Fig. 3 The method of cinefluorographing
of the chest
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Fig. 4 The results of the experiment on X.ray
films (Fuji PX) taken at 60-90 KV, 50mAS
and focus-film distance of 100cm and develo-
ped simultaneously.
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Fig. 5 The nature of practicable films for
cinefluorography.
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Fig. 6 The results of the experiment on
Fuji HS film, D-76, 20°C, 16’
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Fig. 7 The results of the experiment on Fuji
X-ray 16mm. film, Rendol 20°C 5’
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Fig. 8 Cinedensograms of the lungs of a healthy subject
A) during the deepest respiration
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Fig. 9 Cinedensograms of the lungs of a consumptive patient
during the deepest respiration.
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Fig. 10 Cinedensograms of the lungs of the patient during
the deepest respiration whose chest has been irradiated.
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Table 1 Vital Capacities of Consumtive

Patients.
Measured
Case Measured when the
at Rest Apparatus
was [Jsed
ShiS 1950¢cc 1850cc
M. O 4250cc 4200cc
REAG. 2300cc 2450cc
AGISE 3000cc 2800cc
M. U 4150cc 4100¢cc
R. U 1900cc 1800cc
M. S. 1750¢cc 1300ce
A. M. 1600cc 1500¢ce
S. K. 2100cc 2350cc
T.M. 1750¢cc 1850 cc

L7: 2D ERN» 5 345 50, HOEE5ED
BAEZEABZ 720100, HERETIT4TH 3
LEZ LB,

(6) MERARTEBELKZTY b —2 2450
U 7B fifiE &

WhD BT T b —sBRIZ kY, FOERNE
EREFsN, EREEELom-E8r R
DEZ LMD, I L WCMEGERIAKE & D g
ENBLERBABNZOT, MEEE .
BEROHETEELKRT TV P —2 2R L 7=
DOFFERE L, EHA L2 CROMEE O T L
7z. (Table 1) WiFhoHFcBwTy, HE
FEAEERZEADTY, k77 P —2fEHIC X
BTN, BEFRCE W, BDkZv
ZERBEND BN

(7) XHFE) 53 IhE E Tk

ISR DMIEEE . L Tk, Bz 7z 2 5N
LT 328, XA IHRRED WL & L ¢, I
DEFEERDIFERE LN T3, k77
Y P2 AR EREC BV U, BIEER
KB ZORES 0Lz R RTHDEEZIAbN S
b, ZHHIBLRL Y R EASHOER 2
T’ B2 LT Ly, ERIMOLMENAMNLET R
HBLEZ BN, ZCTERMEY HEIRS T
hiESHEERARD LN Z DL EI BN S,

ERSE:, EUETSESEO7 cva LOE
F &S ORISR PRS0 BILE) HIEEE

AR FHMMELMR $224 $£3%

fLEEZ 25~ 7:{E%, ENERIRSURE, MEKIE
BErEsEL, 7, BRBELESBREDELE
E2Er EET 5.
IYEBEFIE, T B HIRTE 2 ¥
TARL, ZOMEN, AEAEME D55 RS
HERDRFUE (D 1), RUMWSHEE (DE) %
LV, ENENTES, EERMEORSIBE
i, RUOPEPSIEEMMZHL . o P2
L, T0LCEEFMMESzEFECRL, 20
M, A HhE &5 IR b oy e
4S) 2Ly, TRENH/THY, EASHED
o S g 2

LB, ZREOEE, Thbb, OB
VHBATELZEILN, EEDOMMIEENL S
LENRTE D foT, MEIEME, WEIRE, &
B, EN BN —0DRITEEDLTEWRAD,
A&, BRE, BEEZEDT 010, s
IOoDWIBUEICLEDTL B, .
X ZC, FCEINRER O BE2E HER OME & H
BRICEMH ¥ 5\~ TTE 2RO % 4SR (4SL)
LT hIE, 4Sr, 4SL 11X, FRPEhEELHED
gL EDLTIDOLEI LN, Z0 4Sr,
4SL 2, Theh A, AMEEPReh
W, FESMOIMERAEDLEN, R0

ASR X G ERE/ASL X o it

X, AlfEEMOMEE O K2 RTLEER
b, EUOMEE (VC) 2FoHicsvd <ER
SHEEZHE T BZ LN TE 5.

(LLFZ OB ECHE LA (E) ek
DPVCr (DPVCL) T#bh7T)

EIT, B (K] WE o WSRO fh)s
LERITEAR 25T T X 2RO EikE SEr
SEv) & 3hiX, SER, SErL i3, FhEhEE
ZIE OYEMTIRE 2 DT IDLEL SN,
4Sr: SERW, GRiOMSEE:BEKEC K2 RT
Zrlhbh. TTUEEELEMEER: SR
BI[EEEIETE S, ERRICLT, EHM0BSE
VEIETE . 7 Ali: EOBKILEME
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Table 2 Areas of Each Lung at the Maximal Inspiration, at the Maximal
Expiration and at the Resting Inspiration, Bronchospirometric Vital

Capacities of the Lungs and 4Si/4Sr Values of Consumptive Patiets.

G | AR &H | @ & | oy | @ U | s | Asulasw
R. O. 223.7T 101.0 199.6 97.6 215.9 105.4 1600 350 0.62
H.Y. 178.8 123.2 134.7 93.6 180.8 79.2 1200 470 0. 64
Y. K. 167. 4 86.2 127. 4 83.8 165.4 107.9 1100 700 0.73
T. 0. 194. 1 137.7 164.9 121.8 197.7 153.3 850 640 0.71
A. S. 287.8 174.5 197.7 152.2 193.4 173.8 1280 1240 0.80
J. K. 295.1 191.1 182.4 130.1 233.8 157.8 2160 1450 0. 42
H. O. 264.8 166.7 140.3 102.8 221.9 144.7 1300 1180 0.76
T. M. 230.1 218.3 189.7 180. 8 164. 2 199.6 550 1150 1.13
Y.M 159.1 173.0 117.3 126.0 179.1 184.8 1200 1500 1.01
A, K. 168, 4 221.7 112.4 124.2 140.3 178.1 850 1350 1.15
M. S. 225.7T 154. 2 148.7 110.7 222.3 163.7 1920 1380 0. 62
Y. Y. 165.5 159.0 132.8 117.9 172.5 172.5 640 1040 1. 47
M. K. 200.7 200.0 167.5 153.0 236.1 200.9 1740 1640 0.88

. T.N. 199.5 119.3 124.3 88.7 192.5 133.1 1400 550 0.33
M. O. 228.4 161.8 138.1 100.3 215.5 143.7 1200 800 0.64

Table 3 Results of DPVCL/DPVCr and VCr/VCr Calculated by Data of Table 2.

- T
Case Dbl | B2 | —dsvas VCL/ViCs
R. O. 0.28 0.30 0. 30 0.22
H.Y. 0. 44 0. 44 0.44 0.39
Y. K. 0.38 0.48 0.48 0. 64
T. 0 0. 50 0.48 0.55 0.75
A.S. 0.52 0. 62 0.72 0.97
J. K. 0.22 0.25 0.33 0. 67
H. 0. 0.38 0. 44 0. 60 0. 62
T. M. 1.07 1.08 1.3 1.77
Y. M. 0.99 0.87 1.04 1.25
A K. 1.56 1.28 1.56 1.59
M. S. 0. 56 0. 61 0. 58 0.72
Y. Y. 1.49 1. 37 1. 47 1. 63
M. K. 0.86 0.79 0.88 0. 94
T. N. 0. 20 0.24 0.25 0.41
M. O. 0.45 0. 47 0. 50 0. 67

DPRV, DPRVR [DPRVL) TF#Eb7)
EROBET, SUMER RURIKELHE
4+ %53 %, Densoplanigraphy & 7T 3.
(8) fHERED & VTE
ERSR:, TSR, RUHERSRERREOX
7 4 N o EOFEERE OTR 2 HE L.

oW, Autio®, Cobbd bOIIKL 7275

&}:@;\(‘, a G = A— ——%Fﬁb\ T, 7 il J:'.
DEALZIBORBZIEI L. Tabb, Al

BT, WEENEAES b EVmYD, M
EhErE, BB E TR, Wi ORBAE, B
[T, BB REMIBYT
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Table 4 Densoplanigraphic Results and Bronchospirometric Data of

Consumptive Patients.

e | G | 55 BREIESTRS] S| 6 [
PRSE 3610 | 0.58 | 2280 1330 | 2280 1330 | 0.58

R. O. 1800 | 0.48 1220 580 1100 700 | 0.64

LA, 3080 1.44 1260 1820 1280 1800 1.41

16mm H.Y. 1670 0.44 | 1160 510 1200 470 | 0.39
Cinedensogram NS 2520 | 0.72 | 1460 1060 1280 1240 0.97
M0 1490 | 0.55 960 530 850 640 | 0.75

M. M. 2860 | 0.61 1770 1090 1740 1120 0. 64

T.M. 1800 1.38 760 1040 650 1150 L

H. N. 3680 L7 1650 | 2030 1680 2000 1.20

H. 0. 3080 | 0.60 1960 1120 1900 1180 0. 62

35um RS0k 1950 0.30 1500 450 1600 350 0.22
Cinedensogram M. T. 2140 0.80 1190 950 1360 780 0. 57
M. H. 2220 1.65 840 1380 1020 12000 || 1.18

R. U. 2970 0. 63 1820 1150 1750 1220 | 0.70

M. K. 3380 0.88 1780 1000 1740 1640 [ 0.94

NN 1680 1.47 680 1000 640 1040 1. 63

A K. 2200 | 1.56 850 1350 850 1350 1. 59

Y. M. 2750 1. 04 1350 1400 1250 1500 1575

Densogram M. S. 3300 | 0.58 | 2080 1220 1950 1380 0.72
1] 5055 3600 | 0.33 | 2700 900 | 2150 1450 0. 67

H. 0. 3080 | 0.60 1960 1120 1900 | 1180 0. 62

T. N. 1950 0.25 1570 380 1400 550 0.41

M. O. 2000 | 0.50 1330 670 1200 800 | 0.67

W, SURBENEAN 57 X DA, BB, O
i, KBOER, ABIRS, wH0E, SMAUGRT &
T, HERCEOR.

RS, TFRR, RUBERSFONSE

B CUF, BREEAE (5 sk, s
() WER, WEBBRKEE (5) Mz, =
hzh, AIr [AIL), AEr (AEL), Ar (AL) T
Bo0F) FRCTEHEL - SHER &, =N
5 CUFA () &MpE&Es VCr (VCL) T
BbbT) ¥ BT L2sERE, Table 2~ 312
RTZEL, WEBRKRRHREOMEE 2 EE L~
BE, BRVELL-EREBEh<BY, Az
BT 20REH L ER, FHEOLEFNEE L
s

(9) SEUIMEE D HiEg

fitieEE DIEBNZ ou T, Comroel® /20, L
B LRI 72 5B, I—L v 2005

— 60

—TFANRE|AL, 7 7 &8 R IREEEEs
BV, SHEREEFFELE. FLT, &
HBRIEFHED 7 4 L 2 EOFER*H VT, 4
SPHE T2 AL, SERIS IS B & R L
Tk

Z OFEHR, Table 4 1R T 2L &, WEITELO
EPFELNTEY, 16anKRU35miRE7 4 L &,
R L VRIS OELERE 7 4 b 2D\
MMIBWTY, EFL S 3858 TH 3.

(10) faHE ASER ;

IEBIA fREEA 18F #«  (Fig.11)

IEBIB  fEEEA 18F 4 (Fig.12)

SERIC (BEEA 18:F #  (Fig.13)
Kaltreider?, Aslett®, Bateman?), Gaensl-
er?), Autio®), /NE20), @526 chi 2D & D #EFIC
5L, BEAOELEDNEE L, BX%55
% +45% (1 :0.82), B&INT20~30%, (EEEA



FBFI3T4= 6 25 H 259

0:5 0.4 0:3 0.2 0._1 O.ll 0.‘2 0:3 OI.A 0:.5
Right _ 3 N Left
//é _? AE_—:;\
(S B CO W
_ e —

—.
AN
A NN
ASR — \\\\Q\ aSL
_“__.§\\\
s NN\

ASLxAL _ DpPvcL

ASRXAR DPVCR
Ve 2260 cc
DPVCgR = /3 30 cc
DPVCL 9 30ce
DPRVR = 450cc
DPRVL 230ce

Fig. 11 S.1. 18 Female. Cinedensographic frames at the maximal inspiration (1) between the
maximal inspiration and expiration (2) at the maximal expiration (3) Densoplanigram

LT Ol i F-4,2380ce, BRSSPy 930ce 2 FVHR 5 BIRIBINC D X, SIS B & K
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DPRVL = [80cc
Fig. 12 M.O. 18 Female. Cinedensographic frames at the maximal inspiration (1) between
the maximal inspiration and expiration (2) at the maximal expiration (3)
Densoplanigram
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Routine chest films on Mar. 9, 1960 (1)

on Mar. 8, 1961 (2)

Densograms on Apr. 8, 1961

at the maximal expiration (4)
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Table 5 Densoplanigraphic Results and Normal Values of Healthy Women.

Caze vC DPVCr DPVCL _DPVCL DPRV ~_ DPRV
(ce) (ce) (cc) DPVCr (ce) VC+DPRV
A 2260 1330 930 0.7 680 0.23
B 2400 1340 1060 0.79 480 0.17
C 2450 1400 1050 0. 74 1060 0.30
D 2420 1400 1020 0.73 1070 0.30
vC VCr VC _VCu RV RV
Normal (cc) (cc) (ecc) VCr (cc) VC+RV
Values - E
2380 1310 1070 0. 82 930 0.28
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Fig. 20 H.O. 19 Female.
Routine chest films on Feb. 7,1961 (1)
on Aug. 10, 1961 (2)
Densograms on Sep. 1, 1961

— T2 —

1.5 1.0 0.5 05 1.0 1.5
Right q_z_ Left
| 5l ‘%S
B —N
— i =)
— & ESS Diseased
- 7 — flegion
<f__ 8 /57’
bI DE DE DT
EZ
1
4Sr — 4%& aStL
NN
:::6§§ I Diseased Region
___—“‘::?§> |
—3
A8 xAL DP\/CL = 0.4
A SpxAR DPVCR -
VC =3100c¢
DPVCR = 2240 cc
DPVCL = 860ce

at the maximal inspiration (3)
at the maximal expiration (4)
Densoplanigram



HAFI3T4E 6 H25H

1)

Fig 21 T.N. 33 Male.

Routine chest films on Mar. 24, 1961 (1)
on Jun. 23, 1961 (2)
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Routine chest films on Jan. 13, 1956 (1) at the maximal inspiration (3)
on Oct. 2, 1961 (2) at the maximal expiration (4)

Densograms on Apr, 8, 1961 Densoplanigram
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Fig. 24 C.M. 48 Female.
Routine chest film on Feb. 28, 1961 (1)
Cinedensographic frames on Feb. 28, 1961
at the maximal inspiration (2)
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