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SUMMARY L

Dental hospitals and clinics in Hiroshima and
Nagasaki cities were surveyed to assess the
frequency and type of dental radiography
performed during 2-week periods from March
through June 1976. Patients radiographed were
categorized as members of the Adult Health
Study (AHS), non-AHS (Extended Life Span
Study other than AHS) sample and general
populations, and also categorized as Atomic Bomb
Survivors Health Handbook holders (the A-bomb
exposed) and nonholders of the handbook
(the nonexposed). All of these groups were
variously compared. They were mainly exposed
to conventional oral radiography, and to a much
lesser extent (3%-5%) to orthopantomography.

The exposure frequencies for oral radiography
per caput per year in Hiroshima were 1.2 for
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AHS, 0.9 for non-AHS, and 0.9 for the general
population. In Nagasaki, these were 0.9, 1.1, and
0.6, respectively. The oral radiography exposure
rates for the A-bomb exposed were 0.6 in
Hiroshima and 0.5 in Nagasaki. For the non-
exposed, these were 1.0 and 0.8, respectively.
Thus, the exposure rates were about 1.5 times
greater among the nonexposed than the exposed
in both cities.

The analysis of technical factors used revealed
that, compared to-a previous survey (1970),
many dental radiographic machines were fitted
with open-end cylindrical cones. Because of this
a reduction in exposure dose can be inferred.
Data obtained in the present investigation are
essential for subsequent estimations of exposure
doses of the populations of Hiroshima and
Nagasaki cities. :

INTRODUCTION

Radiological and dental exposure for health
reasons comprise the main source of ionizing
radiation experienced by humans. The impor-
tance of recording individual exposure dose
incurred by these sources has been repeatedly
emphasized.’

As a part of the follow-up studies for late
A-bomb effects, the ABCC/RERF Department
of Radiology has periodically studied the radio-
logical examinations and treatments pezrforrned2
at RERF and in Hiroshima and Nagasaki medical
and dental X-ray institutions, The citing of
publications of the ABCC/RERF Department of
Radiology by UNSCEAR® stressed their
importance. The mean exposure doses from
these sources to the citizens of both cities have
- been estimated, and the individual doses received
by RERF study participants within and outside
RERF have been cumulated.

In a 1970 Hiroshima and Nagasaki dental radio-
graphic survey, the AHS subjects reported the
dental radiography they received during the
3-month period prior to interview in the ABCC
Department of Radiology. The hospitals and
clinics responsible for the reported exposures
were then surveyed to ascertain the technical
factors used.»® That survey was confined to
AHS subjects, thus the exposure and the
frequency of dental radiography of the general
populations in the two cities were not studied.
The annual rate of dental radiography in both
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cities was subsequently estimated from nation-

wide annual trends in dental radiography, which
was based on a detailed analysis of dental .care
according to various health insurance programs.‘s
In those earlier studies, it was impossible to make
direct comparisons of the dental X-ray exposure
of the A-bomb survivors and the nonexposed;
particularly those members of the RERF and
general populations.  However, the present
survey accomplished all of these goals.

The primary purpose of the present study was:

1) To determine the frequency and type of
dental radiography received by members of
the RERF population at dental hospitals and
clinics within the old city boundares of

Hiroshima and Nagasaki as of 1976, and to -

compare the results for the RERF population
with those of the general population. Members
of the AHS portion of the Life Span Study
(LSS) extended cohort receive detailed clinical
examinations biennially at RERF,’ but those
in the non-AHS portion of the 1.88 extended
cohort do not® In addition the AHS, non-

AHS, and general populations were compared.

The old city definitions are those of the

administrative jurisdictions as of 1971. Towns
and villages which were subsequently annexed .

by the cities are excluded. This permitted
direct comparison of the current results with
those of the 1970 survey®™® and with those
of medical X-ray examinations.'

2)To compare the type and frequency of
dental radiography of the A-bomb exposed
with those of the nonexposed subjects. To
accomplish this, the RERF (AHS and non-
AHS) and general populations of both cities
were categorized as to whether they did or
did not possess A-bomb Survivors Health
Handbooks issned according to the A-bomb
Survivors Medical Treatment Law.!!

* 3)To survey the dental hospitals and clinics
for technical factors used during dental radi-
ography to estimate the dental X-ray exposure
received by patients. The results obtained will
be compared with those of the earlier study.**

MATERIALS AND METHODS

Survey Population

The populations of Hiroshima and Nagasaki
cities as of 1 April 1976 were estimated using
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TABLE 1 AHS & NON-AHS SUBJECTS & GENERAL POPULATION 30 YEARS OF AGE
& OVER RESIDING IN OLD CITY CONFINES OF HIROSHIMA & NAGASAXI

#£1 EBREUEHOBHAICEET 230K L0 AHS R E,

non-AHS HERZFRU—BHENH

Hiroshima Nagasaki
Age

Total Male Female Total Male Female
RERF Population (16.0%) 6.9%)
AHS
30-39 521 231 290 398 195 203
4049 1950 179 1171 1346 479 867
50-59 1627 37 1256 794 231 563
60-69 1766 581 1185 660 319 341
70- 1598 554 1044 385 186 199
Total 7462 2516 4946 3583 1410 2173
Non-AHS
30-39 7648 4238 3410 2787 1425 1362
4049 7913 3620 4293 3134 1450 1684
50-59 5903 1308 4595 1663 415 1248
60-69 7045 2131 4914 1769 558 1211
70- 6603 2621 3982 1234 571 657
Total 35112 13918 21194 10587 4425 6162
General Population (84.0%) (93.1%)
30-39 84008 41994 42014 64048 30398 33650
40-49 63381 31827 31554 54543 26023 28520
50-59 39991 20013 19978 36067 16908 19159
60-69 23209 11868 11341 22937 11301 11636
70- 13136 5605 7531 13877 5728 8149
-Total 223725 111307 112418 191472 90358 101114

the population component as of 1 April 19759 i3, O 4B 1 EREOADBRD L AEED L

with 5-year age group mortality rates for the
same year for all of Japan. It was assumed that
there was no loss due to migration, and that
migration in and out of the cities was the same.
Information on newboms (age 0) was obtained
by applying the mean value for the 04 years
age group for 1975,

The youngest A-bomb survivors of the RERF
fixed population were 30 years of age at the
time of the present survey. The AHS, non-AHS,
and general populations, 30 years of age and over,
residing within each old city, are shown in Table
1 by city. Sixty-five percent of the Hiroshima
and 98% of the Nagasaki populations were living
within the old city areas. Among these, tliose
30 years of age and over comprised 49% in
Hiroshima and 47% in Nagasaki. In 1974 there
were 62,344 Hiroshima LSS extended members,
42,574 (68.3%) residing in the old city area,
whereas among 21,078 Nagasaki LSS extended
members, 14,170 (67.2%) were old city residents.

A& SEFBAOFCH ETOTHRELE. ADO
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ENRTVBEEFELE HER(OE) 22T L,
1975 BEAND 0~ 4EDTHELHAL .
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TABLE 2 HANDBOOK HOLDERS & NONHOLDERS 30 YEARS & OVER RESIDING
IN OLD CITY CONFINES OF HIROSHIMA & NAGASAKI
#2 BLBRUVEHOBTHAIEET 230&L LD
FEAREORBTFRE/RERUHERIE

Hiroshima Nagasaki

Age

Total Male Female Total Male Female
Handbook Holder (29.9%) (39.5%)
30-39 16950 8376 8574 24898 12013 12885
4049 19392 8637 10755 18034 6784 11250
50-59 15400 4311 11089 13399 4144 9255
60-69 14472 5103 9369 13908 5417 8491
70- 13310 5392 7918 11016 4815 6201
Total 79524 31819 47705 81255 33173 48082
Nonholder (70.1%) (60.5%)
30-39 75227 38087 37140 42335 20005 22330
4049 53852 27589 26263 40989 21168 19821
50-59 32121 17381 14740 25125 13410 11715
60-69 17548 9477 8071 11458 6761 4697
70- 8027 3388 4639 4480 1676 2804
Total 186775 95922 90853 124387 63020 61367

AHS #8%E, non-AHS B ER UV —HR T RO I0E
BEDFE# S & ) RUHHTBIICELIRL .
BE, BEWLb—BHEIN~30@FEEsY—27LLT
HMEEicEL LTk, LAL, AHS 8 E AT
non-AHS M EFILHFWTIR, KB, BEHL b2
BEOIZEDERE 2ok, 0D LOFIBEERE
(REE kRS (EHBREEE) LIRS (JHERE)
DEBSTEMED, BHHCE 2 RUB2ERLA.

The age distributions for those 30 years and over
in the AHS, non-AHS, and general populations
are shown by sex and city in Figure 1. In both
Hiroshima and Nagasaki, the rate for the general
population peaked in the 30-39 age group, then
decreased with increasing age. However, AHS
and non-AHS subjects failed to show a decrease
with age in the two cities, The age distributions
30 years and over for handbook holders (A-bomb
exposed) and nonholders (nonexposed) are
shown by sex and city in Table 2 and Figure 2.

Hospitals and Clinics Surveyed BEEH - Ebe

One major Hiroshima hospital and a 40% random
sample of all dental clinics in Hiroshima and
Nagasaki cities were selected and surveyed for
2-week periods from March through June 1976.
At the time of selection in the two cities, only
the ~ Attached Hospital, School of Dentistry,
Hiroshima University was considered a major
hospital. All dental departments in other hos-
pitals were treated as dental clinics. By stratified
sampling 106 dental clinics among a total of 263
in Hiroshima, and 62 of 156 in Nagasaki were
randomly selected.

Of the institutions to be surveyed 86 (81.1%) in
Hiroshima and 46 (74.2%) in Nagasaki cooperated
(Table 3). In Hiroshima, 157 (60%) dental
clinics and 94 (60%) in Nagasaki were not selected
for the survey. They were assumed to have the

VIEE3I AL S 6 HETOWTFhAO 2B#IChAE>
T, BBEON—20XRFEEXRVICES, EBETHRO
EMPERDY 5 F R FNOBEMAESHEL L - 8HE
iz T #MELEREL . ﬁ:‘iﬁﬂ:ﬁﬁéa‘ﬁ&z:ﬁ%
LT, IKBREEESMERKS T2 AMRELLT
Foeo 7o, MOFERSFRERNL T RT—ROERES
LR, TEEICE T 2635830 5 510608
EEEREEASME LA, BEICEOTIHIS6HERO
5 b 62RO BB % IT - 2.

FAEMRIERO ) LIESTILS6HER (81.1%), RU
B CIR4653 (T4.2%) 0 heBa (#3). KE
D15THE R (60% ) B UFEF oD 9458 3% (60% ) (13 E &t
BrlTmBshddof. ChSEME S hAimiE



RERF TR 26-81

FIGURE | AGE DISTRIBUTION OF AHS, NON-AHS, & GENERAL POPULATIONS
BY SEX & CITY
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TABLE 3 INSTITUTION PARTICIPATION BY CITY
#3 WRE - BEROBIMRE: B3

Institution
Contacting Status Hiroshima Nagasaki
Large Smatl % Small %
Surveyed 1 86 81 46 74
Refusal - 12 11 10 16
Not surveyed 8 8 6 10
Total 1 106 62

same contacting status as the clinics selected
without bias, and based on this assumption,
the total number of dental exposuzes was
estimated. It was assumed that the institutions
which refused to cooperate conducted the same
number of X-ray examinations as the average
number of examinations conducted by the insti-
tutions actually surveyed. The total cases were
_ then estimated using the following equation:

PHNTRYH%2<, AURBAFRRTSS 2
FEElLCHMBHOBERERELL. $4, #
BEUHAEBINE Ao ABRIEOVTE, BE
ETLAKERI BT 5 PEEE H L AR E5
ERETRIE, 2AEREROBERIZL>TRD
BRAB: 1

N u
Estimate of total number of cases = E %X T(1 ——S-) ..... (1

HE2MTH

where E is the number of dental clinics from
which radiography data were collected, N is the
number of examinees or exposures, T is the total
number of dental clinics, 8 is the number of
dental clinics sampled, and U is the number of
dental clinics found to have discontinued using
X-ray equipment.

The total cases in dental clinics thus estimated
for Hiroshima dental radiography was:

ZoT, EFXEMRTECT 508 WA L A HA
BEEs, NHXSREOERE N TIERYEN,
TRABMERY, SEHE At EHERSY,
RUUREEOHRS, XEREFFhATHE R
WRERMTSS.

LRED, Rao—WERERIIST 3 2METFH
BROEIIZEY, ‘

N 8
—X 263(1—-——)=283N .....
36 ( 10‘5) (2)
while that for Nagasaki waé: —h, BEMREROLICL3,
N 6
—X 156 (1 -—)=3,06N .....
46 ( 62) 06N 3)

In Hiroshima the total estimate was the sum of
the dental radiographic exposures caiculated
by equation (2) at the dental clinics and the
University Hospital. The annual rates in both
cities were then obtained by multiplying this
value by 26, as they were based on a 2-week
survey.

BB B A REEEHIE, @ RIE-THELA
—ERERO 2 5 EARRTOLARE SR
LELOTH B, Witic b it 3 EHOEESHHIE,
26fEFT Az eick-TRDA. FOHARHETHRBMAN
EMTH o BTHS.
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FIGURE 2 AGE DISTRIBUTION OF HANDBOOK HOLDERS & NONHGLDERS BY SEX & CITY
M2 ERFEERERVERBEOERIN: ERUHHA
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Data Collection and Processing

The survey was endorsed by the Hiroshima and
Nagasaki City and Prefectural Dental Associations.
The institutions were first contacted by letter
explaining the survey, then by telephone to
arrange an appointment for a visit by the survey
team. During this visit, the content and method
of entering data on the survey forms were
explained in detail (Appendix 1). After two
weeks, the institutions were revisited, assistance
was provided to the personnel completing the
forms, and they were collected. In Hiroshima,
members of the Hiroshima City Dental Hygienists
Association provided a great deal of assistance by
delivering and retrieving the forms. The survey
was conducted in Hiroshima from 2 March to
16 June 1976, and in Nagasaki, from 1 to 27
May 1976.
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The patient’s name, address, date of birth, sex,
and A-bomb Handbook status were recorded.
Also obtained was information regarding the
type of X-ray apparatus, type of radiography
received, body site examined, and the number of
exposures and exposure factors used (Appendix
1). These data were coded and entered on a
self-coding form (Appendix 2).

All coded data were then punched and entered
on computer tapes. For accuracy, two persons
other than the recorders checked the entries on
the form independently. A consistency check
of all items was made by computer printout,
and the errors detected were checked against all
records, including the original survey sheet, and
corrected.

Evaluation of Number of Patients

During the survey, if one person received two or
more X-ray examinations at two or more insti-
tutions, or at the same institution on different
days, though only one patient was involved, the
total patient visits was considered two or more.
One Exposure Record Form was prepared for
each patient visit; therefore, the total number of
sheets was the same as the total patient visits to
the dentist for dental radiography.

The total number of patients in the RERF
population was readily verified by RERF Master
File (MF) check. However, members of the
general population were identified according to
month and year of birth, sex, present address,
within the old city, new city, or outside the
city, and A-bomb Handbook status. Thus,
the accuracy in determining patient number for
the general population was not as high as that for
the RERF population.

Discrepancies were studied by comparing the
number of persons with RERF MF numbers
among those radiographed during the survey,
with the number among the same persons when
verified by the same method mentioned above
for identifying those in the general population.
For both Hiroshima and Nagasaki, the results
were in good agreement, indicating that it was
unnecessary to make any correction for the
general population.

Survey of Exposure Factors

Since exposure time, beam size, and exposure
site are of primary importance as to the exposure
dose incurred, these were assessed in detail. The

RERF TR 26-81

EEE GRS S, 2, ££A 0, EIRTER
HRERETRERSMEIIIEGELL, X,
XBEBEOEN, REYBOEE, BPHL, HigE
HRUERAIAABASEIDWTORBELHL
({#621). chooBEHREFILEAEHTEL
KA (HE2) c@AEs R,

FEEhATNTOERL, /Sy FLifkarda—
y—pF—FeAht. EELMT -0, BHE
ERMOAFMILTZOBRNERO MR E
f5 7. ZEHEO consistency cheek (BEF v 7)
2 w2y —OEABRIIE-TITY, R &I
BEHIOBWTEBEMNORAER2LED, TRTOHE
DEARET o TEHIEL 2.

ROBREBOEE

FEEHEBIZ LADAHN DL EOE SR, 53
WRALHERTERRIILT2EMERZ L XBRRE
$RPRABE, EOBERIIATH 5 FENRE
B2 AL EEES, ENAFERIANCHLTING
BEABHITSEAEHAL-ZOT, IORBENER
FERMXBBE LR UL E<BERB I —HT 5.

KEFERCET 3 AOREHE, XEEFERO
Faw Il THEBIRDHBZENTEL. LML
aFL—RIERIE>VWTEHEER, 4, HERIB
HiR, HHAS AR, RUEBRBRERE
FROBEII LS THRNEKE, LEF-T, —#
HEROBOAEHORE ICEIT 3 IEME T BETS
Bipradidddhoit. ' o

FIC, PEMHMBCXEBEEZU-EEDID
BEHORALRES 2L OARE, ZOALDE
—imEIZHw f:iﬁ@ﬁ&‘?ﬁﬁﬂ LN AR
ERIETAILItL o TA—RE R HL. BRR
&, e bIcHERCL(—-RLTnE, 202
AE—RTFRIIETIEQREHRIE, wihLSHE
BELAZVH DX HEFL 2.

B REORE
EERERC,HIRLEE 2 BTeRR, B
BURBSEMIcow Mz, BEILE-T



RERF TR 26-81

exposure times determined by the survey were BARMIPM LSRN ICAEL, F OEEHEMEH
classified by site, and the average exposure times LTSI EEL .
by city were calculated,

During the 1970 study, radiography films were 1970 O ERIERS I 1E, K- BRTT7 « M AICEE

exposed in the institutions to determine beam BTk THEFE2ERNLAE.S 2hso
Pl .

e ('lr};esethda}t(a agreed “’:un with f'fh‘:udata i, XBEBEONBSHIT Lo TRRsALES
urnished by the X-—ray apparatus manufacturers. o _ e )

In the present study, detailed beam size and FHEEC—BLTuL. ZZITEFFHETR,
other data for all types of X-ray apparatus were FNFhoA—F—h s XHEBEEOLEBIIOVWTO

obtained from the respective manufacturers. The  mgBEo @ RHESAR LA, KT, MR-

following items were sought to 1dent1fy accurately . s
which type of apparatus was being used by the ERTHEMENTWIREOBMA S ERIIHRNT 5

institutions concerned: name of .X-ray unit e, BTORBIsuTHE~L, XREEOBE

manufacturer, model, type of cone, cone length Zits, B, BEROME, MR oEs (44:3),
(Appendix 3), and tube voltage and current g g puems (fH1).
{Appendix 1).

Thus the focus-cone tip distance and beam ZORIICLT, BAEL-EEEIIOVWTOHES -
diameter at the cone tip of all units surveyed  mrope o pAgEEE B O IR S BT IS C OIS T ECAR 4 187

were obtained. The diameter of beam size at the - - B L
skin surface was estimated using these data and TLTRRATORMEERE, ThEORKLKD

the following equation: Alk-THEL A

(Focus cone tip Cone tip - skm) X Beam diameter

distance distance at cone tip
(%24 - BRGR S RIBARE - AT oK - MO EIRERE) X TS C o BT EFER
Beam diameter of exposure field = ' _— ... 4
R R Focus - cone tip distance

Ha - D8O 0 EE

For frequency of intraoral radiography by OMZEXSBREOBUNBEEE 2 RD S0,
exposure site, 14 sites were categorized, including ETHOMS, £ THAES, SERGET

left or right maxillary or mandibular: incisors,
cuspid, bicuspids, and molars. The number of AERSOUSE I FHLLE, BEShAONE

intraoral radiographic exposures surveyed was XEBEE S HU a2, BESRIET S

tabulated by site and the relative frequency for . .

each site was determined using the total number ~ OTNOBUTOFG &R, 48, BERHL
of exposures as the denominator, Analysis of DWTIE, BESA A2 LEROASORN 2 —4F
technical factors will be made after compiling TR B oLk LA,

all patient data for all age groups.

RESULTS

Total Exposure of Dental Rachography Dunng " R

the Survey f > COTAEHRPOER X RREER

The number of patients in Hiroshima and . - s ; .
Nagasaki cities who received dental radiography IERRI T I IR X AR & 203 RS R U Rl
during the survey, and the number of exposures CEETIRERE, WKL ERR, 5 - BN
by age, institution, and city are shown in Table 4. RUSHAIC £ 4 R T. 2OBORMEIZD), 3R

The data in this table were used to estimate the . X
per caput per year values for each population by BRUAL(ZL) 52 h T hOBELRAOFEM 1A

using equations (2) and (3), and population LD OEEHETSADICMEALA, ZESEHIE
numbers (Table 1), Bisecting angle technique . . .

was most frequently used for the intraoral radi- HAEXBREOE TR H SR THME AT
ography. The number of orthopantomography w24, NS XEREARIIETEIZIEWT

10
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TABLE 4 PATIENTS, INTRAORAL RADIOGRAPHY, & ORTHOPANTOMOGRAPHY BY AGE,

INSTITUTION, & CITY
Fae BEY DAXERBERC// SWBREEYE: £8, BHRUHTHR
Age
Total Subtotal

029 * 30-39 4049 50-59 6069 70+
Hiroshima University Hospital
Patients 255 137 (53.7%) 39 37 21 18 3 118 (46.3%)
Intraoral 517 330(57.2%) 101 74 25 40 7 247 (42.8%)
Orthopantomography 60 49 (81.7%) 1 6 3 1 0 11 (18.3%)
Hiroshima Clinics
Patients 2749 1070 (38.9%) 523 543 376 169 68 1679 (61.1%)
Intraoral 4795 1811 (37.8%) 965 940 641 314 124 2984 (62.2%)
Orthopantomography 132 51 (38.6%) 25 27 20 8 1 81 (61.4%)
Nagasaki Clinics '
Patients 1590 577 (36.3%) 316 333 225 101 38 1013 (63.7%)
Intraoral 2786 1058 (38.0%) 567 558 372 176 55 1728 (62.0%)
Orthopantomography 97 38 (39.2%) 17 17 i5 6 4 59 (60.8%)

*The data of those aged 0-29 years are not included in analysis.

FHETRO~VEETTOELEZSVTORBUEBNTLE 2 2.

was 3%-5% of that of intraoral radiography in
both cities.

Because there were very few bitewing films
(1 in Hiroshima) and occlusal films (6 in
Hiroshima, 2 in Nagasaki), they were excluded
from the data analyses. Dental radiography was
classified into two types, intraoral radiography
(bisecting angle technique), and orthopantomog-
raphy, and each was analyzed separately.

Table 5 shows the number of exposures per
patient surveyed, by type of institution, age, and
city. In Hiroshima clinics the number of
exposures per patient 30 years of age and over
was 1.8 for intraoral radiography and 0.05 for
orthopantomography. In Nagasaki these were
1.7 and 0.06, respectively. However, these were
somewhat higher at Hiroshima University, 2.1
and 0.09, respectively. In the findings of dental
clinics in both cities, there was no correlation
of these rates with age.

The number of visits and exposures per patient
surveyed in the AHS, non-AHS, and general
populations are shown in Table 6, and by
institution, city, and handbook status in Table 7.

The number of visits per patient was within 1.0
and 1.13 for all populations. This indicates that
return visits by patients to institutions for dental

11
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TABLE 5 EXPOSURES PER PATIENT BY AGE, INSTITUTION, & CITY .
F#5 BELASZDOBESEH: £, ERERIUBEHE

Age
* Subtotal
0-29* 30-39 4049 5059 6069 T0+
Hiroshima University Hospital
Intraoral 24 2.6 2.0 1.2 2.2 2.3 21
Orthopantomography 0.36 0.03 0.16 0.14 0.06 0 0.09
Hiroshima Clnics
Intraoral 1.7 18 1.7 1.7 1.9 1.8 1.8
Orthopantomography 0.05 0.05 0.05 0.05 005" 0.01 0.05
Nagasaki Clinics
Intraoral 1.8 18 1.7 1.7 1.7 14 1.7
Orthopantomography 0.07 0.05 0.05 0.07 0.06 0.11 0.06

*The data of those aged 0-29 years are not included in the analysis.
FHETRO~VRBECOHID>VTORBIBEFELEF - 1.

TABLE 6 VISITS AND EXPOSURES PER PATIENT BY POPULATION, INSTITUTION, & CITY
#6 HEANSEH, BEIALGALVOMMY: £EH, BRREUEHN

Exposures per patient
Population Patients  Visits per patient
Intraoral Orthopantomography

Hiroshima
Hiroshima University Hospital .
AHS 1( B 1.00 2.0 2.0
Non-AHS 15( 6) 1.07 1.8 0.07
General population 102 ( 1) 1.13 2.1 0.08
Clinics
AHS 50( 34) 1.06 19 0.04
Non-AHS 203 (119) 1.06 1.8 0.04
General population 1426 (228) 1.09 1.8 0.05

Nagasaki '
Clinics
AHS 28 ( 18) 1.04 1.5 0.11
Non-AHS 60 { 29) 1.13 2.3 0.02
General population 925 (228) 1.10 1.7 0.06

Numbers in parentheses are handbook holders.. #EBEAIZFRFE O RHE N

radiography were very rare. The number of
visits and exposures per patient did not differ
greatly among the populations except for the
non-AHS population in Nagasaki clinics. The
number of intraoral radiographs per non-AHS
patient and the orthopantomographic exposures
per AHS patient in Nagasaki clinics were relatively
large. The reason for this is not known.

Frequency of X-ray Examinations in Each
Population

12
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TABLE 7 VISITS AND EXPOSURES PER PATIENT BY A-BOMB HANDBOOX STATUS,
INSTITUTION, & CITY
BT ENRBEY, BF1AYLD0REEY: ERFROEE, BHRRUEHS

Exposuie per patient
Population Patients  Visits per patient
Intraoral  Orthopantomography

Hiroshima
Hiroshima University Hospital
Handbook holder 16 1.06 23 0
Nonholder 102 1.13 2.1 0.11
Clinics
Handbook holder 381 1.09 1.7 0.03
Nonholder 1298 1.08 18 0.05

Nagasaki
Clinics
Handbook holder 275 1.07 1.7 0.06
Nonholder 738 1.11 1.7 . 0.06

The number of patients per caput per year was
estimated by dividing the annuai estimate by the
total number for each population. The trends in
these numbers with age are shown in Figure 3.
Except for the Nagasaki AHS population, the
number of patients per caput was high among
the 4049 and 50-59 year age-groups in the
RERF and general populations in both cities.
A similar age dependence in number of patients
was found among both handbook holders and
nonholders, but the number was higher for the
nonholders in all age-groups.

Figure 4 shows the trends with age in the nember
of exposures per caput per year for the intraoral
radiography. In both cities, the trend for the
AHS population was entirely different from
those for the non-AHS and general populations.
The cause for the high frequency of intraoral
radiography in the Hiroshima AHS in the 30-39
year age group, despite the few AHS subjects in
this age group (Figure 3), was one¢ individual
who had received 10 such exposures. Since the
AHS population size was relatively small, it is not
known whether the trend in Figure 4 is constant
with time. Among both handbook holders and
nonholders, the age dependence of exposure
numbers was similar to that for the patient
numbers shown in Figure 3.

When the mean value for all age-groups combined
was compared among the populations, age
correction was needed because the population

13
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FIGURE 3 TRENDS IN ESTIMATED NUMBER OF PATIENTS/CAPUT/YEAR BY POPULATION, AGE, & CITY
B3 14540 0HEREHOED: Fit, LARUBHR

1.0 R T .
HIROSHIMA NAGASAKI

PATIENTS / CAPUT / YEAR

NONHOLDER

HANDBOOK HOLDER

L L 1 1 L L L

L 1 1
30-39 4049 50-59 6069 70+ 30-38 4049 50-59 6069 70+
AGE IN YEARS

*General Population
Gl

distribution in the respective age-groups differed LUE WS L0T HMEST 3 BEHE -7
markedly between the RERF and general FRAEIE w o F
populations (Figure 1). (BE1).

When the population distribution was normalized i . -
by age, the mean value P was expressed as ARSI FHHIE R M 388, FHEP X AKX
follows: THERAzNS:

Po=Z PgiN;/ZN;..... 3

where Pg; is the number of patients or exposures ZIT, Py RS EMUESTS i ERHOFEH 1 ALE
per person per year of i age group in s population, NOBRELDBVERBHT, 24, NBiEHO
and N; is number of persons in the general —WHEOACOTS 3

population of i age. )

A similar age cormrection was performed for FREREREFRERE COVTLREHED
handbook holders by normalizing to the age AOZBIHLTRAKOFREELZETIZIoOWT
distribution of the nonholders for each city. fTo 2. .

14
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FIGURE 4 TRENDS IN ESTIMATED NUMBER OF INTRAORAL RADIOGRAPII-IYICAPUTI YEAR
BY POPULATION, AGE, & CITY
M4 EHIASEYOHREONIGBREOZOCHE: £, KEARUTHI
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The corrected (Fs) and crude mean values for
patient number, intraoral radiography, and
orthopantomography per caput per year in 1976
by city, population, and handbook status are
shown in Tables 8-10.

For the corrected number of patients per caput,
there was no difference among the AHS, non-
AHS, and general populations in Hiroshima, but
they were 1.6 times greater in the AHS than
in the general population in Nagasaki (Table 8).
This was due mainly to the larger number of
female patients in Nagasaki.

In Hiroshima the number of intraoral radiography
per caput per year was higher in the AHS than in
the non-AHS and general populations (Table 9),
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TABLE 8 PATIENTS /CAPUT/YEAR UNCORRECTED (CRUDE) & CORRECTED (Ps)
FOR AGE, BY POPULATION & CITY
#8 ML (H) RUEMBE (P 0SEMIALLV0RE N, REARFEHH

* Total Male Female
Population -
Crude  Comrected Crude  Corrected Crude  Corrected .
Hiroshima
AHS 0.50 0.48 0.57 0.49 0.46 0.49
Non-AHS ;0447 046 0.37 040 048 052
General population 0.48 - 0.40 - 0.56 -
Handbook holder 0.36 0.36 0.25 023 0.43 0.46
Nonholder = . 0.53 - 0.45 - 0.61 -
Nagasaki
AHS 0.62 0.61 0.51 0.34 0.70 0.82
Nen-AHS 0.45 0.47 0.34 0.36 0.53 0.56
General population 0.38 - 0.31 - 045 -
Handbook holder 0.27 0.29 0.18 0.18 0.33 0.36
Nonhclder 047 - 0.39 - .56 -

TABLE 9 INTRAORAL RADIOGRAPHY/CAPUT/YEAR UNCORRECTED (CRUDE)
& CORRECTED (Pg) FOR AGE, BY POPULATION & CITY

%9 JEHIE(H) RUVERBE (P)OEMIAN VO OAXERVEYK: EERVEHE

Total Male Female
Population
Crude Corrected Crude Corrected Crude Corrected

Hiroshima
AHS 0.92 121 1.13 0.90 082 - 149
Non-AHS 0.78 0.85 0.70 0.74 0.84 0.93
General population 0.86 - 0.74 - 0.97 -
Handbook holder 0.62 0.64 0.45 043 0.74 - 0.81
Nonholder 0.95 - 0.84 - 1.06 -

Nagasaki
AHS 0.91 0.87 0.73 043 1.03 1.15
Non-AHS 1.04 1.11 0.63 0.67 1.34 1.34
General population 0.64 - 052 - 0.75 -
Handbook holder 0.45 0.50 0.32 " 0.33 0.53 0.61
Nonholder 0.81 - 0.64 - 099 -

in spite of there being no difference in number of
patients among these three populations (Table 8).
In Nagasaki the number of intraoral radiographies
of the two RERF populations was higher than
that of the general population.

Orthopantomography did not differ in number
per caput per year between the RERF and
general populations in Hiroshima, but in Nagasaki
they were much more frequent in the AHS
than in the non-AHS and general populations
(Table 10).
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TABLE 10 ORTHOPANTOMOGRAPHY/CAPUT/YEAR UNCORRECTED (CRUDE)
& CORRECTED (Py) FOR AGE, BY POPULATION & CITY :

‘#10 JME ) RUCERME (Py) 0FMIALL Y O/ SRR RN :

R UE R
. Total Male Female
Population
Crude  Corrected Crude Corrected Crude  Corrected -

Hiroshima .
AHS 0.027 0.023 0.050 0.046 0.015 0.006 -
Non-AHS 0.020 0.024 0.018 0.020 0.021 0.025
General population 0.024 - 0.026 T 0.022 -
Handbook holder 0.010 0.011 0.007 0.007 0.012 0.013
Nonholder 0.029 - 0.031 - 0.027 -

Nagasaki
AHS . 0.067 0.099 0.057 0.048 0.074 0.164
Non-AHS 0.003 0.010 0 0 0.013 0.020
General population 0.023 - 0.019 - 0.026 -
Handbook holder 0.017 0.016 0.010 0.011 0.022 0.021
Nonholder 0.027 - 0.024 - 0.030 -

TABLE 11 DENTAL CLINICS AND APPARATUS SURVEYED BY CITY
®11 WELA2BBREREUEE: HH5H

Units Hiroshima Nagasaki

per
Institution Institutions Units Institutions Units

1 65 65 28 28
2 18 36 12 24
3 2 6 5 15
4 - - 1 4
5 1 5 . -
6 1 6 - -

Total 87 118 46 71

In both Hiroshima and Nagasaki cities, the
corrected number of patients, intraoral radiog-
raphy, and orthopantomography per caput per
vear was significantly lower in handbook holders
than in nonholders (Tables 8-10}.

Technical Factors for Dental Radiography

The dental radiography units at the 87 Hiroshima
and 46 Nagasaki institutions sarveyed are shown
in Table 11, and they numbered 118 and 71,
respectively, One unit per institution was usual
(75% in Hiroshima and 61% in Nagasaki), but as
many as six units were in use at one institution.

Table 12 shows the manufacturer, type of dental
X-ray unit, tube voltage and current, thickness of
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TABLE 12 TECHNICAL FACTORS BY MANUFACTURER
#12 HWTMEME: BB

Tube

Added Units
y — FCD Beam size Cone*
Manufacturer Type Voltage Current ﬂi:i:l (cm) (cm)
®Vp) (ma) ™mAD Hiroshima Nagasaki

1. Morita Max I, I 60 10 08 15 7.0 P 12 2
2. Morita Max I II 60 10 0.8 15 . 58 o] 30 24
3. Morita Pony 60 10 08 11 5.0 P 6 -
4. Morita Pony 60 10 0.8 20 6.0 0 1 -
5. Morita Glint 60 10 0.8 15 5.7 -0 - 3
6. Morita Max-D 60 7 15 20 6.0 0 1 1
7. Osada Aurex 60 10 1.0 15 7.0 P 1 -
8. Osada Aurex 60 7 0.5 15 6.0 0 5 -
9. Teikoku Texco(S-6) 65 10 05 20 5.8 0 - 6
10. Teikoku 52 60 10 0.5 13 8.0 P - 1
11. Tokyo engine S-1 60 10 (1] 23 6.2 o] 2 -
12. Asahi A,B 70 10 0.5 15 6.5 P 6 5
13. Asahi AB 70 10 05 15 6.5 o 1 -
14. Asahi Urania 55 10 0.5 11 6.0 0 1 -
15. Siemens Heriodent 50 7 - 10 6.5 P 1 -
16. Siemens Heriodent 60 7 - 10 6.3 O 1 -
17. Toshiba TDX 60 7 - 15 6.8 P 6 -
18. Toshiba TDX 60 10 - 15 6.8 0 1 -
19. Honda C,D 60 10 - 15 7.1 P 2 4
2(. Honda D 60 10 - 15 1.1 0 - 2
21. Yoshida Acmex Panpas-E = 60 10 0.2 15 53 P 10 3
22. Yoshida Acmex Panpas-E = 60 10 0.2 18 58 o 7 1
23. Yoshida Acmex Panpas-E 60 10 02 25 54 0 3 2
24. Yoshida Panpas(Venus) 60 10 0.2 10 56 P 12 10
25. Yoshida Panpas (Venus) 60 10 0.2 15 56 0 7 3
26. Yoshida Panpas(Venus) 60 10 0.2 20 54 0 1 3
27, Ritter - - - - 15 7.0 P 1 -
28. Suzuki HiXD 65 10 - 15 6.6 0 - 1
Total 118 71

*P- Pointed Cone 57 F st
Q- Open-End Cone MM WAHE

added filters, focus-cone tip distance (FCD),
beam diameter at the cone tip, and type of cone.
These data were obtained from each manufacturer.
Table 12 also shows the number of units
surveyed by city.

Five tube voltages (50, 55, 60, 65, & 70 kVp)
and two tube currents (7 & 10mA) were used.
In 86% of the Hiroshima and 82% of the
Nagasaki units, 60kVp and 10mA were used.

An FCD of 15¢m was used in 15 of the 28 unit
types. The beam diameter at the cone tip was
6.0cm or less {(74.1%) for units surveyed, and
exceeded 7.5cm in only one unit in use at a
Nagasaki clinic, In Hiroshima, about 52% of
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TABLE 13 CONE TIP TO SKIN DISTANCE BY CITY
#13  IRATEIR —BOW RIFEAE : #BTSY

) Exposures
Distance
Hiroshima Nagasaki
04cm 7059 (86.1%) 2268 (71.6%)
59 1048 (12.8%) 746 (23.6%)
10+ 89( 1.1%) 153 ( 4.8%)
Total 8196 : 3167
Meant SD 23em*19 29cm*24
TABLE 14 FIELD SIZE BY CITY
#14 HHFOKE S #Hii5
Exposures
Diameter
Hiroshima Nagasaki
<6.0em 496 ( 6.1%) 592 (18.7%)
6.1- 7.0 4461 (54.4%) 1021 (32.2%)
7.1- 8.0 1995 (24.3%) 1085 (34.3%)
8.1- 9.0 1022 (12.5%) 222 ( 7.0%)
92.1-10.0 220( 2.7%) 184 { 5.8%)
10,1+ 2(00%) 63( 2.0%)
Total 8196 3167
Mean £ SD 7.0cm £0.9 71lecm*1.3

the dental vnits had open-end cones. This type
had replaced the earlier pointed cone on about
65% of the Nagasaki units.

Table 13 shows the cone tip to skin distance
(CSD) and the distribution by city for all
intraoral X-ray exposures performed at the
dental institutions surveyed. The distance used
was less than 5em for 86% in Hiroshima and 72%
in Nagasaki. CSD exceeding 10cm was used for
only 89 (1%) exposures in Hiroshima and 153
(5%) exposures in Nagasaki. The average CSD
for all exposures was 2.3cm in Hiroshima and
2.9cm in Nagasaki,

The diameter of the exposure fields at the skin
surface during intraoral radiography at each
institution was estimated by using equation (4).
This was based on the data concerning FCD and
beam diameter at the cone tip of the dental
X-ray unit, and the CSD used at each institution.
The distribution of field size by city is shown in
- Table 14. The diameter of exposure field was

1%
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TABLE 15 FREQUENCY OF INTRAORAL RADIOGRAPHY BY TOOTH SITE & CITY
#15 HAXBIEROEE: WOk tHHR

Right Left
. Molar Bicuspid Cuspid  Incisor Cuspid Bicuspid Molar
Site 876 54 3 2112 3 45 g1 Torl
Hiroshima
Upper jaw 449 292 208 642 225. 273 486 2575
9.3% 6.1 4.3 134 4.7 57 10.1 536
Lower jaw 564 244 157 278 144 276 562 2225
11.7% 5.1 3.3 58 30 58 11.7 46.4
Nagasaki
Upper jaw 176 148 80 273 87 153 216 1133
9.0% 76 4.1 139 4.5 7.8 11.0 57.9
Lower jaw 191 114 57 89 59 105 210 825
9.8% 58 2.9 4.5 3.0 5.4 10.7 42.1
TABLE 16 MEAN EXPOSURE TIME FOR INTRAORAL RADIOGRAPHY
BY SITE & CITY
#16 MNAXEHREOTHEGEM . i B UET
Site Molar Bicuspid Cuspid Incisor
Hiroshima
Upper jaw 1.07 £0.32 sec 0.89 £0.29 0.77£0.24 0.71£0.24
Lower jaw 1.00 £0.28 0.84 £0.27 0.72+0.23 0.66 £0.28
Nagasaki-
Upper jaw . 0.88 £0.34 0.75 £0.35 0.68 £0.27 0.62£0.33
Lower jaw 0.85 £0.37 0.681+0.34 0.64 £0.28 0.55%0.27

less than 8cm in 85% of all exposures in both
Hiroshima and Nagasaki. However, 1,244
exposures in Hiroshima and 469 exposurss in
Nagasaki were made with the diameter of
exposure field greater than 8.0cm. The average
diameter of exposure field during all intraoral
radiographic examinations by city was estimated
to be 7.0cm for Hiroshima and 7.1cm for
Nagasaki.

The number and percentage of intraoral radiog-
raphic exposure of permanent teeth by site are
shown by city in Table 15. There was no
difference in frequency by left or right side, nor
by city. The maxillary and mandibular molars
and maxillary incisors were most frequently
examined and the mandibular cuspids were least
frequently examined.

Table 16 shows the mean exposure time by site
and city for intracral radiography. In both cities,
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TABLE 17 EXPOSURE TIME AT UPPER MOLARS BY CITY
F#17 AR BN A5

Exposure time Exposures
e Hiroshima Nagasaki

0.2-04 1( 0.1%) 96 (14.7%)
0.5-0.7 278 (17.2%) 145 (22.2%)
0.8-1.0 815 (50.4%) 265 (40.5%)
1.1-1.3 231 (14.3%) 101 (15.4%)
1.4-16 186 (11.5%) 39 ( 6.0%)
1.7-1.9 90 ( 5.6%) 0

2,0-29 17( 1.1%) 8( 1.2%)
Total 1618 654

Mean  SD 1.1sec£0.3 09sect(.3

the exposure time differed by site. They were
greater for both the maxillary and mandibular
molars than for the bicuspids, cuspids, and
incisors, in that order.

The exposure time for the maxillary molars
served as the standard for all intraoral radiog-
raphy sites. The number of exposures and
percentages by exposure time and by city are
shown in Table 17. Institutions using 0.8-1.0 sec
were most numerous, accounting for 50% in
Hiroshima and 41% in Nagasaki. Although
small in number, exposures in excess of 2sec
numbered 17 in Hiroshima and 8 in Nagasaki.

DISCUSSION

Frequency of Dental Radiography in 1976

The frequency of dental radiography among
RERF AHS and non-AHS and general populations
during 2-week periods in a 40% stratified sample
of Hiroshima and Nagasaki dental facilities was
investigated, The rate among those possessing
A-bomb Survivors Health Handbooks, represent-
ing the A-bomb exposed, and those not possessing
handbocks, representing the nonexposed, was
also compared.

The RERF and A-bomb exposed groups differed
in age distribution from the general population
and the nonexposed group (Figures 1 and 2).
Therefore, age correction was made.

The number of patients per caput per year in the
AHS, non-AHS, and general populations was
essentially the same in Hiroshima. In Nagasaki,

21

HRICR . Mie LRHEEMESMEIC kTR
%y, ¥, TEH bIZhFhAKEHESE, A
WEp, AESMECOESOIRIES E2Twik.

KBTI AR 1 N R X BRIR B o) & SR o) HA ST
oML L D, RHEMOREEO S & T
ITEIVIIRY. AEETCIR0.8~1.0DOFEAF FE
£, EBT0%, BWTUYHEI Thok. b
ATRHEHF 2B Lo BHERCREShLLON
EBTITRYE, RET8RBHE S,

z B

1976 E D H X RBE D BE
W%OBILHE 2T -5 8, BHOEBHERIC
FOT2lHOME, REFOAHSHRFERY
non-AHS & BFH Fie —W\IFROEHX BB
BEIZOWTHAELAL. £/4, ERERE:ETE
BERE M R & IR & RTINS
DEIZOWTHHEBL .

I&ﬁ?ﬁfﬁ[ﬂ&ﬁﬁﬁﬁ%@fﬁ!ﬁﬁ}ﬁli, — T E
BEUEHBRBOILERERZ-TWAE(H1E2). 20
2, ERBIERITo L.

AHS H®E, non-AHS H R ERUV—RITROEM
1AEADDXBEBENEZ LR, EBETHFRE
BICALETh-k. —FH, BRFECIH AHS R &I



RERF TR 26-81

they were greatest in the AHS, then, in declining
order, in the non-AHS and general populations
(Table 8). However, the number of intraoral
radiography per caput per year in Hiroshima
was higher in the AHS than in fhe other groups
(Table 9), possibly due to the high radiography
rate per person for those in the 30-39 year age
group (Figure 4). In Nagasaki the number of
examinees was 1.4 to 1.7 times greater in the
RERF than in the general population. The
rate of RERF biennial radiography is important
in determining the total medical radiography
rate of AHS subjects, but no dental radiography
is performed at RERF. Thus, there is no
problem in assessing dental radiography exposure.

If they are not covered by other health insurance
programs, those possessing A-bomb Survivors
Health Handbooks are exempt from medical and
dental care costs under the Atomic Bomb
Survivors Medical Treatment Law.!! However,
the dental radiography rate was lower among the
A-bomb exposed in both cities (Tables 8, 9;
Figures 3, 4). This may have been due to efforts
of Hiroshima and Nagasaki dentists to minimize
radiation exposure o A-bomb survivors. Another
explanation may be that A-bomb exposed
persons, being older (Figure 2), have fewer
teeth'? and therefore a lower dental radiography
rate.

The medical radiography rate was higher among
the AHS than in the general population of both
cities,’® but the medical radiography rate among
the non-AHS was no different from that of the
general population, except for being especially
high among Nagasaki males. As with medical
radiography, the dental radiography rate was
similar among the non-AHS and general
population; however, it was especially high in
Nagasaki females.

In October 1976 Ando et ai'® conducted a
nationwide questionnaire survey of dental
clinics and hospitals with dental departments for
details of dental X-ray examinations. The results
of that survey indicated that throughout Japan,
intraoral radiography was performed for adults
(aged 13 and over) at the rate of about 0.6-0.7/
personfyear. It is estimated that the average
rate for persons aged 30 years and over is higher
than this, Therefore, there is thought to be
little difference between the rate for the general
population of Hiroshima and the national mean;
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whereas, that for Nagasaki is somewhat lower
than the national mean.

For the general population the rate of patients
for dental radiography was about 70% of that of
medical radiographym in Hiroshima, while the
corresponding figure for Nagasaki was about 50%.
However, the number of intraoral radiographic
exposures was about 1/5 that of medical X-ray
exposures in Hiroshima, and about 1/7 in
Nagasaki.

The number of persons who received medical
X-ray examinations increased with age'®; however,
dental radiography decreased after reaching a
peak at 50-59 years of age.

According to the Dental Diseases Actual Status
Survey Report in 1975,12 the average number of
teeth per person, by decade was 27.3 in the
fourth, 23.7 in the fifth, 17.7 in the sixth, 11.0
in the seventh, and 5.7 in the eight and beyond.
Furthermore, the number of teeth with dental
caries by decade was 9.8, 9.5, 8.2, 5.4 and 3.4,
respectively.

Generally, this indicates that there are fewer teeth
available for radiography; thus, less radiography
is performed with increasing age. Unlike medical
radiography, the frequency of dental radiography
would naturally decrease with age as a conse-
quence. Orthopantomography and intraoral
radiography rates had similar trends, though the
number of subjects receiving orthopantomog-
raphy was relatively few.

Technical Factors for Dental Radiography

Very few commercially available dental radiog-
taphy apparatuses have variable tube voltage and
current. All radiography units in use during this
Hiroshima and Nagasaki survey had fixed voltage
and current. For the most part, the units used a
tube voltage of 60kVp (89%), tube current of
10mA (92%), FCD of 15¢m (68%) and beam
diameter at the cone tip of 6.0cm or less (74%)
(Table 12). Thus, there was no great difference
between the present and 1970 surveys,5 and the
results of the present study agreed with those of
the nationwide survey by Ando et ai*> and one
by Yamada et al'* in the Osaka-Kobe area.

As for cone type used, among 225 dental X-ray
apparatuses surveyed in 1970,5 only one had an
open-end cone. Among the 189 units in the
current survey, 106 (56%) had open-end cones
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(Table 12). This reflects a large difference
between the two surveys. The International
Commission on Radiological Protection (ICRP)'®
has recommended use of an open-end cone and
beam diameter at cone tip to beless than 6.0cm
S0 as to prevent scattered rays. Results of the
present study suggest that exposure of patients
has been reduced.

Panoramic radiography can be classified as
1) orthopantomography and 2) endodiascopy,
generally known as panography. The apparatus
used in the institutions surveyed were those used
for orthopantomography.

The average exposure time for the upper molars,
the standard for intraoral - radiography, was
1.1 sec in Hiroshima and 0.9 sec in Nagasaki,
essentially unchanged since the previous survey.?
These values are in agreement with factors
presented in dental texts.)%!7 However, appro-
priate exposure times for other examination
sites have not been selected. For example, in
the present study, the exposure time for incisors
was 2-3 times longer than generally recommended.
This suggests that many institutions used a fixed
exposure time, regardless of radiography site.
Although determination of the type of film used
was not one of the objectives of this survey, the
results of exposure time surveyed suggested that
radiographic films used in previous and present
surveys were of the same sensitivity.

Reducing the field size is the most effective
means of reducing exposure dose.'® In accor-
dance with recommendations of the ICRP;'S
the beam diameter at the cone tip has been
restricted to a small size. However, it is important
that the operator should not increase the focal-
skin distance beyond what is necessary. No
matter how small the initial field size is at the
cone tip, any increase in focal-skin distance will
increase field size at the skin surface and increase
the exposure dose. Therefore using a method
similar to that of Kihara,'® the CSD used at the
dental institutions in Hiroshima and Nagasaki
was surveyed and the field size at the skin surface
was calculated by equation (4). Field size in
Hiroshima averaged 7.0¢m; and in Nagasaki,
7.1cm (Table 14), much smaller than the average
9.1cm in Osaka reported by Kihara. However,
15% of all exposures surveyed were of a field
size greater than 8.0cm, the upper limit set by
the Medical Treatment Law.2’ Further, the fact
that X-rays of children were being made using
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the same ficld size as that for adults poses a
grave problem when considering the effects of
X-ray exposure on children.

At present the following improvements are in
order: 1) shortening of exposure time using
high sensitivity film, 2) selecting proper exposure
times for specific examination sites, and 3) using
smaller field size, even though areas outside the
areas of interest may be cone cut.

This study determined the frequency, type, and
exposure factors used in dental radiography of
RERF and general populations, and of exposed
and nonexposed persons in Hiroshima and
Nagasaki in 1976. These data will be essential in
estimating the exposure dose incurred by dental
radiography in the RERF and general populations
in both cities.
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