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Children exposed in utero to radiation from the atomic bomb in Nagasaki and
examined in 1952
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Incidence of anomalies of hand bones
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Incidence of rib abnormalities
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Incidence of variations of lymbosacral vertebrae
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Occurrence of multiple skeletal abnormalities
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RESPONSE OF HUMAN BEINGS ACCIDENTALLY EXPOSED TO SIGNIFICANT FALL-OUT
RADIATION

BT Hh oFRoRMSREMBRCZIT A TBIT ARG

Figure 1.
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Mean leukocyte changes in highest exposure group (64 people)
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Mean platelet changes in highest exposure group (64 people)
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Epilation in 7-year-old girl at 28 days

Six months later, showing complete regrowth of hair
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Pigmented lesions of neck and antecubital fossae in 13-year-old boy (29 days
after exposure). Desquamation with depigmentation of neck lesions has begun.
Extensive lesions in 13-year-old boy at 45 days after exposure
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Hyperpigmented raised plaques and bullae on dorsum of feet and toes at 28 days.
One lesion on left shows deeper involvement. Feet were painful at the time.
Six months later. Foot lesions have healed with repigmentation, except for
depigmented spots persisting in areas where deepest lesions were.
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Desquamation of back of scalp at 28 days. Epilation cccured earlier in desquamated
area. Note persistent ulceration of left ear.
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Photomicrograph of pigmented skin lesion three weeks after exposure (X 100).
Extensive transepidermal damage with less involved areas on either side. Loose
lamination of stratum corneum, absence of stratum guanulosum, and disorganization
of mulpighian layer. Dermis shows mild edema of pars reticularis, indistinct capillary
loops, moderately pronounced perivascular cellular infiltrate, and mild telangiectasia.
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STUDIES ON NAGASAKI (JAPAN) CHILDREN EXPOSED
IN UTERO TO THE ATOMIC BOMB

A ROENTGENOGRAPHICS URVEY OF THE SKELETAL SYSTEM

ERECHTI2BEAHEEROF X
BHEROL Y b URECLSHE

WATARU W. SUTOW, MD and EMORY WEST, MD#*

Animal experiments have demonstrated the sensi—
tivity of the developing embryonic and fetal skeletal
system to radiation injury. ®%13:1415,20  Sleleta]
anomalies of various types appear to be among the
consistent and frequent abnormalities that follow
intrauterine radiation, depending on the radiation
dose and the stage of embryonic or fetal development
at the time of exposure.

At the time of the atomic bomb explosions in
Japan women in various stages of pregnancy were
exposed to radiation at short distances. Thus, a
certain number of children living at present in the
atomic bombed cities were exposed during embryo—
nic and fetal development. These children have been
given comprehensive pediatric examinations. This
report summarizes the results of the roentgenogra-
phic survey of the skeletal system to determine the
occurrence of skeletal malformations in the Nagasaki

children.

MATERIALS AND METHODS

Seventy-four children comprised the ‘‘exposed”
group. This number represented the entire available
group of children remaining in Nagasaki in 1952
who were known to have been in utero at the time
of the atomic bomb explosion in Nagasaki and were

within 2,000 meters of the hypocenter. *%
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Reprinted from the American Journal of Roentgenology, Radium Therapy and Nuclear Medicine. Vol 74

(3): 493-9, 1955

This Work was sponsored by the Atomic bomb Casualty Commission, National Academy of Sciences—
National Research Council, with funds supplied by the United States Atomic Energy Commission
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*From the Laboratories of the Atomic Bomb Casualty Commission
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#*Hypocenter was defined as the point on the ground directly over which the atomic bomb was
calculated to have exploded at Nagasaki on August 9, 1945.
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Ninety-one children were, for the purposes of
this study, considered as ““controls.” These children
were also known to have been in utero on August
9, 1945. They were exposed to the atomic bomb,
however, at distances of 4,000 to 5,000 meters
from the hypocenter. At 4 to 5 kilometers, the
biologic effects of atomic bomb radiation were
considered to be negligible.

The method of selection of these two groups of
children for investigation has been described
elsewhere.?' Froma total of 1,771 female survivors
of child-bearing age who were exposed to the bomb
within the 2,000 meter area, 99 were found to have
been pregnant at the time of exposure. Of the
children resulting from these pregnancies, 75 were
alive in 1952. A statistically comparable group of
1,744 women of child-bearing age were selected as
controls from female survivors exposed at 4,000 to
5,000 meters. One hundred and thirteen of these
women were pregnant on August 9, 1945. Of the
children resulting from these pregnancies, 98 were
alive in 1952. One child in the exposed group and
seven children in the control group were not avail-
able for examination in 1952. Among the “‘exposed”
group seen in 1952, major symptoms of radiation
injury (epilation, purpura and/or oropharyngeal
lesions) had occurred in 15 mothers.

The stage of gestation of any particular child at
the time of exposure could not be accurately deter—
mined from existing records. The approximate
gestational age at exposure in terms of ‘‘probable
trimester of pregnancy,” therefore, was calculated

from the birth date of the children as follows:
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Birth Date of Child
BEoEsERA

Estimated Gestational Age at Exposure

R L OREREG M A Bh

After Feb. 10, 1946

19464F 2 A 10 H LARE

Nov. 10, 1945 through Feb., 1946
19454115 10~19465F 2 A ¥ T

Aug. 9, 1945 through Nov. 9, 1945
194548 A 9 H~19454F11 9 H £ T

Erst trimester

Al

Second trimester
th

Third trimefster

%

The distribution of the children in terms of
exposure status, sex and probable gestational age at

exposure is summarized in Table 1.
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Table 1. Children Exposed in utero to radiation from the Atomic bomb in
Nagasaki and Examined in 1952

® 1| BECRBOHSELR, 19525082 L BRRER

— Number Exposed within Number Exposed at 4,000 to
S@‘ GE:‘“EE&%%%% HF‘ %posure 2,000 Meters 5,000 Meters
2,000m LA o #7835 4,000~5,000m o 1R 5 %
First trimester Fiji 13 (2) % 10
M%IE Second trimester #rj{f 10 (3) 14
Third trimester #f 11 (2) 15
First trimester {ij#i 9 (4 17
Female Second trimester i 14 (2) 18
Third trimester #itf 17 (23 17
Total Zt 74 91

* Figures in parentheses indicate mothers with radiation symptoms.

EA QRFITHAHEER LY 2 L - BoK

In a 1951 study, roentgenograms obtained for the
estimation of skeletal maturation included views of
the left hand and wrist, left elbow, left shoulder,
left knee and left foot and ankle. In 1952, lateral
views of the skull, anteroposterior and lateral views
of the entire vertebral column, and anteroposter.or
views of the lower legs were also taken. In all
cases, therefore, it was possible to examine the
entire left wrist and hand; the proximal one-third
and distal one-third of the left radius and ulna;
the distal one-third and proximal one-third of the
left humerus; skull; rib cage; entire vertebral
column; distal one-third of the left femur; entire
tibia and fibula of both legs; left ankle and left
foot. In most cases, the anteropotserior view of the
dorsal and lumbar spines included the upper ex-
tremities as well, so that the humerus, radius and
ulna of both sides were roentgenographed in their
entirety; also the heads of both femurs were partially
or wholly visible.

The lateral skull roentgenogram was examined to
exclude abnormalities of the sella turcica and to
note anomalies of shape, size and structure of the
skull. In the examination of the vertebrae, a special
effort was made to detect the failure of segmentation,
variations in number, hemivertebrae, fusion of
vertebrae, scoliosis, lumbosacral variations and spina
bifida occulta. Rib abnormalities that were looked

for included fusion of ribs, and variations in size
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and number.

In the hand and foot, the presence or absence of
polydactylism, syndactylism and variations in number
and appearance of ossification centers were noted.
In particular, the occurrence of hypoplasia of the
middle phalanx of the fifth finger and of accessory
epiphyses at the bases of the metacarpals were
investigated.

Failure of the laminae of the neural arch to fuse
posteriorly was classed as ‘‘spina bifida occulta.”
The diagnosis of “‘lumbarization” was made when
the first sacral segment had the appearance of a
lumbar vertebra; that is, when it was not fused
with the remaining sacral segments. The diagnosis
of “‘sacralization” was made when one or both
transverse processes of the vertebra were fused with
the sacrum or articulated with the sacrum or ilium,
leaving only four lumbar-type vertebrae. A rudimen—
tary or a well-developed rib at the level of the
seventh cervical body was called ‘‘cervical rib.”
““Lumbar ribs” included short ribs articulating with

the lumbar vertebral bodies, usually the first lumbar.

FRILIUVRICE TR, SIEUEE. SEEOHE,
BLUEZEOE I BOERICEE L, i
5 IR ETE ORI 235 X U TR LRI 3t
LEIERORE ZFH< I,
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Table 2. Incidence of Neural Arcli Defects
* 2 H#HESKEOCRER
Proportion with Neural Arch Defects
2 mber HER IR L 5 BIA

bl |G A ij'a!:qﬁuﬁa G.A. }]I’airﬂﬂm% G.A. }%‘iﬁf“]ﬁﬁ’ﬁ Tg_?_al
Boys HIZ 34 6 (2)/13¢t 6 (1)/10 5/ 11 17 (3)/34
Eféﬁ%@g Girls &% 38 4 (1)/8 8 (1)/14 9 (3)/16 21 (5)/38
Tgta‘ 72 i 10 (3)/21 ] 14 (2)/24 14 (3)/27 38 (8)/72
Boys B 39 6 (2)/10 | 12 (4)/14 12 (2)/15 30 (8)/39
‘;Sr{‘né%;] Girls % 52 9 (2)/17 5 (1)/18 13 (/17 27 (6)/52
T;_’E“ { o0 | 157 | 1732 | 25 G)/3 57(14)/91

Gr;ggd ;ro‘a‘ 163 25 (7)/48 | 31 (7)/56 39 (8)/59 95 (22)/163

*G. A. refers to gestational age on August 9, 1945, I, II and III indicating first, second and third

trimesters of intrauterine existence, respectively.

G. A. 1194542 8 B 9 Hink a4 AR d~, I, I X8I R FRTFERAREEDE L, H2,

% 3 Dl =R,

+ Number in parentheses refers to children with failure of fusion of posterior laminae of the lumbar
vertebrae, either alone or in combination with abnormality of sacral vertebrae.
FEILPI O JE 2 OB E BN AT S RUIE B w85 e w7,

(Note: In 2 children, roentgenograms of the vertebrae were not taken, thus reducing the total number

of subjects to 163.)

(Fk: 2 HORMCIHER X BBV 2T icbich o7, o THSEHEIL 163 BiciEd Liz,)
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When the middle phalanx of the little finger, on
inspection, appeared disproportionately short, the
condition was classified as “hypoplasia.” The short,
normally contoured phalanx was not differentiated
from the short deformed phalanx. ““Accessory epi—
physes” at the bases of metacarpal bones were noted
when such epiphyses were either completely separated
from, or only partially united with, the metacarpal
shafts.

RESULTS AND DISCUSSION

1. Neural Arch Defects. In 38 of 72 (52.7 per
cent) exposed and in 57 of 91 (62.6 per cent) control
children, the laminae of either the lumbar vertebrae
(usually the fifth lumbar segment) or the sacral
vertebrae or both failed to unite posteriorly. The
over-all incidence was 58.3 per cent (Table 2).
The lumbar vertebrae were involved, either alone
or in association with sacral vertebrae, in 13.5 per
cent (22/163) of the children. The sacral vertebrae
alone were affected in 44.8 per cent (73/163).
There was no statistically significant difference in
the incidence of these anomalies in relation to ex—
posure to radiation, sex of children, or gestational
age at exposure.

The incidence of ““spina bifida ccculta” found in
the study was higher than has been observed in the
literature available to us. Bucy,? after reviewing
the literature, concluded that the probable incidence
of spina bifida occulta in the general populaticn
approximated 5 per cent. Cushway and Maier?*
reported the somewhat higher incidence of 17 per
cent among 931 adults. Giles,® in a study of
lumbosacral vertebrae in 1,122 roentgenograms from
“negative G-U examinations” in a consecutive series
of 8,000 patients, reported spina bifida occulta in
267 cases, an incidence of 23.9 per cent. Brailsford?
in a study of 3,000 roentgenograms of the spine
found spina bifida occulta of the fifth lumbar
vertebrae in 5 per cent and of the first and second
sacral vertebrae in 11 per cent.

The extremely high number of neural arch defects
found in this study immediately raised some question
regarding the validity of calling this condition
spina bifida occulta. It was possible that the failure
of fusion simply represented a normal developmental

process in which union will occur at later age
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BHIZBSHCHER LT0 5200880, hREgits
WD TRl &5 L,

FRBLUER

1. HESoRE BBRE2EH38E (52.7%) B L
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periods. The skeletal development or rate of matu-
ration in Japanese children, as assessed from hand
and wrist roentgenograms, is twelve to twenty-four
months slower than that of American children of
comparable age and sex.' Similar retardation in the
maturation of the vertebral components could explain
the persistence of spina bifida occulta in older age
groups.

Some American textbooks:!! indicate that the
ossification of the vertebral neural arch is completed
during the first two postnatal years. If this were
also true of Japanese children, the failure of fusion
in the children in this study, whose chronological
ages range from six years and eight months to
seven years and five months, represented unlikely
degrees of developmental retardation in ossification.
Certain investigators, however, have reported later
age periods for the fusion of the laminae. Girdany
and Golden® gave the age range of one to seven
years for such fusion. Scammon'® clearly indicated
the ages seven to fifteen years for fusion of the
laminae of the typical sacral vertebrae, but the time
of fusion of the laminae of the lumbar vertebrae was
not clearly defined.

Further

determine whether or not similar incidences of

investigations have been started to

neural arch defects exist in older children and to
derive, if possible, from such studies of other age
groups more information regarding the course of
developmental processes in the posterior bony arch
of the lumbar and sacral vertebrae. Spina bifida
occulta was not found outside the lumbosacral area.

2.  Anomalies of the Hand Bones. The abnorma—
lities most frequently found in roentgenograms of
the left wrist and hand were hypoplasia of the
middle phalanx of the fifth digit, accessory epiphy-
ses at bases of the metacarpals (especially the second
metacarpal) and an accessory secondary ossification
center for one of the carpal bones. The incidence of
these three types of anomalies has been summarized
in Table 3. No significant differences in the inci-
dence of the anomalies were found between the boys
and girls and between exposed and control groups.

The middle phalanx of the fifth digit has been
found to be hypoplastic in a small number (1 per
cent) of children.® This anomaly is prominent in

mongolism’ and also is found as a dominant here-
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Table 3.

Incidence of anomalies of Hand Bones

& 3 FHEEORER

Proportion with Anomalies of Hand Bones

e FRRULLE S BIE

sy |G-A-TPT A BAAKIG.A. KRR ot

Boys HIR 34 2/13 2/10 4/11 8/34

E%‘;é%;d Girls % 39 3/9 4/14 2/16 9/39
12%?1 73 ‘ 5/22 6/24 | 6/27 17/73

Boys HR 39 2/10 5/14 3/15 10/39

Cgﬁé‘%‘ Girls %7 52 3/17 8/18 10/17 21/52
L 91 | 5/27 /32 | 132 31/91
(}razd g‘“al 164 10/49 19/56 19/59 48/164

ditary characteristic.’ The unexpectedly frequent
occurrence of this particular characteristic among
Japanese children has been noted by Pryde and is
being investigated in detail.’® In this series, the
over-all incidence of the hypoplasia of the middle
phalanx of the fifth digit was 42/164.

In the majority of cases, the hypoplasia of the
phalanx was associated with distortion of the usual
contour of the bone. In others, the bone appeared
abnormally short without any change in its shape.
Notching at the proximal end of the metacarpals,
most frequently the second metacarpal, presumably
represents an accessory ossification center.® This
anomaly was found in 10 out of 164, orin 6.1 per
cent of the children. Hypoplasia of the phalanx
occurred in association with an accessory metacarpal
epiphysis in 4 children, an incidence of 4/164.

Brailsford! differentiated between “‘pseudo-epiphy—
sis” and ““true supernumerary epiphysis.’’ In all
10 children (10/164) in this series in whom this
metacarpal abnormality was found, there was bony
continuity between the diaphysis and the epiphyseal
center. In a study of 1,000 ‘‘apparently normal
children,” Brailsford found 83 instances of pseudo-
epiphyses of the metacarpal bones, 62 at the proximal
portion of the second metacarpal and 21 at the distal
end of the first metacarpal. Boden (quoted in
Brailsford) in a study of diabetic children found
pseudo-epiphysis of the second metacarpal in 14.7
per cent of boys and 5.3 per cent of girls.

HARRIIT & DR B s LU B Tl T B
Z & Prydeic Lo TRRSH, BEflichic i
ATW3E?, Zo—HMOBE TR T, #5E0HhE
T OB ORTRERI142/164TH - 1o,

REFOBBEHIZEH T, HF OS2, o
B OWRD EMIZPEL Tovie, TOMTILEOE
RCZEITR S, BRECEGWL 5 THo T, PFEF
(& DAL 2 hFR) ORI, B’
CEEHEZTTLOLELALY, ORI 1646
FRIOMIC, FAURIRED 6.1 %iciEd bt HiEo
B2, AR FEEoRRERC 4 B80T, 7
b 4/164 DRERTED bR,

Brailsford ¥ (3 [ R ] & [EEOBEEHE)
LR LI, o—HOBETI, FREEFORMA
ED LRI 1I0BDERE (10/164) £FiZHT, B
LRI EOMICHEOER B, THRLER
FeIREE] 1,0004 DFHEICI\ T Brailsford |3 E5
HaPFEITETEM, 52 FFROIAMIT L
T62(, B LU L hFEFOERMTIZ2GIRA L1,
Boden (Brailsford m#ff5icB|fAE i) 11 BERHA
FOFECHE T, BIRIA.7%, LIR5.3%IZBT
F2PFROBARBETRRELL,
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An accessory epiphysis of the distal end of the
first metacarpal was found in 1 child (exposed,
third trimester girl), an accessory lunate in 1
(control, second trimester girl), an accessory lunate
and greater multangular in 1 (control, second
trimester girl) and accessory centers for the second
and third metatarsal in 1 (control, first trimester
boy).

3. Rib Abnormalities. Three types of rib abnor-
malities were found: cervical, lumbar, and short or
rudimentary 12th dorsal. The incidence of these
anomalies is shown in Table 4.

The over-all incidence was 20/163 (12.2 per cent),
considerably higher than the 1:645 reported by
Steiner*® in his study of rib abnormalities in 38,105
roentgenograms of the spine, chest and abdomen on
which ribs could be examined. Cushway and Maier*
reported an incidence of 1:11 (9 per cent) super
numerary ribs in a study of 931 cases. Giles® found
cervical ribs in 6.5 per cent, lumbar ribs in 6-8
per cent and rudimentary dorsal ribs in 8.73 per

cent of 1,122 cases.

Table 4.,

21 RFRETORE R, 1A0RE (B,
WP AKEROIR) ©, BIARER 14 (dE, i
RApfiOZIR) o, BIARE S XU RSEMEE 14
i, fEiRPOLIR) I 2 B LU 3 FRE D
Eifeas, 148 CHE, ERMPHORE) wk4i@n
bz,

3. [hEoRY 3EoMERE, bbb,
FERds SO, IR ER OS2I = w
DL, CThEORWMORERIIRAITTET,

fBFAERIL 20/163 (12.2%) T H-7ton’, Thit

Steiner' = X - C#E S hicfalf, Ik X OF R
D38,1050 1 v + ¥ VEHIZEWT, Edbhicl
6451 b L HLIZEE TH %, Cushway & L U Maier?
ik, 9l FoHEEICET, BEMEFREREL ] 11
(9%) L8 Lz, Giles® 3 1,122076.5% IZ 3R
i, 6~ 8 %ITfRISIIE %, 8. 73% ITRFEHEF
MErEEhEhiBdis,

Incidence of Rib Abnormalities

& 4 WERWORER

Proportion with Rib Abnormalities

g, v B e
Wipite | O-A TP G.A Rk Al [G.A. TP TG Total
Boys HIE 34 0/13 1/10 0/11 1/34
ey Girls 8 38 2/8 2/14 3/16 7/38
e 72 2/21 3/24 | 321 | 8/72
Boys BRI 39 0/10 2/14 2/15 4/39
%g%%%; Girls &R 52 3/17 5/18 0/17 8/52
Tt a 3/27 7/32 2/32 12/91
szgd ;Ptal 163 5/48 10/56 5/59 20/163

In this present study there was no significant
difference in incidence of rib abnormalities between
the “‘exposed”’ and the “‘control’’ children. The
incidence was significantly higher among the girls,
however., Of the total number of rib anomalies 4
consisted of lumbar ribs, 14 of rudimentary or

short 12th dorsal rib, and 3 (all in females) of

C8)
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eervical ribs. No bipartite ribs, imbrication of ribs,
or synostotic ribs were found.
4,

from spina bifida occulta, sacralization of the fifth

Variations of Lumbosacral Vertebrae. Aside

lumbar and lumbarization of the first sacral vertebra
were the two variations seen in the roentgenograms
of the lumbosacral region (Table 5). Uncompensated
variations in the number of the lumbar and sacral
vertebrae were not found. No significant differences
were demonstrated between boys and girls and
between the exposed and control groups in the
incidence of lumbosacral abnormalities.

Cushway and Maier! found sacralization of the
transverse process of the fifth lumbar vertebrae in
50 out of 931 cases, an incidence of 1:18.6. Giles®
quoted Sutherland’s figure on 4.5 per cent in
12,000 cases and reported 9.2 per centin his own
series of 1,122. Brailsford found this variation either
on one or both sides in 8.1 per cent of 3,000
persons. The incidence in this study was 21 in 163,

or 12.9 per cent.

DfEh 3D bhisrs i,

4. B ME0ER BEZSFHEOER,IC, §5

FEHE DAL S X U8 1 il DIERE(ESS, FENINERS <
BMEM (£5) LR THELh -2 20FRTEH-
7o BHER L UM ROIRMHET R 72 A 2 1,
B, {ERFEORERICKWT, Biic, Fosi
T L RER & O AIFERROZERILEY S hich

Fa
272

Cushway 33 X OF Maier® 119314 5 B 501245 5 £
HeoBZERDIME(E T ED T, BIBLRERLL : 18.6
TH-otz, Giles® 212,000 i\ T 4.5% LE5
Sutherland DEF# FIAL, FAHEHSO@EZLA
1,122 ik T9.2% CH 5 L $id L1, Brailsford
X, 3,000AD8.1% T\ T, KA EAIImAFICT
TFRAPBER LI, RAFERICHT3RERIT, 1636+
216, Bl%12.92% TéH- 2,

Table 5. Incidence of Variations of Lumbosacral Vertebrae
£ 5 B ERFERORER
Proportion with Lumbosacral Variations
C el B AMEETER A b 5 BiE
S|ty | G-A H-.i;]*jﬂﬁ% G.A. nﬁrfgﬁﬁ% G.A. %—%P«]Hﬁ% T%t:'ﬂ
Boys IR 34 2/13 0/10 3/11 5/34
Exposed s |
prite Girls ) 38 1/8 1/14 2/16 4/38
T;'f_‘e 72 3/21 ‘ 1/24 5/27 9/72
Boys BIg 39 0/10 3/14 1/15 4/39
Control . |
P Girls %R 52 1/17 | 4/18 3/17 8/52
TE;?‘ 01 /27 | 7/32 4/32 12/91
Grand Tou) 163 4/48 8/56 9/59 21/163
5. Other Abnormalities. Small single areas of 5. TOfoRE Nyl FEREONE AT

cortical defect involved the distal portion of the
femur in 4 cases and the proximal portion of the
tibia in 1 case. In 2 boys, both exposed, the
proximal epiphyses of the femur showed changes
that roentgenologically suggested Legg-Perthes'
disease.

6. Multiple Abnormalities. The data were ex—

amined to determine (a) if the skeletal abnormalities

4 TR OEAEI, 15 TIEEE AT
Bobbhts, 2H/OFER (WAL LHEEBIE) OXLERE
DIERCAFRIZ, HHBFHIC Legg-Perthes s
BT AE(LETR L,

6. ZREURY THROFELHEDDIHICEHED
BEL T iobhis, b, @ETCCEllh s hrof ik
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described in the preceding paragraphs tended to
occur in combinations rather than singly, and (b) if
multiple anomalies were more frequent among the
exposed children. From Table 6 it was concluded
that there was no tendency for the abnormalities
to occur more often in combination than singly and
more often in exposed than in control children.

7. Comment. In this investigation, the occur-
rence of the types of skeletal anomalies reported
in experimentally irradiated mice and rats could not
be demonstrated in children exposed at various
stages of intrauterine existence to the atomic bomb.
There was no difference between exposed and
control children in the incidence of the more
common bone variations. This survey, however, was
conducted in 1951 and 1952 on children who were
living six and seven years after exposure. It is
quite possible that the more extreme degrees of
abnormalities were present among the fetuses that
were aborted or delivered dead and among infants
that died in the early postnatal period. Data collected
by Yamazaki, Wright and Wright®' show that 4
abortions, 6 stillbirths, 6 neonatal deaths and 3
infant deaths occurred among the exposed group. In
contrast, 2 abortions, 1 stillbirth, 1 neonatal death

and 3 infant deaths were reported among the control

ERHBLY LU LA L TEAHRCS 2 oy
5, DZREOREXBIBRECL VAR LIIE D
. TOFERE 6 TR, Bl b L AR
L ERSHAIZED bR, HEE LD LEBECS
CRHNB ETRSHM L IEh =T,

7. @ ¥ AWETIIERCHMRRHYZT
fon? AF X IBIEF X ICBTHES I
DERAMDIRET, farOERIICS - 1 laP R
Bii@s bhiiehote, Bio—ROcEFRATOR
HERITRWTH, IR ENRIE & ORICITERILE
Mofz, LL COFBTERE, TERTEFLT
U 72 BRSO T10514E s X O9524RIC = X hc,
Vi $1oI3FEEE Lir o foBAR, BB IRIHERIECL
FEIRE, BICES TEEORT NS> LT 5 TE
¥Ez3E % Bbhb, Yamazaki, Wright 3 & 0t Wright??
AURAE Lo Rek e, BERRCHiEE 4, TEEE6, FE
RFET=6, B IOFLIRIEE 328D bhs, REAHE
BCILiEE2, JEEE L, FAERET 1R XUFIERT
IMEE SR,

group.
Table 6. Occurrrem:e of Multiple Skeletal Abnormalities
# 6 ZREEBANORE
Gestational Age
on Aug. 9, 1945 No Anomalies Single Anomalies |Multiple Anomalies
1945468 B 9 Hic | BEHOALED B OR SRERH
BT 5 EA R
1 6 3 4
%%%? I 3 2
Boye 111 2
=R I 2 6 2
%%% 11 1 5 8
o I 3 6 6
I 1 4 3
%%E? 11 2 9 3
Girls 111 4 7 5
|
i I 5 8 4
%ﬁ% 11 4 8 6
’ 111 8 8
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In this study, an effort was also made to deter—
mine whether or not the presence of radiation
symptoms in the mother was associated with
increased incidence of skeletal abnormalities in the
child. Although the numbers concerned were quite

small, no correlation could be demonstrated.

SUMMARY

1. A roentgenographic survey of the skeletal
system was made on 74 children who were exposed
in utero to the atomic bomb explosion in Nagasaki,
Japan at distances under 2,000 meters from the
hypocenter. The findings were compared with those
on a group of 91 children also exposed while in
ulero to the bomb but at distances of 4,000 to
5,000 meters.

2. No differences in the incidence of skeletal

abnormalities were found between the two groups.

AR B TLEHR O HSEERO A s E OF
BEDE R O BAERMINC MR H > 2o b 5
EES S ERLMNTRE, ARSI ETH- 1008,
HHBIBHRILAE A R T o 7
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1. EEpcs TR0 S 2,000m LAIROERT
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BT B RO A H4,000~5,000m O BEEEC IR
L7191 E DRI & 2 hie,
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