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ROENTGENOGRAPHIC APPEARANCE OF OSSIFICATION CENTERS IN THE JAPANESE FETUS,
STILLBORN AND NEONATAL DEATH INFANTS, HIROSHIMA AND NAGASAKI
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-INTRODUCTION

The skeletal roentgenogram is the most accurate method
for establishing the pattern of skeletal development in
children based on the morphologic appearance of the
ossification centers at a given time. The physical develop-
ment of a child can be estimated according to the ap-
pearance of the ossification centers and the morphologic
changes in the ossification centers. Thus, standards of
skeletal maturation(bone age) for hand and wrist or foot
have readily been developed.'*

Maturation of the fetus and newborn infant has also
been studied in the United States by this technique.?”’
The order of the appearance and the incidence of visible
ossification centers in roentgenograms of fetuses and
newborn infants have been classified according to ges-
tational age and girls show more rapid skeletal maturation
than boys. Hayashi has made radiographic observations
on the osseous development of 30 Japanese fetuses ob-
tained by induced abortion.® However, the percentage of
ossification centers present in fetal life has not been
given and the number of observed fetuses was rather
small.

In this survey, a roentgenographic study of the osseous
development of 235 cases of miscarriage (20 weeks or
under), therapeutic abortion, stillbirth, (spontaneous or
therapeutic) and neonatal death has been made with the
following objectives: To determine the order of ap-
pearance and incidence of eight ossification centers-
ischium, pubis, distal epiphysis of femur, proximal epiphy-
sis of tibia, calcaneus, talus, cuboid and hyoid bone in the
Japanese fetus, stillbirth and neonatal death infants; To
compare the appearance of these centers in boys and
girls; To compare the osseous development of Japanese,
Caucasian, and Negro subjects.
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MATERIAL AND METHOD

An extensive study of the effect of exposure of parents
to the atomic bomb on the first generation offspring has
been made by the Atomic Bomb Casualty Commission
(ABCC), and these data show no statistically significant
radiation effect on the incidence of major malformation,

stillbirth, or neonatal death rate.”

During the course of
the present study in Hiroshima and Nagasaki, many mis-
carriages, therapeutically aborted fetuses, stillborn and neo-
The birth

weight and head circumference of these subjects were

natal death infants were autopsied by ABCC.

noted. At autopsy, the crown-heel, crown-rump length,
and weight were measured and recorded. Of the 299
cases studied, 204 received whole-body roentgenograms
between 1 December 1952-30 November 1953 in Nagasaki,
and 95 received such examinations between 1 May 1953-
30 November 1953 in Hiroshima. All roentgenograms
were taken at ABCC, prior to autopsy, at a focal-film
distance of 42 inches, with the subjects in supine and
right lateral decubitus position (Figure 1).
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FIGURE 1 ROENTGENOGRAMS TAKEN AT FOCAL-FILM DISTANCE OF 42 INCHES
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Cases of multiple birth, congenital syphilis and those
with major malformation were excluded. Infants who
died over 72 hours after birth, or had no roentgenograms
within 48 hours after death, were not included in ac-
ordance with the methods of the studies made in the
United States.”” As a result, 235 fetuses, stillborn
and neonatal death infants including 110 boys and
125 girls were studied. The gestational age for each
of these cases was calculated from the reported date
of the mother’s last menstrual period. These dates
were not available on only nine cases including four males
and five females. For these cases gestational ages were
estimated by using Professor Kunitomo's standard values!'?
for weight, crown-heel and crown-rump length at hirth
for each gestational age of the Japanese fetus (Table 1).

Table 2 shows the distribution by gestational age and
sex. Among the 235 cases, the shortest gestational age
was 16 weeks (one case) and the longest, 42 weeks (26
cases). Table 3 shows the distribution by sex and weight
at birth. The smallest birth weight was 110 g (one case)
and the largest, 3780 g (one case).

RESULTS AND DISCUSSION

Tabhle 4 shows the percentage of appearance of each of
the eight ossification centers which were seen in roentgen-
ograms of the 235 fetuses, stillborn and neonatal death
infants according to gestational age and sex.

In the group less than 20 weeks, the ischium and pubis
centers were present in both sexes. The ischium ossi-
fication center was present in 100% of the boys and
girls aged 21-24 gestational weeks. The calcaneus center
was present in 68.4% of boys and 70% of girls in the
25-28 gestational weeks group. The appearance of this
center for girls reached 100% at 33-36 weeks of age.
In 53.3% of girls, the talus center appeared in 25-28
weeks of gestational age. In 100% of both sexes aged
37-40 weeks, the calcaneus and talus centers were present.

The hyoid center was seen in 7.1% of girls in the
25-28 weeks group. The presence of this center gradu-
ally increased in frequency with gestational age, and
appeared in 54.5% of boys, and in 11.1% of girls who
were in the terminal gestation of 37-40 weeks.

In the age group 25-28 weeks, 3.3% of girls already
had the center for the distal epiphysis of the femur. The
percentage of presence of this center gradually increased
with age: 75% of boys and 81.8% of girls had this
center in the age group 37-40 weeks. Of the girls 33-36
weeks, 5.6 % had the center for the proximal epiphysis of
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the tibia as well as the cuboid bone. In 42.1% of boys and

31.3% of girls over 41 gestational weeks, the proximal

tibial epiphysis was present. In the same gestational age

group, the cuboid bone center was present in 15.8% of
. boys and 6.3% of girls.

Table 5 shows the result of analysis for the presence of
each ossification center for each group according to birth
weight and sex.

In the weight group less than 499 g, the centers for the
ischium and pubis were already present in both sexes,
and the center for the calcaneus was present in 6.3% of
girls. In the 500-999 ¢ group, 100% of boys had the
center for the talus. In the same group 4.2% of girls
had the center for the hyoid. In the 1000-1499 g group,
13.3% of boys and 6.1% of girls had the center for the
distal epiphysis of the femur. In the 1500-1999 g group, the
center for the calcaneus was present in 100% of both
sexes, and the center for the hyoid was present in 14.3%
of boys and 22.7% of girls. In the 2000-2499 g group,
the presence of the center for the talus was 100% in
both sexes.

-
.

There were only six girls weighing 2500-2999g. The
number seemed too small to compare with the boys of
similar weight. However, the center for the distal epiphy-
sis of the femur was found in 100% of these girls. In the
same weight group, the center for the proximal epiphysis
of the tibia appeared in both sexes.

In the group over 3000 g, the center for the distal
epiphysis of the femur was present in 100% of boys.

From these observations, the order of appearance of
each of the eight ossification centers in fetal life was as
follows: Ischium, pubis, calcaneus, talus, distal epiphysis
of femur, hvoid, proximal epiphysis of tibia and cuboid
bone. Some of these centers apparently appeared earlier
in girls than in boys of the same age and weight group.
It was verified that by using the radiographic appearance
of the various ossification centers, the degree of bone
maturation can be determined.

The comparison of the presence of each of the five
ossification centers (calcaneus, talus, distal epiphysis of
femur, proximal epiphysis of tibia, and cuboid bone) between

Japanese and Caucasian or Negro boys is shown in Table 6.

In the weight group less than 1999 g, the presence of
the center for the distal epiphysis of the femur in Japanese
boys (21.4%) was higher than that of Caucasians (9.1%)
and Negroes (18.2%). The appearance of the talus center
was also earlier in the Japanese than in the Caucasians.

T, ABH ECseTHES LERobERLIEABR
D42.1%, TR O31.3% 126/, H—lo@m¥ics
WTAEHEORERLIEIERDIS.8%, RO 6.3 %12
HE LTk

ESIEETHAE, EMzLs2hThotkddl
OHBEEFHLABRERTLOTH S,

AEA99 g LLFO#EIzEWT, TTI2kE, E0
LERFLCERBLERESIBRL, TR0 6.3 % IIHEETD
EEhLOAEBRELT VA, 500 — 993 g DBIZHTIL,
BRO100 % cHEoapLABR]LToL WEH
DR O L2 %z ERFOAG LS A 1000-1499 ¢
OB HETHERDIZ.3%, K RD6.1%2 KIS FaH
DiEFhoAEs s, 1500199 g OFFIZ BT

BoftEh LBl 12100 %EHE L, Bi14.3%

ELR22.T%ICEFOMERLAHH LT, 2000 -
209 DEFECIECTHEOASHLOPRBTH KL L
100% (2 H#E LT .

HE2500-299 g LRz hFH6HT, HULED
gz rtaecs 7. Lo LA J|”r < s 7 b
J‘---‘rl‘flb HohenEROI0%IZRshi. 220

A U EEE T2 B R & S LA o b oL A
Ly,

3000g L E T B RoOKEE T HEOLE DL
1009% B LT vz,

LEo#EgErs, BRIZET3 206 8anfbEd
Lo RNER T, 4, §E, BEE, B9, RIEETE
m, &5, BEELBRSLULHBTOBETH - 2. —i
OfeE L dFEE, AEEOBRED LR o iy
SHHEHT 2 LI ThH- nAVAZOEEHLE LEE
HETHEY A LIEDBOMBRELkETEDI L
AEERE & e

#6 X 5EOLFhL (BE, BEE, KIEETHR,
FEd LMyl hiY) olREOHAABREAA
HFLCEBABREDRE TS S,

FREI9Y g LI FoM Tt REE TEH O ESLO
WIHE, ARABR(2A4%)0HFFAA91%)E &
UEBRA18.2% ) ENEEETH- . ELEFOREL
HAEADHFIFAALEDED2 52, 2000g DL EClHE AR



In those over 2000 g, Caucasian and Negro boys seemed
to have a greater prevalence of presence of the center
than that of Japanese boys.

The appearance of each of the five ossification centers
in Japanese girls compared with Caucasians and Negroes is
shown in Table 6. In each weight group over 2000g,
the ossification centers were found to be present more
frequently in Caucasian and Negro girls than in Japanese
girls.

In Caucasian and Negro subjects of both sexes weigh-
ing over 2500 g, the centers for the head of the humerus,
capitate and harmate bones have been noted at times. 57
In the present study, however, Japanese fetuses, stillborn
and neonatal death infants weighing over 2500 g had
none of these centers.

According to these observations, in the same weight
groups, the osseous maturity of the Japanese fetus and
infant was apparently less advanced than that of similar
Caucasian and Negro subjects.

SUMMARY

A roentgenographic study of the presence of the ossi-
fication centers has been made on a total of 235 cases of
miscarriage, therapeutic abortion, stillbirth and neo-
natal death according to criteria of sex, length of ges-
tational age, and weight at birth. The cases were aged
from 16 to 42 gestational weeks. The weight of the cases
ranged from 110 g to 3780 g at birth.

The order of appearance of the eight centers in fetal
life was as follows: Ischium, pubis, calcaneus, talus,
distal epiphysis of femur, hyoid, proximal epiphysis of
tibia, and cuboid bone.

Some of the eight ossification centers appeared earlier
in girls than in boys of the same gestational age and
birth weight.

The osseous development of Japanese fetuses and infants
weighing over 2000 g was judged less mature than in
similar Caucasian and Negro subjects.
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TABLE | DEVELOPMENT OF FETUS
#1 BRoORE

Gestation week Sit.iing height Length Weight
AT 4 518 o5 4 b5 £
Midpoint o 8 cm em =
3-5 0.9-1.2 2 0.1 - 0.25

6 1.4

7 1.9 -

8 2.0 . 0.95

9 2.2 - 1.10
10 3.5 - 1.70
L 4.7 - 5.0
12 5.7 T 9.0
13 6.7 8.3 17.0
14 7.5 9.5 29.0
15 8.8, 12.1 39.0
16 10,’3 14.0 70.0
17 11.4 16.3 100.0
18 12.3 18.0 133.0
19 13.5 16:7 164.0
20 14.5 21.4 225.0
21 15.6 23.4 310.0
22 16.8 25.0 390.0
23 18.0 26.4 471.0
24 19.2 28.5 544.0
25 2000 30.4 626.0
26 20.9 31.7 694.0
27 22.0 33.2 774.0
28 23.0 34.7 856.0
29 23.8 35.5 950.0
30 24.6 37.2 1070.0
3l 25.5 38.0 1232.0
32 26.3 39.0 1420.0
33 27.0 41.1 1600.0
34 27.5 42.2 1750.0
35 28.3 43.4 1900.0
36 29.1 44.5 2050.0
37 29.9 45.7 2200.0
38 30.8 47.0 2400.0
39 31.8 48.0 2600.0
40 32.8 49.0 2850.0

Kunitoma1?  [H 41



TABLE 2 GESTATION AGE BY SEX AND CITY
# 2 MEARIAM : MEs & OB H

’ Female
Gestational age — -
i B 1 1 Hiroshima Total Hiroshima  Nagasaki Total
Weeks & 1 # i & 1% i i
<20 B 9 11 4 6 1o
21-24 6 10 16 i 8 14
25.28 8 11 19 10 20 30
29.32 8 13 21 ' 19 26
33-36 5 T 12 3 15 2 11
37-40 4 8 12 3 8 11
41- 4 15 19 1 15 16
Total &t v 73 110 34 91 125

-
.

TABLE 3 WEIGHT AT BIRTH BY SEX AND CITY
#3 HETRATE: & & UEFHR

Birth Weight = e L Eemle
% F A E Hiroshima Nagasaki Total Hiroshima Nagasaki Total
¥ m 8 T Y £ t
<499 6 16 22 T 9 16
500- 999 T 12 19 10 14 24
1000-1499 8 7 15 10 23 33
1500-1999 4 10 14 2 20 22
2000-2499 6 6 12 3 11 14
2500-2999 2 13 15 1 5 6
3000- 4 9 13 1 9 10

Total #f 37 73 110 34 91 125




TABLE 4 PRESENCE OF EACH OF EIGHT OSSIFICATION CENTERS BY GESTATIONAL AGE AND SEX

%4 BMAOMLHE L OBBIE: RN S & O
; Center of ossi.fic:;t_.inn ft el -
Gestational = = :
~age Sex Number  [schium % Puhis % Caleaneus % Talus % Femur* % Hyoid % Tibia** % Cuboid %
i i i % 4 A CE #E AT ik KA ER I i
weeks M
<20 Male 0 11 11 100 6 54.5 1 9.1 0 0 0 ] 0
Female i 10 8 0.0 8 80.0 0 0 0 ] 0 0
Total & 21 19 a0.0 14 66.7 1 4.8 0 ] i 0 1]
21-24 Male * 16 16 100 15 93.8 3 18.8 U ] ] 0 0
Female % 14 14 100 13 92.9 3 21.4 2 14.3 0 0 0 0
Total i 30 a0 100 28 93.3 6 20.0 2 6.7 0 0 0 0
¥
25.28 Male @ 19 19 100 19 100 13 68.4 b 26.3 0 0 0 0
Female £ 30 30 100 30 100 21 70.0 L6 53.3 1 3.3 3 10.0 0 0
)
Total ¥ 49 49 100 49 100 34 69.4 21 42.9 1 2.0 3 6.1 0 0
29-32 Male W 21 21 100 21 100 20 95.2 18 85.7 4 19.0 3 14.3 0 1]
Female & 26 26 100 26 100 25 96.2 23 88.5 7 26.9 5 19.2 0 1]
Total if 47 47 100 47 100 45 95.7 41 87.2 11 23.4 8 17.0 0 0
33-36 Male % 12 12 100 12 100 11 91.7 11 91.7 5 41.7 i 8.3 0 1]
Female % 18 18 100 18 100 18 100 18 94.1 7 38.9 3 16.7 1 5.6 1 5.6
Total it 30 30 100 30 100 29 96.7 29 96.7 12 40.0 4 13.3 1 3.3 1 3.3
37-40 Male B 12 12 100 12 100 12 100 12 100 9 75.0 7 58.3 1 8.3 1 8.3
Female # 11 11 100 11 100 11 Loo 11 100 9 81.8 2 18.2 1 9.1 0
Total # 23 23 100 23 100 23 100 23 100 18 78.3 9 39.1 2 2.7 1 4.3
40- Male % 19 19 100 19 100 19 100 19 100 18 94.7 9 47.4 8 42.1 3 15.8
Female & 16 16 Lo0 16 1o 16 100 16 100 14 87.5 8 50.0 i3} 31.3 1 6.3
Total it 35 35 100 35 100 35 100 35 100 32 91.4 17 48.6 13 37.1 4 11.4
e Distal epiphysis of femur KB o i ) ) ) :

% Progimal epiphysis of tibia 16 b 5



TABLE 5 PRESENCE OF EACH OF EIGHT OSSIFICATION CENTERS BY BIRTH WEIGHT AND SEX

=

Sl oLl BRE: L PRI S E UHER

5
Rirth - Center of ossification r_l’_‘J"r'I'-IL- .
ir 3
Weight Sex Number  Ischium % Pubis % Caleaneus % Talus "% Femur*® % Hyoid # Tibia** % Cuboid %
EFRE R E H 14 ¥t 4 Bt Bl R FE i 58 & HE
g
<499 Male Ho22 22 100 16 72.7 0 0 0 0 0 0
Female « 16 14 87.5 14 87.5 1 6.3 0 0 0 0 0
Total & 38 36 94.7 30 78.9 1 2.6 0 ] 0 0 0
500-999 Male 19 19 100 19 100 10 52.6 3 15.8 0 0 0 ]
Female & 24 24 100 23 95.8 10 41.7 6 25.0 0 1 4.2 0 0
Total it 43 43 100 42 97.7 20 46.5 9 20.9 0 1 2.3 0 0
1000-1499 Male w15 15 100 15 100 15 100 10 66.7 2 13.3 0 0
Female & 33 33 100 33 100 31 93.9 28 84.8 2 6.1 12.1 0 0
Total i 48 48 100 48 100 46 95.8 38 792 4 8.3 8.3 0 0
1500-1999 Male B 14 14 100 14 100 14 100 12 85.7 3 21.4 2 14.3 0 0
Female & 22 22 100 22 100 22 100 22 100 9 40.9 5 227 0 0
Total 3 36 36 100 36 100 36 100 34 94.4 12 33.3 7 19.4 ] 0
2000-2499 Male B\ 12 12 100 12 100 12 100 12 100 6 50.0 3 25.0 0
Female 4« 14 14 100 14 100 14 100 14 100 12 85.7 3 21.4 0
Total @ 26 26 100 26 100 - 26 100 26 100 18 69.2 6 23.1 0 0
2500-2999 Male H 15 15 100 15 100 15 100 15 100 12 80.0 8 53.3 4 26.7 2 13.3
Female 4 6 6 100 6 100 6 100 6 100 6 100 3 50L0 1 16.7 1 16.7
Total # 21 21 100 21 100 21 100 21 100 18 85.7 11 52.4 5 23.8 3 14.3
3000. Male % 13 13 100 13 100 13 100 13 100 13 100 7 53.8 5 38.5 o 15.4
Female %« 10 10 100 10 100 10 100 10 100 9 90.0 5 a0L0 i 60.0 1 10.0
Total @ 23 23 100 23 100 23 100 23 100 22 95.7 12, 52.1 11 47.8 3 13.0
*Distal epiphysis of femur e BLIE [ 15 i =

** Proximal epiphysis of tibia A% k& 3



TABLE 6 PERCENT WITH PRESENCE OF FIVE OSSIFICATION CENTERS IN JAPANESE, CAUCASIAN,

AND NEGRO SUBJECTS BY BIRTHWEIGHT AND SEX
#£6 HAFEA, AABIURBACEIEZ5@OEFDLOHRERE:

AR E & £ UTER

Birth weight & FRE{EE

Ossification centers — £ -
el Male %5 Female i
T < 1999 2000-2499  2500-2999 3000- <1999 2000-2499  2500-2999 3000-
Calcaneus
Japanese HA& M ... 100 - 100
Caucasian HH A ... 100 - 100
Negro BA . 100 . 100 x
Talus
Japanese H#& A L 85.7 100 100 100 -
Caucasian H A T 100 - 83.3 100 -
Negro =2HA a90.9 100 - 100 100
Distal femoral epiphysis
KRE TR ...
Japanese &N, 21.4 50.0 80.0 100 40.9 85.7 1004 a0
Caucasian F A 9.1 75.0 85.3 100 50.0 91.7 98.0 100
Negro - i, 18.2 88.5 90,7 94.0 50.0 93.8 29.0 1o0
Proximal tibial epiphysis
B R e
Japanese HAEM. ... = 1] 26.7 38.5 0 0 16.7F 60.0
Caucasian H A ... 18.8 52.9 78.8 0 54.2 75.5 85.7
Negro BA o 38.5 62.7 76.0 14.3 40.6 76.7 88.1
Cuboid
Japanese H#& A 0 13.3 15.4 0 0 16.71 10.0
Caucasian F1 A . 6.2 14.7 39.8 0 37.5 57.1 65.2
Negro BA - 23.1 43.8 58.0 21.4 37.5 68.0 8.2
Total cases Male %5 Female #
Japanese HAEM . 110 125
Caucasian [ A . 298 267
Negro L 271 276
+ Only six cases examined * Data for Coucasians and Negroes modified from Christie.?
6 5l 00 & Hi A EBLA G TR IE Christie® @B OMEIEC &S,
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