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HAZARDS OF DIAGNOSTIC RADIATION 

Introduction 

X-rays were discovered by Professor ilhelm 

Konrad Rontgen at the University of' Wur~burg , Bavaria 

in 1895. During his experiments on electrical con

ductivity through evacuated tubes, he noted the 

fluorescence of some crystals nearby and also ob

served that various substances placed between his 

tube and the crystals would cast a shadow. Since 

these ra , s would penetr te ob acts th4t were opaque 

to ordinary 11 ht, their possible use in medi cine 

was quickly recognized and it was not long until 

these rays, named x-rays for sake of brevity and 

because of unknown constitution, were put to their 

first medical use of locating a bullet in the calf 

of a patient's leg. The technique of using x-rays 

developed so rapidly that it was in comparatively 

general use as early as 1896. 

It occurred to several scientists that ordinary 

substances which were made phosphorescent b exposure 

to x-rays might also emit similiar radiation. It 

was Becquerel, a French ph, sicist, who demonstrRted 

that rays from uranium were also penetrating like 

x-rays. M. and. Mme. Curie isolated radium in 1898 
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which was three to five times as radioactive, weight 

for weight, as uranium. Rutherford, a British 

physicist, studied the emissions from uranium and noted 

that there were two types of radiation: (a) a type 

of radiation which could be stop ed by a sheet of 

paper ~ nd went only a few centimeters throu h the air. 

He called these rays alpha (oe..) raTa, and (b) a more 

penetrating type of radi tion w ich would pass through 

several millimeters of aluminum hieh he called beta ~) 

rays. Villard later discovered rays which would 

penetrate twenty centimeters of iron or several cen

timeters of lead before being absorbed and called 

these gannna ()') rays. The achievement of nuclear 

fission in the twentieth century added a new source of 

· radiation. The atomic pile (nuclear reactor) produces 

energy by a controlled reaction; the atomic bomb 

produces energy in the same manner but this form of 

energy release is uncontrolled. The by-products of 

nuclear fission are radioactive and this is the source 

of isotopes which h ve such wide use in medicine and 

industry. 

When the first atom bomb exploded over Hiroshima, 

there was mass exposure to radiation such as never 

had occurred before. The sensational nature of this 

nnew" form of energy brou ht it to the attention of 

(2) 



everyone . Now the hazard of radiation faced the world 

at large and was no lo er confined to the physicist's 

laboratory, industrial uses. or medical applications. 

Public anxlet was aroused by this new danger and in 

a desperate search for und~rstanding, the people turned 

to the newspapers for their education. The public 

learned the consequences of m ssive radiation from 

the sensational news stories which followed the atomic 

blasts in a ~ma.nner that co Id not be easil forgotten 

or ignored. The imoaot of the blast and heat and 

uressure waves soon beca e o secondary newsC)0 importance 

but the r rrdiation effects continued to ma e headlines 

for many weeks. Radi 0 tion sic ness anoea ed in man~ 

victims of high exposure wi hin ~n hour. The r adio

sensitive organs and t+ssues such Rs the blood and 

blood f orming ti s sues suffered the most ma rked changes 

depending on the degree of exposure . Leukopenia 

developed rapidly Qnd caused many de aths in the first 

week or two after exposure. Many deaths were caused 

by hemorrhage due to thrombocytopenia, reachi ng a 

peak during t he third to sixth week. Next fo llowed 

anemia and radiation cachexia. (1) Later, studies 

showed tha t there was about t elve fold increase 

in the incidence of leukemia in t hose near the bomb ~,'() 

h ocenter compared to those ~t the oeriphery. (2) 



The fear of mass exposure disap,>eared with the end 

of hostilities. The public being aware o the con

sequences of mass exposure but not used to weighing 

and evaluating uncertainties of t his nature had the 

fear of radiation exposure fanned into flame by an 

article which ppeared in Time ma az ine (3) stating, 

"Last week, at the First International Congress of 

Radiation Research i n Burlin ton, Vermont, Brookhaven 

National Laboratory's Dr . Howard J. Curtis reported 

evidence thqt a sin~le modern fluoroseoni c exa !nation 

of a pregnant woman's pelv swill shorten her life 

by two weeks . " It is unfortun te that An r ticle 

which appeared in Seienee {4) At the same me was 

not so widely read. It i s quoted in part : "The 

shortening of l i fe span on small rodents exposed to 

large doses has suggested the possibility that certain 

degenerative processes may be a gr avated by continued 

exposure to low radi ation levels. Such a shortening 

has also been inf erred from an analysis of published 

death r ates of Unite States radiologists compared 

to those of certain other rouns of medical men. 

Ho eve , studies in the United King om h,:ive fai led 

to demonstr te such an effect ••• Hence, it is impos 

s ible a t the present time to esti r.i te with eny 

assurance the ef~ect unon biome trical characters of 
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any ~iven level of irradi tio of human populations. 

Much furthe research throu~ out this field is there

fore needed ••• Any uresent Rttemp to evalu te the 

effects of sources of radi~tion to which the world 

is exposed can produce only tentative estimates with 

wide mar ins of uncertainty." 

The radiation consciousness of the undiscriminat

ing lay pe~son was thus stimulated to the extent that 

a new syndrome~ rsdiophobia, has been described J (5) 
..,0 

The fear generated by the publicity given radiation 

hazards could have an adverse effect on mass screening 

x-ray studies of the chest which has been so import nt 

in early detectio 
I r,O 

of lung lesions such as tuberculosis 

or neoplastic processes. It ould be ~ost unfortunate 

if the unreasonqble fear o exposure ere to become 

more impor t ant in the minds of the lay public th~n 

t he need for early detection of lung lesions. 

Boeck (5) polled two New Yor Coun ies nd found that 

8% of the persons expressed fe ar of radi qtion exposure. 

Whether this a ndrome has actuall caused anyone 

to decline needed diagnostic roentgenology is h ard 

to determine but the public awareness of the hazards 

of x-radiation may have a 'ri ht side, too. Dr. 

Z ch (6 ) suggests that it may have helned curb excess 

use and make com etent users more Rare of the fact 
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that exposure often can be reduced without sacrific

ing the diagnostic value. Public radiAt on con

sciousness, like ise, may be the ~e~ns of eli nating 

dangerous nonessentia u es of x- rR s· c~ s shoe 

store fluoroscopy and its use by quacks and cultists. 

A well informed ph sician cnn do much to convert 

public hysteria into realistic public thou htfulness. 

Definitions 

In order to discuss the hazards in terms of dos 

~ge, a few basic definitions are reviewed as follows : 

Roentgen--This is a measure of radia tion exposure 

~nd means the quantity of radiation (such as x - rays) 

hich will nroduoe 2.083 billion ionizations in 1 cc. 

of air at stAndard emper ture and n ess re conditions 

.(STP) trough which it passes . 2.08~ billion ioniza

tions equ ls 1 electrostat i c unit of charge of either 

sign . This term applies only to x- rays or gamma rays 

with energy levels below 3 Mev. 

1RAD-- (radiation absorbed dose) Thi s is a measure of 

the amount of energy abso~bed by a material; one rad 

e·quals 100 ergs per gram. X- rays will produce about 

1 rad p er roent gen of exposure in soft ti s sue . 

~ -- (rad equivalent man) This is the product of 

rad and biological effectiveness of the radiation 
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used. This term is used in 1ntegratin exposures 

involving various kinds of radiation. For x-rays 

1 rem is equ 1 to 1 rad . 

_A_l_p_h_a_{-4 ____ _....- - Thi s is par i cul te r RdiQtion con-

sistin of a. ch,:irged helium nucleus that is pr ojected 

a t velocities of about 10, 000 mi l es per second and 

has a range of about 3 cm. to 11 cm. in air at STP . 

This is the form of energy emitted by most radioactive 

bodies. 

Beta (,6) ray--These rays are streams of electrons 
• 

ejected with varving velocities some of which approach 

186,300 miles per second. 

Gamma {r} ray--These are hi~b frequency electromag

ne ti c rays that ere not deflected by ma~netic fields 

such as alpha and beta rays ar e. 

Ralf Value Layer (h .v. 1 .)--This is t he thickness of 

a. material which will absor b 50% of ei beam striking 

it, thus a l lowing 50% of the be am t o be trans mitted. 

Tolerance dose--The dose which can be tolerated over 

a prolon ed period of time without ultimate! causing 

injury. 

Maximum permissible dose--The dose of radiation that 

in light of present knowledge is not expected to cause 

any bodil injur or effect re garded as objectional 

or deleterious to health and well being of an individual 
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during his lifeti me . This term does not imply ab

solute safety like the earlier term tolerance dose . 

It is only an attempt to find a workable balance 

between the ossible benefits and risks it may invo lve. 

Note th~t the permissible dose of re.di .., tion is always 

the same regardless of previous exPosure, that is, 

the smallest amount of rad1 ~t1on consistent with 

clinical need. 

Threshold dose--The minimal dose hich must be exceeded 

before some biolo ica l change can be discerned. 

Biological Hazards 

The first indication of the possible injurious 

effects of these new ra s was noticed in 1896 when a 

peculiar dermatitis appeared among the operators which 

was found to be due to the ac tion of the rays . This 

stimul~ted further std into he biolo ~icRl effects 

of these rays . It was early noted that these rays 

seemed to h ave inconsistent effects on bio logical 

tissues. Some cells seemed to be stimulated while 

others were caused to degenerate or die. Many of the 

injurious effects of the use of x-rays could not be 

foreseen, but the need for protection of the operators 

became obvious . The monument which stands in front 

of the Roentgen Institute in Hamburg , German is 
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inscribed with the names of 197 martyrs to radiation 

who were unwittingly over exposed afore the hazards 

were fully recognized. With the appreciation of the 

hazards and better un erstandin of how to m1ni~1ze 

the d n er of ex-posure, the situ~tion tod y has dra

matical y chan~ed. In spite of the tremendous increase 

in radiation uses, The Un ted Stqtes Atomic Energy 

Commission has re orted only 77 eases of accidental 

overexposure with onl 2 deaths from 1955 to 1957. (7) 

The early recorded radiation in uries include 

the following: erythematous dermatitis, epilation 

of hair, inhibition of bone growth, alteration of bone 

marrow and sterilization. 

The effects of acute whole ody exposure to 

radiation heve been fairl well established. According 

to the manual nublished b the American College of 

Radiology (8) when lPr e amounts of rqdi tion are 

delivered throughout the whole body as during an 

atomic blast, the fol lo ing effects may be expected: 

0 25 rads--no observable effect 
25 50 r Rds--possible blood cell changes, no 

seriou in ur apparent 
50 100 rads--blood cell changes, some injury, 

no diaabilit 
100 200 rads - -injury, possible disabilit , or 

death 
Over 450 rads-- probabl death 

It is seen here that nything over 100 rads of 
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whole body radia tion is likely to cause notable damage, 

however , if the ~rea of exposure is restri cted , as 

many as 50, 000 rads may be received without any general 

harmful effect . The doses de l ivered by diagnostic 

procedures are usua lly partial body doses. 

The eff ects of chronic r adi ation delivered to 

limited Qr eas of the body qre not e~sily determined. 

The Interna t ion 1 Comn i ssion on Rad ological Protec

tion (ICRP) has bee n charged with t he establis hment 

of the maximum pe rmissible doses and mus t bas e their 

estimates on past experience of radi tion workers. 

The extreme biologica l variabilit of humans and the 

long latent period must also be considered . The 

establis hed maximum dose is, t heref ore , an arbi t rar 

estimate . The recommendati ons are not to be inter

preted as limiting use of higher dosage for good 

cl inical reasons, and they do not imply in any sense 

th t t he pe r son u s ing ionizing radi a tion either for 

t reat ment or d i a nosis . a s no r esnons i b i litv to keen 

t he dose a s low as poss i ble . Ar bitrary l imits e re no 

substitute fo r informed ner sonnel nd car efu l 

application. 

The biologicAl hazards wi l l be discussed in this 

paper under two headings : (1) The Reproductive 

Tissues, and ( 2 ) The Somatic Tissues . 
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The Repr oductive Tissues 

The data concernin~ genetic haz rds in the 

human popule.tion is extremel 11 ited. Some experi

mental genetic evidence i ndicates thAt no dose is too 

small to pr oduce mutations and tha t the dam.a ing 

effects of ionizing radi 1.tion i n the genes, unlike 

somatic tissue where some recovery takes place, are 

totally additive and t here is no recover y from damage 

in the ren roductive cells . The incidence of ene 

mutations is rela ted dir ectly to the total dose and 

is inde endent of the intensity of exposure. This 

cumulative eff ect may extend through several genera

tions producing a f i nal effect as great as if the 

exposure had been given i n one ~eneration . But we 

shoul d not become preoc cu ied with t he dangers; it is 

impera tive that we know ha t ioniz in~ r qdi ation is not 

novel in its ef f ects but is only one of a number of 

dys enic forces i n operation. Until mor e conc l usive 

i nformat ion is s vailable, however, we will be wise to 

follow a conservative appro ch. Consistent with this, 

it is interesting to note that t he IC RP, which is 

charged with the r e s ponsibility of establishing the 

maximum permissible dose levels, ha s consistently 

r evised its recommendations in a downward direction. 
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The record of their r ecommendations over the years 

is as follows: 

Maxi:rrru.m Permissible Doses (9) 

Prior 1934 
1934--1950 (at 0 . 2 rem/day) 
1950--1956 (at 0.3 rem/ eek) 
April 1956 

Rem/year 
100 

60 
15 

5 

The National Committee on Radiation Protection 

and Measurements (10) states, "I t has been decided 

y the NCRP, on the basis of oresent evidence, that 

the most i ortant new l imita ion should be one rela 

tive to gonadal exposure to ndividuals during the 

reproductive pe r iod. n No inju es have ever been 

detected in individuals receiving t he earlier hi her 

permissible doses. 

A comprehensive review of genetics is beyond the 

scope of this paper . The genetic hazard concerns 

only the reproductive segment of the population. 

Before a mutation can become manifest there must be a 

fortituous combination of two similar genes from both 

parents who carry the ~enes . For this reason genetic 

mutations may not become manifest until severa l 

enerations later. 

Not a 1 T\1U.tat1ons ~re undesir b l e. If mutations 

had not occur red, we cRn speculR te t h t evolution 

would not have culmin ted in the development of man . 
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Life might have remained stationary in a virus sta e. 

But desirable mutations are rare, hence, the general 

effect of an increased mutation rate would most likely 

be undesirable. The evaluation of mutagenic damage 

in humans has only bee n started and we undoubtedly 

will have to wait many years to know the final answer. 

Strong selection pressures are necessary to improve 

a biological type by mutat on. These factors are not 

readil ApnArent in human uouuletions. On the basis 

of genetic t h eor y most mutat ans !!I re expected to be 

recessive, the r efor e, it is unlikely t h t we would 

observe notice ~ble effects in the fi r st generation. 

Kap lan (11) has made a study of the genetic 

effects in children born to women who were t r eated 

for sterility by radiat on. He estimates the range 

of exposure of the pelvis to be i n the ran e of 50 

to 90 roentgens in his series. His study ls summarized 

briefly as follows: 351 of the women that were radiated 

gave birth to 566 children. There were 8 still birth~; 

3 due to h rocephalus, 4 to cord strangulation and 

one due to maldevelopment due to a large uterine 

fibroid. The r e were 12 deaths of children, 2 f r om con

genital abnormalities and 3 following premature birth& 

The other deaths could have no poss ble relation to 

t he genetic influence-- accidents, infections, etc. 
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Three children are alive with abnormalities. 

There are 543 normal, healthv children; 260 bovs and 

283 girls. 

The meaning of normal was not defined but since 

onl gross abnormalities were described in the study, 

it is possible that some of the more subtle effects 

such as slight to moderatel impaired mental develop

ment, decreased fertility, etc., may have been present 

but unnoticed . Since most mutations are recessive, 

statistically significant evidence for dama e or lack 

of it would not likely be seen for several generations. 

The nresence of "norme.1 11 children mg_v give a false 

sense of securit . to the clinician who lacks en 

understa din of radia ion enetics. No other area 

of rad1Rtion biolo y has as much experimental evidence 

as the field of gf'netics, but much of this evidence 

is from studies on rodents and insects . 

The abnormalities in the living children which 

ma suggest genetic abnormality consist of one case 

of mental retardation, one child with 6 digits on one 

hand, and one child with but one finger on one hand 

and one toe on one foot . 

For easy reference the statistical summary of 

the study is as follows: 
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Sex r tio of infants 
Miscarriage Rate 
Fetal Death Rate 
Stillbirths 
Known Abnormalities 

Normal% 
50--50 

10. 
16.6 
4. 

4.2--7 

This series% 
50.2--49.8 

17.7 
20.6 
1.4 
1. 

Kaplan points out that the high miscarriage rate 

and fetal death rate may be nartially accounted for 

b the fact that these women were referred for steril

ity problems and have some ovarian d sfunction and 

undeveloped uteri and are prone to miscarriage. Only 

64 had had regular menstrual periods. He also reports 

that there are 46 norm_l grandchildren of the ori 1-

nally irradiated women with only one eath due to 

maternal ecla tic toxemia. 

This limited statisticRl study probablv proves 

nothing. Women c n be exposed to radiation and still 

have "normal healthy11 children, since most of the 

damage is recessive and only gross abnormalities, if 

any, would not likely be seen in the first generation. 

The genetic heritage of future generations may be 

observed only after the enetic pool contains enough 

widel scattered mutant genes that combinations may 

occur to ive expression to some defect. B then, 

caution is too late. Obviouslv there are no genetic 

hazards after the renroductive a e is passed. 

Webster (12) gives an inte esting point of view 
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in comparison of the effects of wearing a radium

dial watch. He estimates that it would take 100 

chest or skull examinations if the testes are pro

tected from direct exposure to eq al the genetic 
radium-dial 

hazard of wearing an averag!.f rist watch for one 

year! He also makes an interestin _ comparison of the 

mutagenic effect of increased gonodal temner ture due 

to eari~ trousers and ~onPdal irr diation. On the 

assumption ht man responds the same Rs the fruit 

fl . , then it is estimated that the tem erature depend

ent spontaneous mutation rate due to the increase in 

gonadal temperature is equivalent to an exposure of 

about 40 r. This amount of gonadal ex osure at an 

estimated gonadal dose of 0.00016 r per 14 x 17 chest 

film would require some 250,000 examinations. In an 

upper gastrointestinal series the onadal exposure is 

about 0.008 r, hence, the theoretical mu.tagenic effect 

equal to that of wearin~ trousers would not be reached 

until 5, 000 such examinPtions ere donel Webster does 

not make these comparisons to discount the po s sible 

111 effects of r adi ation. but r ather to show tha t 

there are other activities our society ccepts with 

equanimity which may be as deservin of se rching 

investiga tion as we are now givi~ diagnostic radiology. 

(16) 
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The Somatic Tissues 

So atic tissues in contrast to reproductive 

tissues show different chqracteristics of response to 

ionizing radiation. Somatic tissue is sensitive to 

the rate of exposure as well as to the total dose. 

As was stated earlier, en acute exposure of a.bout 

450 r (total body) will probably result in death, 

yet by giving whole body radiation to mice over a.n 

ext ended length of time Lorenz (13) has shown that 

mu,h higher dosages can be tolerated . The effects 

of summation are not complete since there is varying 

degrees of recovery. The tissues also show a wide 

variability of response, m~ture bone bein~ very 

resistant while morpholo~ic change can be seen within 

an hour in heavily irradi~ted lymph nodes. In the 

dosages encountered in routine diagnostic roentgenology 

permanent injury to somatic tissue is exceedingly 

rare if it exists at all . 

Life Expectancy 

From time to time there have been reports of 

decreased life expectancy (3) (14). A search of the 

literature fails to show any valid evidence of de

creased life span. Failla (14) estimates that the 

effect of each roentgen of whole body dose would 
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shorten the life span by 1 to 15 days. Thia estimate 

i s based in part on extrapolation of data from the 

stud of animals. It has been established with 

reasonable certainty that acute, heavy, whole bod 

radiation will shorten the life span of mice. But 

there is no evidence that the levels of exposure 

such as are delivered by diagnostic procedures has 

any eff ect on the life span. Lorenz (13) studied 

the effect of chronic whole body irradiati_on using 

mice, guinea pigs and rabbits Rnd demonstrated a 

marked species diff erence. In m ce the decrease 

in expected life span among t hose given higher accu

mulated dose levels wasp. rtly due to increased tumor 

incidence. There wa s no terminal anemia or leukopenia 

in the mice used in his experiments . Radiation death 

in the guinea pigs was due to pancyto enla which is 

a function of dose rate rather than total dose. 

Rabbits tend to develop uterine tumors at dose levels 

above 1 . 1 r but in the 3 rabbits ex osed to 0.11 r 

no tumors were observed. The hematonoietic system 

of r abbits is not very r adiosensit i ve. This species 

dif erence o res onse to irr d ation adds we ~ht 

to the qr ument that it i s doubtful if such d ta 

derived from the study of l'l nima ls ean be applied to 

humans. Neverthe l ess, it is no unusual to read 
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estimates of decreased life expectancy based on such 

information. These nguesstimates 11 serve best to cause 

concern among the uninitiated and uncritical readers 

sueh as was seen following . the report of Dr . Curtis 

as reported in Time and previously referred to (3). 

As an exa ple , to show the fallacy of applying 

the data without consideration of all pertinent 

factors; let us use the data presented by Lorenz (1~) 

which is often quoted as a basis for estimates of 

decreased life expectancy. Using 59 mice as controls, 

he found the me an survival time to be 703 da s. 45 

mice were exposed to chronic radiation, gamma radiation 

from radium totalling 1 .1 rand given over a period 

of 8 hours per day. ( A fluoroscopic examination of 

the chest gives about the same exposure to a limited 

area of the body.) For the group exposed to this 

amount of radiation he found the mean survival time 

to be 751 days! This is an increase of life expectancy 

of 58 days over the control groun and expressed as a 

percent is slightly over 8%. No if we apply this to 

humans with a normal life expectancy of ~bout 65 

years, an 8% increase would add 6 years to boost the 

life expectancy to 71 years. This is quite a contrast 

to an expected loss of from 1 to 15 days of life. 

The fallacies of such reasoning in support of increased 
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life expects.no , are many and obvious: the uessimistic 

view of decrease of life span is q ite as invalid. 

The data vailable on man is so inadequPte that a 

quantitative estimate is at best onl an ill advised 

and foolish guess. Kallmann (15) was unable to 

demonstrate significant shortening of life by exposure 

limited to the chest of female mice even though the 

exposures were as high as 700 r. 

Embryo 

Exposure of the developing embryo to ionizing 

irradiation is a well recognized hazard. The decision 

to use x-ray pelvimetry is one which calls for compe

tent professional jud ent becquse it involves ex

posure to reproductive tissue of both mother and 

fetus. The evidence of the ef f ects of fetal irradia

tion in humans is incomplete and there are many 

contradictory reports in the literature, however, the 

implications of the experimental studies in animals 

are probe.bl more valid in regard to the influence of 

low levels here than as extrapolated and applied to 

lif e span. Expe rimental studies have consistently 

produced radiation injuries in every class of verte

brates and in a large number of inve tebrates; it is 

ha.rd to believe that man would prove to be the onl 

exception. 
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Using animals exposed Pt various time intervals 

after conception and comp ring to the human gestational 

cycle, it a pee.rs that the most critical time in humans 

is from the second to the sixth week pos t conception-

the organogenic period . Irradiation at later stages 

may also induce abnormalities but they are not 

likely to be so extreme. Russell (16) refers to an 

interesting case in which the embryo was known to 

have been exposed to irradiation in the fourth or 

fifth week of gestation and was born 1th qn nbnormal

ity of the arm. Similar qbnormalities a ccord.in to 

the Russells can be induced by exposuTe of mice at 

the corresponding stage of development. This is 

strong presumptive evidence supporting the validity 

of animal studies which ~re applied to humans in this 

area. 

The Russells also state t hat definite effects 

can be demonstrated in mice with as little as 25 r 

which falls well within the range used in diagnostic 

fluoroscopy. Case reports of human abnormalities 

include: mongolism, microcephaly, hydrocephaly, 

mental deficiencv, ~enere.l physical subnormality and 

others. 

The obvious practical use of the critical concept 

period is the avoidance of irradiat ion in early 
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pregnancy. If there is clinical indication for 

pelvimetry with diagnosis of pregnancy in doubt, it 

should be timed during the first two weeks following 

the menstrual period . The critical time to avoid 

fetal irradiation is from the second to sixth weeks 

and it is at thi time that pregnancy is most difficult 

to dia nose. In case a known pre~nAnoy exists, 

exposures, if indicated, should be delayed as long 

as possible since it appears that abnormalities are 

not so severe or frequent with increasing fetal age. 

Malignancy 

Ionizing radiation has been implicated in the 

production of human malignancies such as bone tumors, 

thyroid carcinoma, and leukemia. There is no known 

evidence that bone tumors have ever followed diagnos

tic procedures, most reported dama~e follo ing 

excessive therapeutic use nd will not be discussed 

in this paper. 

From time to t i me there have qppeared articles 

which sug _est a relationship between thyroid carcinoma. 

and radiation therapy to the head, neck or chest. 

Rooney (17) states that apuroximRtely one third of all 

children who have the diagnosis of thyroid cancer have 

had pr,evious radiation therapy a.nd lists 121 reported 

cases. He discounts the possibility that the increasing 
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incidence of recent years is due to better diagnosis 

and sees a positive correlation between the increasing 

incidence of thyroid carcinoma and previous radi ation. 

It should be pointed out that retrospective studies 

are often heavily biased and are apt to be statisti

cally inconclusive. 

Snergireff (18) has conducted a carefully con

trolled prospective study of 148 persons who received 

radiation therapy for enlar ed thymus, 23 patients 

with untreated thymic enlar ement and 162 patients as 

control without detectable enlarged thymus. 75 of the 

treated 148 have been follo ed over a period of 20 

years and no malignanc . has developed. Exposure 

vari ed from 100 r to 1800 r with 87.83% receiving 400 r. 

He states, 11 The previously reported high incidence of 

primary cancer of the thyroid end of leukemia following 

irradi tion for thym1c enlargement is not borne out in 

our samples. 11 

The most extensive data with respect to radiation 

induced malignancies has to do with leukemia. Lewis 

(19) states tha t there has been a steady increase in 

the incidence of leukemia from 18 cases per million 

persons in 1942 to 26 cases per million people in 

1954 in the 25-34 a~e group. This may be due to 

better diagnosis. It my likewise be rel~ted to the 
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increased exposure of the population to ionizing 

radiation. 

Stewart (20) conducted a study in children ex

posed to maternal irradiation and found that cancer, 

except leukemia, increased approximately the same as 

the increase in leu emia. In adults a significant 

increase has not been observed in cancer cas es where 

it h s been o served in leukemia. The normal cancer 

incidence in adults is bout fort times thRt of 

leukemia, _hence, a significant increase i n leukemia 

is easier to detect. It may lso be that since the 

bone marrow and blood are very sensitive to x- radiation 

that the latent period is less and leukemia would be 

seen earlier than other forms of cancer even though 

the incidence of both may finally be shown to be the 

same. 

Studies on the survivors of Hiroshima and Nagasaki 

by Brown and Doll as reported by Lewis (19) show that 

the probability of leukem1 per individual per rad 

per year is nearly constant over a wide range of doses. 

He also states th t the ncidenoe of leukemia in 

radiologists (chronic rate estiIIIBted t 0.1 rad per 

da or less) is of the same magnitude of Japanese 

survivors. This su gests that there may be no thresh

old dose . He estima tes the probab1lit of an individual 
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developing leukemia to be in the ran~e of 

0.7 X 10-6 to 6 X 10-6 per rad per year. 

Even thou h we do hAve considerable qu~ntitative 

dat a on leukemogenic effects of total massive body 

irradi e.tion, we still lack quanti ta ti ve inf or mation 

on the eff ect of small doses delivered to small parts 

of the body . Any statement to the effect that small 

doses delivered to a small part of the bod will or 

will not increase the risk of leukemia must rest on 

highly presumptive evidence almost totally lacking in 

proof. 

Natural background radiation gives a total of 

about 0.1 rem per year while medical and dental sources 

account for about 1. 5 to 3 .0 rems per year. Nothing 

can be done to substantially decrease the back round 

dosage but in l ight of the evidence, medical and 

dental sources probabl can be reduced. The employment 

of dia nostic radia tion should be used only in the 

pr esence of sound clinica l reasons by those qualified 

to keep e.xpqsure to a minimum with an apprecia tion of 

the otential hazards in the absence of gross damage. 

Practical Implicat ions of Dia nostic Exposure 

Roentgenology 

Everyone is exposed to ionizing radiation. The 
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medical and dental exposure estimAtes of rad1 tion 

dosage include radi~tion therapy ~swell ~s diagnostic 

procedures. No dat is avail ble on the proportion 

of the estimates accUI1IUlating from diagnostic proce

dures. 

The principal sources of radiation are as 

follows: (8) 

Cosmic rays 
Earth, housing 
Atmosphere 
Internal 

Total Natural Background 
Medical and Dental 
Occupational 
Plant environs 
Fall-out 

Total exposure 

Dose per year 
in rems 
0.03 
0.05 
0.002 
0.025 
0.107 
0.15 to 0.30 
0 .005 
0.005 
0.007 to 0.015 

0.274 to 0 .015 

In medical r oent ~enolog the roblem of exposure 

becomes important only hen the ona.ds are in direct 

beam or receive large doses of scatter radiation. 

X-ray examinations of skull and extremities in an 

adult involves such trivial gonadal doses that dis

cussion is unwarranted . Where the testes are not in 

the direct beam, the dosage is so small that i t is 

impossible to make an ionization chamber small enough 

and at the same time sensitive enou h to measure the 

dose accuratel . 

- osa e deoends on manv actor such as 
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k11ovoltage, filtration, type of grid, field area, 

target-skin distance and film speed. The gonads of 

an infant are closer to the primary beam than those 

of a tall adult. The problem of exposure in int'ants 

and children is particularly important. 

The best estimate of gonadal dosage a ccording 

to Hodges (21) who reuorts on measurements done on 

adults at the University of Chica~o in the Department 

of Radiology during 1957 is as follows: 

Kv . Al.Fil. Ovary Testes 

Chest film (14 X 17) 90 
72 

Microfilm (Refractor lens) 80 

nnn. 
2.0 
0.5 
2 .0 

mr. 
0.5 
1.2 
4.7 

Even if we were to take the greatest exposure 

from this measurement and have one film per year at 

this rate, the dose would be about 1/200 r compared 

to about 1/10 r for natural background exposure. 

In other words, n~tural background r adiation would 

ive us 20 times more exposure. 

mr. 
0.05 
0.12 
0.47 

Stanford ~nd Vance (22) h ve conmiled an estimate 

of exposure to reoroductive o ~ans du ing routine 

x-ra examinations. Their est m~te of gonadal dose 

is calculated on the basis of skin doses measured on 

exposed patients and then c lculated by using a con

version factor obtained from the study of c adavers 

to determine the ratio of skin dose to onadal dose 
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under different tyoes of examin~tions. Their find

in~s are as follows: 

Examination Exposure 
Kv. mA . 

Dose ner film in mr. 
Male Female 

Skull 55 
Teeth : 

Whole mouth 65 
Chest 

14 17 68 
Shoulder, A. P. 58 
Spines: 

Cervical, A.P . 58 
Dorsal, A. P . 62 
Lumbar 58 

Pelvis, A. P. 55 
Abdomen, A. P. 72 
I . V.P . , renal 72 
I.V. P., bladder 72 
Gall-bladder, P . A. 70 
Elbow , Wris t, Hand 58 
Knee , Tibia, Fibia 67 
Foot and ankle 62 
Barium meal 70 
Bari um enema 70 

100 0 . 2 

10 0.34 

300 0 .36 
100 0 . 22 

100 0.27 
100 8. 
100 24. 
200 1100. 
200 69. 
200 69. 
200 9:3. 
200 0 .6 
100 0.13 
100 3 . 
100 0.62 

2 20. 
2 40. 

0. 05 

0.06 

0 . 06 
O. 03 

0.06 
11. 

227. 
210. 
200. 
200. 
230. 

5.2 
0.026 
0.55 
0.012 
9. 

20. 

This data at best i s only an estimRte but it is 

believed thqt the error does not exceed plus or minus 

so%. 
Fluoroscopy 

The fluoroscope finds its greatest usefulness as 

a supplement to r adiography. Simple fluoroscopy is 

most useful for the direct observation of dynamic body 

processes such as descent of the diaphragm, cardiac 

pulsations, nature of inflation of the lungs , etc. 

For severa l r easons i t is an inf erior diagnostic tool 

when compqred to an x- ray fi lm. If it is used as the 
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only dia nostic technique, exposure is inevitably 

prolonged resulting in incre sed radiation to the 

patient. Small lesions can be very easily missed by 

the fluoroscopic procedure. The radiographic film, 

besides providing much more inf'ormation also provides 

permanent record which can be studied with deliber

tion. 

Insofar as dia~nostic procedures Are concerned, 

the fluoroscope delivers he greatest amount of r adi

ation to the individual r el tive to the information 

gained. In radiograph. atient exposur e is limited 

by the acceptable density of the film but no such 

technical limitation is present to prevent excessive 

exposure on the fluoroscope. The output of fluoro

scopes is extremely variable between machines; the 

operators vary even more in the manner of use. 

The onl practical ay to reduce the exposure due 

to the operator factor is by education. The examiner 

who is aware of the output of his machine, the limita

tions of this t . e exam nqtion and the physical 

limitation of his om visuRl a~p~ratus 111 probably 

restrict examinations to where they are necessary 

rather than ust desirable or convenient. Since 

fluoroscopic vision itself at best is much less acute 

than normal dayli ht vision, the operator must depend 
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on dark-adaption to increase his acuity rather than 

the questionable exnediencv of 1ncreasin~ the intensity 

of the x-rAv be • 

In a survey conducted by Gor son and others (23) 

on 81 fluoroscopes in Philadelphi a and v1cinit, when 

the oper tors were asked about the radi ation output 

of their fluoroscopes, "a i;i;reat m. jority did not know 

and declined to guess." They estimate that only 6 

out of 81 machines inspected would meet minimal 

requirements as set up by the National Connnittee on 

Radiation Protection and the National Bureau of 

Standards, however, 50% of the machines were not 

considered unduly hazardous and 90% could be made 

acceptable by filtration an accessory shielding to 

reduce scatter radietion. 

Becguse of the many vari ables, the estim tes of 

total exposure per examination by v~riou authors are 

extremely variable . Kirsh (24) claims an averai;i;e of 

only 13 . 7 r for an entire gastrointestinal series on 

an average patient. This includes 6 spot films and 

5 ordinary films. If we a llow 0.55 r per film, this 

allows 5.55 r for the fluoroscopic part of the exam

ination or a rate of 2.775 r per minute if we accept 

Kirsh's estimate of 2 minutes per ~vera~e examination. 

In the survey b Gordon ( 23) reported in 1959 it was 
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found that the avera e radiation exposure rates were 

about 8.9 r per minute with a h.v.l. of 2.9 mm. of 

aluminum among radiologists and 16.~ r per minute 

with a h.v.l. of 1.9 mm. of aluminum among non radiol

ogists. 

If adequate examin~tion is weighed against the 

total exposure, the first figure is more ideal but 

seems rather low. Any exposure is excessive if the 

examination is inadequate. The latter figures seem 

more realistic. 

Radioisotopes 

During the past decade there has been a tre

mendous increase in the clinical use of radioisotopes 

both diagnostically and therapeuticall. Increased 

production, reduced expense and rapid transportation 

have made this new diagnostic tool available to most 

physicians . The technical details are left to the 

specialist by the referring physician, but in order 

to receive the maximum benefit from their use, the 

referring physician must hAve some ~eneral idea of 

what they have to off er, their limit tions, and their 

risks. It would not be unreasonable, it seems, to 

anticipate that the use of isotopes for diagnosis and 

treatment may be a p rt of the office procedures for 

ma.ny general ph sicians as well as specialists . 
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Before 1946 ract1o1sotopes were ~vailable only as a 

research tool. Today it is estimated that !:l.t least 

500 , 000 people receive diagnostic And therapeutic 

benefit vearly ( 25) . 

The responaibi i y of wei ~hi n~ the r isk involved 

a ainst clinical indications rests on the ph sician 

using isotopes. The eff ects of lon -lived isotopes 

which ma be deposited in the tissues of the body in 

small amounts are not known. Osteogenic sarcoma has 

been found repeatedly in animals after the administra

tion of various radioactive substances such as radium 

or radioactive phosphorous (P32 ). In rats polonium 

(Po 210 ) causes tumors of the kidney and adrenal gland~ 

yttrium (y91 ) leads to adenocarcinoma of the colon. 

P3 2 has been f ound to cause leukemia in mice; radio

gold (Au198 ) has caused liver denomas. {26) These 

f ac ts should keep the potentiPl dan~ers f r esh in our 

minds. 

Many substances such as r ~dium, plutonium, stron

tium, uranium, cercium, yttriu, polonium are selec

tivel deposited in bones. The haz~rds of radioactive 

poisoning from internal radiation was first recognized 

in the luminous dial industrv where results such as 

radi a tion necrosis, progressive anemia, leukopenia, 

osteoge nic sarcoma., and patholo ic f ractures resulted 



from the exceedingly small totql body content of 

ingested radium ranging from 2 to 180 micrograms. 

Some of the diagnostic applications of isotopes 

are concerned with: anemia, tumor localization, blood 

volume determination, circulation measurements, and 

the most common use, thyroid disease. 

The dosage used in diagnosis of thyrotoxicosis 

is relativel low, ranging from 25 to 50 microcuries 

of 1131. This is estimated to give a gonadal dose of 

0 .1 rad or less. There is no evidence thRt diagnostic 

dosa~es in these amounts have ever caused any harm to 

any patient. 

Dental X- rays 

More x-ray units are owned and operated by den

tists than any other profession. It is estimated 

that about 50% of the 128,000 roentgen ray machines 

in the United States are owned by dentists. (27) 

The NCRPM makes no recommendations on exposure 

for medical purposes but they have established 100 mr. 

per week as the maximum permissible average weekly 

dose to the total body for occupational exposure. (28} 

If we use this criteria, then most dentists are oper

ating under acceptable standards of expisure. Garber 

(29) investigated 94 film bR.dge readings in Missouri 

and found an average of 63 mr. per week with 6 over 
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300 mr. per week. Gorson (30) surveyed 140 film 

badges in Philadelphia in 1956 and found an average 

exposure of 45 mr. per week. Of the 140 surveyed~ 

11 were over 100 mr. pe r week and 2 exceeded 300 mr. 

pe r week . 

The exposure to the p tient shou ld be kept to a 

minimum b considering t he indications for each 

examination. 11 The numbe r of exposur es to children 

should be restricted to an bsolute minimum f rom both 

somatic and genetic considerations. " (31} The common 

practice of routine x-raying of deciduous teeth in 

children is to be deplored. Indiscriminate exposure 

of children must especially be avoided. 

In Gorson's study (30} the exposure to the 

patient for one peri apical adult molar roentgenogram 

r nged from 15.8 r maximum t o 0 . 4 r minimum as measured 

in air at the cone t p; the mean was 4.6 r . 

Patient exposure can be kept to a minimum by 

exposing only where there is sound clini cal need, 

use of fast f ilms, incre as ed filtr tion and focal

skin distance . Since the p tient dose decreases with 

increasing h.v.l. Gorson su~ ests tha t with the tube 

potentials used that the h.v.l. in aluminum of the 

prima.r beam should be at least 1.8 mm. and preferably 



Summary and Conclusions 

There has been a steady growth in the use of 
12.o e- ~..fr~ t IV 

x-rays since their discovery by Professor Rontgen 

in 1895. The possibilities of medical application 

of x-rays were recognized earlie r hAn the Possible 

dangers, which r~n~e from no observ~ble effect to 

death. With recognition of the hazards appropriate 

safety measures have been found and apolied so that 

with competent e.p -r:i lication for die.gnostic purposes, 

gross dan er does not exist. 

We are guided in our safety consciousness by 

theoretical potential dangers rather than any proven 

hazard. Since radiation is in such widespread use 

today, a high percentage of the popula t ion will re

ceive some exnosure. Exposure to genes is cumulative 

even over several 12:ene tions r.ind no reco"rery from 

exposure occurs; t he ,z;enet c ha?'ard is recognized as 

the l imitin~ factor on which the recommendations for 

maximum permissible doses are arbitraril established. 

This hazard concerns onlv those in the reprodu ctive 

age or under. 

The data concerning genetic hazards in humans 

is extremely limited and most informa tion has been 

extrapolated from animal and insect studies. In 
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11 ht of the suggestive evidence from these exoeri

ments, if we are to protect the genetic herita e of 

future generations, t hen now is the time for caution 

for by the time that combinations of mutant genes 

occurs and some defect is manifest, caution will be 

too late. 

In somatic issue some recover t kes place after 

exposure. The~e is wide VAr abil tv of response 

between tissues as well as rked suecies differences. 

The supposed life shortening effect of r diation is 

at best an 111 considered and oolish guess . The 

evidence for ~ali ~n ncy developing after exposure at 

diagnostic levels is only suggestive, being insuffi

cient and inconclusive t this time. 

There is ~eneral agreement that exposure within 

the diagnostic range can cause damage to the developing 

embryo. xperimental evidence has consistently pro

duced in uries in fetal irradiation in ever class of 

vertebrates as well as invertebrates. Russell e

ported a case of h'rne.n abnorrnali y followin irradia

tion at a feta.l a~e of about to weel<s . The more 

subtle abnormal! ties such as reduced mental efficienc 

and general physical subno rmalit are dif icult to 

evaluate. The practical implication here ls simply 

to avoid pelvic irradiation during pregnancy or to 
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delay it as lon,.z: as possible, if indicated, since 

abnormalities seem to decrease i n severity with in

creasing fetal age. 

The evidence for malignancy developing after 

exposure at diagnostic levels is insufficient and 

inconclusive. 

Everyone is exposed to ionizing irradiation. 

Background irr adiati on accounts for 20 times more 

exposure than one 14 x 17 chest film on a yearly 

basis. 

luoroscony is A su olement to radio raphy. It 

is an inferior diP.gnostic tool, a film su plies more 

inf'ormation, provides a permanent r ecord, and may 

be studied with deliberation. Exposure in fluoro

scopy is not self limited and it delivers the largest 

amount of exposure to the patient relative to the 

information gained of any of the diagnostic techniques. 

Radioisotopes are finding increasing uses in 

diagnostic procedures. 'l'he e is no evidence ~ 

dosages at the diagnostic levels have ever caused any 

har111 to any patient. 

Most dentists are operatin~ under acceptable 

standards of exposnre. Since ind.iscrimina.te ex

posure of children must be especiqll avoided, 

routine x-ra ng of deciduous teeth would seem to 

present an unnecessary exposure. 
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