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Optically ground prescription lenses of glass, leaded glass, and plastic were sxposed lo
radiations that simufaled routine anglography, Radiations transmitted through the lenses

Wwara measured. Elastlr.: provided na protection, regular glass provided modergle prolaction, %
and high lead conlent glass reduced radiation transmission by approximately 70 % A briaf [

raviaw of the literalura concemning the biological affects of radiations to the eye Is Inciud-

od.

IMOEX TERMS:  Cataracts = (Eyeball, effect of radiation on, 2[24].470) « Dlagnostic radiology,
radiation dosa = Radiations, protective and therapautic agents and devices » Radiology and

radicloglsts
Radiology 121:357-358, Novembar 1976

ELATIVELY HIGH DOSES of radiation can damage
the conjunctiva, irls, sclera, and blood vessels of the
retina. The lens of the eye, however, i
it may sustain irreversible damage from a relatively lg
_dose of radiation. Low doses will produce only a temporary
reaction in the other ocular structures (1),

The sensitivity of the lens to radiation is felt to ba due
to the failure of normal cell replacement (2). The lens is
surrounded by a capsule. On the anterior surface beneath
this capsule Is a layer of llattened or cuboid cells which
comprise the epitheliim of the lens and allow for normal
matabolism of the lens. At the peripheral border or equator
of the lens these cells become progressively elongated
and are transformed into the structure of the lens proper.
Von Sallman demonstrated that cylologic damage from
radiation to the lens consists of a temporary cessation of
mitosis, cell death, and occasional abnormal mitosis
producing bizarre cells (3, 4). Because of the enveloping
capsule of the lens, these damaged or bizarre cells cannot
be sloughed but instead are pushed or migrate to the
posterior pole of the lens’ where early radiation-induced
cataract is first clinically manifest {5). Subsequent changes
may also be observed in the anterior pole, with pregressive
opacification of the cortex eventually forming a mature and

nonspecific cataract (6).

Until now the only protective devices have been heavy
cumbersome lead goggles. These are generally not used
because of the Inconvenience and discomfort. Commer-
cially available prescription lenses for ordinary glasses are
made of either plastic or glass. There are two basic fypes
of glass lenses, and these differ significantly in lead con-
tent. Ordinary glass lenses called “'crown glass™ are used
by most people. A less commonly used glass known to
opticians as "hi-lite”, happans to have a relatively high lead
content which allows for a thinner lens than _wpu]d other-

This radiograph shows the lucency ol plastic, the lucant
canter of the glass hla‘nu. and the opacity of lead content glass,

Fig. 1.

wise be required. It is normally used as a substitute for
extremely thick lenses. This experiment was designed to
determine_If significant protection from radiatlon Is pro-
vided by wearing the high lead content glass instead of

ordinary glass or plastic lenses.
MATERIALS AND METHODS

Lenses of plastic (CR39), glass (crown glass) and high
lead content glass (hi-lite) each with a diameter of 4.5 em

“and power of —4.00 diopters were used. A radiograph was

made of the three lenses (Fig. 1). A thermoluminascence
dosimeter and a small ionization chamber were used to
measure the transmission of radiations through these three
lenses. The dosimeter was a LiF(TLD-700), 1.27-cm di-
ameter disk. TLDs were exposed and read out In a Tele-
dyne TLD-7300C. The ionization chamber was a Physi-
kalisch Technische Werkstatlen (PTW) precision chamber
connected 1o a Keithlev-602 electrometer. ;

To obtain accurate dose measurements with the use of
a TLD or ionization chamber at the low scatter dose rate
of our special procedure table, flouroscopy time would
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Summary of LI F:TLD (rads) and lonization Chamber (Coulombs) Transmission Measurements

Table [:
Trial Control Plastic Glass Lgad Glass
: 1 7,130 7,141 4,346 2,376
=] 2 6,489 6,635 4102 2,278
; 3 6,394 6,191 3,628 2,161
Average Lif: TLD 6,671 5,656 4,025 2,271
1 {100%) {99%]) (60%) (34%)
‘Average lon Chambar 1.86 x 1072 1.86 x 10712 1.03 x 107" 0.46 % 1012
; {100%) {100%) (55%]) (25%)
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Fig. 2. Experimental setup showing the ar-
rangament of x-ray tube, detector, and image In-

tensifier.

have to be excessively long. To avoid this, measurements
wera made wilh the primary beam rather than with the
scattered beam. Since the scatlered beam generally has
a slightly greater h.v.l. than the primary beam (7), an ap-
propriate filter (0.5 mm Al) was added.
" Tha experimental setup is shown in Figure 2. Each lens
was placed on a sponge pad 10 cm above the table top to
avoid secondary scatter from the table. A LiF:TLD disk was
Ihen positioned 1.5 cm from the lens; this simulated the
ance beltween an eyeglass lens and the cornea. Each
was exposed to a flouroscopic x- ray beam generated
100 kVp, 4 mA for 2 minutes. Three determinations
were made for each lens and for three controls with no lens
in place. We corrected for the 38% oversensitivity of the
LiF,disk at the effective energy of 38 keV of the x-ray beam
{8). The same experimental setup was used for mea-
surements made with the fonlzation chamber connected
to an electrometer, Resulls are summarized In TABLE 1.

DISCUSSION

It has been shown that the development of experimental

radiation cataracts depends on the animal species (mouse
lens 4X more sensitive than rabbit) {9), the fractionation
used, and the type of radiation (neutrons more damaging
than x rays). Human cataract studies in atom bomb survi-
vore, industrial acecidents, and in radiation therapy show
that a 1,150-R dose is likely to result in calaracts in 100 %
of cases (10). Cataracts in mammalian species have been
produced with radiation doses as litlle as 15 R (11) and in
humans with as little as 200 R in a single dose (12). Wiih
fractionation the threshold dose for cataract production
is Increased and the time of onset of cataracl Is delayed
(10).

Malsky has shown the average exposure ta the eye of
an angiographer during a complete cardiac procedure to
be approximately 13 mrem with a range of 10-26 mrem
{13). Adrian et al. have shown the level at the collar to ba
approximately 3.5 mA, but used less cine time par pro-
cedure (14). According to the Mational Council on Radiation
Protection and Measuraments (NCRP) the maximum per-
missible dose to the lens of the eye is 100 mrem per week, ' %
1.3 rem per quarter (13 weeks), or 5 rem per year_Saged |
on the two studie® above, an angiographer doing 23 ex-

—aminations per dav would aporoach or exceed the maxi-
—murm. However, there is, currently no good estimate of the

—dose required for calaract production in workers expoged.

to low levels of radiation over an extended period of time,
Even in relatively high-dose radiation experiments there,
is a latency period between exposure and eventual cata-
ract development which may be as long as 20 years wilh

Jow doses (TD).

Prescription lenses available from most optometrists
wera found to vary greatly In tha degrea of radiation pro+

tection they afforded. [:Jashr:. ranscs provided ng u;;atm:.l.lm:&

lass lenses moderale
J.E"SES (hi-lita) reduced ra diatl

—proximately 70% . The thickness of I!'ra central portion of

the lens will vary depending upon the severity of the
myopia; the more severe the myopia, the thinner the
central portion of the lens. This in shown by the degree o
transmission through the central portion of the glass len:
in Figure 1. The lens used in this experiment represent:
a common prescription for myopic individuals. As the in
dividual becomes less myopic and approaches hyperopis
the thickness of the central portion of the lens will increas
and provide an increased level ol protection. In actu
practice, the orlentation of the radiation, the lens, and th
eye would vary rather than be perfectly aligned as arrange
in our study. A poriion of scattered radiation would bypas
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the lens, and the dose-sparing effect of the leaded lenses
would be diminished. This could be partially corrected by
wearing two [additional lenses along the ear pleces lo

protect the eye from Indirect radiation. the use of high
ntent glass Instead of

_provide a significant measure of prolection without added,

_discomfort or distraction. —t<_

Departmaent ol Radiology
Maszau County Medical Canter
2201 Hampstead Turnpika
East Meadow, M.Y. 11554

REFERENCES

1. BatemanJl: Eye and Imadiation. [In] Pathology of kradiation,
od by CC Berd|ls, Baltimore, Willlams & Wilkins, 1971, pp 669-688

2. HamWT Jr; Radiation cataract. Arch Opthomol 50:616-643,
Hov 1853 [

3. Von Ballman L: Experimantal studies on early lens changa
after roentgen kradiation, |. Morphological and cytochemical changes.

Arch Dpthamol 45:148-164, Fab 1851
4. ‘Von Ballmanl: Experimental studles on early lens changes

after roenigen Iradiation. Ill. ENfecls of X-radlation on mitotic aclivity
and nuclear ragmentation of lans epithelium In normal and cysleina
treated rabbite. Arch Ophalmaol 47:305-320, Mar 1852

5, Cogan DG, Donakdson DO, Reese AB: Clinical and pathological
characlerislics ol radialion cataract. Arch Opthamal 47;55-70, Jan
1852
8. EvanaTC, Richards RD, RAiley EF: Hislologlc studies of neutron-
and x-Irredialed mouse lenses. Radlal Ras 13:737-750, Nov 1960

7. Strickert T, Fosmark H; Some measuremanis of scatierad
radiation from an Alderson phantom for x-ray baams from 50-200 kVp.
Health Phys 28:209, Mar 1975

8. Almond PR, McCray K, Espajo D, el al: The snergy response
of LIF, CaF,, and LI;B40;Mn from 26 keV to 22 meV. Proc 2d int Conl
Luminescence Doslmetry. COMF-880020: 411, 1968

8. Upton AC, Christenbermy KW, Melvills GS, et al: * The ralative
biclegical ettectivensss of neutrons, x-rays, and gamma rays for the
production ol lans opacities: Cbservations on man, rals, guines-pigs
and rabblts, Radiology 8T:688-886,Nov 1958

10, Meriam GR Jr, Focht EF: A elinical study of radlation cataracts
and the ralatlonship 1o dose. J Roenlgenol 77:750-785, May 1957

11. Uplon AC: [ciledIn] Bergsirtm K, Dahlin H, Gustafsson M,
et al: Eys lans dosen In carclld anglography. Acta Radiol (Dlag) 12:
134-140, 1873

12, Casarett GW: Possible effect of ralatively low lavels of ra-
tiation, Curr Probl Radiol 3:19-23, Mar-Apr 1973

13. Malsky SJ, Roswil B, Reld CB, et al: Radiation exposure 1o
personnal during cardlac cathelerization. A preliminany study. Radiclogy
100:67 1-0874, Sep 1971

14, Adman GM, Fursdon PS: Radlallon exposurs to parsonnel
during cardiac catheterization. Radiology 108:517-518, Mar 1973

LY



ke

!

; f 5 Anatomy 3

Aln!erio'r chamber

Pupil

Conjunctiva

Canal of : Posterior
Schlemm ; chamber
: Ciliary

body

Medial
Zonules . ] Sl - rectus
Laleral > : = ' LIDREIRL /L sl e
rectus :

Pigmented
epithelium

Retinal arterioles
and veins

Macula lutea Lamina cribrosa

Long posterior ciliary artery Dura- Arachnoid
and long ciliary nerve Nk 113t parve
e ' fibers
S Optic nerve

Central retinal artery and vein

Fig 1-3, Internal structures of the buman eye. (Redrawn from an originral drawing by Paul Feck
and reproduced, with ﬁ:rmiagjgn, from The Anatomy of the Eye. Courtesy of Lederle Labora-
lorles. ) :




