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CAPILLARY MICROSCOPIC OBSERVATION ON THE SUPERFICIAL MINUTE VESSELS
OF ATOMIC BOMB SURVIVORS, 1956-57

EREMBEOORAMMAI/DEOERMNLE

I E R, 195 — 57 &

1. FINGERNAIL FOLD, LABIAL MUCOSA, AND LINGUAL MUCOSA
1. EMEKER, OEHKBESIUETHIR

INTRODUCTION

Research studies at ABCC on atomic bomb sequelae
encompass not only the relationship of radiation dose to
life-span, aging phenomenon, and carcinogenesis, but
also inquire into latent sequelae.

Functional disorders and morphological changes of the
vascular system are extremely important indices of the
aging phenomenon because of the comparatively high
sensitivity of minute blood vessels to radiation. The
tendency for irradiation to accelerate the aging phenomenon
has been confirmed in many animal experiments, !
Clinical observations on the vascular system in the past
had been limited to biomicroscopic study of the hody
surface such as fingernail fold, oral mucosa, bulbar
conjunctiva, bulbar retina, and skin, and thus depth was
limited to that of superficial vascular plexus.” Braasch etal®
have reported on changes in the nail fold induced by
radiation in radiologists and technicians, pointing out that
though the frequeney of senile changes such as tortuosity
of terminal loops, sacculation, dilatation, branching, and
distortion of subpapillary plexus was high, changes peculiar
to irradiation were not present.

Reports on early observation of A-bomb survivors were
made by the members of Tokyo University T and Kyoto
University,” while reports on late effects were made by
Manabe et al.? Kayukawa et al” observed the skin capillary
resistance and morphological changes in survivors 81
days after the bomb.

Manabe et al” in their study of the fingernail fold and skin
capillaries of 638 survivors in Hiroshima 10 years after
the bomb reported that the skin capillaries of the survivors
showed a high frequency of abnormal morphological
changes.
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The present study was designed to develop leads for the
study of sequelae through the observation of the superficial
minute vessels. The authors conducted microscopic
observations on the minute vessels of the fingernail fold
in 138 survivors in Nagasaki and Hiroshima at the same
time as Manabe et al® and presented a preliminary report. !”
However, as some problems in sample selection, method
of observation, criteria for evaluation, and procedures for
statistical processing were noted, a repeat survey was
planned. The major emphasis was directed on how to
make valid comparison of the degree and extent of
abnormal patterns.'!

SUBJECTS

The sample for this capillary study is a small subsample
of 792 cases selected on the basis of the exposure status,
sex and age at time of the bomb (ATB) from the portion
of the Master Sample'? that had been accumulated as of
30 November 1956, At that time, the sources in Hiroshima
being investigated for inclusion in the Master Sample
were the 1950 Atomic Bomb Survivors Survey and the
ABCC 10% Sample Census of 1950. About one-third of
the Master Sample and half of the exposed portion had
been assembled at that date. This sample is divided into
the following four exposure groups:

Group 1 — Proximally exposed (within 2000m) with
major acute radiation signs and symptoms(200 cases)

Group 2 — Proximally exposed (within 2000 m) without
signs or symptoms (192 cases)

Group 3 — Distally exposed (2500-4999 m), matched by
sex and age ATB in 5-year intervals to Group 1

Group 4 — Nonexposed (10,000 m or more), matched by
sex and age ATB in 5-year intervals to Group 1

AP, BAEEMDMEOBE ST LT, #EO
FOROEFREI VIR ETTTF bRt B
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TABLE 1 SAMPLE BY EXPOSURE GROUP AND SEX
£ 1 FEEE X OMEBIEEA

Sex Total Exposure Group ¥ 8

1% it 1 2 3 4
Male B 209 60 29 60 60
Female #& 583 140 163 140 1440
Total & it 792 200 192 200 200

As of 30 November 1956, processing of Group 2 for the Master Sample was far from complete and only
192 persons were available, all of whom were selected for this study. Therefore, the composition of Group

2 differs markedly from other groups.
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Table 1 shows the distribution of the initial sample by
exposure group and sex. The sample was restricted to
those aged 44 or less at the time of examination. Of the
792 cases initially selected, 90 were excluded on occu-
pational grounds such as typists (it has been reported that
manicure induces capillary changes of the nail fold 1
mine workers and factory workers who handle strong
chemicals, and on physical conditions including local
inflammation. The disposition of the initial sample of 792
subjects was as follows:

o

B s

Examined %%

Refused Jhaks  E o
Moved BEE
Sick PR s
Died FETD asenniiass
Dropped BiFE i
Ineligible RS L

Unavailable 3 #&430E ...

Examinations were performed at ABCC in Hiroshima
from 10 December 1956 to 12 July 1957. Table 2 shows
the distribution of the subjects examined by exposure
group, sex and age ATB. The distribution of the 435
examined cases by exposure group was:

Group Examined
# FBEH
1 126
2 124
3 93
4 92

The distribution by sex and age differs remarkably
between the examined and nonexamined subjects in
Group 2 only. This difference was considered in the

analysis of the data.

The sample was defined before the efforts made by Oak
Ridge National Laboratory (ORNL) to provide the physical
basis for dosimetry at ABCC,'*'® at which time it was
considered that all those exposed in Hiroshima within
2000 m might have been substantially irradiated. By 1962
a great deal more was known about the difference hetween
those in the city ATB and those who entered after the
bomb.'®17T Hence, Jablon'® pointed out that Group 4 (those
not in the city ATB) was an inadequate control for the
exposed groups and that a heavily exposed group would
have to be defined by means of a cut at about 1400m
rather than 2000 m.
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435 54.9 %

201 25.4
44 5.6
18 2.3
1 0.1
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20 11.4
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TABLE 2 EXAMINED CASES BY EXPOSURE GROUP, SEX AND AGE

# 2 OBOEREE, MR L UEBIERER

Kis =i Total & _Crgup | [ 2 3 4
Ty Total Male Female T M F T M F T M I T M F
it 5 i it ) # it % i it 2] & it % 1
10-14 56 28 28 19 10 9 8 3 b 15 9 6 14 i 8
15-19 34 14 20 14 3 11 b} 1 0 8 4 11 6 5
20-24 31 9 22 8 3 5 1 1 0 9 2 7 13 3 L0
25-29 125 17 108 28 6 22 57 3 a4 24 7 17 16 1 15
30-34 111 13 98 29 4 25 42 1 41 20 3 17 20 5 15
35-39 63 19 44 21 6 15 12 5 7 15 2 13 15 i 9
40-44 15 2 13 7 0 7 3 1 2 2 1 1 3 0 3
Total it 435 102 333 126 32 94 124 15 27 65

109 93 28 65 92

In 1962 the air dose curve in Hiroshima was found to be
lower than previously estimated,'® and thereafter the
tentative 1965 dose (T65D) estimates'™ ' have become
available. As part of the present analysis, therefore, the
sample was subdivided again by distance and shielding
situation to arrive at the most rational distribution of the

sample. The initial sample and examined cases are listed
in ABCC IBM Tabulations 658 and 1695.

EXAMINED SITES AND METHOD

Examined Sites Nail Fold Frontloop of the ring finger
of side not preferentially used was examined.

Oral Mucosa, Lower lip 1lcm from the inner edge of the

red lip and 1em from the median line.

Oral Mucosa, veniral surface of fongue 1em from the tip

and 1em from the median line.

Apparatus and Equipment used for observing superficial
minute vessels of the skin and mucosa were the same as
described in the previous report.!!

Examination Method After observing the morphology
and function in detail by use of a capillary microscope
apparatus, photographs were taken by this apparatus.
These photographs were examined without knowledge of
sex, age, or exposure status in order to preclude signifi-
cant observer hias.

METHOD OF ANALYSIS

Morphological observation was conducted on 84 items!!
of the minute vessels of the fingernail fold, labial mucosa
and lingual mucosa. Results of these items were analyzed

to study the effect of age, sex, exposure group, and

exposure distance. Through microscopic and photographic

19624 1212, KRB Iz & 2 ESEBEmE L, LIaiHeE s
NAdOEDEEnZ b, 0%, 196541
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observations the presence or absence of items under
study was determined and further photographic measure-
ments were made of specific items.

Further, to make an objective evaluation of the morpho-
logical changes, numeral values were assigned to the
changes. Nine selected items were graded 0, 1, 2, or 3
according to the degree and extent, and the total score
for each individual was calculated (see Table 4). The
relation of score to age, sex, exposure group, exposure
distance, and shielding conditions was examined.

Further, under the assumption that there may be a linear
relation between the score and other factors such as age
and exposure distance, multiple regression analysis was
attempted. Analysis of variance®’ of two-way classification
design with unequal cell frequencies between age and
exposure group or distance was also done with the score.

RESULTS

Relationship to Age In the analysis of the morphological
changes in relation to age, an expedient method was
used. Fifteen cases in the youngest age group of 10 to
15 years and 17 cases among the oldest group of 36 to
44 years were selected from Group 4, and the relation of
age to each of the 84 items'! was compared. Scarcely
any difference was noted, although the number of cases
in this analysis was small. The only item showing a
significant difference by age (P<.05) was the minimum
diameter of the arterial limb in females. The male and
female findings combined, showed no significant difference
by age. As shown in Table 2, since there was no differ-
ence by group in the age composition except for Group 2,
subsequent analyses were conducted with all ages combined.

Relationship to Sex In the study on the 84 items,'!
almost no difference by sex was noted, but in items where
the measured values were recorded, males generally
showed a higher average value than females.

Relation to Exposure Distance and Exposure Dose
Statistical analysis was made by the use of the T 65 dose
estimates,'”> '? which take into consideration both exposure
distance and shielding conditions. Unfortunately, this
estimate was available for only 158 of the 250 cases
belonging to Exposure Groups 1 and 2 (Table 3), the
remainder having been exposed in situations involving
heavy shielding.

Those in Groups 1 and 2 exposed within 2000 m were
divided into two groups,'®'® those within 1400m and
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TABLE 3 DISTRIBUTION OF EXAMINEES BY T65 DOSE AND SEX
#3 TEDEE &L UCENBREESH

Sex Total

Groups # 1 & 2 Group 3 Group 4
i3 Eil 200+rad  199-100 99.50 49-1 <1 Unk. 738
Male 5 102 14 8 3 12 0 10 28 27
Female % 333 23 14 12 71 th 82 65 65
Total & it 435 37 22 15 83 1 92 93 92

those 1400-1999 m, after which comparison was made on
each of the study items.

Except for a few items almost no relationship was found
between the individual items and exposure distance or
exposure dose. As to the presence of “halo” space (highly
reflective substance} in which a statistically significant
difference was suggested, the results were not consistent,
probably due to subjectivity involved in judgement and
multiple physiological factors. Thus, this item was excluded
from the nine selected items for subsequent analyses.

Relation of Nail Fold Total Score to Exposure Status
Of the morphological changes in the superficial minute
vessels of the nail fold, the following nine important
items, based on the results of our previous analysis,'!
were selected for evaluating the morphological and
functional abnormalities: dilatation; waving; tortuosity;
branching; clubbing; tangling; granularity; subpapillary
plexus (visibility, distortion, etc.); fine capillary. Each
item was graded 0, 1, 2, or 3 by degree and extent.

The degree of morphological abnormality was graded as
shown in Figures 1 and 2, while the extent was scored
according to the following criteria: 0 —when all front
loops in a field are normal; 1 —when one loop is abnormal;
2 —when 2 or more loops are abnormal; 3 —when all
loops are abnormal. Then the scores of both the degree
and extent were totaled. By adding the score of each
item, the total score for the nine items was obtained for
L1

each individual."" The total score was subsequently em-

ployed as the score.

The relationship of score to exposure group and accumu-
lated percentage is presented in Table 4. Table 5
showing the relationship of score to sex and age indicates
that the distribution of scores differs by age (P <.05),
with a good number in the 10-19 age group having low
scores. This tendency was especially apparent among
males (P<.05). The age composition differed greatly
between sexes (P<.01), but no significant difference
between sexes was noted in the distribution of scores.
This tendency was the same for all age groups.
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KROBEEL QEEAEAR : Bag, Wk, Tdh, 50,
% B TEPRAE, feiE, PRCRmF, PLEE IR (AR,
FEMz ), MMEMRMDE. LE0ZEBII>LWTRYE
OFErEoHEEIILLTENEFNO, 1, 2, 3125
ELE

BEEMNAEORECIDUTERLI LI UR2 ZFT £

oL, —J, ZOHE T2V TR0 HE R i
o Tl L. F2b b, —RITFhal s e o %k
LROHLVEOFEO, —20FRBEL*RE DI LD

1,;ﬂukwﬁw%ﬂ&%méém2,f&frwh
EARDAEO3 L L, WAFMEO BRI E R 2.
9 H O M EMEL T, WA SR %52,
Ditk, GRFERAGGE & RN & WERR T 5

ZAGWBREE IR AR LRMEE OMEE, &£
SEMBLIUERMEFMEOBELERLELOTH S
AP DS AT I E R Ik - TERAZ D10 - 19ER T3, 3F
MEOEVEDOHNE (P <.05), iz, Bz o
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ERELEL S TWAE (P <C.01) 4, ElEDSHED
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TABLE 4 TOTAL SCORE FOR NAIL FOLD CAPILLARIES BY EXPOSURE GROUP AND ACCUMULATED PERCENTAGE
#4 BB S & URRE  E B TUR 5 B M 0 & GERE 6

Score Total % Group 1 % 2 % 3 % 4 %
F {8 fiit kil [
0 11 1 6 1 3
1 0 0 0 0 0
2 24 5 6 8 b
3 15 4 4 4 3
4 22 16.7 8 14.4 3 15.7 4 18.5 i) 19.6
5 28 7 i: i T
6 24 5 9 5 5
7 33 6 13 10 4
8 29 8 6 3 12
9 28 498 8 41.6 8 B152: 6 52.3 6 56.5
10 30 10 9 5 6
11 29 11 6 5 T
12 29 9 6 6 6
13 20 7} 6 5 4
14 15 77.9 5 73.6 2 75.2 4 79.3 4 85.9
15 16 2 9 3 2
16 14 T 2 2 3
17 1{1] 5 3 1 1
18 18 4 T 4 3
19 11 94.0 3 90.4 SO 95.0 2 92.4 3 98.9
20 9 5 1 2 | 100.0
21 4 0 0
22 3 0 1 2
23 6 3 100.0 1 2
24 3 2 I 100.0
25 0 0
26 0 0
27 1 100.0 1 100.0
Total it 430 - 125 - 121 - 92 - 92

5 cases excluded because of unsatisfactory pholographs.
SEHEEHEEMAS LU 3 HAOLSERI L L.

TABLE 5 TOTAL SCORE FOR NAIL FOLD CAPILLARIES BY SEX AND AGE
# 5k & U RS BIE JTURR 55 MM o 4 3 AR (&

Shore Total 3t Age £ 1019 20-29 30+
sy Towl Male Femle T M F T M F T M F
it 5 % it 5 i it sl s Fis 5 ix
0- 4 72 19 53 24 11 13 20 diy 16 28 4 24
5 9 142 34 108 31 17 14 a7 9 38 64 8 56
10-14 121 31 90 22 11 11 45 9 36 54 1 49
15-19 69 11 58 g 0 8 27 1 26 34 10 24
20+ 2% 4 22 3 1 2 16 T i 7
Total &3 430 99 331 88 40 48 155 26 129 187 33 154
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Figure 1 Morphological patierns of nail fold capillaries

[@1

The distribution of the scores was divided into two
groups (< 10 vs >10) so that the number of cases would be
about equal, and study was made of the score by age with
both sexes combined (Table 6). Only for Group 1 was the

relationship between age and score significant at the
2% level:

3 TR 85 8 % o) FEBE A9 pattern

AHEE D A5 & BB EAIZIERE 3 512, 2K
(<10 =10) 5 ELT, BLEFICLSF 8 & 5T

ifl & DPBF &R~ (F6 ). Fkb & AR & 0B,

HHFLIBFOL 2B RETHETSH - 2

Seore = 1F i ) Total
4 10-19 20-29 304 it
<10 20 10 22 52
=10 12 26 35 73
Total it 32 36 i 125
¥2=8.796 with df 8adE =2(P<.02)

Analyzed by sex, the relationship was significant (P<.05),
being more outstanding in the males. This relation was

also observed in those exposed within 1400 m as shown
in Table 7 (P<.10).

Similar to the foregoing results when the score division
of <10 vs >10 was used, a significant difference was
suggested only for Group 1 (P<.01) and for the group
exposed within 1400 m (P<.05) when the score division
of <15 vs >15 was used.!!

BT, ZOBFREREXR TR (P <
05), ¥z, B HIFFETH A HTIIRTED
12, ZOMEMEIT40m RO HBE LB HLNL (P <
P B

<104 =100 FEME K5 2 w28 & &I, <15
H=15OFMEX T 2B AEATE, Y HEBESE1E

(P<.01), $LU0M0nEHOBBEM -OAEESIT
WXt (P <.05).



Figure 2 Morphoiogi;:ai patierns of nail fold capillaries. A —Normal hairpin-like paitern. B —Distorted
subpapillary plexus with branching. C —Bronching and intercommunication; note lack of difference between
arterial and venous limb diameters. D —Branching and intercommunication.

€2 3R TORE A O R Y pattern. A —EH 4T € 2 BRERE. B—srlEd ko fLEFHEE O E
#. C—5r 0k LGRS BIMREAMCEFbu LRE SNV, D — 4 W & {7 B B gy

TABLE 6 TOTAL SCORE FOR NAIL FOLD CAPILLARIES BY EXPOSURE GROUP AND AGE
%6 HMEEE S L UV R BUAR TURK 5 B LS O 6 3T RE

Total #f Group 3 1 2 3 4

s
Mf;;fﬂm Total  Ase M T T T T
G S 1019 2029 30+ 10-19 2029 30+ 3 10-19 20-20 30+ g 1019 2029 30+ 10-19 2029 30+
it it i #t i

<10 214 55 67 92 52 20 10 22 62 5 30 27 48 15 12 21 52 15 15 Q2
=10 216 33 88 95 73 12 26 35 59 4 21 28 44 T Al 16 40 10 14 16
%=10* 50.2 37.5 56.8 50.8 584 37.5 72.2 61.4 488 44.4 474 50.9 478 31.8 63.6 43.2 435 40.0 483 42.1

Total &% 430 88 155 187 125 32 36 57 121 9 57 55 92 22 33 37 92 25 29 38

* Proportion with score of 10 or more. FFififil 1051 Lo &



TABLE 7 TOTAL SCORE FOR NAIL FOLD CAPILLARIES BY AGE AND EXPOSURE DISTANCE (m)
#T  HiEs & OB IEEENE TUR S B M o & 3R G

- Total it 0-1399 m 1400-1999 2500-4999 10,000+
core 3 S—
iy Total A i@ T T T T
g 10-19 2029 30+ g 1019 2029 30+ g 10-19 20-29 30+ g 1019 2029 30+ 3 10-19 2029 30+
<10 214 85 67 92 55 13 16 26 59 13 24 23 48 5. 42 2 52 15 45 22
=10 216 33 @8 95 73 % %3 48 59 9 30 20 44 7T 2 16 40 10 14 16

%= 10* 50.2 37.5 56.8 50.8 57.0 35.0 59.0 62.3 50.0 42.9 556 46.5 47.8 31.8 63.6 43.2 435 40.0 48.3 42.1
Total & dF 430 88 155 187 128 20 39 69 118 21 54 43 92. 22 83 37 92 2 29 38

* Proportion with score of 10 or more. S0 EoW s

These scores were further analyzed according to radiation 2Hll, ZhoOAFMEIE, BOTEE (£ 8 ) & & U
dose (Table 8), and shielding category (Table 9), but no ER (29 1ok THRIFLAN, Bl LE, &

significant difference could be determined because of the : i -
2 CEHTE AN o, L L, EMERT
small number of cases. However, the score increased RERULTELA 1 Ly BT 1400m SR i

with age in those exposed within 1400m with light OWBEE B LTL00rad Ll FomBERHIc VT, B
shielding and also in the group exposed to 100rad or M ER S & & IR L 7, s & OB R o+

. The i 55 i h = AR b " :
more. The result of linear Iregressmn analys%s of the B SR AE O BT TR RERT DR, 5 % ki TR D 5 1-
scores on age and exposure distance showed a significant

difference at the 5% level for males only. Further, HEZERO . 512, BREEON D 12 HEHHR R
when radiation dose was used instead of exposure distanee, FHWAES, BBREME: L A EBoEnE L
a tendency exactly the SElITIJE as that_ for exposure distance Nie. Fled & ORI X5 TOCRIE I & 5 TEE
was noted. In the analysis of variance of the score by

’ I A AT A . gk F TR R - 4 s
the two-way classification on age and exposure group, the DB &AT% - 4R, WRHICS 3 RELR
effect of age, in which the effect of exposure group was EEAOFEBAHRICELOUEES (P <.001) #BB 6
eliminated, showed a highly significant difference (P<.001). nE. UL, BIBMI- L2 0E 01, BE223H5

However, no significant difference was observed in the 2 X T i "
effect due to exposure group. The effect of interaction Lo T FlLBREEOXHENOBER, 1%

between age and exposure group was significant at the KETHETH 2. FRGHIIEVT, HBEONH

1% level. When the analysis of variance was repeated DT BRI A R CTERERRAT A ELE L - A, R
using exposure distance instead of exposure group only :
the effect due to age was strongly suggested (P<.001). BWEDH N OREENL (P <.001).

TABLE & TOTAL SCORE FOR NAIL FOLD CAPILLARIES BY AGE AND T 65 DOSE
#8  fEpd & UT 65D AREL IR TV &0 BA0 M AE 0 & 33T g

Sgoa Tuotal ‘Er 100+ rad 99-1 ] Unknown «‘fi-“}‘i
3F i Total  Age F T T T '
g 10-19 20-29 30+ g 10-19 20-29 30+ #1019 20-29 30+ #10-19 20-29 30+ i 10-19 20-29 30+
<10 162 40 52 70 21 7 5 9 44 12 14 18 48 15 12 21 49 6 21 22
=10 176 23 T4 79 37 6 8 23 53 7 27 19 45 bl 21 16 41 2 18 21

% >10* 52.1 36.5 58.7 53.0 63.8 46.2 61.5 71.9 54.6 36.8 659 51.4 484 34.8 63.6 43.2 456 25.0 46,2 488
Total ¥t 338 63 126 149 68 13 a3 32 97 19 41 37 93 23 33 3% 92 5 39 43

* Proportion with score of 10 or more. FF{# #1011 Lol &

Relation of Labial Mucosa Total Score to Exposure DEWBICEET 2 &5 5P M8 & HmKeE & @Eﬁfﬁ (mpE:
Status The following six items considered important for TSV TRERIE £ 2 0h3K0D6THE
the labial mucosa were selected and then evaluated :

= TR I o L E LA 1 S
according to the total scoring system as in the case of the IR H 0 5 & & RS & FAFMALIC & > THREL

10



TABLE 9 TOTAL SCORE FOR NAIL FOLD CAPILLARIES BY EXPOSURE DISTANCE,
SHIELDING CATEGORY, AND AGE

#£ 9 HORUEE, SERCYE B & ORI TUR S5 B H 0 F 0 & 1T R

Distance Score FEE <10 =10 Total

iy 4 Age SE# 10-19 20-29 304 10-19 20.29 30+ At

Tafal: B el e e 40 52 70 23 74 79 338
0-1399 m 13 16 26 i 23 43 128
1400-1999 12 24 23 9 30 20 118
2500-4999 15 12 21 7 21 16 92
Light Shielding ### ... 12 6 13 i 15 24 77
0-1399m 7 5 T 4 9 19 51
1400-1999 5 1 6 3 6 5 26
2500-4999 0 0 0 0 0 0 0
Heavy Shielding HiE#k ... 0 23 19 1 19 21 83
0-1399m 0 8 12 0 7 12 39
1400-1999 0 15 7 1 152 9 44
2500-4999 0 0 0 0 1] 0 0
Other FOM i 9 A 23 5 13 10 68
0-1399m 2 0 1 i 0 1 5
1400-1999 2 1 5 2 3 13
2500-4999 5 i 17 2 10 9 50

No Information ¥i#is AT ... 19 15 15, 10 27 24 110
0-1399m 4 3 "6 2 7 1 33
1400-1999 5 7 5 ) 9 6 35
2500-4999 10 b 4 5 11 7 42

nail fold: dilatation; branching; granular streaming; fine
capillary; loops per unit area; loop parallelism.

Waving and tangling, being normal findings for the labial
mucosa, were excluded from the scoring (Figure 3).
Tortuosity, clubbing, and distortion of the subpapillary
plexus were grouped under loop parallelism. In view of
the importance given to number of loops per unit area by
Fukushiro,?! Wakano,** and Braasch® and the minimal
error of measurement involved, number of loops per unit

area was added to the criteria.

Table 10 shows the distribution of the total score by
exposure group and accumulated percentage, while Table 11
gives the distribution of the score by age and sex. No
significant relation was observed between score distri-
bution and age group nor between score distribution and
sex. Despite the large difference (P <.01) in the age
composition between the sexes no significant sex differ-
ence was observed in the score distribution in all age
groups or in various age groups and therefore in the
following analyses males and females were combined.

From the frequency of the score distribution the score
was divided into two groups of equitable size (<9 vsz=9)!!
and the relationship to age was tested by exposure group,

11

JRBE ¢ oYM s REORCIRIMGE ; fCHD M0
N OFEOE; R OTIT o A .

BT [ R 2 7z

HEHBEZ DO TREREE L URBEREETR TS
d, FEEA > SBEERTWA (K3). Bl HE
Btk s &L UHLETHREOER 2> 0TI, FHoT
fTEoEBIZE LA, J/R,Y HE® 5 LU Braasch ©
AEATIRCY 2 D OB ATRRLTHY, 51230
fEIREN DL o7, RO EEs k.

F100:, BEES S URBBMEYEMNFEME oS EET L,
IV FE & & MR O O 5% &5+, Rl o
g EMBEs LN EoMF I T AEREEZH
Bahidror BAMoOTHAEK K428 (P <
O HFesiiehhbod, RIEHTE, 2/, &4
BHCsOTE, oS HcgELB s
(s A LIFogtrcliBx s &5t L

Tt

-

Lz df L=t

+-
= 7Z.

AR A o0 oy ABAREE > 5, R AT IEREICE S £ 512,
G (<9MZ9)zmEHLT,! EMmLoMEY &



Figure 3 Morphological patterns of labial mucosa capillaries. A —Normal pattern (Korkzieherartig gewunden:
Miiller). B —Dilatation of venous limbs is prominent. C —Variability of density (poorfilling) and elongation with
dilatation. D —Branching and intercommunication with markedly distorted and dilated loops.

B3 DEHBEESMOEORBESpattern. A—EER(0bw s Rfiaih). BSHLHRMN O

EAH LR LM C—HERLF RELR) S LUFHOEE, BRI G503, D—SRHFFL L
BEML, HoTHLERMBEIELLRS.

TABLE 10 TOTAL SCORE FOR LABIAL MUCOSA CAPILLARIES BY EXPOSURE GROUP
AND ACCUMULATED PERCENTAGE
F10  HAREE S & OCRHE T o F0 DU R BB A 0 & 3 EF Al

Score Total % Group 1 % 2 % 3 % 4 %
R il fifg it Rl E B
0 34 3 8 8 15
1 i} 0 i 4 2
2 16 13.1 4 5.6 4 9.9 3 16.3 51 24.2
3 63 9 17 17 20
4 17 4 6 4 3
5 32 39.3 5 20.2 14 40.5 5 44.6 8 58.2
6 63 14 22 15 12
7 30 9 5 11
8 31 68.2 17 52.4 5 66.9 4 70.7 5 89.0
9 33 ] 14 1% 2
10 27 11 8 4 4
11 18 86.4 8 72.6 5 89.3 3 90.2 2 97.8
12 20 12 4 4 0
13 12 7 1 3 1
14 12 96.7 7 93.5 4 96.7 1 98.9 0 98.9
15 b 3 2 0 0
16 5 4 1 0 ]
17 1 0 1 100.0 0 0
18 2 1 100.0 0 1 100.0
19 0 1 100.0
20 1 100.0
Total 7 #l 428 . 124 . 121 - 91 . 91

7 cases excluded because of unsatisfactory photographs. 7H S WHH AL L e 5 RAD L0k L&

12



TABLE 11

TOTAL SCORE FOR LABIAL MUCOSA CAPILLARIES BY SEX AND AGE

Fe1l 53 & UV BRI RS B B A M AT o0 & BT AT A fF
Total 3t Age 8 10-19 20-29 30+

Score - =
S i it Total Male Female T M F an M F M F
Eil i) 'S it 5] £ it % 'S i) ) s
0-2 56 10 46 8 4 4 19 1 18 29 5 24
3- 5 112 27 25 21 11 10 47 7 40 44 9 35
6- 8 124 33 91 31 16 15 41 8 33 52 9 43
911 T8 L8 60 16 8 8 25 2 23 37 8 29
12-14 44 10 34 8 3 5 17 6 11 19 1 18
15+ 14 2 12 5 0 5 5 1 4 4 1 3

Total & 428 100 328 89 42 47 154 25 129 185 33

152

TABLE 12 TOTAL SCORE FOR LABIAL MUCOSA CAPILLARIES BY EXPOSURE GROUP AND AGE
12 NEEE 5 & OV R Y 1B R B R A I 00 5 FE R

S Total & Group & 1 2 3 4
acore —
Sl Total Age i @ T T T T
Filn. o 10-19 20.29 30+ it 10-19 20-29 30+ Gt 10-19 20-29 30+ it 10-19 20-29 30+ Ho10-19 20-29 30+
<9 292 60 107 125 65 14 19 32 81 40 36 65 18 24 23 81 23 24 34
=9 136 29 47 610 59 18 16 25h 40 4 18 18 27 5 9 13 10 2 4 4
% =9* 31.8 32.6 30.5 32.4 47.6 56.3 45.7 43.9 331 344 31.0 33.3 293 21.7 27.3 36.1 11.0 8.0 14.3 105
Taotal fdt 428 89 154 185 124 32 ab 57 121 9 58 54 92 23 33 36 91 25 28 38
* Proportion with score of 9 or more. F(@IE 9 2L LW & g
but no significant difference was observed (Table 12). SRl N, FEZREEZR L, - 2 (F£12).
However, a highly significant difference was observed Ui L, LERELA3LAL 0, RIS KRN
between the score and exposure group for all age groups
combined (P < .001): OMicEhbTHVWARE Z2EZHF B AL (P <.001):
Score Group Total
ST il fiki 1 2 P X 3
<4 65 81 G5 81 292
29 59 40 27 10 136
Total & 124 121 92 91 428
xz =32.77 with  d.f g =3 (P<.001)

Examined by age group, the younger group aged 10-19
years at the time of examination or under 10 years ATB
showed a highly significant difference (P<.001). This
is noted in both sexes (P <.04).

Even when classified by distance from hypocenter(Table 13),
a significant difference was noted in the 10-19 age group
(P <.02), but when the shielding configuration was taken
into consideration, a strongly significant difference could
not be observed in this group (P<.10). The score tended

13

ERE A MET U & &, fiatly, 10 — 196 & 7= (LR
WELL FE S =/ EHPF L, AufAEE28n 2 (P
001). chizBiriici@noh s (P <.04).

BLMALOMEEN S EIZEVTE (£13), 10-19:
BIIARE(P<.02) 7R shrd, EikErEE
CANAEE, COEBBIBOETESESEVLS LR
TELAN S (P<.10). BHEHKTMO0mE@HIZI VL



to be similarly high in those within 1400m with light
shielding (Table 14). With the availability of exposure
dose, reanalyses of the data were made, but the results
were the same (Table 15). A significant relation (P<.04)
was observed between score and exposure dose in all age
groups, being especially remarkable in those aged 10-19
years (P < .003):

DTEH, FMEO S HGERKBTH - 2 (F14). FE
MRE OB L 5 THBABIEMNT LAY, FRORR
IR (£15). 2FE®WBE VT, FEME L g a
LOMUIARZHEFRED SN (P <.04), ZhIZHES

W-19EDLOIZFFIZHFBHATSH - 2 (P <.003):

Score Dose & it Total
AF 15 fi 100+ 99.1 <1 it
<9 3 11 19 33
29 11 7 5 23
Total #t 14 18 24 56
¥z =12.23 with df ameg =2 (P<.003)

TABLE 13 TOTAL SCORE FOR LABIAL MUCOSA CAPILLARIES BY AGE AND EXPOSURE DISTANCE

F 13 SERE B & OOHE R BE BE S T RS B AR I o A B AR AR
_Scm Total it 0-1399 m 1400-1999 2500.4999 10,000+ ——r—
T i Total Age i @ T »T T T
gt 1019 20.29 30+ g 10-19.2029 30+ & 10-19 2029 30+ g 10-19 2029 30+ g 10-19 20.20 30+
<9 292 60 107 125 70 7 24 39 76 12 35 29 65 18 24 23 81 23 24 34
29 36 et ATy o890 1 fh s 40 Bl B e m as g e e 4
% =g 31.8 32,6 305 32.4 457 66.7 38.5 43.5 345 40.0 35.2 31.0 293 21.7 27.3 36.1 11.0 8.0 14.3 105
Total 4t 428 89 154 185 120 21 39 69 116 20 54 42 93 23 33 36 91 25 28 38

* Proportion with score of 9 or more. 3{H# 9L Eo#@ &

The relationship of the total score to age and exposure
distance was significant by the linear regression analysis
(P<.001). Radiation effect (P<.001) and age effect
(P<.05) on the morphology of the labial mucosa were
significant. This relationship was tested by analyses of
variance of the two-way classification on age and exposure
distance. The effect of exposure distance on the score,
eliminating the effect of age, showed a highly significant
difference (P<.001).

further emphasized when exposure group was used in

This significant difference was

place of exposure distance.

Relation of Lingual Mucosa Total Score to Exposure
Status Based on the six-item criteria identical to those
for the labial mucosa, the capillaries of the lingual mucosa
were evaluated by the total scoring system (Figure 4).

The distribution of the score is shown in Table 16 by
exposure group and accumulated percentage. No signifi-
cant difference was observed in the relationship of the
distribution of the score to age or sex (Table 17). Asno

significant relation was observed between the distribution
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Tl d & UMREEE 4 2 53R & OBIFR 12, N
MBI LE TEEEFREBIAL(P<.001). OB
O EEAZEL~ORIHROBE (P <.001) & & ¥
FEMOBE(P<.05) 2t HETh- . ZOMKE
3, FEE L U LA T A O SR I
S THEEN:. ERoBELBRILEES, Filifo
W e MBI ELEEE(P<.001) 230
. WIBHBEONR LD THERAERCTHIFS T2 Hh
EEE, CoFEBRRRs s zEEs Rk,

ETHIRCET 2 55HTMECHBERELOBE 1
HilEizowtHwuzto U 6HE O EEEL E &
12, GRtARMEIC & - T, & FEEO BMIME & MET L
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HRBE & & USRBE 5 %50 0 BRI 0 57 75 1 21612 77 &
NTVB A, FlEOS L EME 2 GHEN & OB A
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Figure 4 Morphological paiterns of lingual mucosa capillaries. A —Normal hairpin-like pattern. B —Branching
and intercommunication with distorted loops. C —Unevennegs of vascularity, poor filling, and branching. D -Un.
evenness of vascularity, poor filling, and dilatation of subpapillary plexus.

B4 & FHEBEM M OBIEMN pattern. A—RE L7 SR, B—Fdh L oFE, i s & E

WaHEsLNE, C—NEXBEOTHEY, EET I UFHF SRS, D—0FE TR EOTHEY,

T L L UL FRREOREE SRS,

TABLE 14 TOTAL SCORE FOR LABIAL MUCOSA CAPILLARIES BY EXPOSURE DISTANCE,
SHIELDING CATEGORY, AND AGE
#14 HORIRRE, FERCHE, B & ORI CUEORE B BRI o 5 3R

Distanes Score FEflifE <9 =9 Totil

1 Age i 1019 2029 30+ 10-19 2029 30+ fat

Total FHonasisannnbatns 37 33 91 27 43 a6 337
0-1399 m 7 24 39 14 15 30 129
1400-1999 12 35 29 8 19 13 116
2500-4999 18 24 23 b 9 13 92
Light Shielding ##3Ed ............ 10 13 22 9 7 15 76
0-1399 m 5 1% 7 6 9 52
1400-1999 b 5 o 2 1 6 24
2500-4999 0 0 0 0 0 0 0
Heavy Shielding W@k ... 1] 28 27 1 15 13 84
0-1399 m 0 9 14 0 6 10 39
1400-1999 0 19 13 1 9 45
2500.4999 0 0 0 0 0 0 0
5241} ol 2 G 12 20 8 9 12 67
0-1399 m 1 0 1 2 0 1 5
1400-1999 2 0 4 2 4 1 13
2500-4999 3 12 15 4 b 1 49

No Information # kA F ... 21 30 22 9 12 16 110
0-1399m 1 7 7 5 a 10 33
1400-1999 5 11 T 3 5 3 34
2500-4999 15 12 ] 1 3 43
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TABLE 15 TOTAL SCORE FOR LABIAL MUCOSA CAPILLARIES BY AGE AND T65 DOSE
#15 iy d & UT 65D FE il VB RS BB I A o) A G RN L

B e Total # 100+ rad 99.1 <1 Unknqwn 5 BE AR R

s Total Age IF i T

T 10 i
at  10-19 20-29 30+ 3 10-19 20-29 30+ a 10-19 20-29 30+ 3 10-19 20-29 30+ g 10-19 20-29 30+

<9 211 n 83 91 28 3 7 18 60 1:1. 25 24 66 19 24 23 i 4 27 26
=9 1260 27 43 58 o b 6 14 34 7 15 12 27 5 bR 34 4 13 17
%=9* 37.4 42.2 34.1 38.1 52.2 786 46.2 43.8 36.2 38.9 37.5 33.3 20.0 20.8 27.3 36.1 37.4 50.0 32.5 39.5
Total &3 337 64 126 147 59 14 13 32 94 18 40 36 93 24 33 36 91 8 40 43
* Proportion with score of 8 or more. #(E®E 9L oW &
TABLE 16 TOTAL SCORE FOR LINGUAL MUCOSA CAPILLARIES BY EXPOSURE GROUP
AND ACCUMULATED PERCENTAGE
#16 BB D & R G 0 ENE TR B M O & 5
Score Total % Group 1 % 2 % 3 % 4 %
FF {1t at #
0 30 [} 4 6 20
1 14 2 1 1 10
2 6 13.2 2 3.3 2 5.9 1 8.8 1 34.4
3 60 13 . 7 21 10 16
4 30 7 10 5 8
5 17 39.7 7 25.2 4 35.3 3 28.6 3 64.4
6 62 18 14 20 10
7 38 12 9 10 7
b 33 69.0 9 56.9 12 64.7 G 68.1 6 90.0
9 25 5 7 10 3
10 32 15 11 4 2
11 25 87.5 ] 78.0 11 #9.1 6 90.1 2 97.8
12 18 11 4 2 1
13 + 2 2 0
14 10 97.9 5 94.3 2 95.8 2 96.7 1 100.0
15 8 4 2 o
16 5 2 2 1 100.0
17 2 100.0 1 100.0 1 100.0

Total it 423 . 123 - 119 - 91 . 90

12 cases excluded because of unsatisfactory photographs. 120X EFMBA L U w 3 A DL SRR L&

TABLE 17 TOTAL SCORE FOR LINGUAL MUCOSA CAPILLARIES BY SEX AND AGE
F1T  Phd & UHFE BB E TR IS B0 5 o) 4 7 ARl 1

- Total 3t  Age i 1019 2029 30+
‘;C{;:; Total Male Female T M F T M F T M _F
i#o® % it B & I 2 B %
0.2 50 16 34 8 5 3 14 2 12 28 9 19
3.5 107 23 84 20 9. 1 39 g 83 48 8 40
6 8 133 30 103 27 12 15 47 7 40 59 11 48
9.11 82 20 62 22 11 11 30 6 24 30 3 27
12-14 36 7 29 9 4 5 13 2y A 14 1 i3
15+ 15 3 12 2 0 2 g 2 7 4 1 3
Total &4 423 99 324 88 41 47 152 25 127 183 33 150
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of score and sex in all age groups and in various age
groups,
sexes combined.

the following analyses were made with the

As with the labial mucosa, the score was divided into two
groups (<9 vs 29) and the relationship between score and

BEanihr =0T,
i,

LITORFIEBLE 3 LTE

CUE RS IE o By & & WRRID, AR Z 2 Xy (< 9K =9)
240 T, MEAREE R0 ATAR G & e & o PRI o v T ERE

age was examined by exposure group (Table 18). A LA(RIB). HEZFMEESIBECZODLTOAHEDSL
significant difference was noted for Group 1 only(P<.01): (P <.01):
Score Age i Total
A i it 10-19 20-29 30+ i
<9 11 21 38 70
=4 21 14 18 53
Total it 32 35 56 123
X2 =950 with d.f gdig =2(P<.01)

TABLE 18 TOTAL SCORE FOR LINGUAL MUCOSA CAPILLARIES BY EXPOSURE GROUP AND AGE
18 BB S S CUE R BIE TR IR AN N o & 3 ER 1R
Total #t Group 8 1 £ 2 3 4
Score - e S =
4 B Total — Age @5 T T T 3y
i 1019 2029 30+  # 10-19 2020 30+ 3 1019 20-29 30+  z 1019 20-29 30+  § 10-19 2029 30+
<9 290 55 100 135 70 11 21 38 T 6 37 34 62 15 20 27 81 23 22 36
=9 133 33 52 48 53 21 14 18 42 3 20 19 29 T 13 9 9 2 B 2
%i=9* 31.4 37.5 34.2 26.2 43.1 65.6 40.0 32,1 353 33.3 35.1 358 31.9 31.8 39.4 250 10.0 8.0 185 5.3
Total &30 423 B8 152 183 123 32 35 56 119 9 57 53 91 22 33 36 a0 25 27 38

* Proportion with score of 9 or more. FFIEM 9 LI EO# &

This trend was also observed by exposure distance(Table 19)
and in the group exposed within 1400 m (P<.003). The
relationship between score and exposure group or exposure
distance was significant in those aged 10-19 years(P<.01).
Even when shielding configuration (Table 20) and exposure
dose (Table 21)were considered, the significant difference
observed in this age group did not change (P<.01).

In the linear regression analyses of the total score on age
and exposure distance for the exposed subjects, the effect
of age showed a significant difference at less than the 5%
level, but the effect of exposure distance could not be
strongly demonstrated (P<.10}.

Lastly, in the analyses of variance of the score by the
two-way classification between age group and exposure
group a highly significant difference was observed in the
exposure groups when the effect of age was eliminated
(P<.001), but this was not observed by exposure distance.
However, in the interaction between age and exposure
distance there was a significant difference at less than
the 5% level.

17

ZOMEMIEBEBRERERN(F19) CHTE, 1400m K
OHBJETF IO TERDEAL (P <.003). FFAMH
CHCREEE X HORIERE S oBE T, W-VEDE D
HEHETH- (P <.01). HWEIREE (£20) & & UHRE
HR(E)AEELABAGTE, COEBHIZLITA
FEMIIEDLL (P <.01).

T&J%‘?‘U) fﬁu i a.'.
[l BT 12 B T,

P b B A A ST AT o #i P
SULITORETCHEBOBEIAR

ErBPHLY, EHEEoRE IR OHADL LY
(P <.10).

Bz, EBHEBIEEL 0 T nAE L ATl o 5
Baiflcsnt, THOPELEMLAEGOMBRC
BOEEE(P<C.001) RO NN, HIBIEEEICH
LTRSS Bl a7 L, iiiﬁ‘%é:%‘it&ﬂé%ﬁ'c@

THEHIZET, 5% TokETHEEZLEAY



TABLE 1% TOTAL SCORE FOR LINGUAL MUCOSA CAPILLARIES BY AGE AND EXPOSURE DISTANCE

19 i b & UM R EER ORI AN L o & FHEE AR A

Se Total 3t 3 0-1399 m 1400-1999 2500-4999 lU,Dﬂh—.
ore _ e
S (i {0 Total Age 4 T T T T
ab 1019 2029 30+ 3 1019 2020 30+ gz 10-19 2029 30+ 3 10-19 2029 30+ g 1019 2029 30+
=9 290 55 100 135 74 B iR3 A6 73 12 35 26 B2 :1b: 20 27 81 23 22 36
=9 133 33 52 48 53 16 15 22 42 8 19 15 29 7 13 9 9 2 5 2
%=9* 31.4 37.5 34.2 26.2 41.7 76.2 39.5 324 36.5 40.0 35.2 36.6 31.9 31.8 394 250 100 8.0 185 5.3
Total it 423 88 152 183 127 21 38 68 115 20 54 41 91 22 33 36 Ol RE: 2T 38
* Proportion with score of 9 or more. FEEH 9L Lo &
TABLE 20 TOTAL SCORE FOR LINGUAL MUCOSA CAPILLARIES BY EXPOSURE DISTANCE,
SHIELDING CATEGORY AND AGE
#£20 WEHRRIEE, ERISHE, & & USERSEE T RSIE BN O A SR fE
3 Distance Score #Ffiifii <9 = Total
B A Age 5 10-19 20-29 30+ 10-19 20-29 30+ 3
Total &1 o 32 78 99 31 47 46 333
0-1399 m 5 23 46 16 15 22 127
1400-1999 12 35 26 8 19 15 115
2500-4999 15 20 27 ¥ 13 9 91
Light Shielding % 3 # ... 7 12 25 12 9 1 76
0-1399m 3 T 19 9 7 T 52
1400-1999 4 5 6 3 2 4 24
2500-4999 0 0 0 0 0 0 0
Heavy Shielding #ds ... 1 27 28 0 16 12 84
0-1399 m 0 11 17 0 4 7 39
1400-1999 il 16 11 0 12 5 45
2500-4999 ] 0 0 0 0 1] 0
Other O .o 8 9 23 it 12 4 66
0-1399m ] 0 2l 3 0 1 5
1400-1999 3 2 4 1 2 1 13
2500-4999 5 i 18 1 10 T 48
No Information ¥FH£AF .. 16 30 23 14 10 14 107
0-1399m 2 5 9 4 4 T 31
1400-1999 4 12 5 4 ) 5 33
2500-4999 10 13 9 6 3 2

43

TABLE 21 TOTAL SCORE FOR LINGUAL MUCOSA CAPILLARIES BY AGE AND T65 DOSE

£zl FReEH L UT 65D FE B RGN ME 00 A R AR

" Tatal 3 100+ rad 99- 1 <1 Unknown #! it £+ b
SCOTE C—— - — -

B E Total Age M5 4 g0 b i
ThEL 3 10-19 20.29 30+ it 10-19 20-29 304 i 10-19 20-29 30+ it 10-19 20-29 30+ it 1019 20-29 30+
] 209 a2 T8 99 33 2 L) 23 56 10k 22 24 62 15 20 27 58 5 28 25
=9 124 31 47 46 26 12 5 9 36 ] 17 11 a0 ] 13 9 3z 3 12 17
% =0% 37.2 49.2 376 31.7 44.1 857 38.5 28.1 39.1 444 436 31.4 32.6 34.8 39.4 25.0 356 37.5 30.0 40.5
Total &3 333 63 125 145 59 14 13 32 92 18 39 35 92 23 33 a6 90 8 40 42

* Proportion with score of 9 or move. 3E{Iifi 8 Ll Lol &
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DISCUSSION

No late radiation effect on the morphology of minute
vessels of the nail fold, labial mucosa, and lingual mucosa
could be demonstrated when the 84 items were analyzed
individually. However, when scores were assigned to the
important items in an attempt to evaluate the total
morphological pattern, the analysis of the total score

showed a suggestive effect of radiation.

Although some problem of mutual weighting of the items
is involved in the total score, this procedure precludes
the bias of subjectivity to a greater extent than previous
methods and permits comparison of the data with those
reported in the literature.?**® In the current study this
procedure was applied to the minute vessels of not only
the nail fold but also to the labial mucosa and lingual
mucosa.”® The nine items selected for the study of the
nail fold are not pathognomic to radiation and senile
changes may be involved. To exclude the effect of aging,
those aged 44 years or less were selected in light of the
earlier study demonstrating no age effect in this age
range.!!

Views are divergent on the significance of these selected
items. Some consider branching and intercommunication
to be pathologic conditions rather than senile changes.
Roth*" has pointed out that increased tortuosity, increased
difference in the diameter of the arterial and venous
limbs, decreased number of loops, and decreased blood
flow are senile changes, but histopathological changes
solely attributable to aging have vet to be determined. **

After giving a single whole body radiation dose of 600 R
to mice, Cottier! conducted a long-period observation of
28-30 weeks during which he made an extensive and
detailed pathohistological study. He noted a significant
increase in such abnormal findings as arteriofibrosis,
disseminated hemosiderosis, telangiectasis,
cavernous hemangioma, poor capillary nets (skin and oral
mucosa), and nephrosclerosis especially in female mice.

hyalinosis,

These vascular changes are considered to be related to
acceleration of aging, hypofunction of the various visceral
organs appearing as anemia, decrease in visceral organ
weight, and decreased number of superficial blood vessels.

In the present study an increase was detected in the
abnormalities of the nail fold capillaries with age in those
exposed within 1400 m and it is of radiobiological interest
that a higher frequency of abnormalities was observed
also in the labial and lingual mucosae of those so exposed
at less than 10 years.
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Curtis®® observing that disorders of critical organs play
an important role in inducing life shortening stated that
“for a number of reasons the capillary circulation seems
most likely the system involved in the life-shortening
effects of radiation.”

The effect of A-bomb exposure is considered to be not
merely superficial but to involve the entire vascular
system and therefore efforts seem warranted to make
further studies from various angles for the elucidation of
the actual effects of A-bomb radiation.!-3:30.31

SUMMARY

Capillary microscopic observation was conducted on the
superficial minute vessels of the fingernail fold, labial
mucosa, and lingual mucosa of 435 atomic bomb survivors
aged 44 years and under. To make statistical analyses of
their morphological patterns, nine items for the fingernail
fold, and six items for labial and lingual mucosae were
selected and graded 0, 1, 2, or 3 according to the degree
and extent of the morphological changes, and scores of
both degree and extent were totaled. Using the tptal
score the relationship of the total score to age, exp.osure
distance, and exposure dose was studied.

For the nail fold, the relationship between the two score
classification (<10 vs =10) and the age groups suggested
a significant difference only for the group exposed within
2000 m with major radiation signs and symptoms (P<.02).
This tendency was noted in both sexes although it was
more marked in males(P<.05). A suggestive significance
was noted in this relationship among those exposed
within 1400 m (P<.10). Further, the score increased with
age for the group exposed within 1400m with light
shielding and also in those exposed to 100+ rad.

For the labial a significant difference was
observed in the exposure groups (P<.001) being most
marked in the group aged 10-19 years at the time of
examination, i.e., under 10 vears at time of the bomb
(P<.001). This trend was observed in both sexes(P<.04)
classified by distance (P<.02), radiation dose (P<.003),
and shielding conditions (P<.10).

mucosa,

For the lingual mucosa, a similar tendency was also
confirmed in the 10-19 years age group classified by
exposure group or distance (P<.01). These results

suggest that senile and degenerative morphological
changes can occur in the minute vessels of the younger
age group, which gives rise to microcirculatory insuffi-
ciency and unfavorable effects on the integrity of the

systemic circulation.
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