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AMPLITUDE OF VISUAL ACCOMMODATION IN
ATOMIC BOMB SURVIVORS

R OB #% B £ #F & 0o R B B P

INTRODUCTION

Since Hirose and Fujino' reported cases of atomic bomb
cataract in 1949, lenticular opacities have come to attract
attention as one of the late A-bomb disturbances. There-
after, ophthalmologists in ABCC and elsewhere in Japan
and America have reported many additional findings.> '8

However, very few reports have been made on the effects
of A-bomb radiation on amplitude of visual accommo-
dation.!™#® Regardless whether the crystalline lens shows
changes by ophthalmoscope or slit-lamp microscope or not,
A-bomb radiation may have induced some alteration in the
elasticity of the lens fibers, resulting in decreased amplitude
of accommodation. Therefore, it is important to determine
whether decrease in function of visual accommodation
with age is further accelerated by exposure to A-bomb
radiation.

In 1955, Masuda!? stated that amplitude of visual accommo-
dation of A-bomb survivors tends to show premature aging.
Thereafter, Maetani and Hosokawa!'® reported that
amplitude of visual accommodation of A-bomb survivors
under 40 years of age is decreased as compared with that
of healthy controls. On the basis of these reports,
Hirose et alF! investigated in 1956 the amplitude of visual
accommodation in Nagasaki A-bomb survivors and found
that their amplitude of visual accommodation is superior
to that of normal Japanese. However, amplitude of visual
accommodation is affected not only by age?**® but also
by physical condition, living environment®**? and refrac-

26.32.43-48  Moreover, measurements of

tion of the eye.
amplitude of visual accommodation even of the same
individual would vary according to the condition of
measurement.*®®  Therefore, in order to accurately
evaluate the effects of A-bomb radiation on decrease in
accommodative power with age, it was necessary to
establish an appropriate control group for the exposed
group and conduct measurement on both groups under
identical conditions. This was emphasized by Koyama
and Seki??

reinvestigation, this study was made in Hiroshima and

In view of the necessity of making such a

Nagasaki cities under a plan designed to obviate the
shortcomings of the previous study.

A
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SUBJECTS OF INVESTIGATION

Investigation Period and Sample Size In Hiroshima,
954 subjects were examined during 6 months from
September 1959 to February 1960, by nurse Mrs. C. Sasaki
who had received instructions from Dr. I. Hirose,

In Nagasaki, during 10 months from Novemher 1959 to
August 1960, Hirose himself examined 1020 subjects.

Method of Sample Selection The subjects of this investi-
gation were selected from among ABCC-JNIH Adult
Health Study (ME 200) subjects who had received routine
physical examination during the above stated periods.®!

The MEZ200 sample consists of 4 comparison groups
62,63

(Figure 1)
Group 1 Located 0-1999m from the hypocenter and
reported acute symptoms of irradiation.

Group 2 Located 0-1999m from the hypocenter but
reported no acute symptoms of irradiation.

Group 3 Located 3000-3499m from the hypocent.er in
Hiroshima and from 3000-3999 m in Nagasaki.

Group 4 Located 10,000+ m or not in either city at the
time of the bombs (ATB).

REHE
AEXES S UEROAEE LB H 0TI, 19594

9AAGI9608 2 HETo 6 2 AMIZ, E#HOENs 2
HrEBEHEROEARTEHA GL AEZHBEL .

FRBIZEVTIE, 1959812 51960E8 Azt
W02 H MBI, 1020 %158 E & PR L /-
RAEMBOREAZ AHEOMRHIZABCCTH 4 -
T 5ABCC— FREM AEBEFTE (ME200 ) it E
TLIEMMRICEMREE R~ EOF» 5 BA R,
ME 200 &8 3 k0420 kERP M- TWV5E
(E1).

1# FEEBECBOEAS50—199mizwT, 2
M AtiRER 22 L 2 E,

28 FBEICHMOMA S 0—199miznis, &
HEREHERZEL 20 - ¥,

3fF FIREFICIEE TIEE O A 53000—3499m T,
B T13000—3999m j2 v - F

4% EH|EBCOWTIAOFHRIZEV AL o5 H,
IRt A 5 10000 m L3S O Mt 10 2

Lo

——
City Boundary fit#

L,

Group 1

AR RN

FIGURE 1

ABCC-JNIH ADULT HEALTH STUDY SAMPLE
BY CITY AND COMPARISON GROUP
AS OF AUGUST 1958

1 19584 8 AR » ABCC — T A2

AR AR : AR - HoBeEE R

OPHTHALMOLOGY SAMPLE

AR fot 3 75 4 A
Group 3 Hiroshima i 5 Nagasaki £u§
1 3196 1473
2 3152 1468
3 3171 1471
4 3250 1488

2000m 4000 m
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As these groups were of the same sex and age composition,
the subjects were randomly selected every day from those
receiving their routine physical examination, without
considering such factors as sex, age, and exposure status.
The selected subjects were informed prior to the day of
examination that ophthalmological examination would be
performed on the same day in addition to the routine
physical examination. Perhaps because the nurse per-
formed examinations in Hiroshima, more aged subjects
(irrespective of sex and comparison group) received only
the routine examination and refused ophthalmological
examination, than did in Nagasaki (Tables 1,2).

METHOD OF INVESTIGATION

Amplitude of uniocular accommodation of each examinee
was measured for both eyes. The site of the eye to be
first measured was changed alternately in the order of
examinees. The examination room was air-conditioned in
both cities. Illumination in the room in Nagasaki was
adjusted to be constantly 250 lux by semi-indirect fluo-
rescent lamp illumination adjuster and in Hiroshima sunlight
was mainly used.

Determination of Refractive Powers After measuring
the uncorrected visual acuity with a chart projector made
by Tokyo Optical Company, visual acuity was corrected
with lens and then the refractive power of lens, R (diopters
of spherical lens required to achieve the best acuity), was
determined. In astigmatism, of refraction values, X; and
Xz (including sign), on the two principal meridians, the
larger one, X3, was determined as R and diopters of
astigmatism was determined by subtracting the larger
value from the smaller (X; — X5 ).

In Hiroshima, vision was corrected with only lens sets, but
in Nagasaki, lens sets were used after refraction was

FHHEHIFAUYE - FHERE L -TWE. £ TH-
Tl BBEREEOERE o2 BEEET, BHLE
ZRATLIHREER T VLACEBAL. ABEEOMNRSE
ELTEIERAEIDE, EMBRZOEICRBOBREL
MUALEFEI L%, Z2OMBTCIAMSEL. B
BTHBHBIMELT 2 bd, ElHE (LEL
M- MEEEBEICIEMEGE A L) CEBRZEZDLLZTTR
BOBREFES LAEFBED 20k (£, 2).

REHE

EHBEORBEMOEBBIZI O TWEL L. ®mHIZ
METABOMBEEREOMEIRICE - TLHIZER
. BBELCEEHELICEREE STV E AR EE 5
. TRAENOBRER LBEBETHFELTAMEILIE S
Pt R CIE R B E THE B0 5 2 A

full £

EifEE HEErEEReS cRRRhemE L.
Oh, LYATHNOEMEL, L X@EHH, R (&R
OWNEBBCBELLBREL ¥ A0E), kRkvi. &LH
THZo0EEREORBRH, X, X, (BHE2EC)DS
L, Rewhit4absX, 2Re L, GlHOERzW
SiroREVHEEGL (T2HEX—X,) Z¢I&oT
k.

EETRL Xty PERAWTEERDEHRE L L5,
£ 1% 7 13Bausch & Lomb #Green’s refractor TR %

Description

W

Values of refraction on
the two principal meridians
2onEERLEOBRR

Myopic astigmatism simple

SEARIEALR () e

compound
(FEHE) ..o
Mixed astigmatism
TEME ELA coinnnmanianas
Hyperopic astigmatism simple
AR ELAR () s
compound
(R e

X, <X =0
X =X <0
X <0=X
0=X <X

0 <X <X




TABLE 1 NUMBER AND PERCENT OF OPHTHALMOLOGY STUDY SAMPLE WITHIN ME 200 POPULATION
BY CITY, SEX, AND AGE AT EXAMINATION

#1 ME200 BHEMP ORBFFREAD S & HHE: Bl - 4 - BRIEFER

Age Male % Female # Total #f

ia. ME200 OPH %  ME200 OPH %  ME200 OPH %
Hiroshima [ &

<22 36 11 306 77 27 351 113 38 33.6
23.32 274 107 39.1 400 164 410 674 271 40.2
3342 93 36 38.7 480 208 43.3 573 244 42.6
43.52 170 59 347 377 137 36.3 547 196  35.8
53.62 230 57 24.8 360 07 20.7 590 164  27.8
63+ 164 20 122 207 21 101 371 s
Total i 967 290 30.0 1901 664 349 2868 954  33.3

MNagasaki [

<22 111 45 40.5 116 a7 49.1 227 102 44.9
23-32 281 127 45.2 441 182 41.3 722 309 42.8
33-42 149 66 44.3 404 165 40.8 553 231 41.8
43-52 161 75 46.6 182 75 41.2 343 150 43.7
53-62 189 96 50.8 122 59 48.4 311 155 49.8
63+ 83 40 482 , ~ 81 33 40.7 164 73 44.5

Total 974 449 46.1 1346 571 42.4 2320 1020 44.0

OPH - Ophthalmology Study Sample [ £ i 20 % 4

TABLE 2 NUMBER AND PERCENT OF OPHTHALMOLOGY STUDY SAMPLE WITHIN ME 200 POPULATION BY CITY,
COMPARISON GROUP, AND AGE AT EXAMINATION

#2  ME200 fHEM ch OERBFAEE A OB & G o3 fd7 - BB - REEE

Age ) Group 1 Group 2 TR Group 3 Group 4

i B ME200 OPH %  ME200 OPH %  ME200 OPH % MEZ200 OPH %

Hiroshima 58

<22 52 15 28.8 30 11 36.7 3 1 33.3 28 11 39.3
23-32 150 53 35.3 174 65 37.4 193 B4 43.5 157 69 43.9
33-42 137 59 43.1 146 67 45.9 150 64 42.7 140 54 38.6
43-52 142 46 32.4 125 47 31.6 147 52 35.4 133 51 38.3
53-62 159 48 30.2 153 36 23.5 135 42 31.1 143 38 26.6
63+ 83 10 12.0 96 13 13.5 95 8 8.4 a7 10 10.3
Total & 723 231 32.0 724 239 33.0 723 251 34.7 698 233 33.4

Nagasaki £ §

<22 56 25 44.6 49 22 44.9 67 36 53.7 55 19 34.5
23-32 185 74 40.0 186 83 44.6 187 80 42.9 164 72 43.9
3342 145 69 47.6 141 57 40.4 128 a0 39.1 139 55 39.6
43-52 94 44 46.8 85 32 37.6 82 34 41.5 82 40 48.8
53-62 78 39 50.0 T4 32 43.2 82 44 53.7 ik 40 51.9
63+ 45 18 40.0 45 23 51.1 41 16 39.0 33 16 48.5
Total if 603 269 44.6 580 249 429 587 260 44.3 50 242 44.0

OPH-Ophthalmekgy Study Sample RFHFFEHE 4



examined with Green's refractor made by Bausch and
Lomb Optical Company.

Measurement of Near-point The distance p from the
anterior pole of the cornea to the near-point was bilaterally
measured 10 times with Ishihara’s optometer. Letters of
V=0.9 and V=1.0 in Ishihara’s International Near Vision
Chart were used as the test type. Illumination on the
test type surface was maintained at 250 lux. The near-
point was measured as follows:

The face of the examinee was fixed on the chin rest of
the optometer and the anterior pole of the cornea was
positioned to zero on the optometer, one eye was
(I;v{!red;

As preliminary procedures, two or three measurements
were made to confirm in advance the approximate location
of the near-point. When the near-point was greater than
30 em, the weakest convex lens (C diopters) was placed
in front of the eye so that the near-point could come
within 30 cm. For astigmatism, a cylindrical lens was
used to correct astigmatism and then the near-point was
measured (pilot investigation by Hirose showed that when
the near-point was measured after correcting astigma-
tism, the near-point was generally closer than when the
near-point was measured without correcting astigmatism.
Therefore, when astigmatism was corrected, measure-
ments of amplitude of accommodation tended to become
large. This tendency was more remarkable on severe
astigmatic eyes. However, when astigmatism was less
than —1.00 diopters, this tendency was small, and the
average difference was less than 0.4 diopters);

At first, the test type was placed at a distance where it
could be read distinctly (namely, beyond the near-point),
and then moved slowly toward the eye. The point where
the test type began to become blurred was determined
and the distance p from the anterior pole of the cornea
was read. This measurement was repeated five times.
After a short rest, the test types were moved slowly
away from the eye (namely, within the near-point)
to determine the point where it began to become distinct.
This was also repeated five times.

Calculation of Amplitude of Accommodation The
following formula was used to calculate amplitude of
accommodation A (diopters) of each eye:

1 10
A=(—1x
(ll:l %
where

pi =Distance (m) from the anterior pole of the cornea to
the nearpoint (i=1,2, . . ., 10}

=1 p,; +0.002

Fnb, 502y Xy PEAOTHENELL.

FaBlE WIRELBEEA»SEREITOHEEp 20
50 35 S 0 2 TLO MM E LA, WA @ a AT EK
IR A RO V=0.9L V=100 7% M, HE
MORES 250 Ly 7 212k, EROBEZRD &

e s SO

EHREOEBLEIE A OH T BIFIZIHEE S A,
&

BEEAFLSHOYOo S —Hads. FRLZE
ey 5.
TiEHA & =, =072y, ERok L Z0E

Ao UBHBEAELTH (. & LIERAH0ml) BE
Bt aBAIc, BA20mllBmize bl en
TE52BHBOMNL ¥ X ( C diopters ) £ HRATIZA W
85, FRAHEOEGIIMEL » X TEREEE
LriimeilllE+ 4. (F) LEORBRNAETETE,
B ABE L CESZEET S &, WEHFIHE
LS ictbiEmA —ioiEdwi, LAds
T, A 2BETHERENOBITEEHAIKREL 2D
HmE A b 2 A, ZOMEANEELRE IR LR E V.
L4 LELREE A - 1.00 diopters LIN TIE 2 M 13
&<, FH 0.4 diopters LI FTH = 72,

R EAHBAELISEE(TEbEESOI)
tEE, ChEBRAICIRIESH 2. HEOHEH
FRHERAESD, AREESY L OB p 25 &
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oL, WIZHBEERRG (FE2bEELSORN) 256
WAES T, HEFHBIRAGED Sk 5.
INEELC{S5MEL DET.

BEHOOBEY KoXEFHVWTEBOMESNA (diopters )
%EH# Eaten
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1, 2, - o 109



0.002 =Distance (m) from the anterior pole of the cornea
to the first principal point of the eve

R =Refractive power (diopters) of lens

C =Diopters of convex lens used in measuring the near-
point

C —R =Reciprocal of the distance {m) from the far-point
to the first principal point of the eye

0.002=RNF1 XM, AEELE COESE (m)

R=1 > X (diopters)

C=amnflEl:swTtHwEAMLYyZ0E

C—R=RoOE—FA»LELE TOEE (m) OFEH

Range® from near-point to far-point

Amplitude of accommodation**

Refraction
ol = i * Z *
T 37 4 i Eiin 5 E T ol 2 55 h
{m) (diopters)
Emmetropia 1F#
R=0) —————S—,——— ————eee
0 P4.002 o 0 |
P+.002
Myopia TR
(R=0) —_— b — — o s
0 P+.002 1 0 -R 5
- P+.002
Hyperopia £
(R=0) — e O —— —_— -
—o _1 P+.002 oo -R 0 S5t
R P+.002

*The original point shows the first prineipal point of the ej'e.27'28-64‘66 The left end of the solid line is the near-point and the

right end is the far-point. When a convex lens of C diopters is used, the near-point approaches the eye and the far-point also

comes near to the eye,

FadEnREl Egem o s hh L, RBOERE TS,

RS RERIZIE T ¢ AR

3 iikes B8

HAEm e Eb ., Cdiopters O » X E S H &,

**The length of solid lines shows diopters of amplitede of accommodation.

RnEsdMmhoks s &b t.

RESULTS AND DISCUSSION

In calculating amplitude of accommodation, 788 eyes
{(Hiroshima 285, Nagasaki 503) involving any of the
following three items were excluded (Table 3):

The near-point could not be measured;

Visual acuity could not be corrected to 1.0 or more
(international system);

Severe astigmatism of greater than minus one diopters.

Exelusion of the eves were not related to comparison
group but related to age (Table 4,5). In Hiroshima many
older individuals were not cooperative in the ophthalmo-
logical examination. Even if examination of visual acuity

RERES JUEE
FREETE, Bofmhofticset, ko 3EBo

W R AN T 5 788HR ([R5 T2850R, £ 4 TH03MR)
BRgSLA (23).

WHOBIEATAHETSH - IR,
WHELO (FERILLECHETSE &4 5 2R,
AL EE #—1.00 diopters & Y i o EL1E.

R OBRMEILEHBECIIERE TS - 2N, £ & 13EN

BTabho7(E4,5). LETEIEHEDE ILRA
MELCBANTADP ok, £k, RL2EIBEL>ER



TABLE 3 RESULTS OF TESTING ACCOMMODATION FOR 3948 EYES BY EYE AND CITY

# 3 BROMAEHHRESE: Bomar - M
Description Hiroshima &5 Nagasaki k¥ Total
we Right #f Left %288  Right G  Left %M S4f
Not measured near-point SESLBE S a7* 86* 139* 148* 460
Measured near-point T 3 3R
Corrected visual acuity <1.0 BWEWR D e, 52%* 55* 80* a1* 278
Corrected visual acuity > 1.0 #MIE# N
Cyl. L. <1.00D a* 2% 20* 25* 50
Cyl. L. 21.00D 812 811 781 756 3160
Total FFimnioumsiimassass 954 954 1020 1020 3948
*Excluded B 48
TABLE 4 CASES INCLUDED IN STUDY BY EYE AND COMPARISON GROUP
# 4 WMEOMRE L S H: BB - R
Eye Hiroshima 15 % MNagasaki B
0 45 i 1 2 3 4 Total 1 2 3 4 Total &
Both ®ilE........... 179 190 203 192 764 183 162 185 163 693
Right HIE ... 12 13 13 10 48 18 23 24 23 88
Left. %R ... 16 8 13 10 47 18 12 12 21 63
Total A 207 211 229 212 2569 219 197 221 207 844
Neither F## &3 24 28 22 21 95 50 52 39 35 176

TABLE 5 EYES EXCLUDED FROM STUDY BY AGE AT EXAMINATION AND CITY

# 5 WEOHER»SIZFENALME: REER - HHH
Hiroshima [£ 5% =l Nagasaki 5
;i‘; Total eyes Excluded % Total eyes.  Excluded %
ZHR & o441 E41:] B k130
<22 76 6 7.9 204 22 10.8
23.32 542 38 7.0 618 71 11.5
3342 488 67 13.7 162 97 21.0
4352 392 57 14.5 300 88 29.3
5362 328 80 24.4 310 133 42.9
63+ 82 37 45.1 146 92 63.0
Total #t 1908 285 14.9 2040 503 24.6




TABLE 6 STATIC REFRACTION OF 3160 EYES INCLUDED IN STUDY BY EYE AND CITY
£ 6 WEOMRE L - 23160 EHRE: Ro AL - W7

Static refraction Hiroshima 1% & Nagasaki £ i Total

AT 4K Right 518 Left 7iR  Right fi88 Left %M Gt

*Emmetrapia B Woaasesninninininse s 496 498 498 503 1995
Myopia L o 104 115 123 118 460
Hyperopia o Rt i 44 50 61 48 203
Myopic astigmatism Simple MR 55 46 46 43 190
R PEALR Compound M¥E. .. ..o 80 68 43 37 228
Hyperopic astigmatism Simple L S . . 4 1 5
BT Compound #1%. .............. 33 34 6 6 79
TOtAl Bt oeieiccenicianisrorrmmrseesrresersrsssssensesiones ssesssemnnanssnsssnnssssns 812 811 781 756 3160

*Refractive power — 0.50 +0.50 diopters BT 13— 0,504 5 4+0 508 £

TABLE 7 DIOPTERS OF CYLINDRICAL LENS AND NUMBER OF EYES INCLUDED IN STUDY BY EYE AND CITY
# 7T HEOMRLZSEBOMEL Y ZA0ES L R Bo S - gdm

Diopters Hiroshima 155 Nagasaki £ Taotal
i Right 1R Left £ Right 58 Left %R & it
0.00 644 663 682 670 2659

=0.25 56 55 12 12 135
—0.50 86 7 38 38 239
=0.75 22 11 22 16 7,
—-1.00 4 5 27 20 56
Total # 812 811 781 756 3160

TABLE 8 REFRACTION (DIOPTERS OF SPHERICAL LENS)OF 3160 EYES INCLUDED
IN STUDY BY EYE AND CITY

#8 WEOHMNRE Lo L3160OBITA (BREL > ZoE): BOIHLT - #iH5

Diopters* Hiroshima 553 Nagasaki & Total
i Right 71l Left 7768 Right 588 Left 78 fat
£ =7 1 2 8 L] 20
-5 4 6 4 6 20
-5 8 10 10 34
Ly 15 7 17 11 50
—3 22 22 15 17 76
2 30 32 37 30 129
2 106 106 75 72 359

0 551 544 544 546 2185

1 50 61 56 39 206

2 23 18 11 9 61

3 3 4 4 6 17

4 1 1 - 1 3
Total if 812 811 T81 756 3160

*Classified —.50- +.50 diopters as 0; .51-1.50 as 1; =51 —1.50 as —1; stc.
—.50# 5+ .50 |20 fE; 514515018, —.5125—1.0BE—1®NL ) IZHEL .



could be performed, it was difficult even in Nagasakito
complete measurement of the near-point for older indi-
Tables 6-8
show refraction of the remaining 3160 eyes (1703 subjects).

viduals because of degenerate vision, etc.

It seems that in Hiroshima there were excess cases of
slight astigmatism.

The amplitude of accommodation of the 3160 eyes were
calculated and the average amplitudes of accommodation
in various comparison groups were compared with due
regard to refraction and age.

Amplitude of Accommodation by Refraction Table 9
shows the distribution of refraction of the eye in various
comparison groups and Table 10 and Figures 2-3 compare
the mean amplitude of accommodation in various comparison
groups by refraction of the eye.

The amplitude of accommodation in hyperopia was
extremely decreased in both cities because of many cases
of hyperopia among the aged. In Nagasaki, amplitude of
accommodation does not differ between emmetropia and
myopia of less than —4D, while, in Hiroshima, the more
severe the myopia, the more decreased is amplitude of
accommodation. One of the causes for this difference is
considered to be a difference in the age composition of
the examinees in both cities.

TETE, ROETFTHOME THEEDESOBE & %
TT32tEBTLEBETH L. #E6-81IEY
3L608R (1703f) o MIFRE LR LTV AP, ERTI
BEOIABFETEFILIICEDNS.

ZHB3EMIowTHEBHEHE L, BIth ks
EELTEEBEHoRHER DR HEL L.

BIFAMNAG D ROBIEHBEORORITIRED T
AL, Z0EUN2 -3 3 EEBHOTHEEDE
BOBITKBIZE-> THELTHBLAELDTH S,

Mih & & ERORE D AR &,

EEEICER
HEIFLZEIZES. FAEBMTEHERS

L U—4D
:TORBROBEBHICEN 2V, EETHERDE
FlC AR EAHAFETLTNS. Z0L) LHIE
AELABEO L DE LT, BREOFHBNOECD

Er6N 5.

TABLE 9 REFRACTION (DIOPTERS OF SPHERICAL LENS)OF 3160 EYES INCLUDED IN
STUDY BY COMPARISON GROUF AND CITY

%9 MEOHREZANOBOMITS CREL ¥ XOME): L - W7
Diopters Hiroshima 1L Nagasaki £ uif
= Group Total Group B Total
i 1 2 3 4 &8t 1 9 3 1 &
< =7 2 1 3 4 1 9 3 17
=6 3 2 i 10 1 1 6 2 10
=5 4 2 4 4 14 3 5 8 4 20
-4 4 8 7 3 22 5 9 11 3 28
-3 8 17 8 11 44 10 9 6 7 32
-2 21 17 17 7 62 18 18 13 18 67
| 57 44 59 52 212 39 40 33 35 147
0 249 274 295 277 1095 294 258 288 250 1080
1 27 25 27 32 111 22 11 20 42 95
2 12 10 i 12 41 5 4 7 4 20
3 1 6 7 3 5 2 10
4 2 2 1 - 1
Total 386 401 432 404 1623 402 359 406 370 1537
*Classified —30- +.50 diopters as 0; .51-1.50 as 1; —51- =150 as —1: ete.

— 504 &4 .50 40 M 514615081 B, —. 615 —1.50@— 1RO E I IZHML L.



TABLE 10 MEAN VALUES OF AMPLITUDE OF ACCOMMODATION (DIOPTERS OF SPHERICAL LENS)
BY COMPARISON GROUP AND CITY

# 10 WENOTEHME (BREL > o). HEE - Si9

i Hiroshima 58 e Nagasaki £ Bves
i 1 2 3 4 T;‘;ﬂf W 1 2 3 4 Total my
< 5D 4.77 5.75 4.63 5.35 5.02 27 4.84 4.53 3.47 3.51 3.87 47
—4D 5.23 2.96 3.84 41T 3.82 22 4.42 4.80 6.85 5.90 5.66 28
—3D 3.79 4.06 3.65 4.45 4.03 44 5.22 3.57 4.92 5.63 4.79 32
=20 3.80 4.61 4.35 5.49 4.36 62 5.11 6.64 6.15 4.91 5.67 67
-1D 4.85 4,94 4.47 4.44 4.66 212 5.04 5.84 6.86 4,74 5.60 147
oD 5.21 5.31 5.42 5.49 5.36 1095 5.18 5.45 5.67 5.26 5.39 1090

1D 1.93 1.75 1.94 1.78 1.85 111 0.68 1.50 0.81 0.78 0,84 95
2D+ 2.56 1.30 2.73 2.34 2.26 50 0.33 0.70 0.91 0.63 0.70 31

COMPARISON GROUP, AND CITY

TABLE 11 NUMBER OF EYES AND MEAN VALUES OF AMPLITUDE OF ACCOMMODATION BY AGE,

1l BEENOTHEEBON: F8 - KB - BT
: Age iE# <22 2332 3342 43-62 53-62 63+
Comparison group Total
s Number Mean Number Mean Number Mean Number Mean Number Mean Number Mean A7
¥ T ¥ Ty H iy g 13 44 iy 34 Ty
Hiroshima [k &
1 28 9.12 95 7.29 103 5.18 20 2.46 68 1.70 12 2.40 386
2 19 9.35 121 7.28 107 5.30 82 2.49 67 1.54 15 1.21 401
3 2 9.65 156 7.26 113 .07 90 2.35 65 1.59 6 3.30 432
4 21 8.03 132 7.22 98 5.57 83 2.18 58 1.72 12 2.01 404
Total Eyes iR 70 8.87 504 7.26 421 5.40 335 2.37 248 1.64 45 2.02 1623
Cases il 8 36 259 223 181 134 26 859
Standard deviation
R e £ 2 1.857 1.595 1.764 1.161 1929 1.208
Nagasaki Fb§
1 48 7.84 128 7.03 102 5.04 65 1.73 42 0.67 17 0.62 402
2 38 7.83 149 6.84 86 5.23 43 2.08 37 0.91 6 0.87 359
3 66 8.58 143 6.93 90 5.20 44 1.99 47 0.88 16 0.66 406
4 30 8.57 127 6.86 87 517 60 1.45 51 0.66 15 0.63 370
Total Eyes %0 182 8.22 547 6.91 365 5.15 212 1.77 177 0.78 54 0.66 1537
Cases {7 ¥ 95 291 199 118 107 34 844
Standard deviation
R i 2 2.042 1.261 1.436 1.221 660 504
10



Amplitude of Accommodation by Age Changes in
amplitude of accommodation by age are more remarkable

than those in amplitude of accommodation by refraction.

However, as the age composition of various comparison
groups is almost similar, the subjects were divided into
six age groups; under 22 vears, 22-32, 33-42, 43-52,
53-62, and over 63 years. The average values of amplitude
of accommodation in various comparison groups were then
compared (Table 11, Figures 4-5). No significantdifference
was noted in the mean values of amplitude of accommo-
dation in the various comparison groups in each age group
of both cities. In those under 22 years in Nagasaki,
amplitude of accommodation in Group 1 and Group 2 was

smaller by 0.7 diopters than that of the other two groups.

However, stll no significant difference was noted between
the mean value of amplitude of accommodation in the
combined group (45 cases, 86 eyes) of Group 1 and Group 2
and that in the combined group (50 cases, 96 eyes) of the
other two groups.

However, in all the age groups amplitude of accommodation
was larger in Hiroshima than in Nagasaki. Especially in
the older groups, the difference was more remarkable.
In the 63 and over age group, large differences were
noted between both cities not only in amplitude but also in
uncorrected vision and refractive power of the eye

(Table 12).

Amplitude of Accommodation in the 23-32 Year Group
The 23-32 year age group was especially selected and
detailed analysis was performed in consideration of sex
and eye examined. The reasons for this analysis were as
follows:

As the amplitude of accommodation of the younger age
group is usually large, it would be easy to discover if
amplitude of accommodation is decreased by A-bomb
radiation;

The number of subjects available is large;

Only a very few refused ophthalmological examination
and their measurements are reliable.

In conducting detailed analysis on this age group, the eyes
involving the following items were further excluded

(Table 13):

Severe myopia with refractive power of lens, R, more
than —5.5 diopters;

All cases of astigmatism (Hiroshima only).
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TABLE 12 UNCORRECTED VISUAL ACUITY AND REFRACTION OF 99 EYES AGED 63
YEARS OR MORE BY SEX AND CITY

# 12 63 Ll Lo 99R o HRIR S B & BT 1 - BRI

Cutgiy Hiroshima & & Nagasaki £ i
X% Male Female Total Male Female Total
B i it 5 £y it
Number of eyes by uncorrected visual acuity
FR oy & ¥RARAR A1 50
L5 - 5 Z 6 - 6
1.0-1.2 10 2 12 8 1 9
0.6-0.9 6 il 17 9 2 11
0.10.5 4 12 16 20 6 26
<0.1 - - - 1 1 2
Total Eyes %R 20 25 45 44 10 54
Cases (¥l ¥ 11 15 26 27 7 34
Number of eyes by refraction MR #: B @ 50
Emmetropia iF # 9 4 13 13 13
Myopia Pl ) 1 1 2 3
Hyperopia ## R=1D 4 5 9 17 7 24
R=2D 1 3 4 6 6
R==3D 1 1 1 1 2
Myopic astigmatism Simple LB 3 2 1 3 2 2
R EL Compound #1% 2 2 4 1 1
Hyperopic Simple Bk < - 1 1 2
EREIH Compound it 1 9 10 1 1
Mean values of amplitude of accomodation @ f1 0 F i
Diopters 1 1.62 2.34 2.02 72 .32 .66

TABLE 13 RESULT OF TESTING ACCOMMODATION FOR 1160 EYES AGED 23:32 YEARS BY SEX, CITY, AND EYE
#13 23 - 328 EF O 1160R 0 B A M AAE e M - #6570 - RSB

Hiroshima 1 & Nagasaki [
Category Male B Female %  Total Male 9 Female %  Total
B Right Left Right Left 5  Right Left Right Left  #
HHE MR HE O OFR HIR R HIR KR
Not measured near-point 7 25 5010E ¥ 7 4 11 8 30 3 4 7 8 22
Measured near-point b E
Corrected visual acuity #IEE T <1.0 3 2 1 2 8 5 5 10 18 38
Corrected visual acuity HERN =21.0
Astigmatie (CL <.00D)
AL CL <—1.00D . : . 5 ; 4 3 2 2 11
CL = —1.00D 10 10 27 25 T2 15* 8 22 18 63
Not astigmatic (CL =.00D)
ALRT LY R< —5.50D . 1 : - 1 1 2 1 1 5
Rz =5.50D 87 90 125 129 431 100 106 139 134 479
Total 7t 107 107 164 164 542 128 128 181 181 618

*Includes one case with —6.25 diopters of refractive power,

M1 —6.25H 5 1 @&

12



Severe myopia cases were excluded because large
measurement errors were expected in the refraction
examination; all cases of astigmatism in Hiroshima were
excluded because they might have been incompletely
corrected.

Thus a total of 188 eyes (Hiroshima 111, Nagasaki 77)
were excluded. These 188 eyes were unbiased with respect
to comparison groups (Table 14).

MEOFERYEBS LA, EROEIF B LEFRE
CEHLIRERESNAZzwALTHY, FAERBIIEG
ZEBEANTRILEAOBBFBENFNTRETH-DE
LhiwkEZ A ELETH S,

2 LTAFISSIR (KSR, EBTTER) BRI LA

A, Zh S5 I88MRIEHEFIIMLTRFE- TRy (&
14).

TABLE 14 NUMBER OF CASES AGED 23-32 BY EYE AND COMPARISON GROUP
# 14 TR -2 FFOHH: MO - HEBEER

Eve Hiroshima [ & Nagasaki Ee i
W > 1 2 3 4  Total 3 1 2 3 4 Total #
Both  ®i R 36 45 62 54 197 59 71 64 59 253
Right &R 2 4 7 2 15 3 5 8 6 22
Left #HR 7 4 6 5 22 4 2 4 3 13
Total &t 45 53 75 61 234 66 78 76 68 288
Neither. F& #t#+ 8 12 9 8 8 5 4 4 21

37

TABLE 15 NUMBER OF EYES AND MEAN VALUES OF AMPLITUDE OF ACCOMMODATION AGED 23.32
BY COMPARISON GROUP, CITY, AND EYE

#15 HW23-32EMOROHEME N OFHE: L - & - Ros s

Hiroshima 145

Nagasaki £

Comparison

group Right 1ifR Left 70 Right &8 Left
Mo Mean Eyes Mean Eyes Mean Eves Mean Eves
F 15 ik ¥ iy R £4 Ty HR iy AR
1 7.60 38 7.39 43 7.08 62 7.10 63
2 7.38 49 7.63 49 6.85 76 6.83 73
3 7.38 69 7.16 68 7.02 72 6.92 68
4 TiaT 56 7.29 59 6.92 65 6.81 62
Total Zt 7.39 212 7.35 219 6.97 275 6.91 266

At first, the mean values of amplitude of accommodation
in various comparison groups were compared for each
right eye and left eye respectively (Table 15, Figure 6).
No difference was noted among these comparison groups
for either eye. Mean values of amplitude of accommodation
Next,
mean values of amplitude of accommodation in various

did not differ between right eyes and left eyes.

comparison groups were compared for males and females
(Table 16, Figure 7). No significant difference was noted
among these comparison groups for either city. However,
a significant difference of .55 diopters was noted in the
mean values of amplitude of accommodation between male
and female eyes in Hiroshima, and amplitude of accommo-
dation of female eves was larger in every year of age
from 23-32 years excluding 30 years.
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TABLE 16 NUMBER OF EYES AND MEAN VALUES OF AMPLITUDE OF ACCOMMODATION AGED 23-32
BY COMPARISON GROUP, CITY, AND SEX

# 16 FM2B—R2HHOMROH & HE DO T LR - - 8

i Hiroshima &= 8 Nagasaki £
Comparisen

group Male 5 Female # Male % Female %
Mo Mean Eyes Mean Eyes Mean Eyes Mean Eyes
i 1§14 i AR i AR # F i TR %
1 6.98 31 7.80 50 7.09 47 7.10 78
2 7.07 29 7.69 69 6.83 73 6.85 76
3 7.00 56 7.46 81 7.27 58 6.77 82
4 7.11 61 T7.48 54 6.69 50 6.98 it
Total &t 7.04 177 7.59 254 6.96 228 6.92 313

TABLE 17 NUMBER OF EYES AGED 23-32 BY AGE GROUP, COMPARISON GROUP, AND CITY
%% 17 ER2B-REHORO Y TR - LW - wH5

GRS BTG Hiroshima & Nagasaki B g
He#E 23.24 2526 27-28 2030 31.32 T‘;fral 2324 2526 2728 2030 31.32 T‘é“"
1 2 11 22 26 20 81 1% 8 27 39 40 125
2 5 10 37 21 25 98 4 8 24 57 56 149
3 3 15 40 45 34 137 11 34 35 32 28 140
4 - 16 25 35 39 115 9 18 32 30 38 127
Total Eyes £0R 10 52 124 127 118 431 35 68 118 158 162 541
Cases {5 ¥ 6 29 66 69 64 234 20 35 62 85 81 289

TABLE 18 MEAN VALUES OF AMPLITUDE OF ACCOMMODATION AGED 23-32 BY AGE GROUF,
COMPARISON GROUP, AND CITY

# 18 #2332k RF O ME N O FME: FREE - REE - HmE

Comparison group Hiroshima & & Nagasaki

He 2324 2526 2728 29.30 3132 o2

; 2324 2526 27.28 2930 3132 1%
it it

7.30  B8.60 744 T.44 T.01 7.49 7.96 8§.66 7.63 6.54 6.73 7.09
8.06 7.58 8.06 6.67 7.24 7.51 B.28 740 750 6.88 6.34 6.82
8.67 745 7.82 7.04 6.75 7.27 8.62 7.21 17117 6.13 6.81 7.01

4 - 863 7.58 7.08 672 7.28 7.99 712 6.91 6.91 6.40 6.85
Total eyes MR B.06 808 798 7.07 6.88 7.37 8.18 7.38 7.27 6.65 6.53 6.94

Standard deviation
B 1.517 1.759 1.433 1.288 1.462 1.261 1.000 1.167 1.195 1.208 1.025 1.225

[ LI
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However, in Nagasaki, amplitude of accommodation of
male eyes in the 26,27,29 and 30 vear groups was larger
and the mean values of amplitude of accommodation of
male eyes in all groups from 23-32 years was larger,
although not significantly, by 0.04 diopters than those of
female eyes. Lastly, amplitude of accommodation in various
comparison groups was compared among the five 2-year
groups (Tables 17-18, Figures 8-9). Table 18 shows
rather markedly decreased amplitude of accommodation
by age during the 10-year period from 23-32 years.
However, no significant difference was noted in the mean
values of amplitude of accommeodation among the four
comparison groups in both cities.

COMMENT

The decline in amplitude of accommodation, one of the
aging phenomena in man, might be accelerated by exposure
to radiation. This question has been pursued by several
investigators, but there is no general agreement in the
results. Of the investigations so far made, Masuda’s
investigation (1955, 120 subjects),!” Maetani-Hosokawa's
investigation (1955, 87 subjects),'® Toda's investigation
(1956, 172 subjects}? and the investigation by Hirose et al
(1956, 897 subjectsf! studied only the A-bomb survivers
and then compared the results of their investigations with
those on amplitude of accommodation of healthy people in
general.

Amplitude of accommodation of healthy people generally
decreases from 20 years to 50 years of age according to
A-lO‘CH_HF (where x is age and A, B, C are positive
constants). Amplitude of accommodation decreases rather
slowly until about 30 years of age but rapidly at the rate
of about 0.3 diopters per year after 35 years of age
(Figure 9) However, the results of various studies
(Table 19) have shown rather large differences in ampli-
tude of accommodation of healthy people in general. There
is generally a large individual difference in decline of
amplitude of accommodation with age. For instance, in
this investigation the standard deviation in amplitude of
accommodation of the same age in both cities was 1.3
diopters at 30 years and 0.9-1.0 diopters at 45-50 years.
Similar results were obtained in other investigations.
Therefore, it should be noted that the mean values of
amplitude of accommodation would be affected consider-
ably by the method of selecting the subjects.

Measurements even on the same examinees would vary
considerably according to the examiner or the measurement
conditions, especially intensity of illumination of the test
types when measuring the near-point.
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TABLE 19 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION IN JAPAN BY AGE AND EXAMINERS
#19 HARCETARBE DO PEE: £ - FHEDN

Age Ishidara®* Sakka?7 Hirose?! Yano28 Ehara, Tagami??
Ei alE 4 R ® B aE, AL
16-20 8.61 8.97 9.65 9.25 10.76
21-25 7.66 8.42 8.50 8.93 9.70
26-30 6.93 7.53 7.65 7.74 4.31
31-35 6.18 6.41 6.61 7.09 7.50
36-40 5.20 4.97 5.42 5.37 5.74
41.45 3.13 3.21 3.51 4.40 4.12
4650 1.70 1.87 1.88% 2.76 2.77
51-55 1.03 1.20 .95 1.76 1.94
5660 .65 .90 1.52 1.74
61-65 87 1.46 1.12

In the investigation by Yano, Ehara and Tagami, age is not recorded as actual age as in the present report.

ARETIEEFEM L ITHL LA

The results of this investigation in Hiroshima at all ages
were higher by about 0.5 diopters than in Nagasaki but
identical to the results of the previous investigation®! in
Nagasaki {excluding the over 50 year age group).
Therefore, caution must be used in comparing and
discussing the results of various studies conducted by
different investigators.

In 1959, Koyama and Seki®® studied the amplitude of
accommodation of 139 A-bomb survivors and also of a
The total of
489 subjects were all employees under 35 years of age of
the Hiroshima Savings Bureau and their living environ-
ments are relatively comparable. The result of their
investigation, as in the present study, showed no evidence
that amplitude of accommodation of exposed survivors is
poorer than that of nonexposed persons.

control group of 350 nonexposed people.

SUMMARY

Measurement of amplitude of accommodation of 1974
subjects in Hiroshima and Nagasaki Cities demonstrated
no evidence that amplitude of accommodation of A-bomb
survivors is poorer than that of the nonexposed. However,
by this study alone, being conducted for less than one
year, 14-15 years after the A-bomb, it cannot be con-
clusively determined that exposure to radiation is unrelated
to aging of visual accommodation. Itis considered definite
conclusion can be established only after a long period of
observation in the future.
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FIGURE 2 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF EXAMINED EYES

BY REFRACTIVE POWER OF EYE AND COMPARISON GROUP, HIROSHIMA

...... ..

S

Group

2D or more

1D

oD

Bk

111

1095

) e O T AT e ST T e e
OO I W o ol S S e P R o
N s ot de oL e L L a0y

A Y

D o I T e T 0 TeTH O P YTy e
I R I I M A N )
DRSSO IRHAHR KRR ABLECHAKHASEXH KX

T g g ) g
P T o P
POOOEOCREIOIANIHALHERNEIAANENEN

PR ity b oo
oo'...-ovc...o».oo-ououcuouon»nouou..uououo“onnuﬁoncusuohn (I e,

SoTe,
CARIRNRI I A]

—1D

—2D

!

Refractive

—5D or less

—4D

Power
i S AT 1)

LR

212

u-

6D

o ou b
UOHEPOWWCIDY Jo Apmdury

L
=
-

10
20
0

OB W
s34 Jo tagqump]

EOI-



FIGURE 3 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF EXAMINED

EYES BY REFRACTIVE POWER OF EYE AND COMPARISON GROUP, NAGASAKI
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FIGURE 5 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF

EXAMINED EYES BY AGE AND COMPARISON GROUP, NAGASAKI
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FIGURE 6 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF EXAMINED

EYES BY SITE OF EYE, CITY, AND COMPARISON GROUP FOR 23-32 YEARS AGE GROUP
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FIGURE 7 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF EXAMINED

EYES BY CITY, SEX AND COMPARISON GROUP FOR 2332 YEARS AGE GROUP
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FIGURE 8 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF EXAMINED

EYES BY AGE AND COMPARISON GROUP FOR 23-32 YEARS AGE GROUP, HIROSHIMA
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FIGURE 9 MEAN VALUES OF AMPLITUDE OF VISUAL ACCOMMODATION AND NUMBER OF EXAMINED

EYES BY AGE AND COMPARISON GROUPS FOR 23-32-YEARS AGE GROUP, NAGASAKI
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