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SUMMARY

Use of medical X-ray in Hiroshima and Nagasaki
from 1964 to 1970 was assessed according to
numbers of films consumed, and the radiographic,
fluoroscopic and photofluorographic examinations
performed. Together with results of a previous
investigation, the recent data, except for chest
photofluorography, demonstrated a further steady
increase in the use of medical X-ray since World War
II. In earlier years the rates of radiographic and
fluoroscopic examinations per capita were greater in
Hiroshima and Nagasaki than in the nation as a
whole. The reverse has been true during-recent
years, with increasing trends in radiography and
fluoroscopy for all Japan far outstripping those for
the two cities.

INTROPUCTION

The numercus studies of biological effects from low
doses of ionizing radiation have manifested a
sustained and ever-increasing interest in this impor-
tant area. Radiation effects in the low dose range
have not vet been elucidated, and they constitute
an important problem yet remaining to be solved.

Though radiation doses from diagnostic procedures
are relatively low, the majority of the populations
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of developed countries repeatedly receive them.
Disturbances which may develop from repeated
exposure to small radiation doses are yet unknown.
Unless current studies of these procedures are
stressed, should any future radiation effects develop,
it will be too late to document the conditions under
which the exposures were incurred.

Medical sources of exposure are acting as contami-
nants during the assessment of late-radiation effects
among A-bomb survivors. Accurate knowledge of
the circumstances of exposure and doses is necessary
for diagnostic and therapeutic procedures and any
other sources of ionizing radiation to which these
people are continually subjected. For these reasons,
with the assistance of hospitals and civic and
governmental institutions in Hiroshima and Nagasaki,
we have been conducting extensive epidemiological
and dosimetric investigations. The present study is
the sequel to a 1964 survey of radiologic practice
from the end of World War II,' which established
early trends in Hiroshima and Nagasaki during the
first 18 postwar years. However, use of diagnostic
and therapeutic X-ray is steadily increasing, and the
present study determined subsequent trends from
1964 to 1970.

We wished to avoid, if possible, the extensive time
and effort involved in the earlier survey. Application
of the trends previously! observed to the recent
7-year period was attempted, but found unjustified.
Had it been possible, the present study would not
have been necessary. A simplification of procedures
used in the first survey was desirable, but would not
have allowed strict comparison of results of the
present with those of the earlier study. The
procedures used previously were therefore again
followed as closely as possible, during 1 year
commencing February 1971.

Trends of radiologic practice in Hiroshima and

Nagasaki were also compared with those of the
nation as a whole,

METHOD

Methods for sampling institutions, data collection,
and subsequent evaluations were desc_ribed in the
report of the earlier survey.! Briefly, they involved
the following:

Film Consumption, Radiography and Fluoroscopy

Sampling of Institutions. A list of hospitals and

B Tw3, ZOLICPEBEOHPZLTRIALE
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BRIz A b T THECR T AR RER L A
DTEHEETES.

ERARASIE, HFoEBHBRE IS IRHBOWRSE
HEELFET B CERLFREFOREE LTV
b, LEHoT, RS2 T w5 HEEEROHE
BHEMELHBEES LT OMOBERSHRED S OB
DVNTERLH»TE{BESFES. 20k 7k Riky
5, hhbhitlEE - B HT2—0R - B4 5 U
CEAYEMOENEET, BEBRESCMTIES
PRAEFIUHRUNEZT L2 TEA, bithh T E-
—HORE - BEEHIIETSEED S 5T, 1964412
B L 2B ORI REZ L D 18EM Iz b £ 2 Rt
BIFEWMIzET2#ETHI 5.1 ZoREEBzk-T, @WH
PR BEROBFMER 2 IEEBT 2 LT
BN, TOBRLKRALELTHEBHEEHEML T3,
LA, SEHOMECTE, ToBOHERE, 2F0
MEH»SIINEZT O TIEMUCHTAMHEME F HF 7

RAOPECIRREEHEHAIFIRPLERLAOT, &
i, CENREZONAILIER TP T2
As5hiEZ R, MEOFEE cHML ~EioEEn %
BRD 7TEMIZ>VTLEHAT I ETH40 UL,
FhATHRTHI AL VIERIEL Lo~ BLHRTH -
s, SEAOAESERTILE XL, Kz,
HO#HECRAVS N T AFEEHMItT s &2
ShiH, TS EFEERHVELZ LI, SHOHEE
HRELEOF A ERICRE T2 L1 3H#E £ 5.
B, corUVoRERWNEZALS 1EMIzhil-
T, BENCHAW S RAFEIITEAEITRECEATEHE
fEx .

A, AO0WECHML - BEBEMOREFLUE

ik 3 RStHBRENRHoEm L 2B h s %
HE-+22885h4TiTh 7.

H Ok

HAENLHOE - BEOMEL, EH0E, LU 20%
DFELE >V TR, TCLoMEOATMRE ZEL R
NERTLE. ERTAEROLBVTHS.

ZANLERE, BERES JUER

H-EROBE. @Eftsb2855  ERTXRES



TABLE 1 NUMBERS OF HOSPITALS AND CLINICS WITH AND WITHOUT X-RAY EQUIPMENT,
BY YEAR AND CITY

F1 XBEBOHAZLOLGZVLEOOR - BREM: FEH L EBEE

Hospitals  #jkz

Clinics Ekz

Year

£ Total* large  Small Small**# with

Total* I_arge** Small Small*** with

R T Ay sy LR KSR 55
Hiroshima &&
1964 73 11 62 48 447 3 444 275
1965 72 11 61 49 471 3 468 295
1966 78 i1 67 56 504 3 501 321
1967 77 11 66 56 522 3 519 337
1968 74 11 63 55 549 3 546 366
1969 74 11 63 57 559 3 556 373
1970 75 11 64 60 579 3 576 390
Nagasaki ##
1964 34 8 26 18 327 3 324 185
1965 37 8 29 21 337 3 334 190
1966 43 8 35 25 357 3 344 200
1967 44 8 36 26 381 3 378 223
1968 48 g 40 28 390 3 387 232
1969 47 8 39 28 399 3 396 242
1970 48 8 40 29 410 3 407 251

*Numbers of hospitals and clinics were obtained from the Health Statistics Year Book. WEBEO S EHKIFRIZ L2
**Three Hiroshima and 2 Nagasaki Health Centers were excluded from this column. 15553, W 2 O (REEIF 2R84 5 BRIL £
***pNumbers of small hospitals and clinics with X-ray equipment were determined by the values obtained in 1964 & 1970.
XEER LT 5 rREREOH, 0HMEFEFIOT0ECHE AARE L L ITREL A

clinics in each city by year according to whether
they used X-ray equipment was needed, but the
official records of each city provided only yearly
counts of “hospitals” or “clinics”, as shown in
Table 1. This problem was also encountered in the
previous study.! The hospitals and clinics in
operation on 31 December 1970 and those with
X-ray equipment were eventually determined.

As in the previous study, all relatively large hospitals
and clinics were selected for survey (Table 2).
Included among these were three Hiroshima and
two Nagasaki health centers, and ABCC. The
remaining small hospitals and clinics are also shown
in Table 2.

A considerable number had X-ray equipment, and a
40% random sample of these smaller hospitals and
clinics (small institutions) was surveyed (Table 3).

This 40% sample was used with the objective of
matching the groups previously s.urveyecl,l though
the institutions themselves were not entirely
identical. Before survey, the hospitals and clinics

AFREhTOALPEI pEEENCHHL - —HEs
BTChorn#, HLIRT KT AT ORLETE T
¥R [ER]0EENREIESNLEZTTH- /4, il
ORECLEREEMEOEEBELTYS. F2T, B0
MEH S 1970F12ANBREESHOR - KiEfHe, *
DILXBEBEMA L0 L 2MERAL 2.

il = oo F8 2 [E 4%, HeakavkEB AR - B (LUF, R
LI FEHEELLTHEONRELA(E2). &
Oz, BBIEET A o0 RERAT, RECHTE S
OIEEAT, HFLIFABCCHEENT VS, £/, F0f
DNBMOR - B (LT, MEEEwd )b R21
L.

MREOR - ERO I SXBHEBOH 30 HHE B
DIE-7#, chsnddsEESTH0%EFMBLTH
HLA(E3).

ZONBEVIERMAOAT I HEGEELHITT,?
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TABLE 2 NUMBERS OF HOSPITALS AND CLINICS ANDPROPORTIONS WITH X-RAY EQUIPMENT
BY CITY AND X-RAY EQUIPMENT, 1970

2 BHASIUXBEENCLLE - BERSs L FE0HE, 19704
Hiroshima &5 Nagasaki &
Hospitals Clinics  Total Hospitals Clinics  Total
Fex] 53 3 7 BF b 33 ERE X

Total ZMEH# 75 582 657 43 412 460
No equipment X & o 4 W hgaE 4 186 190 11 156 167
Equipment present XHEERZHT 5K i 396 467 37 256 293
Large institution selected M & n 2 KMER 11 6 17 8 5 13
Small institutions for sampling 60 350 450 29 251 280
MBS & & - 2 b il
Proportion (%) of small institution
with X-ray equipment 0.94 0.68 0.72 0.62

XHERE* 4T 5/RRois (%)

TABLE 3 NUMBER OF SMALL INSTITUTIONS WITH X-RAY EQUIPMENT WHICH WERE SURVEYED, 1970

%3 XBETEETAIE - BEBRETHEOMRL & -~ 19704
Hiroshima &8 Nagasaki ¥

Hospitals Clinics  Total Hospitals Clinics  Total
B 33 it EEE 137 &t

Total MMHBEFEOBEK 60 390 450 29 251 280

Initial sample —X&X#4+ > 71 24 156 180 12 101 113

Effective sample  #Hzh4 > 7w 22 131 153 11 97 108
Rate (%) to the total #HX+ > 7roi®E (%)  36.7 33.6 34.0 379 38.6 38.6

were not categorized by specialty, such as internal
medicine and surgery.

Data Collection. Yearly totals of X-ray films used
for radiography and fluoroscopy, and the total
numbers of radiographic, fluoroscopic, chest and
gastrointestinal photofluorographic examinations,
and radiation treatments were determined for each
institution. Film numbers were recorded, regardless
of film size or whether multiple divided exposures
were used. Radiographic and fluoroscopic examina-
tions were recorded according to body site using
the criteria shown in Appendix I. The recording
form used is shown in Appendix II.

It should be noted that, when a fluoroscopic
examination involved exposure of X-ray films in
spot filming, a radiographic as well as fluoroscopic
examination was recorded. Examination of the
esophagus, stomach and duodenum as well as the
biliary ducts is an example (Appendix I).

In both cities about half the data sources were
technical records (Table 4).

The remainder consisted of X-ray films, patients’
medical charts or information supplied by the

T - BREFAR, MR2ZCHHL 2.

EHNE, FUTVIEE-EBRCPOT, BRBES
FUBRHREIIRAVORAXET ( VLOEIMEKRY, &

B, BUAE, Wis R UTEMELE, 45U
HgEmoBa S e EA, 7 VaARKESIIEMEL
{, £AFEREITEbATHEEESL, A7 (VA
WHLEFEL A, BEEBRF I UBRRERIMFRTC
FTHELAOTEHMNIIEZL L. 2sRALAZHEE
EgHREASEIIERT.

IRl AL) CERBREORI, HREBREFTE
bhhBEE, EEREs JUBHREN T LN 1
ELTRGELA, REZERE, BHIUHTHEBL5
VEEFNHRFEEZO LATH 3 (81 28).
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TABLE 4 SOURCES OF DATA IN LARGE AND SMALL INSTITUTIONS* BY CITY
#d4 REBRSLUIET H»SESNLAROMEH: WA

Hiroshima I8 Nagasaki ¥

Source Institutions Institutions %
HEHHOEH - Fa B

Technical records X &ligsk 89 65 56.0

Xeray films 7 « M 4 51 40 34.5

Patient chart # a5 10 1 0.9

Doctois response Emiofz 10 10 8.6

*Of the total 197 Hiroshima and 126 Nagasaki institutions surveyed, 37 and 10, respectively,

could not furnish data.

EEOHRE G- EEOLY ERsICEWO 1B HEED I b, ThTATHLUI0EERES, S ELR

Aotk

physicians involved. Japanese law requires that all
medical records be retained on file for at least 5
years.? Figure 1 shows the rates at which records
were available, by year, during the present survey.

Small institutions’ records for the recent 5 years
were actually available at a rate of nearly 90%.

Calculation. All of the large institutions furnished
the required data, but some of the small ones did
not., Accordingly, the effective Hiroshima and
Nagasaki sampling rates were decreased from 40% to
34% and 38.6%, respectively (Table 3). The
estimated frequencies of films, radiography and
fluoroscopy by year and city were calculated using
essentially the same procedure as in the earlier
im’estigation.l

Some, found to have no X-ray equipment, though
listed as having such, were treated as institutions
not sampled. Institutions which had X-ray equip-
ment but reportedly had not used it, were treated
as effective members of the sample.

Data were tabulated by year. If no value was
available for a given year, but values existed for the
preceding and following years, interpolation was
used. Values supplied by physicians’ recollections
were treated as those derived from actual film
checks. Overall trends proved similar whether or
not these physicians’ responses were used.

The final values were derived by multiplying the
means by the actual numbers of hospitals and
clinics having X-ray equipment. The numbers of
large institutions with X-ray apparatus were easily
determined. For the small institutions the following
procedure was used:

EFREMOTERA 5B AL, BEROERTIE, BHIT
BurLELELIEMRIRETTAIZIELLE»T NS, ?
1, SEOMECEHEOBShLEESEFIRT.

ANFEERTORED 5 EMOERE, HOREFshTY
oENbrS.

HEMEOEE. THNTOXRBRISEFLEERNIES
i, PEFTRIEGRLELP2LL0FET S L.
LadoT, LEHFLUEBICIE T aMAMmMEE, 0%
AEEFNFRUNYE L UTBEB NP (FE3).
74 Mot EERE S LUFERBEOREN S LU
HFIHEEEMOETEE, INofAEOL 2 LRAICFE
FRAWTITE-ET

WD AOMEE, XERBEEFZVOLIEROLT
HhsborLTHERBEATVAEDTIASIEME SR
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WEO AR (%)
RATE (%) OF AVAILABILITY OF RECORDS
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FIGURE 1 RATE OF AVAILABILITY OF
INSTITUTIONS’ RECORDS IN PRESENT STUDY
Bl F#EEFIZHTS
FREL S ORNBEOATHE

1964 65 66 67 68
YEAR #

The numbers of small hospitals and clinics operating
at the end of each calendar year were obtained from
the Health Statistics Year Book (Table 1).3* The
official counts pertain to December. Throughout
each year, the numbers of institutions change. An
average of the current and previous December
values was used for each wear. The rate of
facilities with X-ray equipment was determined for
1964 and 1970, and from it a proportional distri-
bution was applied to each interval year.
this rate, the number with X-ray equipment was
determined (Table 1).

For frequency of fluoroscopy, the rate of institu-
tions with X-ray equipment was further multi-
plied by the rate of small hospitals and clinjcs
using fluoroscopic equipment. However, the
number and rate of small hospitals and clinics
surveyed and using fluoroscopic equipment was
determined for each year according to the survey
recording forms.

In general, as in the previous study,! the accuracy
of these estimates is greater for recent years. This
results from a situation in which films and records
can be disposed of after a specified period according
to law.? This is demonstrated in Figure 1 wherein
rates are lower for years prior to 1967. This was
also due to the fact that a list of institutions with
X-ray apparatus was available onily for 1964 and
1970, necessitating use of data for those years.

69

Using

1970
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Photofluorography

Since the numbers of mass gastric examinations
were relatively few in the survey in 1964,! only the
data for chest examinations were analyzed at that
time. Rates both for chest and gastric examinations
were obtained in the present study, because of the
increase in mass stomach examinations since that
time. ’

As in the first study,1 all large institutions and a
random sample of all the small ones were surveyed.
In both cities photofiuorography was performed in
relatively few institutions. To determine whether
the remainder of the total used photofluorography
a letter and reply postcard were sent to each
institution (Appendix III). The institutions which
did not reply were then telephoned. Results of the
mail survey are shown in Table 5.
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TABLE § NUMBER OF INSTITUTIONS USING MASS CHEST AND GASTRIC PHOTOFLUOROGRAPHY
ACCORDING TO MAIL SURVEY

#5 MYsLUBOMBEEETE > 3ER0H: HERAE

Institutions 5iE 3% &

Hiroshima i & Nagasaki Fuf
Total institutions with X-ray equipment X#H#&T &6+ 28RN 467 293
Large institutions surveyed by WO N i 4 17 13
Small institutions sampled{40%) and surveyed-iiL. (404% ), 38F L 2--hgar 180 113
Institutions surveyed by mail  BAHRZE L 2R 2710 167
Institutions responding to mail survey BUNECELO H - 1Mkl 221 124
Institutions surveyed by telephone* TEREE L A% 51 45
Verification of photofluorography 58 32
It & kB L T B L MED B o R Chest f i 58 Chest B3k 31
GI # 18 GI ¥ 11
Denial of photofluorography FHEB# £ KL Ty EREDGH - 2:5Eak 214 137

*A5 g result of the telephone survey, in Hiroshima, § institutions verified that they performed
photofluorography; 41 denied it; and 4 had ceased operating. The corresponding figures for

Nagasaki were 2, 42, and I respectively.

EOI s ANENAOKT, CHATHRBREFTShATV I EXMb2Y, ARETETERA
Twhtaotk, £, AWMBECIPIEERTLL. BTl ohicfiSTaERBEEIRThE, 42

BLUL1TH .

On mail survey, 58 Hiroshima and 32 Nagasaki
institutions indicated they performed photofluoro-
graphy of the chest, stomach or both. Practice in
these institutions was then assessed, together with
that of the larger institutions and the randomly
sampled smaller ones. The survey covered all the
institutions performing photofluorography. Insti-
tutions visited following responses to mail survey
are shown in Table 6.

There was a relatively large number of institutions
in both cities in which radiography and chest and
- gastric photofluorography could not be distinguish-
ed. Six institutions refused to cooperate in this
study.
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TABLE 6 INSTITUTIONS RESPONDING TO MAIL SURVEY FOR PHOTOFLUOROGRAPHY
F6 HBER SO THEETHAILEAROK EROBEETER

Institutions Hed#

Hiroshima =& Nagasaki =i
Chest  eimmaking:
Institutions for survey ¥t bbizgy 58 31
Data collected HHAFAETE R 32 18
No data available BHREHARTE 4 b - 2% 1 0
Refusals HEEAFTEE 0
Conflict of responses  PLRE&E DRRNTE & o - 25650 20 13
Gastrointestinal — FHHER
Institutions for survey st st 18 11
Data collected EEAAFTE 2D 2
No data available HHEHBAFTE 59 2 1558 1 0
Refusals BERARTRE 1 0
Conflict of responses  EHRR & OREBIAC & % b o S FEl 13 9

The total photofluorographic examinations consist
of the sum totals for all institutions surveyed. Some
institutions in both cities could not furnish data for
certain years, and in such cases, ail responding
institutions were categorized by type of practice.
Then the average value for each such group of
institutions for the corresponding year was substi-
tuted for the omissions of the corresponding
institutions.

Radiation Therapy

For radiation therapy, the numbers of treatments
administered were determined from the data of all
the institutions (large institutions, and small ones in
40% sample) surveyed,

RESULTS
Film Consumption, Radiography and Fluoroscopy

The survey covered 17 large and 153 randomly
sampled small Hiroshima and 13 large and 108
randomly sampled small Nagasaki institutions
(Table 3). The total numbers of films consumed,
and radiographic and fluoroscopic examinations
performed, were estimated for each year. The
results of the present study are shown in Tables 7-9.

Figures 2 and 3 are based on data obtained in the
present and previous studies.’

Numbers of films per person per year in Hiroshima
and Nagasaki are shown in Table 7 and Figure 4.

BB REOREE, WAL LSRR TIT2 b0 M
BHOEGHTHA, B30 22N RTIE,
BAIAFRIIDOTRBLBHTEA D42, 20L&
Fil, FFEGD LT RT O BREED &
PUL TN =TIEHT, DOCET V- TTHLSE
ELBTATFRHLIRYD, BLEREIBRT370 -0
EHEEL - THLEL .

W atiRaE

BEEEFI2OTE, AL A+ TORR (AN
HLUW%YF » TUONIER) OWE D 5 EREO K%
WmEL .

w R
T AL LEANY, EREESLUER

BEET -2, BSTHRAERL7, SmEamb
EhiohfEik 153, EWTIAERLE, EESHBan
RATER 1B TH S (R3). BHEELETET 1 LA
RS, EERYSLUBROREOHES TR/
SEOBEERBRRT - 9 1IFL A~

H2#HLUEIE, SESLUMBONE ¢85 hit
BHEL L E-200TH 3,

ESHLIUVERIIHETAEMITRESEADV D7 1 LA
i, R7THLUK4IZERL -



TABLE 7 TOTAL FILMS* CONSUMED DURING RADIOGRAPHY AND FLUQOROSCOPY
BY INSTITUTION TYPE, AND FILMS PER CAPITA, BY YEAR, AND CITY

#7 BEFEEESIVERBRETCHEMzNLT 1 noaBE: FERoEM,
VAN 7 ¢ L afitl, FELTHTER

Year Large Institutions** Small Institutions*** Total Films Films per Capita
i3 KIEEH NEEER 71 A LgH HE 1 AYA OB
Hiroshima K8
1964 388 207 595 1.16
1965 438 275 13 1.36
1966 496 N 888 1.67
1967 542 468 1010 1.86
1968 572 595 1167 2.12
1969 604 657 1261 2.26
1970 622 729 1351 242
Nagasaki 5#
1964 215 148 363 0.91
1965 226 177 403 0.99
1966 269 204 474 1.15
1967 297 226 524 1.26
1968 337 330 667 1.59
1969 362 395 757 1.81
1970 383 447 830 1.95

*Thousands  TU{L
*¥Sums of actual numbers recorded from institutions’ records by survey
AFEHDNRI SRR REBEINEEEHLAHE
*+*Estimated from survey of randomly sampled small insitutions
EHAIMELADBREZOVTORHEERE» ot L A1

TABLE 8 TOTAL RADIOGRAPHIC EXAMINATIONS* BY INSTITUTION TYPE,
AND PER CAPITA, BY YEAR AND CITY

#8 EHERBoOMRTEEY: BRONE, 1 ASL)OMER FELLUHETHHN

Year Large Institutions** Small Institutions*** Total Exams Exams per Capita

i 4 At T NBERR BRELE LAY Do R E
Hiroshima K&

1964 187 130 317 0.620

19635 198 160 358 0.682

1966 215 188 403 0.756

1967 225 219 445 0.819

1968 225 268 493 0.894

1969 228 284 511 0.918

1970 228 310 538 0.964
Nagasaki B

1964 104 85 189 0.473

1965 105 94 198 0.487

1966 _ 113 105 218 0.529

1967 117 124 241 0.577

1968 125 155 : 280 0.669

1969 134 180 313 0.748

1970 142 197 339 0.798

*Thousands FR{L
*#*Sums of actual numbers recorded from institutions’ records by survey
RENOEZA B NATHETEIOTEEILAM
*erpoimated from survey of randomly sampled small institutions
EEACHELAMER I YL TOMBRER, SHEEL 2/
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TABLE 9 TOTAL FLUOROSCOPIC EXAMINATIONS* BY INSTITUTION TYPE
AND PER CAPITA, BY YEAR AND CITY

£9 BHORELYE" BROMEM, 1ANLYORER. £ED LU

Year Large Institutions** Small Institutions*** Total Exams. Exams per Capita

i AR AN 2R RESY HMRELIALSAZVOBEDNY
Hiroshima &5

1964 41.5 45.1 86.5 0.169

1965 43.5 49.0 924 0.176

1966 48.6 54.7 103.2 0.194

1967 47.9 52.0 100.0 0.184

1968 453 55.9 105.2 0.196

1969 49.1 63.0 112.1 0.201

1970 46.3 78.9 125.3 0.225
Nagasaki $#f

1964 13.7 - 17.8 31.5 0.079

1965 15.4 19.8 35.1 0.086

1966 17.5 19.8 37.3 0.091

1967 18.0 20.3 383 0.092

1968 19.6 28.7 48.4 0.115

1969 18.9 31.2 50.1 0.120

1970 18.6 33.0 51.6 0.121

*Thousands T H4r

**Sums of actual numbers recorded from institutions’ records by survey

ABEORBr GBS NLEREIOT EEHLAM

**x¥Estimated from survey of randomly sampled small institutions
EESCMBLAMMERC YV TOBEEERASREL A

Estimates of radiographic and fluoroscopic examina-
tions per capita by year are shown in Tables 8 and 9
and in the corresponding Figures 5 and 6.

The accuracy of the estimated values for 1964
might be questioned, because they were established
from data preceding the survey by more than 5
years. On the other hand, the 1963 values can be
considered reasonably accurate, having been estab-
lished from data obtained within 1 year of the
survey. The numbers of institutions with X-ray
apparatus were accurately established for 1963 and
1964, and the good fit at the junction of the
earlier and present curves at this point strongly
suggests that the estimated values for 1964 are also
accurate. Otherwise, no such good fit could have
been obtained.

Rates for films used in radiography and fluoroscopy
indicated that medical X-ray activity increased
during this 7-year period. Since 1963, the films
consumed per capita during radiography and fluo-
roscopy increased abruptly, by a factor of 2.5 in
Hiroshima and 3, in Nagasaki (Figure 6).

The yearly populations of Hiroshima and Nagasaki
from 1964-1970 are shown in Appendix IV.
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FIGURE 2 TOTAL EXAMINATIONS AND FILMS CONSUMED DURING FIGURE 3 TOTAL EXAMINATIONS AND FILMS CONSUMED DURING
RADIOGRAPHY AND FLUOROSCOPY, PER YEAR, HIROSHIMA RADIOGRAPHY AND FLUOROSCOPY, PER YEAR, NAGASAKI
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NUMBER OF X-RAY FILMS PER CAPITA
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Data from a total of 66 Hiroshima and 40 Nagasaki
institutions were analyzed. In the 1964 survey,!
48 Hiroshima and 27 Nagasaki institutions furnished
data upon which yearly trends were established.
Of those 66 Hiroshima institutions, 16 were large,
and 18 were from those randomly sampled; 32 were
queried by letter, then surveyed. For Nagasaki,
these numbered 12, 10 and 18, respectively. Ap-
proximately 1.5% of the Hiroshima and 1.9% of the
Nagasaki total activity trends per year consisted of
estimates based on recollections of physicians whose
institutions had no records. The exclusion of such
memory-based information would have zesulted in
no available data at all. No alternative compensatory
approach existed.
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FIGURE § EXAMINATIONS PER CAPITA BY YEAR, HIROSHIMA
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FIGURE 6 EXAMINATIONS PER CAPITA BY YEAR, NAGASAKI
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TABLE 10 CHEST PHOTOFLUOROGRAPHY
£10 N B EE

Total Total Examinations*
Year Examinations™ Exams per Capita by Large Institutions bfa
0 RE&H HE 1AL 0 ORABIH AR B SRES attb OUE
(2) {b)
Hiroshima E&
1964 411 0.804 307 0.75
1965 434 0.827 329 0.76
1966 436 0.818 330 0.76
1967 445 - 0.81% 332 0.75
1968 437 0.792 324 0.74
1969 450 0.809 333 0.74
1970 447 0.802 351 0.79
Nagasaki &®f

1964 245 0.613 216 0.88
1965 227 0.557 199 0.88

Y1966 226 0.549 197 0.87
1967 221 0.529 186 0.34
1968 244 0.582 211 - 0.87
1969 248 0.592 215 0.87
1970 230 (.542 197 0.86
*Thousands  THH

Table 10 and Figures 2, 3, 5 and 6 show yearly #1042 52 E2, 3, 5, BLU6TE, SHOME

trends and numbers of examinations per capita per
year for chest photofluorography, estimated in the
present study, and combined with those of the
previous study.’

Though generally higher in both cities when
compared to the earlier data,! per capita examina-
tions nearly reached a plateau during the past 10
years in each city.  Fach year, the large institutions
contributed to the mass chest surveys by a rate
estimated to be 75% in Hiroshima and 87% in
Nagasaki (Table 10).

Mass Gastric Survey

Data were obtained from 4 large and 8 small
Hiroshima and 3 large and 2 small Nagasaki
institutions. Since the mass gastric survey rate was
relatively low during and prior to the 1964 investi-
gation, those data were not previously analyzed.
However, data from the present survey were analyz-
ed together with those of 1964, and results are
shown in Table 11 and Figures 2, 3, 5 and 6.

In both cities, mass gastric survey examinations per
capita were far fewer than those of the chest.
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TABLE 11 MASS GASTRIC SURVEY EXAMINATIONS

#11 BokEH2

Year Examinations Total Films Films/Exam.  Exams./Capita Films/Capita
I BEas 7 gnnERE —HENLYO HRLALAY HEE L ALE DD

7 4 A RIECE DR 7 ¢ Mafis

Hiroshima A&
1958* 531 2,124 4.00 0.00130 0.00521
1959+ 523 2,092 4.00 0.00118 0.00473
1960* 499 1,996 4.00 0.00116 0.00463
1961% 806 3,224 4.00 0.00180 0.00718
1962* 2,525 11,931 4.73 0.00533 0.0252
1963* 1,591 9,161 5.76 0.00324 0.0187
1964 5,142 32,310 6.28 0.0102 0.0641
1965 6,754 39,707 5.88 0.0129 0.0757
1966 10,178 57,202 5.62 0.0191 0.107
1967 12,014 67,534 5.62 0.0221 0.124
1968 14,675 83,426 5.68 0.0266 0.151
1969 18,582 105,752 5.69 0.0334 0.190
1970 19,579 111,532 5.70 0.0351 0.200
Nagasaki i

1963% 21 120 571 0.000053 0.000303
1964 77 407 5.29 0.000192 0.00102
1965 409 1,729 4.23 0.00100 0.00424
1966 894 3,623 4.05 0.00217 0.00879
1967 788 3,207 4.07 0.00189 0.00768
1968 1,626 6,628 4.08 0.00388 0.0158
1969 4,075 22,528 5.53 0.00973 0.0538
1970 3,116 16,391 5.26 0.00734 0.0336

*Data obtained during previous surrve).’l

Persons in the older age groups probably received
most of these stomach examinations. Nevertheless,
their number abruptly increased in both cities.
Mass gastric surveys would appear to contribute
heavily to cumulative population doses thereby
constituting an important contaminating radiation
exposure source.

Radiation Therapy

The total numbers of radiation treatments, with
sources including X-ray, telecobalt and linear
accelerators, per year, are shown in Table 12.

These consist of the numbers of treatments
administered, obtained mainly from records of
“large” medical facilities and the sampled “‘small”
institutions. No definite conclusions can be drawn
concerning trends in radiation therapy, since all of
the institutions administering it were not included
in this survey.
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TABLE 12 RADIATION THERAPY BY YEAR AND CITY
#12 HAHREE: EE B EUEHH

Hiroshima &8 Nagasaki 8%
Year
EHE Total patients Total treats Total patients Total treats
EAHERLBH BT ~< 35 9% B £ HESEHERLE ©HENGHEE B

1964 18,893 19,864 6,838 7,109
1965 23,859 25,840 10,331 11,219
1966 29,712 32,219 12,524 15,868
1967 30,712 " 32,898 11,713 13,664
1968 29,227 32,454 14,136 15,305
1969 26,212 32,394 12,612 14,420
1970 25,711 29,707 15,336 18,756

Medical X-ray Activity by Type of Institution

Film consumption in each city was analyzed to
compare trends of medical X-ray for the “large”
institutions and randomly sampled “small” ones.
Results are shown in Figures 7 and 8.

In the previous study® the “large” institutions
contributed an estimated 63.8% and 68.8% to the
Hiroshima and Nagasaki totals, respectively, in 1963.
However, the present survey revealed that film
consumption of the “‘small” institutions exceeded
that of the “large” ones during the recent 7 years in
both cities (Figures 7, 8). The *“small” institution
percentage of the total was 54% in both cities
in 1970.

Most of the “small” institutions are private medical
facilities, and the relationship of their medical
specialties to film consumption was analyzed. All
of the randomly sampled “small” institutions in
each city were divided into four groups, according
to specialty including internal medicine, surgery,
radiology and ““others” (Figure 9).

Film consumption was determined for each specialty
by year. The rate of film consumption in the
“others” specialty category was less than a several
percent of the total. In each city most films were
used by the three specialties: Surgery, internal
medicine and radiology, both in 1964 and 1970
(Figure 9).

Excluding the ‘“others” category, a comparison of
the three specialties was made according to film
consumption during the recent 7-year period. To
accomplish this, for 1964, the numbers of films
used by each specialty were assigned a numerical
value of 1. By specialty, the numbers of films used
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M7 40 L EBEEHE
NUMBER OF X-RAY FILMS PER YEAR

FIGURE 7 NUMBERS OF X-RAY FILMS CONSUMED DURING
RADIOGRAPHY AND FLUOROSCOPY BY INSTITUTION
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FIGURE 8 NUMBERS OF X-RAY FILMS CONSUMED DURING
RADIOGRAPHY AND FLUOROSCOPY BY INSTITUTION
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during each of the subsequent years were divided by
the number consumed in 1964. The quotients are
plotted in Figure 10. :

The resuits show that the rate of increase was
highest for radiology in Hiroshima and for surgery
in Nagasaki, and lowest for internal medicine in
both cities. The numbers of “small” institutions
also increased during this period (Table 1). These
two factors — the increase of films consumed per
institution and the increase in numbers of insti-
tutions — both contributed to the total increase in
films used in *“small” institutions. This was
especially apparent for radiology in Hiroshima and
for surgery in Nagasaki on comparing the data for
1964 with those of 1970 (Figure 9).

Trends in Medical X-ray Use for Japan as a Whole

Estimated trends in radiologic practice throughout
Japan are being published elsewhere.’ Those data
are based mainly on the records of the Japanese
National and Social Insurance programs, and the
methodology used in the estimations is described in
detail in that report. To compare trends in radio-
graphic and fluoroscopic examinations in Hiroshima
and Nagasaki with those of the nation as a whole,
we referred to that study.

To compare the yearly trends from 1959 to 1970 in
numbers of radiographic and fluoroscopic examina-
tions per capita in Hiroshima and Nagasaki, and in
all of Japan, linear regressions were applied to the
data of Hiroshima and Nagasaki (Figures 5, 6) as
was done for that of all Japan.® The results are
shown in Table 13. The formulae for the linear
regressions are shown in Appendix V.

For radiography the rates of increase in examina-
tions were much higher for all Japan than for
Hiroshima and Nagasaki. Consideration of the total
X-ray examinations per total medical institutions in
each city versus similar data for all Japan also
showed a gradual increase in rate in each ¢ity — but
an abrupt increase in rate for the country as a
whole. This was also the case for fluoroscopy, only
in Hiroshima. However, the numbers of radiographic
and fluoroscopic examinations per capiia did not
differ appreciably between the two cities, and all of
Japan, in 1970.
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FIGURE 9 PERCENT DISTRIBUTION OF FILMS CONSUMED IN RANDOMLY SAMPLED SMALL INSTITUTIONS,
BY SPECIALTY, YEAR AND CITY

o HEBMBOAERTHEHAELAT 4 VAOESES: HPIHE,
' R & UHTTR

T ol

OTHERS [ ——

=
HIROSHIMA, 1964

A#
INTERNAL MEDICINE
50%

&t
FEETN &
TOTAL FILMS

61037

1.4% KR )
RADIOLOGY SURGERY
18% 31%
a5
NAGASAKI, 1964
T
INTERNAL MEDICINE
59%
&t
EERPY ¢
TOTAL FILMS
55120
zofh
OTHERS b3 =3
1% A& SURGERY
RADIOLOGY 16%

24%

Intarnal Medicine includes Pediatrics
Surgery includes Qrthopedic Surgery

IE &
HIROSHIMA, 1970

2} 53
INTERNAL MEDICINE
34%

Z o1

OTHERS
2.3%

&t
71 hnH
TOTAL FILMS

256028

ShRt
SURGERY
33%

RADIOLOGY
31%

F23
NAGASAKI, 1970

W
INTERNAL MEDICINE
44%

£ D
OTHERS
0.6%

&t
74 LA
TOTAL FILMS

175078

RADPIOLOGY
24%

nE
SURGERY
32%

AEHZERBLEENRS
SRt ERAHLEENS
Radiology includes Gastroenterclogy Clinics

RHESFzrEMBLEEN S

Others includes Otarhinolaryngology, Dermatclogy, Urology, Qbstetrics & Gynacology

Fofhicid, FRM, EHEE BRB, EBARNE

EX

19



FIGURE 10 FILM CONSUMPTION RATE BY SPECIALTY AND BY YEAR
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TABLE 13 EXAMINATIONS PER CAPITA IN HIROSHIMA, NAGASAKI, AND ALL JAPAN (1959-70}
%13 EBE-EBHSIUVARLERLRSTASLALA ) OBERE (1959705 )

Rate of Increase in
Exams per Capita

1A S 0 H s R

Estimated Exams per Capita, 1970
1970 D 1 A2 7= ) OREEEOHE R

Fluoroscopy &#l

Japan H42[E 0.14 0.048

Biroshima RSB 0.20 0.015

Nagasaki Bl 0.14 0.062

Radiography piifdiigs

Japan H 7 £[E 1.26 0.086

Hiroshima KL 0.98 0.028

Nagasaki  Huf 0.76 0.036
DISCUSSION ¥ =
In 1958 ABCC requested that Hiroshima and 19584 12 ABCC I3, HAADESRRKMEHEIET 5
Nagasaki be included among those cities randomly
sampled in the first nationwide survey of exposure s1A4+ERE 0B E L CEEACHBEN3HE
of the Japanese population to jonizing radiation
from medical procedures.® It was speculated at CEBRLUBBENL S & R A TRGFEEE
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ABCC that the use of medical X-ray might be
significantly greater in these two cities than else-
where in Japan because of a possibly greater real
prevalence of diseases and abnormalities or concern

therefor, among the members of the populations
who experienced the atomic bombs.

Considerable efforts have been expended in clarify-
ing circumstances of exposure of ABCC-INIH Adult
Health Study subjects to medical X-ray, the earlier
results of which have been reported in detail.”
These involved the routine estimation, recording
and analysis of individual doses of survivors and
their comparison groups incurred during their ex-
aminations at ABCC, and the fluoroscopic and
therapeutic radiation exposures they reportedly
received in other institutions. Data in the present
study are fundamental to completing the total
picture of their exposure to medical X-ray.

Most important, this study updated data of a
previous investigation,1 further clarifying the more
recent use of medical X-ray. A steady increase in all
forms of diagnostic procedures since World War II
is reflected by the present study, except inn the case
of chest photofluorography which has been used
with unchanging frequency during the last 10 years.

Previously it was considered that A-bomb survivors
might have more frequent radiological examinations
because of more disease or concern therefor.®?
This could be reflected by the earlier trends in the
two cities versus the nation as a whole. The
subsequent lesser increase in the cities than in Japan
as a whole may reflect more caution in the use of
medical X-ray on the part of Hiroshima and
Nagasaki physicians and/for patients because of the
earlier catastrophies in the two cities. This point
was supported by analysis of number of X-ray
examinations per institution.

Data obtained during the present study will be used
later in the calculation of medical X-1ay doses to the
Hiroshima and Nagasaki populations. Similar data
for the nation cannot be legitimately applied to the
A-bombed cities. Doses to the Hiroshima and
Nagasaki populations should be useful reference
data in the study of diseases such as leukemia,
whose rate has been significantly increased since
19511
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APPENDIX I
981
TERMINOLOGY AND GUIDE FOR CLASSIFYING EXAMINATIONS, HOSPITAL AND CLINIC ACTIVITY SURVEY
% BRIEHRKEEECERL A HENAHA

Number of Examinations B&E#
Body Site &

Radiography miz#is# Fluoroscopy ##H

Esophagus, chest frid, W 1 1
Esophagus, stomach, duodenum, small intestine #id. #. + —{a8g, B 1 1
Esophagus, stomach, duodenum, gallbladder frif, W, +Zi58. Ho 2 1
Esophagus, stomach, duedenum, biliary ducts &, W, TS, B 2 1
Abdomen, gallbladder B, 1RO 3 1 1
Abdomen, barium enema (cclon) B 86, WITIEKIBIE ¥ 1 1
Skull, sella turcica TR, MAT#H 1 0
Skull and other sites included inhead H&# LT EIIEEN ST T O 1 0
Skull, C-spine H T, A 2 0
Chest, T-spine Ba sk, Mtk 1 0
Chest, shoulder Mgk, B 2 0
Chest, trachea, bronchus B, A%, RAEX 1 0
Chest, apical lordotic IR &5, Rk 1 0
Chest, heart Fean, Lok 1 0
T-spine, L-spine B, HEiE 2 0
L-spine, pelvis IEfE, HFR 2 0
Pelvis, fermur frig, KRB 2 0
Pelvis, hip joint AR, BeBm 1 0
Shoulder, arm M, LB 1 0
Arm, forearm LB, AR 2 0
Thigh {femur), leg (fibula, tibia) AH, T 2 0
Total body EX] 1 0
Intravenous pyelogram SHRILHAER

Kidney, urinary bladder (AP abdomen) AR, RPREE (HTHBGE) MBI 1 0
Chest kS

Chest tomography g S0 KF 3t 5 2 0
Rt hip and It hip TR & AR PR B

Lumbar spine M 2 0
Arthrography of rt shoulder R B EHE

Rt forearm Hiil b 2 0
Lumber spine e
Sacral spine it 2 0
Chiest B
Rib B 2 0
Both hands and wrists [EZPIES-) 1 0
Both ankles or feet - MEEEALERAE 1 0
Mastoid series 52 1 0
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HOSPITAL AND CLINIC ACTIVITY-SURVEY

AR - EREDRANEIE

Hiroshima & [
Nagasaki £ D

Hospital or Clinic Address: Interviewer Date of survey
R & i i HEA EEFHA
1. When did your clinic begin vsing dingnostic x.ray equipment ? (year) {month)
RED TR 2 BREMIBBBEHOTLE T, (i) (A)
2. When did your clinie begin using therapentic x-ray equipment ? (ycar) {month) None
HERTEu oA S EKAXBER IRV TV E T4 (4F) (H) Rt
3. Piease indicate the total number of x-Tay examinations® conducted and the total number of sheets of x-ray film used during each yesr.
REMET o EXBBHOBRN* ZHEALAXB 74V LNEREERALT S,
a = Radiography X Remarks:
k& = Fluoroscopy X#igHm i &
© = Chest photofluoragraphy R S5 B 47 313 B2
d =Upper GI photofluorography k5 & R4S 0t 14 4 B2
YEAR fF
1139 5E 1964 | BRI4D 9 1965 P HIGL 1966 03 H142 i 1967 | WRAMZE 1968 144 £ 1960 | 1345 1970

Total examirations*

e (d AT

Total Films
74 LR

*Examination = One examination by radiography (with 1 or more films) 1 examination by Fluorascopy (with or without spot and follow-up films); and 1 examination by photofluorography {with L or mere films)

including mobile unit.

P IE= XA EART L (74 A 1L, XEENCEAEALN (AR F ARG TRET I 74 VA0 REND &), X & 3

4. Piease indicate the total number of coursest or treatments of radiation therapy your clinic administered dering 2ach year

BELM (7407 180E). BOHXBAE3L 0800,

BRI TG A5 2 o 2 BSHRIER 0 * 7 — et LW et S PRSI T B o -7 DEERALTTEC.

YEAR

[

#HI39 5 1964

134040

1965

A4 I

1966

W42 5

1967

WLHI43 4R

1968

B 44

1969 B 45 95 1970

Total courses®™

Be—rl

Total treatments

(AR

t Course = A single treatment or several treatménts intended as means of curing or alleviating a benign or malignant condition.

Forgon =AEARTHEMAOREZ LEMEERL T2 bhZ 1A 0 REOBH.

Remarks:

ik

RAD2I 171

I8
II XIANAddV



APPENDIX Il LETTER USED FOR MAIL SURVEY

Day Month Year 1971

To: Dr.

From: Walter J. Russell
Chief, Department of Radiology, ABCC

- T trust that you are enjoying good health.

ABCC, in collaboration with the Research Institute for Nuclear Medicine and Biology, Hiroshima
University, is engaged in an investigative survey on the state of photofluorography of the chest and stomach
being conducted in the city. The purpose of this survey is to obtain data for estimating radiation exposure
received by the citizens through these X-ray examinations.

We are sorry to intrude on your busy schedule, but it would be greatly appreciated if you would
kindly fill'in the enclosed post-card and return it to us. All information will be kept strictly confidential.
Your cooperation will be greatly appreciated.

We also mention that approval has been obtained from Dr. Naoki Todo, President, Hiroshima City
Medical Association for conducting this survey.

fHgll EEHFEIZEMAL AFE

HE 146 5 A H

ABCC H g i &
vy yF—J. T ot

O BTHReNEHORBEFECET-

&7, ABCC st Tit, REAEEREHRESRHANLIBELT, fﬁr’qt:ﬁ:h‘Mﬁﬂfn‘ﬂa‘s;ﬁﬁmﬂﬂi&%ﬁzm%m
FREz-owTHKLTEYET. ZoHEHME, BWAXBORBCL->THEFIYOBRERBRY T2 2#ET
HEHOERMNTHLBIZILTHNET.

HEitho st 3 RERGTCIEnE 4, AHOEFNFHLYNHIAMET s E LT, ANELHEZ LA
FEREErE T, BEASHHCET AREIRTFOLALEFOC, AXEELLEBANESEBL BFEy.

Bk, AMEETLSCHNELCE, AoAUHEOHEMSRBEERSIEES S L EBT LA
WoR
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Questions on Photofluorographic Examinations of Chest and Stomach

1. Does your institution conduct photofluorographic examinations?

Chest Yes ( ) No ( )
Stomach Yes ( ) No ( )

2. When did your institution begin the photofluorographic examinations?
Chest From ( ) year
Stomach From ( ) year

(Please return postcard even if no photofluorographic examinations are being conducted.)

City Machi Number

Name of hospital or clinic:

B3k IoWHREEEE T 5 EHM

i, AR cRXEREREY»FT-Th
B E 3,
BEm o o] vez[ ]
B 2wl | wvex[ ]
2. RAEOEETR, wobrbEEREYTX
S TEBNETH,
e mal lEas,
g®: Bl lEnrs,

(HERELY2{ ARt TEbRTVES
Th, ~HFFIEEXETE W, )

W ERA
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APPENDIX IV
T8N
POPULATION OF HIROSHIMA AND NAGASAKI BY YEAR*
5 - REOFEHNAN

Year #HE Hiroshima (55 Nagasaki ¥
1964 511,611 399,258
1965%* 524,558 407,541
1966 532,676 412,266
1967 © 543,079 417,343
1968 551,259 418,970
1969 556,791 418,810
1970%* 558,014 424,780

*Data from Hiroshima and Nagasaki City Offices Wit iR ¥
**National Census [EHHIE

APPENDIX V
HEV
FORMULAE FOR LINEAR REGRESSIONS
B E RO X

JAPAN PER CAPITA: BA2EH113 1 A% D O#

Fluoroscopy &E#
log:s (Tp) Japan = 1080 (0.14) +0.048 (i-1970)

Radiography M4l 2
log,y (Tp) Japan = 108, (1.26) +0.086 (i-1970)

HIROSHIMA PER CAPITA: HEEIZEF A1 AHANOE

Fluoroscopy &k
log.o (Tf} Hiroshima = log,, (0.20) + 0.015 (i—1970)

Radiography Eiziih
logw (Tl’) Hiroshima — logw (0.98) +0.028 (i—1970)

NAGASAKI PER CAPITA: E#IIHIT3 1 AN OE

Fluoroscopy #E#
108, (Tt Nagasaki = 10810 (0-14) +0.062 {i-1970)

Radiography B IR
log o (Ty) Nagasaki = 10810 (0.76) +0.036 (i—-1970)
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