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RADIOLOGIC PRACTICE SINCE THE ATOMIC BOMBS
HIROSHIMA AND NAGASAKI, 1945-63
EBRBHETRHREORHEEHEZETH RN
- B, 1945 635

BACEGROUND

In assessing the contribution of medical X-ray to the total
ionizing radiation exposure of the Hiroshima and Nagasaki
populations, particularly for A-bomb survivors, the ABCC
Departments of Radiology and Statistics, in cooperation
with the Research Institute for Nuclear Medicine and
Biology of Hiroshima University, are conducting continuing
comprehensive investigations including population surveys
and phantom dosimetry. Two series of projects and allied
substudies have been completed,’® but neither provided
X-ray exposure data for periods before 1964.

Nearly all radiclegic facilities in both cities were destroyed
by the bombs.*!® Even the largest hospital in Hiroshima
required considerable time to rebuild.® Activities and
technigues of medical institutions using X-ray apparatus
have changed significantly since the end of World War 11,

It is impossible to reconstruct accurately the history of
medical X-ray use and exposure in the two cities since the
end of World War II. The present study was undertaken
to determine the activity of these installations from 1945
to 1964 and to facilitate estimating medical X-ray exposure
of the Hiroshima and Nagasaki populations since World
War II, especially the participants of the ABCC.JNIH
Adult Health Study.!!

Various means were considered and evaluated as possible
data sources as indicators of activity of radiologic practice;
among them:

City, prefectural, and public health records could provide
general information about existing hospitals and clinies,
but no records of examinations and treatments performed
by those hospitals were available;

Film consumption on a city-wide basis had already
proven an unreliable indicator in a study elsewhere in
Japan,'? because film distribution is often via adjacent
city dealers, rather than directly from the manufacturer
to the examiner;

® R
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Insurance records were also considered as possible
sources of number of radiclogical examinations and
treatments. These, however, are not recorded by
radiological specialty, and are not easily retrievable
from the patients’ records;

The only other sources were records of volume of work
in each institution. Inherent disadvantages were vari-
ation in quality and in detail of recorded data, and
omission of hospitals and clinics whose practice ceased
during years spanning these observations. However,
these sources were considered feasible, and were the
basis for the present study.

METHOD

Sampling of Snrvey Institution Ideally, the cumulative
records of volume of work should be collected in both
cities from all hospitals and clinics where the radiologic
activities have been or had been in operation, since the
end of the war.

Before designing such a survey one would need a list of
all hospitals and clinics in operation in each city year by
year, and a characterization of each hospital and clinic by
means of a classification closely related to radiolegic
activity. In actoality, official records for the earlier
years in each community provided no more than yearly
counts of number of institutions, classified as “hospitals”
ar “clinics” (Table 1). )

Since it is impracticable to survey all the institutions, a
sample was selected by the following scheme: For the
selection of our sample, two sizes of hospitals and clinics
were defined to be “large” and “small.” Size of hospitals
and clinies is generally determined by the number of beds
they contain,'® but size and bed number are not necessar-
ily good indicators of activity of radiologic practice.
Institutions were therefore classified according to whether
they had X-ray equipment and by estimates of number of
X-ray films used per year. For purposes of this study,
a “large” institution was a hospital or clinic using more
than 10,000 films per year (Table 2).

“Large” institutions based on the results of the pilot
survey in 1963, contributed an estimated 63.8% and
68.8% to the total radiologic activity in Hiroshima and
Nagasaki, respectively. Because of their relative importance
and small number, all “large” institutions existing in 1964
were surveyed retroactively to 1945.

“Small” institutions being far too numerous, could be
studied only on a sample basis (Table 1). The sampling
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TABLE 1 HOSPITALS AND CLINICS SURVEYED BY YEAR AND CITY

#1 FEY - BHAICAEARRES L CERSE
Year Hospitals. #% kS Clinics Eix
FE Total Large Small Total Large Small
B FHE PN w5 K BE NE
HIROSHIMA i

1945 - - -

46 . . .

47 - -
48 24 6 18 205 3 202
49 29 6 23 229 3 226
50 34 7 27 241 3 238
51 43 7 36 232 3 229
52 44 8 36 236 3 233
53 46 9 37 221 3 218
54 49 9 40 204 3 201
55 51 9 42 307 3 304
56 55 10 45 336 3 333
57 62 11 51 357 3 354
53 62 i 51 325 3 322
59 66 1t 55 326 3 423
60 66 11 55 370 3 267
61 69 11 58 387 3 384
62 71 11 60 410 3 407
1963 72 11 61 429 3 426

NAGASAKI B

1945 - . . .

46 - .
47 . - . . .
48 21 4 17 118 1 117
49 21 4 17 120 1 119
50 21 4 17 152 3 149
51 22 4 18 152 4 148
52 22 4 18 156 5 151
53 22 4 18 167 5 162
54 22 5 17 . 179 5 174
55 22 5 17 192 5 187
56 25 5 20 193 5 188
57 26 5 21 193 5 188
58 27 6 21 215 5 210
59 28 & 22 231 5 226
60 28 6 22 266 5 261
61 27 6 21 254 5 249
62 30 & 24 283 5 278
1963 33 6 27 312 5 307

No information available before 1947, 1047TELIHDEBIAF TS 21,

Source WHRLIR : Hiroshima 1948.49; Summary of Municipel Life, 1949 WS EE, BHAUE

E8

Negasaki
£ f

1950; From Medical Affair Section, Prefectural Office

REFR

1951.63; Summary of Heolth & Sanitation, 1964 (REXEEE, WIH39F

1948-63; Health Statistics Year Book

ML R



TABLE 2 HOSPITALS AND CLINICS BY CITY AND X-RAY EQUIPMENT, 1964
#F2 MR - XBEENICSA1964E D81 3 EERH

Hiroshimla |55 Nagasaki B

X-ray equipment & Radiologic activity

. . N -y Hospitals Clinics Total Hospitals Clinics Total

IBBBoHEs BRE R - N

BEBORES L URHREH oty i P S Ei i
Total* At 75 442 517 33 312 345
No equipment ERDZVWLHOD 15 167 182 8 139 147
Equipment present #iE&H+ 54 @ 60 275 335 25 173 198
Films/year M7 ¢ Vol :

>10,000 Large Afgig 11 - 3 14 6 5 11

<10,000 Small -hHER 49 272 321 19 168 187
Proportion (r) of small institution with X-ray (49/75 —11) (272/442-3) (19/33—6) (168/312-5)

XBREAT S DEROMR{r) a7 .62 .70 .56

* At time of survey {1964). I9MENMERFIE T S H5H -

TARLE 3 SMALL HOSPITALS AND CLINICS SURVEYED WITH X-RAY EQUIPMENT, 1964
#3 XREEEHET S BERE ZUREY Y TN, 19644

Hiroshima 15

Nagasaki &

Hospitals Clinies Total Hospitals Clinics Total
Rt 5 B Eraf e -3 ¥
Total % ¢4 49 272 321 19 168 187
Initial sample b 19 109 128 3] 12 78
Effective sample H 24+ » 7iv 18 78 96 5 61 66
* Rate to the total
lighd v 7oy 36.7% 28.6% 26.3% 36,3%

* See Figure 1.

ratio was set at 0.4 and by means of random numbers the
initial sample was selected as shown in Table 3. In
Hiroshima, the survey revealed that in eight institutions
cither the X-ray equipment was not used or it was not
actually in operating condition; in 24 others, data were
urtobtainable for various reasons. The effective sample of
“small” institutions with X-ray equipment in 1964 was
therefore reduced from 128 to 96. In Nagasaki the
reduction was less, from 78 to 66.

Accordingly, the effective sampling rates in Hiroshima
and Nagasaki were decreased on the average of 0.29 and
0.35, respectively. The institutions with no X-ray equip-
ment in 1964 are not in the sample. However, the
nonresponse problem must be faced, and seems potentially
serious, especially in Hiroshima. Therefore, the responding
hospitals and clinics in the sample must be examined to
see if they represent the population (all institutions varied)
at least in characteristics such as nember of full-time
physicians, medical specialties, and beds, as shown in
Figure 1.

HEE2 041D, TEEZHAVTEIIRLE—RY
yTNEMLLLE BB AREORKE, Hish
RERN S 5, Ao0RBETEXKREBRLFM LTV
EnhEhAHHTRETHAZEFbAD, 25, UD
LT R OB CERFARCEL D 2.
ZICIOMEI X RERLETENEVESOF
S TR 1B 256 HEK R A BETIEZOR
0 Al eas s B TR HE61ZHD U 2.

Lo THGIEEIRIER, BH?h FnEH 50,29
BLU0.3BE L4, EFIOMEIXRBETEIRALV
RSy 7hEEEATVELG. EHMBEDER+
EhbMMEnsm  BREODH»5BELARE
ohbY, BILEBTEINFEL LD EBEATSH
NEBETIVLENF$3LBhhk. 22T, 547
POFERELIVEROBERMABECH I EEE
Blzad T 3R EREERABIRIECTRELELS L, &
BEMoOH, Ny FRZLUVLEEMMBII W ITHE
L.



FIGURE 1 PERCENT OF FULL-TIME PHYSICIANS, NUMBER OF BEDS, AND SPECIALTIES OF
SURVEYED INSTITUTIONS BY CITY

1 #EELAEZOSSEM, Ny M, ®#LUBMAHRBOoESE, S5
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1 367%
HOSPITALS SURVEYED %L % #ifk ;
BE  PHYSICIANS HSE i
BEDS oy P
i
CLINICS  SURVEYED ML £ER 1 286%
1 T
Bl PHYSICIANS % EIEST |
BEDS Ny FH |

INT. MED, eEE) W///M
SURGERY gz ///////////////////////A
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7
1~
GEN. PRAC. ETC. % o it — Bt W& 3 &) P27

NAGASAKI Fu

26.3%
HOSPITALS SURVEYED XL A Hike

R R |

PHYSICIANS # #hE ¥

BEDS L I
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% indicates rate of effective sampled institutions (see Table 3).
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For each city, the proportion of full time physicians in the
effective sample was nearly the same as the effective
sampling rate, and seemed adequate in this respect.
"Number of beds was not so representative. As to special-
ties in clinics, surgical was slightly overrepresented in
the effective sample compared to the internal medicine
facilities in both cities.

Method ¢f Data Colection. After determining the
institutions to be surveyed, letters of endorsement from
the City Medical Associations were sent to Hiroshima
and Nagasaki radiology departments and clinics in
question. To obtain the data, survey teams independently
visited the institutions according to telephone appointments
5 days after mailing the letters. Data recorded included
vearly totals for roentgenograms, radiographie, fluore-
scopic and photofluorographic examinations, and number
of treatments by X-ray and telecobalt (Figure 2). Number
of films was recorded regardless of film size and whether
multiple divided exposures were involved. Radiographic
and fluoroscopic examinations were recorded according
to body site, per institution (Figure 3).

Therapy for benign or malignant disease was recorded
according to hospital records. We sought to record
number of patients’ courses of treatments, but this was
impractical in terms of time and effort, since these data
were kept in individual patients’ records. We therefore
recorded total number of treatments according to hospital
or departmental therapy log records. For example, if one
petient received a series of 10 treatments; another, 20,
a total of 30 treatments was recorded.

Calculation of the Estimates. For each year, the final
estimates of the number of films used and the number of
radiographic and fluoroscopic examinations were calculated
as follows:

For example, for type of film, the final estimate (F) is
the sum of three components:

fv = number of films on record in “large” institutions
(including Health Center & ABCC)

f’h=estimated number of films on record in small
hospitals in “small” institutions

f’c=estimated number of films on record in clinics in
“small” institutions i

where the estimated numbers (f'nand f'c) are obtained
from the counts of films (fn and fc) in their respective
sample as

ARG 7V CE LGRS EMOERE, 447
MM ELIERLTHFI IS TEEYTH3EEbR
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HOSPITAL ANMD CLINIC ACTIVITY SURVEY

AR -ERIHREMAE

Hirashima 2% D
Nagasaki Fehf D

Hospital or Clinic Address; Irterviewer Date of survey
ik 1474 MiEs AR WETNA
1. When did your clinic begin using diagnostic x-ray cquipment ? (yesr) {menth)
KEDB TR LBMIXRBREN TR T A, {F) {HY
2. When did your clinic begin using therapeutic x-ray equipment ? (year) (month} None
HEHPRUOLCHEBITXREEEHT O E T 4. (i) (1) HwTwiw
3. Please indicate the fota] number of x-ray examinations® conducted and the totel number of sheets of x-vey flm used during each year.
GEMET L ZXBRACBERY EENLAXB7ILLA0BBEFRALTTFE L.
a ~Radiography Xy Remarks:
b =Fluerescopy X s
¢ = Chest photafluoregraphy  BASKIE B0 &
4 ~Upper Gl photofluorography 146 ¥ B3 AL G %
YEAR fF
Fr 30 1964 | BifI40 6 1965 | Nif141 1966 Bia2 g 1967 | BIHIAZIE 1968 B{HI4 5 1969 | KiAI4GIE 1870

Total examinations® | b

anams |,
d
Total Filma
FA VLB
*Examinatian = One ination by radi hy {with 1 ar more {ilms) 1 examination by {lusroscopy {with or without apot and follow-up films); and 1 examination by photofluarography {with 1 or more films)

including mabile unit.

«AE=XHRBBEESRELR (74 04 18l L), XNz kS HRE TR (URBELECERECRET S 74 LAl EMb L), XBMBEREZES

BEIE (7407 LiIgHE). BRAXRNZES L0 ER .

4, Please indicate the total number of coursest or treatments of radiation therapy your clinic administered during each year.

FERNI I AT % - ZBMRINHDE “ 7 - 0t B W MEL ECBIEEREE TS ~ 70" OBRERALTFE.

YEAR %
W H139 SE 1964 BiF040 45 1965 LREAEYRIS 1966 | BTHM2IE 1467 143 IR 1468 B HI44 SE 1969 | FRRI45 4K 1970
Total courses™™
Br-nl
Tolal ireatments
B M

t Course — A single treatment or several treatments intended a9 means of turing or alleviating a benign or maligrant conditicn.

trg—n” =R A EESROBE LV LER YRR L THF AR S 1@ H 3 VI HEI MR,

Remarks:

s

RAD23 171

¢

HE - W WeEN
ATAUNS DINITD ® TIV.LIASOH ‘WHOA DNIQHODE 2 TUNDET



FIGURE 3 CLASSIFICATION OF EXAMINATIONS, HOSPITAL & CLINIC SURVEY

B3 mEOES, Hbk- ER

TERMINOLOGY AND CLASSIFICATION OF EXAMINATION
HOSPITAL AND CLINIG ACTIVITY SURVEY
BEOE

: ®neE L
Rk -EERAXE
Examinations & #
Body Site B Radiography & Tuoroscopy B

Esophagus, chest 4, i 1 i
Esophagus, stomach, dwodenum, small intestine 1 1

£3H, B, +TRE, MR
Esophagus, stomach,ducdenum, gallbladder 2 1

&, @, t-#EE BoS
Esc:;phagus, stomach, dvwedenum, biliary ducts 2 1

£, W, toigs, B
Abdomen, gallbladder M., B@3 1 1
Abdomen, barium enema (colen) M, K& 1 1
Skull, sella turcica B, Foa-=E 1 0
Skull and other head sites 1 0

FARILITCECESEN AT TORM

Skull, C-spine g, it 2 0
Chest, T-spine fu, f@iE 1 0
Chest, shoulder H, H 2 0
Chest, trachea, bronchus M, €%, AEX 1 )
Chest, apical lordotic B, MR 1 0
Chest, heart B4, LI 1 0
T-spine, I-spine ks, kifE 2 o
L-spine, pelvis  heHfe, A& 2 0
Pelvis, femur i, KEA 2 0
Pelvis, hip joint “H#&, KXBBHE 1 0
Shoulder, arm /&, LB 1 0
Arm, forearm B HIBE 2 o
Thigh (femur), leg (fibula, tibia) wkiE, TFAE 2 0
Total body 428 1 o




£'n =fn/nn X rulNsg,
where

Ni and N. are the total numbers{N) of small hospitals(h)
and clinics (¢) in the “small” institutions

nh and nc are the number of hospitals and clinics with
X-ray facilities in the survey year

rh and re are the 1964 proportions of “small” institutions
with X-ray facilities. Here, the constant value was
adopted for every year (Table 2).

To the records of the “large” institutions, were then
added the experiences of the two Health Centers in each
city. The resulting estimate for smailer hospitals is best
for 1964, because the initial sample was chosen at random,
and the effective sample was large enough to yield
estimates of radiologic activity with reasonably small
sampling variability.

Estimates for earlier years were limited not only by
nonresponse bias for 1964, but also because the initial
random sample of smaller institutions operative in 1964
was not necessarily representative of the smaller institutions
operative in earlier years. Also the effective sample,
adequately large in 1964, was undersize for earlier years.
The 1964 sample includes no representation of institutions
that ceased to exist prior to 1964, and we have no
information as to the similarity of those which disappeared
and those that were still on the scene in 1964. We were
therefore forced to assume that the proportion of small
heospitals or clinics with X-ray facilities in earlier years
was the same as that of 1964, which almost surely will
result in exaggerating exposure in early years. Thus,
although a rigorous sampling scheme counld not be devised
on the basis of the information available, it may be hoped
that the present survey provides a reasonable approximation
of the historical experience of interest.

Furthermore, several minor conventions were adopted
for standardizing computations:

A hospital beginning activity in a given year was counted
as 0.5 hospital for that year;

Since the official counts{Table 1) pertain to December,
these values were used to prepare mid-year estimates
on the basis of which calculations were performed;

Missing values were estimated by interpolation, but no
extrapolation was performed. Interpolation was necessary

f’c =f|:/n: xl‘ch
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to provide the 1950 counts for Hiroshima (Table 1) and
to complete the data for a few individual hospitals. '

The method described was used for estimating all films, )

radiographic examinations, and fluoroscopic examinations.
Photofluorographic examinations, however, were performed
in relatively few installations and in rather large numbers.
Therefore, in lien of sampling such institutions, all were
taken as subjects for the survey. Thus, the method of
estimation for photofluorographic examinations was similar
ta that used for ascertaining the experience of the “large”
hospitals with respect to other types of X-ray exposure
and all films consumed.

For estimating radiation therapy no formal sampling plan
was devised. Counts were obtained from the survey of
the “large” institetions, and from the effective samples
of smaller institutions, and combined without further
adjustment.

RESULTS

Of the 128 Hiroshima and 78 Nagasaki institutions in the
sample, 96 institutions in Hiroshima and 66 in Nagasaki
furnished data, as shown in Table 3. The cthers could
not or did not furnish data, were no longer in practice, or
were no longer using X-ray equipment. The sampling
ratio was not changed. There was no way of determining
whether the institutions omitted differed otherwise from
those for which information was obtained. For analysis
the data of the 14 “large” institutions and two Health
Centers in Hiroshima were added to the estimated number
from the 96 institutions randomly sampled in that city. In
Nagasaki, data of the 66 randomly sampled institutions, 11
“large” institutions, and two Health Centers were analyzed,

Estimates of total films and number of films per person
per year in Hiroshima and Nagasaki are shown in Table 4.
No data were obtainable for 1945. After the initial
period of restoration of facilities, ending about 1953,
there has been a fairly steady annual increase in the use
of films in hoth cities.

Estimates of radiographic, fluoroscepic and photofluoro-
graphic examinations by year and per capita by year are
shown in Tables 5-7 and in corresponding Figures 4-6
(See Appendix for population of Hiroshima and Nagasaki
1944-64).

The data for photofluorcgraphy include only chest exami-
nations; a small number of survey examinations of the
stomach were excluded from the analysis. After about
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TABLE 4 ESTIMATED FILMS AND FILMS PER CAPITA, BY YEAR AND CITY
#d4 EE WA T I VAOBEFLIUVLEOEAZNDT s LAKRE

Year Hiroshima K& Nagasaki H Wk
5 Total films* Films/capita Total films* Films/capita
TAbal UEDLEDORY T ABE O UEDYLNORY

1945 - . .
416 6.3 0.04
47 20.7 0.09 - -
48 35.2 0.14 18.7 0.09
49 85.9 0.31 21.4 0.09
50 118.4 0.41 34.4 014
51 124.3 0.42 52.1 0.20
52 139.8 0.45 86.5 0.32
53 136.7 0.42 86.5 0.31
54 166.6 0.49 92.0 0.33
55 176.9 0.49 99.8 0.33
56 183.1, (.49 115.1 0.37
57 221.4 0.57 135.1 0.41
58 241.6 0.59 144.9 0.44
59 268.0 0.63 161.9 0.48
60 2058 0.69 176.5 0.50
61 339.3 0.76 177.0 0.50
62 438.3 0.93 222.7 0.59

1963 515.9 1.05 259.4 0.65

* Thousands T-¥#{I

TABLE 5 RADIOGRAPHY EXAMINATIONS AND EXAMINATIONS PER CAPITA, BY YEAR AND CITY
#®5 HER - WAL LERRERERBAS IOV LIYLVORERY

Hiroshima & & Nagasaki &8

z‘:; Exams* Exams/capita Exams* Exams/capita
BEEY DENEEDKRERY RESN PR 5ok

1945 - - - -
46 1.5 0.01 - -
47 4.5 0.20 - .
48 27.4 0.11 12.7 0.06
49 83.9 0.31 15.7 0.07
50 102.5 0.36 23.1 0.09
51 97.7 0.33 41.6 0.16
52 113.0 0.36 69.5 0.26
53 125.6 0.39 65.8 0.24
54 132.1 0.39 75.5 0.27
55 150.3 0.42 8.7 0.26
56 146.1 0,39 86.9 0.28
57 169.9 0.44 93.9 0.30
58 188.8 0.48 14.1 0.32
59 199.5 0.47 114.2 0.35
60 211.6 0.49 126.1 0.37
61 240.1 0.63 116.2 0.33
62 30L.7 0.64 136.5 0.36

1963 331.8 0.68 156.8 0.40

* Thousands FH{L
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TABLE 6 FLUOROSCOPY EXAMINATIONS AND EXAMINATIONS PER CAPITA, BY YEAR AND CITY
#£6 EEH - HHNCALERREBYE LV L YL ORERM

Year Hiroshima 55 Nagasaki Bt
R Exams* Exams/capita Exams* Exams/capita
BESK GLONANRENSE 2 BESR GED YA N RERR

1945 - - - .
46 . - - -
47 1.0 0.01 . -
48 5.5 H 0.02 0.1 0.00
49 9.2 . 0.03 1.7 0.01
50 28.7 0.10 0.8 0.00
51 58.5 0.19 5.4 0.02
52 50.5 0.16 - 7.1 0.03
53 53.7 0.16 T4 0.03
54 444 ' 0.13 5.2 0,03
55 49.9 .14 6.0 0,02
56 50.2 0.13 7.4 0,02
57 58.7 0.15 7.3 0.02
58 53.0 0.i3 9.2 0.03
59 54.3 0.13 10.0 0.03
60 55.3 0.13 11.6 0.03
61 60.8 0.14 13.9 0.04
62 . 65.3 0.14 16.2 0.04

1963 71.1 0.15 19.4 0.05

* Thousands F 4L

TABLE 7 CHEST PHOTOFLUOROGRAPHY EXAMINATIONS AND EXAMINATIONS PER CAPITA
BY YEAR AND CITY

£7 HEER - BHECALBEENBERERESY, FLUCLVALIORERY

Year Hiroshima i & Nagasaki ft#%
w1 Exams* Exams/capita Exams* Exams/capita
RELH pEDEANRENS RIS pENYENRERR
1945 - -
46 0.9 0.00 - .
47 2.1 0.01 . -
48 7.1 (.03 - .
49 69.0 0.25 25.0 0.11
50 64.9 0.23 45.0 0.18
51 99.6 0.33 76.9 0.30
52 107.3 0.35 7.0 . 0.29
53 145.0 0.45 71.7 0.26
54 196.8 0.59 79.7 0.29
55 229.1 0.64 84.7 0.28
56 248.0 0.66 88.6 0.29
57 262.9 0.68 117.1 0.37
58 273.3 0.67 129.0 0.40
59 292.4 0.69 142.6 0.44
60 322.9 0.75 147.0 0.43
11 358.0 0.80 162.3 0.46
62 388.5 0.82 184.0 0.49
1963 408.0 0.3 197.8 0.50

* Thousands T &I
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FIGURE 4 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS BY YEAR, HIROSIIMA
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FIGURE 5 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS BY YEAR, NAGASAKI
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FIGURE 6 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS PER CAPITA BY YEAR
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1953 there has been a steady increase in photofluorography
and radiography in both cities. The curve for fluoroscopy
in Hiroshima, unlike other modes of diagnesis, does not
increase appreciably, in fact decreases in 1952 and
1954. This could well be due to a decrease in the use of
fluoroscopy of the chest, in favor of radiography. A
stmilar tendency was seen on the analysis of records at a

“large” community hespital in Hiroshima.®

The total number of X-ray treatments per year are
shown in Table 8. These represent actual counts of
treatments administered, obtained from records of all “large”
medical facilities. The numbers are small, and no definite
conclusions can be drawn as to the increase in radiation
treatments with time.

DISCUSSION

Initially there was a rapid increase as X-ray facilities
were restored following the destruction during the war
period and then there was a steady increase in the use
of medical X-ray in each city. The only exception to an
otherwise general trend was in Hiroshima where the use
of fluoroscopy seems not to have increased much since
1951, possibly because of a substitution of radiography for
fluoroscopy of the chest. There may be some error in
the high estimates for 1951-53 because there were so
few reporting hospitals in those years,

In a previous study of the records of a large hospital in
Hiroshima,? similar tendencies were found, inclueding that
for fluoroscopy. In that study, by 1963, a ratio of 1.9
films per examination was noted, but of course it was not
known whether this ratic was valid for the community as
a whole. A study of hospitals and clinics concerning
exposure of Adult Health Study subjects led to the
estimate of 1.96 films per examination in 1963.% In both
of these studies, the estimates were based on hospital
records. In the present study the film : examination
ratio for Hiroshima was 1.6 in 1963. While this value is
lower, it is of the same order as that obtained in the two
previous studies for Hiroshima.>® The film : examination
ratio in Nagasaki for 1963 was also 1.6, the same as
was obtained in the hospital and clinic survey.®

The accuracy of the curves is best for recent years in
both cities, poorest for the earlier years because of the
following reasons:

Some institutions had discarded films after 5 years
storage as Japanese law requires retention of patients’
records for a period of 5 years.!* The present study
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TABLE 8 RADIATION TREATMENTS* BY YEAR AND CITY
#8 EED - MENI B A RSB K

Year Hiroshima Nagasaki
FE Y= Fe i
1945 - .
46 - -
- 47 0.3
48" 0.4
49 ‘ 0.2
50 : ¥
51 10,1 -
52 9.1 0.8
53 9.7 1.0
54 i1.3 0.8
55 . 10.9 1.0
56 11.9 8.5
57 18.3 10.1
58 16.3 10.1
59 17.6 10.6
60 20.4 18.2
61 . 21.3 20,2
62 22.1 23.3
1963 23.5 13.6

* Thousands T H{&

encompassed a peried of some 20 years since the end of
World War II, during much of which the law did not
prevail, and for some of which no data were available.
Only by making certain assumptions was it possible to
arrive at results particularly for years prior to 1958. It
was better to do this than ignore the period before 1958,
when X-ray apparatus is generally known to have been
in operation.

A list of institutions using X-ray apparatus in 1964
provided the starting point for the survey. Since lists
were not available for earlier years, some institutions
using X-ray apparatus were unknown. A 1964 sample
was used for the entire period starting in 1946.

" A number of the sampled institutions in each city could
not furnish data for certain years. The calculations
adjust for their loss, on the assumption that they were
the same in earlier years, as were the institutions that
could furnish data. Similar problems have been
encountered in other studies in Japan.'®

The estimates of X.ray activity obtained here correlate
reasonably well with those of another study.® These data
will be used to estimate average cumulative dose from
medical X-ray procedures since World War II in both
cities. The methodology developed in this investigation
may be applicable to other studies of epidemiologic types.
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SUMMARY

From a study of records of commuamity hospitals and
clinics in Hiroshima and Nagasaki the frequency of use
of medical X-ray from World War II to 1963 has been
determined according to films used, and radiographic,
fluoroscopic, and photofluorographic examinations per-
formed. A steady increase in use of medical X-ray over
the years was demonstrated for both cities and for all
modes, except fluoroscopy in Hireshima. The resulting
data will facilitate estimation of average cumulative dose
from medical X-ray procedures since World War II in
Hiroshima and Nagasaki. The methodology developed in
this study may have useful application in other investigations
of epidemiologic nature.
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APPENDIX POPULATION OF HIROSHIMA AND NAGASAKI BY YEAR
152: ERS LURBAHOEEIAD

Year Hireshima Nagasaki
FH |z F
1944 336,483 240,000
45 136,578 153,212
46 171,204 186,119
47+ 222,434 195,174
48 246,134 213,698
49 270,863 229,823
50* 285,712 247,248
51 297,758 258,392
52 310,172 266,374
53 325,732 274 809
54 337,837 277,900
5% 367,287 303,724
56 375,926 307,835
57 389,473 315,494
58 407,460 322,912
59 442 223 327,070
60* 431,336 344,079
61 448,956 350,230
62 473,876 376,048
63 491,105 395,652
1964 504,326 399,258

[ 2 3 %

* National Census

Source M¥LH : Hiroskima City Office (Summary of Health & Sanitation, 1964)
EATRM(FREEEE, Bag)
Nagascki City Health Center Annual Reporis
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