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PREFACE 

THE human being is quite as strange mentally as he is 
emotionally. His curiosity is as hard to fathom as his pas­
sions; the things which do not interest him are as unac­
countable as those that do. 

For example, people live in light, see with it, would die 
without it. But how many ever ask themselves what it is? 
Why do the men and women of our day wear the scantiest 
possible bathing dress in order to achieve a coffee-brown 
skin? Why do some of them use money they need more for 
other things to buy "sun lamps" guaranteed to "build up 
the blood," tone up their muscles, and make them look like 
bronzed athletes rather than puny office workers? Why do 
men sit patiently under "violet rays," expecting their hair 
to come back? Why do women believe that X rays will 
remove superfluous hair painlessly, permanently, and safely? 
Why do people, at sight of an office filled with complicated 
machinery, leap to the conclusion that Dr. so-and-so is a 
competent specialist and not a quack? 

Such questions can probably never be answered. But there 
are some persons who ask why and what and where and 
how. For long I have belonged to that company. 

From the day I found that the blazing sunlight of New 
Mexico might reactivate latent malaria while it was curing 
certain types of tuberculosis, light fascinated me. From the 
hour I first looked at stereoscopic films of the skull and 
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V1 PREFACE 
found myself a seeing eye in the center of that head, study­
ing it as I might have studied a room in which I stood, 
X rays fascinated me. From the minute I first saw a tiny cap­
sule of ladium shining brightly on a fluoroscopic screen in 
a darkened room, through the inch-thick wall of lead en­
casing it, radium fascinated me. 

It is not yet fifty years since X rays were discovered. Our 
nowledge of radium and ultraviolet light is still more 

recent. any things had to be learned and much apparatus 
devised before these mysterious rays could be used, med­
ically or technically. We are still in the process of learning 
and inventing. But radium and X rays are not the only 
thing. which we can use though we cannot control them. 
Unaffected by our human fatuity and absurdities, these rays 
go their way—friends if we employ them wisely, dangerous 
if we approach them ignorantly or carelessly, but fascinating 
always whether friends or foes. 

ALAN L. HART, M.D., M.Sc. (Med.) 



CONTENTS 

PREFACE 

I. A DAY IN THE X-RAY LABORATORY 

II. A DAY IN THE X-RAY LABORATORY, 
CONCLUDED 

III. RADIOLOGY COMES OF AGE 
Pioneers in X rays and Radium 

IV. THE ROENTGENOLOGIST STUDIES BONES 
Fractures Bone Diseases—Bone Tumors 

V. THE ROENTGENOLOGIST STUDIES LUNGS 
Johnny Has a Dry Spell—Tuberculosis—Age 
and Tuberculosis—Pneumonia—"Ether Pneu­
monia"—Foreign Bodies in the Lung— 
Miniature Chest Films 

VI. THE ROENTGENOLOGIST EXAMINES THE 
HEAD 

Skull Fractures Brain Tumors—Encephalog­
raphy and Ventriculography—Xray Exami­
nation of the Teeth—Foreign Bodies in the Eye 

VII. THE ROENTGENOLOGIST STUDIES THE 
DIGESTIVE SYSTEM 

Examination of the Gall Bladder—Examina­
tion of the Stomach and Intestine—Esophagus 

Peptic Ulcer—Cancer—Tuberculosis of the 
Bowel—Colitis 

vii 



CONTENTS 

VIII. THE ROENTGENOLOGIST STUDIES THE 
URINARY SYSTEM 

Urinary Stones—Pyelography 

IX' Tl?; ROENTGENOLOGIST INVADES THE 
MATERNITY WARD 

Measuring the Pelvis—Tuberculosis During 
Pregnancy—Syphilis in the Newborn—Is a 
Baby Full-term?—Enlarged Thymus Gland 

X. SOME BASIC FACTS ABOUT CANCER 

Cause of Cancer—Is Cancer Increasing?— 
What Cancer Does to the Body-Quack 
Cures for Cancer—Proved Methods of Treating 
Cancer-Radiation in Cancer-Surgery in 
-ancer Lead in Cancer—Experimental 

JLVAYS AND 
OUME EXPERIENCES WlTH 

RADIUM 

Choo5ing the Method of Treatment-Cancer 
of the Breast-Mrs. Baker Surprises Us-Take 
Nothing for Granted-A Husband Makes 
Comphcations_The Unexpected Happens_ 

ictim of the Cancer Quack—A Story With 
•Happier Ending-Stop, Look, Listen !-
Other Uses for X rays and Radium-Birth-

Rel°ids Acne Warts Tuberculous 
Glands-Erysipelas-Boils and Carbuncles-

ete s Foot—Bronchiectasis—Fibroids 

XII. How RADIATION ACTS 

Sm RY 10 thC Radi°l°^t-Sensi-
t0 latlon Reactions to Radiation 

107 



CONTENTS 

XIII. SOMETHING ABOUT RADIUM FOR THOSE 
WHO ARE NOT GUN-SHY OF ALL TECH­
NICALITIES 

What Is Radioactivity?—Alpha, Beta, and 
Gamma Rays—Life-period of Radium— 
Radium Rays Used in Medicine—Radium 
Emanation (Radon)—How Radium Is Pre­
pared—Losing Radium 

XIV. USING X RAYS AND RADIUM SAFELY 
Distance—Filtering X rays and Radium— 
Treating Surface Lesions—Cross-firing—Inside 
the X-ray Laboratory—A Glimpse of Radium 
Treatment—Measuring the Dose of Radiation 
—Protection of Laboratory Personnel 

XV. SOMETHING ABOUT SUNSHINE AND ULTRA­
VIOLET 

What Is Ultraviolet?—Sunlight and the 
Atmosphere—Variations in the Ultraviolet 
of Sunshine—Ultraviolet and Plants—Ultra­
violet and Animals—What We Knew About 
Ultraviolet Before 1900 

XVI. ULTRAVIOLET IN MEDICINE 
Ultraviolet and Tuberculosis—Ultraviolet and 
Rickets—Fundamental Effects of Ultraviolet— 
Medical Uses of Ultraviolet—Dangers of Ultra­
violet—Clothes and Ultraviolet—Transmitting 
Windows—Ultraviolet Lamps 

XVII. TECHNICAL*USES OF X RAYS AND ULTRA­
VIOLET 

X rays and Ultraviolet as Detectives—Scholars 
Have Use for X rays and Ultraviolet—Gems 
and X rays and Ultraviolet—Unusual Uses of 
Ultraviolet and X rays by the Physician 



CONTENTS 

XVIII. ODDS AND ENDS THERE WAS NO OTHER 
PLACE FOR 

To Whom Do X-ray Films Belong?—Should 
X-ray Reports Be Given to the Patient?— 
Collections of X-ray Films—Should Patients 
Ever Go Directly to the Radiologist?—Radio­
logical Service in the United States 

GLOSSARY: UNFAMILIAR TERMS WHICH COULD 
NOT BE WHOLLY AVOIDED 

INDEX 



ILLUSTRATIONS 
These illustrations, grouped as a separate section, will be 

found following page 114 

Plate 1. Chart of the Electromagnetic Spectrum 
Plate 2. Excised Lung with Calcified Areas 
Plate 3- Healed Tuberculosis 
Plate 4- Moderately Advanced Pulmonary Tuberculosis 
Plate 5- Miliary Tuberculosis 
Plate 6. Lateral View of Malignant Tumor of Pleura 
Plate 7- Pleural Fluid 
Plate 8. Matastases into Lungs from Cancer of Thyroid 
Plate 9- Bronchopneumonia 
Plate 10. Rickets 
Plate 11. Scurvy 
Plate 12. Congenital Syphilis in Infant 
Plate *3- Osteomyelitis with Fracture 
Plate 14. Malignant Tumor of Femur 
Plate 15- Metastases into Bones of Pelvis from Cancer of Breast 
Plate 16. Normal Stomach 
Plate 17- Cancer of Stomach 
Plate 18. Duodenal Ulcer 
Plate J9- Gastric Ulcer 
Plate 20. Obstruction at Pylorus from Ulcer 
Plate 21. Obstruction of Small Intestine 
Plate 22. Cancer of Lower Bowel 
Plate 23- Kidney Stones 
Plate 24. Modern X-ray Machine 
Plate 25- Fluoroscopic Screen 
Plate 26. Treatment Room Showing a Million-Volt X-ray 

Apparatus 
Plate 27- X-raying a Welded Joint 
Plate 28. X-raying an Automobile Tire 





These Mysterious Rays 





CHAPTER I 

A Day in the X-ray Laboratory 

IT IS always something of an adventure to go down to the 
X-ray department of the hospital on Monday morning. 
Almost certainly there will have been several auto wrecks 
over the week-end, a few men injured in fights, certain well-
fed persons suffering from indigestion following what the 
Alka-Seltzer program calls "over indulgence," and a hand­
ful of people who were ill advised enough to fall sick on 
Sunday. Monday morning is therefore busy in my depart­
ment, for while the surgeons are in the operating rooms and 
the physicians are making rounds and calling on their 
patients, we try to get our routine work out of the way. 

So I arrive in some anticipatory excitement. Miss Ran­
dolph, our chief technician, is already on the job checking 
over the requisitions that have come down early. When I 
look at her I marvel, as I have been doing these five years, 
at her air of composure, her unwrinkled white uniform, 
her smooth blonde hair. 

"Good morning. Got a big schedule for today?" I in­
quire while shedding my coat and slipping into a fresh-
from-the-laundry laboratory smock. 

"Good morning, doctor," replies Miss Randolph briskly. 
"I put some emergency films on your desk. You'll want to 
look at them first. Miss Abbott has a mastoid in the small 
room, and Miss Fairfax is doing a gall bladder. We have 
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2 THESE MYSTERIOUS RAYS 

three stomachs this morning—one of them a newborn. 
Here are your goggles." 

I slip the dark red goggles into my pocket and contem­
plate the calm efficiency with which this young woman 
manages two assistant technicians, a secretary, the X-ray 
department of a fairly busy hospital, and me. 

In my small private office the stenographer is waiting for 
me to study the films on my desk—minor emergencies 
which the internes and resident doctors took care of over 
Sunday and dictate the reports which she will presently 
type and mail out to the attending physicians or send up­
stairs to be put on the patients' charts. She knows X-ray 
jargon and the dictation goes rapidly. 

It is a motley collection that confronts me—broken bones, 
abscessed teeth, sinuses full of pus, a chest with some cracked 
ribs. This is why the roentgenologist cannot be a narrow 
specialist. In the morning he examines a kidney and a gall 
bladder, in the afternoon a mastoid and a fractured ankle 
tomorrow a chest and a broken head, the next day a stomach 
and an injured spine. Therefore he must know something 
about all fields of medicine. Like the laboratory man, with 
his blood counts and blood cultures and tissues removed 
at operation, the X-ray man is expected to understand his 
own specialty thoroughly and general medicine as well 

When I finish the stack of films I lean back in my chair 
and put on the red goggles to make sure that the pupils of 
my eyes will dilate by the time Miss Randolph gets mv 

kinTd rn, T° eXamme a St°mach' °ne first observes 
in a darkened room on the fluoroscopic screen; the X-ray 

hslwl ,paUent and the rays from it pass through 
his body to cast shadows of varying density on the screL 
held between him and the roentgenologist. Thus one can 
watch the movements of the stomach, its size and shape and 
the rate at which it empties. After this we make a series j 
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pictures, which show the fine details one might miss on 
the screen and which also serve as a permanent record of 
the case. 

I hear a voice and look up to see, dimly, the figure of a 
man in white in the doorway. 

Good morning, doctor. I d like to look at the baby with 
you, if I may." 

I recall that an infant headed Miss Randolph's list of 
patients. 

Tell me something about the youngster, Malvern." 
The interne assumes professional gravity. "The resident 

on OB says it was an easy delivery and the child seemed 
all right at the time—Saturday night. But yesterday he 
began to vomit. Hasn't kept anything down since." 

Then, as he follows me into the fluoroscopic room, Mal­
vern adds with obvious excitement, "If Douglas operates I 
think I'll scrub up with him. So anything I can find out 
about the kid will be all to the good." 

It occurs to me that possibly young Malvern is that rare 
phenomenon—a man designed by nature to be a physician, 
for he has already formed the habit of following patients 
through their tests to the surgery and the treatment room 
and—when things go wrong—to the autopsy table. 

Miss Randolph is waiting for us. As we come in I close 
the door and turn off the overhead light, leaving only 
the faint glow of the shaded bulb on the control stand. 
On the table a baby is lying with a thin rubber tube dan­
gling from his mouth. 

"Are you ready, doctor?" asks Miss Randolph, picking 
up a syringe filled with a white fluid. 

I put a foot on the operating switch. Instantly the screen 
above the infant springs into pale greenish fluorescence 
and Malvern and I lean over it, heads together. First we 
scan the small thorax- where everything seems to be normal. 
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"O.K., Miss Randolph. Go ahead." 
A thin stream of white trickles down into the baby's 

stomach. He is so small that the screen completely covers 
him, to turn him from side to side, I must fumble beneath 
it. There is a faint sound—the sucking of tiny lips. 

\V hat s the drink? asks Malvern. "The kid seems to 
like it." 

"Just barium and water," replies Miss Randolph. "I ex­
pect he's thirsty." 

"So would we be—and hungry too, if we hadn't had 
anything to eat or drink since Saturday night," I remark 
as I pull the tube out of the baby's mouth. His lips cling 
to it and he wads feebly. I remember how short a time it 
takes to finish off a newborn who can keep down neither 
food nor fluid. 

Bending over the screen again, Malvern and I watch the 
white blob of barium in the small stomach. It does not 
move. We turn the infant over, hoping that the stomach 
will contract and push its contents on into the intestine. 
I he tiny patient whimpers and, in spite of a hearty break­
fast, my own midriff tautens sympathetically. 

But the barium does not budge and presently the baby 
vomits up most of it; we send him back upstairs to the 
nursery and young Malvern dashes off with my preliminary 
report. A few minutes later he phones down to say that 
Douglas, the surgeon, has been called in consultation. I 
make a note to watch the afternoon surgery schedule 

The next patient is a short, stout, mfddlaged man with 
many layers of fat underneath his skin and a stomach in 
very high position. Miss Randolph steps up the voltage on 
the X-ray tube and I poke and prod energetically, but 

cannot see the stomach well on the screen and therefore 
am obliged to make more films of it than usual. This means 

examination will cost the hospital more than the 
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average case—a good deal more, in fact, as I remark when 
the patient has at last been wheeled away by a student nurse. 

"Well, nearly every day we have someone whose stomach 
is clear up under his chin where we can't tell much about 
it," replies Miss Randolph philosophically. 

The third case is a gaunt young woman out of whose 
stomach the barium we give her to drink runs with aston­
ishing speed. I ask a few questions and add to my own find­
ings the comment that her stomach should be pumped and 
the contents examined before she leaves the hospital. 

"What do you think is wrong?" asks Miss Randolph with 
interest. 

"Well, whenever I see a stomach dumping like this one 
I suspect there may be too little acid, or none at all, in the 
gastric juice. And that might mean pernicious anemia. Of 
course, now that we have liver extract, that isn't a death 
sentence, but it's so serious that we don't want to overlook 
the possibility." 

As I leave the fluoroscopic room one of the nose and 
throat men comes in to look at the films of his mastoid 
patient whom Miss Abbott X-rayed earlier this morning. 
We study them together, the mastoid on the good side first 
and then the other. 

"What about it, doctor?" 
"The air cells are large but here's a place where you can't 

see the cell walls at all. I think the bone is necrotic. You'll 
probably find pus." 

Dr. Newtown shakes his head gravely. "If the films will be 
dry so I can have them in the surgery, I'd like to go in, 
right after lunch." 

I make a second memo for the afternoon. It is a long time 
since I went wrong on a mastoid but only constant checking 
of my opinion at the operating table can keep my record 
clear. 
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In the corridor of the department I encounter Miss Fair­
fax, the other assistant technician, and her gall bladder 
patient. At sight of me the patient's broad fattish face be­
comes grim. 

That stuff you gave me yesterday nauseated me terribly," 
she says firmly and reproachfully. 

I wonder how much of this reaction is due to the color 
of the solution we had her drink: blue seems to be a par­
ticularly unappetizing hue for anything people are asked to 
swallow. 

Cheer up," I say. "You'll enjoy your lunch of milk shake 
with eggs?" 

But the fat lady is not amused. 
Back in the small waiting room I find what seems at first 

to be a crowd but eventually turns out to be a shabbily 
diessed man and woman with three children—a boy about 
ten, a girl of twelve, and a baby. The man has a note from 
the county doctor, a brisk intelligent young man who asks 
me to examine the infant. I notice that the child lies in his 
mother s lap with his elbows bent and legs drawn up and 
that he cries whenever he is moved, and I feel there is little 
doubt that he has scurvy. We make films of his long bones 
and Miss Randolph takes them into the dark room while I 
look at the two older children. The girl has four of her 
permanent teeth left, the boy six; they are all loose and 
ooze blood and pus when I touch the gums. 

Awkwardly the father explains that they came from the 
Dust Bowl several years ago; starved out on their farm 
there, they came west and are still working in the fruit, 
following the crops from place to place. He is thin, his wife 
is pale, they are worried about their children 

"Seems like I can't get started again, doctor." I don't think 
the kids get enough to eat; ain't none of 'em really well. And 
growin up this way, movin' around all the time, 's a bad 
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idea. But maybe now all this defense work gets under way, I 
can find me a better job." 

Once again in his mother's arms in the only position he 
finds comfortable, the baby has ceased fretting. I look at his 
s°ggy bluish skin and at the scrawny necks and arms of his 
brother and sister. All three have avitaminosis—complete 
lack of vitamins—because they live on cereals and potatoes. 
I am tempted to suggest that the father steal fruit and fresh 
vegetables for his family. Why, after all, should they work 
on the land and have nothing fit to eat? But I remember the 
rising demand for labor in defense plants and hold my 
tongue. 

When I report my findings to the county doctor by phone, 
he tells me that he has a dentist lined up to make false teeth 
for the older children and that the relief administration has 
promised to send them tomato juice and cabbage and 
oranges. From the telephone I can see the whole family 
plodding up the hospital driveway toward the street and 
suddenly find myself wondering about the future of a coun­
try where in peacetime children's teeth fall out because of 
scurvy. 

Depressed by these reflections I seize a respite between 
patients to go down to the laboratory at the other end of 
the hall where my friend, McDonald, the pathologist, is 
sitting at his microscope. 

Want to see some fat, swollen pneumococci?" he asks. 
I bend down to the eyepiece. There they are—a cluster of 

those wretched germs, with their protective capsules plainly 
visible. 

"Type 27, believe it or not," says McDonald with obvious 
satisfaction. "You don't see 27 very often. The fellow's 
pretty sick, they tell me. If we didn't have the sulfa drugs 
he'd be a goner, I suppose. But it's an early diagnosis and 
he'll probably snap out of it all right." 
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I look down at McDonald-slight, short, unimposing, 
with fair hair and fair skin and pale blue eyes, but a fighter 
nevertheless like his Scottish forebears. From the day he set 
foot m this hospital I have liked and respected him. He is 
no ordinary laboratory man: behind him he has not only 
training in pathology but fourteen years of general practice. 
As young Malvern says fervently, he "knows his onions." 

Sit down a bit. Have a cigarette. I suppose you made 
films on that youngster with the mastoid?" 

Yes. I think the cells are breaking down." 
McDonald nods. "That checks with the blood count we 

go . nd I ve got some other excitement for you. A patient 
of Benson s, a young woman about thirty I believe. She's 
thrT , thuree months and i" the hospital for almost 

ree weeks without anyone's making a diagnosis." 
Has Benson ruled out TB?" 

tof~ grinS" !'N°- That'S juSt the P°int" He lea™ed 
Tt I haTh ^ u th£ FhSt W°rld War and he>s "ill doing 
send her d™ morninS' telling him he ought to 
Td no d t0 yOU" ShC d°eSn,t COU§h' has no pain 
?he urinr Symt°mS bey°nd a litde loss °f appedte. 
and the bio HaminaU°n ^ bl°°d chemistry a" normal 
as I told Be° °°Tu°\ A set»P f<* TB, 
today, probably." 1 ^" SCnd her d°Wn SOme time 

padem ifalrtady Aere Herw l° *1 °Wn dePartment' the 

and hollow dark eyes tell me thl^h ^ SUnke" 
the exnosure K ? IS very lU and> when 
room myself TI T" '"** the Hm im° th= 
the seconds in th " in the ^eloper, in rhyt finat Z Water' f the C°UP'e °f 
film before the viewW rT K "ly firS" §IimPse oE the 
our suspicion In the uln 7 ** ta"k confirms 

P on- In the upper part of one lung are the scars of 
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an old healed tuberculosis, and scattered throughout the 
remaining lung tissues there are dozens and dozens of round 
nodules no larger than grains of rice. From an old infection 
she never knew she had has now come miliary tuberculosis 
to spread into all parts of her body. No one can do any­
thing for her; those tiny nodules are her death sentence. 

I am pleasantly proud of having justified McDonald's 
hunch and my own, but glad I do not have to break the 
news to her family. Even Miss Randolph exhibits a trace 
of vainglory as she watches the patient being wheeled away 
on her cart. "It's too bad they didn't think of X-raying her 
three months ago." But a stern sense of fair play prompts 
her to add an instant later, "Not that it would have done 
any good. Only it's nice to know what ails people." 



CHAPTER II 

A Day in the X-ray Laboratory, concluded 
* 

BY THIS time it is noon. The assistant technicians are taking 
films out of the drier and sorting them into numbered 
envelopes, Miss Randolph is on the house phone making 
sure the stomach cases are not given lunch. I pause for a 
moment to watch the three at their work. 

Miss Randolph, who has been with me for five years, looks 
younger than she actually is, perhaps because she always 
seems serene and unruffled. Only when we are confronted 
with a dire emergency does a rising tide of color betray 
inner excitement, and even then her manner is calm. Under 
her hands howling infants, frightened children, and nervous 
women become tranquil. After five years I do not know 
which is more valuable—her exceptionally fine training or 
her way with patients. 

Miss Abbott was in the department when I came to the 
hospital. She is small, dark-haired, of uncertain age; she 
does her job well, keeps to herself after office hours, and 
shows no desire to go elsewhere in search of change or ad­
vancement. It occurs to me that, for all I know, she may be 
married and the mother of a family. Plenty of married 
women nowadays work under their maiden names. 

Miss Fairfax is a different sort—a cheerful, energetic 
young woman a bit on the plump side, who has developed 
into an excellent technician during the eighteen months 
she has been with us. I note approvingly the care with which 
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she sorts her films and recall her first day as an apprentice in 
the department. 

It chanced that her initiation came on one of these busy 
Mondays. In the midst of a perfect spate of patients there 
was brought in a truck driver whose car had been demol­
ished by a switch engine. He was in profound shock and 
therefore could not be X-rayed then, but since there might 
be medico-legal complications I promised to examine him 
later in the day when he was dead and could not be injured 
by the procedure. 

Accordingly, the body was brought down about four 
o'clock and several films made, after which it was left on 
the table in a little-used room in the department to await 
the arrival of the undertaker. Miss Randolph, Miss Abbott 
and I had all forgotten the new assistant who had been 
trying all day to keep out of our way and who now, to her 
consternation, found that she had taken refuge in the room 
with the corpse. Breathless, she burst in upon me in the 
dark room. 

Doctor," she gasped, "there's a ... a dead man out 
there. Do I have to stay with him?" 

I am sure that Miss Fairfax went home that night in two 
minds about her new occupation; I am sure it was weeks 
before she was convinced that it is not our habit to leave 
bodies around the department and that we are by no means 
as callous to human woe as we seemed to her then. But I 
know, too, that today she is proud of her job and proud to 
belong to that little army which stands so stanchly between 
the living and the menace of disease, although she cannot 
have forgotten her first day with us. 

I smile to myself at this recollection as I wash my hands 
and go down to the staff dining room where McDonald and 
I share a table in one corner. 

He is not surprised to hear about Dr. Benson's patient. 
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"Some men never learn that miliary tuberculosis can be 
found only with X rays." 

Presently he continues, "I spent the whole morning doing 
nothing but giving advice and explaining what my reports 
mean. 

But it is precisely this which makes McDonald valuable. 
He knows his own specialty and general medicine almost 
equally well and the staff doctors ask his advice because they 
esteem it highly. 

The pathologist lights a cigarette and watches the smoke 
with contemplative blue eyes. "I have an autopsy you'll 
want to see this afternoon," he says suddenly. "That man on 

r. South we've been wondering about. Malvern got 
permission for the post' from the relatives several days 
ago. ' 

On our way out of the dining room we stop in my office 
o look once more at this patient's films. They are worth 

anyone's study. 
The man first came in fifteen days ago, sent by his doctor 

because he had had a nagging pain in his chest for a week 
or so. He looked perfectly well and I could find nothing; 
abnormal in his chest on fluoroscopy or on the wet films 
but when I studied the films next morning in the stereo­
scope—a machine which gives them the illusion of a third 
dimension—I thought there was a little nodule about the 
size of a pea in the upper right lung. However, I could not 
make sure of this and, as I told McDonald now for the 
third time. I had never been more shocked than when I 
saw the man again ten days afterward. A student nurse 
wheeled him into the department on a cart, too weak to sit 
up and obviously very near death. That was not quite a 

mortem8" ',OW MCD°na'd — P°St 

We set up the two sets of films 1 made and compare them, 
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on the first there is one, poorly outlined, barely visible 
nodule, on the other there are myriads of dime-sized 
shadows littering both lungs. And less than a fortnight 
separates the two examinations. 

"You think this thing started in the stomach, don't you?" 
I ask. 

"Yes," comes the answer after a thoughtful silence. 
I remember that statement when I stand, a little later, 

beside the autopsy table watching McDonald remove a 
stomach which has near its lower end a little stiffened patch 
no laiger than the tip of my finger. And I remember it 
again the day he shows me his stained sections of that tissue 
under the microscope. The patient had a stomach cancer so 
small that it never gave him any symptoms until after it had 
set its daughter cells adrift in his blood stream to seed his 
lungs for rapid death. 

Sometimes this sort of thing gets me down," remarks 
McDonald soberly. "I'm getting into the cancer age myself." 

For that matter, so am I, but I have no time to think 
about it today. 

By one-thirty I am in the surgery to watch the operation 
on the little girl whose mastoid we X-rayed in the morning. 
As soon as Dr. Newtown chisels through the outer layer of 
hard bone behind the ear, pus wells up into sight but I 
wait to see how deep the destruction goes so that I may know 
just how exact a picture of conditions my report on the 
films gave him. That done, I hurry back downstairs to look 
at the grist of films Miss Abbott and Miss Fairfax have put 
on my desk. 

I have not finished this task when Miss Randolph calls 
me to see the pictures she has been making of a patient who 
was in a traffic accident on Sunday. High in the spine there 
are two crushed vertebrae. 

I remember the young woman as I saw her lying on the 
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table in the room outside when I came through a moment 
ago; she was calm and cheerful, and suddenly I realize that 
s le does not suspect that as long as she lives she will never 
be^able to move a muscle below the level of her arms. 

Tough break for a girl of twenty-four," murmurs Miss 
Randolph, putting the films into the wash water 

Once more in my office I hasten on with my reading, 
tarrying a little over the films of the baby whose bones are 
racked with scurvy. "And yet people imagine that scurvy is a 
disease British sailors had in the eighteenth century," I 

The phone rings to inform me that they are about to 
operate on the infant whose stomach would not empty and 
, §h hVn thC SUr§iCal fl°°r Where 1 find y°un§ Malvern, 
as he had hoped, scrubbing up to assist. The resident in 
obstetrics and I constitute the audience. 

face ind ^ ^ PUt the mask over the child's 
ace and work has begun it is almost impossible to see the 
StamTr^ *? ^ °f th"-geon and his 
there is no^o 7 ^ D°U§laS l0°ks UP to say that 

small intest'PeniS°n between the stomach and the small intestine, that each ends in a blind sac and he must 
vise a connection between them. He is obliging enough to 

procedure1"Th™ Md he is P,anni"S his 
procedure. Then, having decided what to do and how he 

short'time sYt h V" *T in a suTrisingly 
incision ^ ^ te"S Malvern *° "P^ 

\oull have to hurry, Dr Malvprn " i 
thetist. "The kid's com7ng out " ^ ̂  ̂  

(The baby made an uneventful recovery and went home 
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with his mother when he was fifteen days old, none the 
worse for having come into the world unfinished.) 

Going down to the ground floor and my own laboratory 
again, I lean against the side of the elevator and reflect that 
it seems a long time since eight o'clock in the morning. The 
old man at the control lever cocks a wise gray eye at me. 
This place," he remarks apparently to the empty air, "can 

sure take it out of a fellow." 
I nod my agreement with this, thinking as I glance at his 

crooked arthritic fingers that old Amos should know whereof 
he is speaking. Amos has been in this hospital, in one 
capacity or another, ever since it was built, and before that 
he was in the parent institution. Furthermore, while I was 
still in Buster Browns, he was struggling with the first X-ray 
machine in town. 

In those days X-ray apparatus was something. A huge 
cabinet higher than a man's head housed disks of mica four 
or five feet in diameter which were revolved in contact with 
a set of wire brushes by an electric motor and the current 
thus generated was led off through bare wires into an X-ray 
tube. This tube was not like the noiseless ones we use today, 
hut a cranky glass bulb through which Amos was never 
quite sure he could coax his current. When he closed the 
switch the generator roared, the tube came aglow, and the 
uncovered wires spat sparks in all directions. Provided all 
went well, it was possible to make an X-ray plate of a leg 
tn twenty minutes but of course everything did not always 
go well. 

There was this compensation however: If a usable picture 
was finally secured, everyone within sight and hearing real­
ized that something extraordinary had been accomplished, 
whereas in our quiet unspectacular laboratory today there 
is little to suggest that anything of importance is being done. 

Old Amos has never disguised his feeling that he got in on 
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the exciting period of X-ray development whereas I and my 
generation of roentgenologists are necessarily of softer stuff 

ecause untempered by the handicaps he had to face. When 
he is in an anecdotal mood he can be vastly entertaining 
and sometimes I envy his experiences. Although he is only a 
technician I would rather have his opinion on a good many 
cases than that of some roentgenologists. And furthermore 

e is never above lending a hand with emergencies at night 
or on Sundays and holidays. 

I hear him chuckling now as he opens the elevator door. 
Dont work too hard, doc, and don't worry," he says. 

J~x Iybse..another day- And i£ " "°b°dy 

J?™, Fyirtax is, bri"8ing in the fi,ms on 1,er bMd« patient She explains that she encountered a good many 
dtfficult.es m the examination. First of all the patient had 

Ld oh eTd V b'Ue dyC WC «aVe and die had objected to the short hospital gown she was given to 
a , T""" With which Fairfax fully sym-

p thized but about which she could do nothing. Finally she 
had heartily disliked the egg milk shake she had for lunch 

a 2a numb eneSd°fbfilT °n €"*—d» 
atlefimof11. 'beda,e P^'^aphed upon it. I look 
and a rib or x ^ shadows ot d"ee vertebrae 
-1th more 1 °f 3 Sr°UP °f deePJyi"S musd« 
second fiL ^ Z',1" " n° ga" b'adder sbada» the econd film and I beg,,, to wonder whether I have mis-

geref Then'Mb F"7 f*"' by tbinkin« her a ™U'" 
fhere is a clense fx J a"dS me a Iarger film °" , . a den* oval 'Iradow the size of a small egg. 

a-db-k 

palntlf,: rfurld' had a 

r f 



A DAY IN THE X-RAY LABORATORY 17 

The trouble was simply that the plump lady wore her 
heart and stomach on the right side and her gall bladder 
on the left. Once we had located her gall bladder we could 
see that it behaved properly; it filled on schedule and 
emptied after fatty food as all well-conducted gall bladders 
should. 

And so the day ends on a note of pleasantness. To be sure, 
there are the half-starved family of fruit pickers, the gaunt 
young woman whom I suspect has pernicious anemia, the 
woman with generalized tuberculosis, and the man who has 
died of cancer in his lungs. But, on the other hand, there are 
the little girl whose mastoid has been cleaned out, the baby 
whose stomach has been connected with his intestine, and 
now the patient whose gall bladder has been cleared of 
suspicion. On the whole, the day might have been worse— 
much worse. 

Not more than a handful of our patients understand why 
they are X-rayed; for the most part they expect the impos­
sible or nothing at all, having no idea of either the im­
portance or the limitations of X-ray examination. Few of 
them realize the protection afforded by this type of study. 
For instance, the husband of the woman who is dying of 
miliary tuberculosis will not thank us for the diagnosis and 
>et it is a timely warning for the other members of her 
family to look to the state of their own health. The father 
of the little girl whose mastoid was operated on will think 
of her X-ray films only when he finds them on his hospital 
bill and certainly the family of the man who died of cancer 
of the lungs will never be grateful to McDonald or me for 
finding out what was wrong with him. 

And yet it may be that in the end someone no more dis­
tinguished than we will discover the cause of cancer, or it 
may be that the sum of the little knowledge of us all will be 
added up by some genius into a cure for the disease. Mean-
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life a„r^°frr t ",e nera™di"S «™ggle between 
and death and reap our inconspicuous rewards, for our 

uresTo'tT"5 "0,k' WC eVm haVE °Ur °"n Peculirrn pleas-
thine ^ amor>^ 111 the occasional discovery of some­
thing utterly unsuspected or perhaps amusing. 
Drivare etecdves are not found in police departments or 
whose efnln'Y ranks of those S'hcd amateurs 
SaveY Filer o ̂  "°, be«uili"Sl>' bribed by Dorothy 
one couhl w 'ie F°,d and comPa"V- I think no 
himself a YT i°7 ^ laboiM°T without feeling 
rrake ditnose h n""* f°r WheK °tber d°«°« •»« 
examining the ptienTbodTT 3"d reactions and bf 
finds out what is wrong by litLlly looking thtuS'plople ~;Ltnrraphs of the hidda- -" 
I rememberYm: """F he tbscovers arl- somewhat ludicrous. 

who told me! Xnt haTtaishet Che?? 
and could nm £ ac* no money 
accident insurance. Tasked tTe TechnicTn f 

":Sr°d — - o,Yu theYhtotst st 

^ ityoYr ^.YYadTroY:e7pockYid SeVm,y' 

Utyt .YortntfdZof Cm'y 3 ^ and Paid 

getting a„ a patLt's h 'f 
sdver dollars in thaf ™ f > r ^ him: the three 
five times tat atounY P°Cket ^ ~ 'bad 

pinA"iYYracudbthenrsCe0nCe",ed ^ Mon'Som"y'» beauty 
X-ray laboratory and veYy^pYuYYT'^YY 3 hm°"S 

with the preliminary study ofpat.ents, CdCCSEj 
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summer afternoon before the days of air conditioning, and 
Mrs. Montgomery was the last of a long succession of 
patients at whose chests I had been peering on the fluoro­
scopic screen. I was hot and tired, and I did not see why it 
was necessary to examine the hearts and lungs of people 
whose complaints were all below the diaphragm. (The 
notation on Mrs. Montgomery's chart read "Suspected gall 
bladder disease; questionable stomach lesion.") 

Annoyed at the prospect of one more useless—so it seemed 
to me—examination but powerless to deviate from the 
prescribed routine, I sat back and mopped my face while I 
waited for the patient. Presently I saw her coming across the 
dimly lighted room, an indistinct blob of white in the com­
pany of another blob which I knew to be the department 
nurse. 

This is Mrs. Montgomery, doctor," said the nurse. 
I mumbled some response. Being introduced to someone 

whom I could hardly see and who could not see me at all 
because her eyes were not yet accommodated to the faint red 
hght struck me as another absurdity. 

The nurse guided Mrs. Montgomery to her place behind 
the fluoroscopic screen and I stepped on the foot switch. 
Instantly the red ceiling lamp went out and the screen 
before me sprang into a faint greenish glow. Mechanically, 
I followed the routine: the size and shape of the thorax, 
the apices of the lungs, the position of the trachea (wind-
P'pe), the state of the lymph glands in the center of the 
chest. They all appeared to be normal. Then I pushed the 
tube and screen downward to look at the heart and 
diaphragm. I stared for a moment, then spoke to the nurse 
with a voice which I hoped was calm and unvexed. 

"Miss Jones, will you please take Mrs. Montgomery back 
to her dressing room and see that she removes all clothing 
down to the waist?" 
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In a few minutes the two women returned and the nurse 

reported that Mrs. Montgomery had undressed properly in 
the first place I had another look at her chest, then plucked 

ExcentT h u SCrCen and Went over her myself. 
ton Z nv eS and StOCldngS She had on onlY cot­ton gown all X-ray patients wore. 

tinctlv on'Ih b3Se °£ h" 'rft 'Ung WaS 3 Pin' 1 saw di!-
ofmnseTn SCrceni " "aS 3 beaUt>' P!n of the s°« ' often seen on my mother's dresser when I was a child I 
„™r °VT, d'StCovering mr unsuspected foreign 
gomerv on a'm°St ^ Smd M"' 
stomach ma" "h° ™aS Waiting to examil* her 

beauty nfncon/l SUrPriSed 3S L She had 110 id« " 
her rnoSt" wa ,h 8°' M° her CheSt' Not umil ™ mother was the mystery solved. 

teen mon^^lcTa ^ dauShter was about fif-
dress had dis™ S°, J"" '"°Ught have b«" i" her 
searched the K d ^ *attCT this ">e had 
eluded that she musXve' 
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because, afrte age o^nri" WW " did littla ''arm 
symptoms. But now that she' L ^ont§omery still had no 
she was unhappy uiitil it was W ^ ̂  3 pin in her lu"S 
instrument, the bronchosr rem° Wlth that remarkable 
medical genius, Chevalier J^son^n"? by ^ American 

gold trinket was in very Ld ° H gC to say> the 

inside a human thorax cond'ti°n despite its years 
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the most part, we roentgenologists follow a familiar and 
rather stereotyped pattern of existence. 

At five o'clock or thereabouts we close our files, turn off 
the lights, and shed our office uniforms. Miss Randolph and 
Miss Fairfax leave together with a cheerful "Goodnight, 
doctor." Miss Abbott slips out alone, more quietly. I close 
and lock the door of the waiting room behind me. The 
light from the overhead lamp in the corridor glints on the 
metal sign—"Radiological Department." 

I hear the clang of the elevator door and, as I hurry down 
the hall, old Amos calls after me, "Good night, doctor. I 
hope you won't have to come back tonight." 

But I know that I probably shall come back. I always 
know that my working day is probably not over when I 
leave the hospital before dinner. Any night may bring its 
man shot through the head, its child crushed by a speeding 
automobile, its woman gasping with pneumonia. And when 
they come we must be ready. 



CHAPTER III 

Radiology Comes of Age 

IT IS not yet fifty years since Wilhelm Konrad Roentgen, 
then a relatively unknown professor of physics in the Uni­
versity of Wiirzberg (Germany), discovered X-rays. He an­
nounced his achievement in January, 1896, and, since the 
Ciookes tube which gave off these mysterious rays was 
already a familiar object in physics laboratories, scientists 
all over the world were soon photographing keys and watches 
and bones. Newspapers and magazines were full of cartoons 
and humorous comments on the amusing and embarrassing 
consequences of being able to see people's skeletons and the 
contents of their pockets through their flesh and clothing. 
Punch, for example, had this to say of Roentgen's discovery. 

We do not want, like Dr. Swift, 
To take our flesh off and pose in 
Our bones, or show each little rift 
And joint for you to poke your nose in. 

Little more than two years later the Curies—Pierre and 
Marie—discovered radium. Scarcely had they done so than 
a whole covey of research men began to ferret out the 
mysteries of this new element, so closely allied to X-rays. 

It was, of course, inevitable that both X-rays and radium 
should be used in medicine. Any form of radiation able to 
penetrate the human body and produce photographs of the 
tissues it passed through was palpably an excellent way to 

22 
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examine patients; indeed Roentgen had hardly announced 
his discovery when it was suggested that the new rays might 
be useful in the study of the stomach at work. As for radium, 
Pierre Curie and Henri Becquerel soon found that it had a 
destructive action on the skin and it was only logical to 
assume that a substance which could destroy normal tissue 
could also destroy cancer. 

But you must remember that in 1896 no one on earth had 
any idea what pneumonia or tuberculosis of the lungs, for 
instance, would look like on a photograph and that no one 
knew much more about the habits of cancer cells. So it was 
necessary, before either X rays or radium could be used 
successfully, to accumulate a store of experience and many 
records where the diagnosis had been proved in the surgery 
or at the autopsy table. And it was also necessary to improve 
the machinery for generating X rays. 

It would be hard to imagine two more mulish and erratic 
pieces of equipment than the static machine and the X-ray 
tube of the nineties. The huge noisy generators were ineffi­
cient; the tubes, besides being short-lived, emitted only a 
few rays and they could not be focused sharply enough to 
give a clear-cut image. In those days it took an exposure of 
ten minutes for a chest plate and, since no one could hold 
his breath that long, it was impossible to get sharp lung 
detail with even the most co-operative patient. 

Not until 1908 did an American—H. C. Snook of Phila­
delphia—build an efficient transformer for X-ray labora­
tories and not until 1913 did another American—Dr. W. D. 
Coolidge of the General Electric Company—develop a 
dependable and convenient tube. With these improvements, 
however, came an end to the very long exposures which 
had hitherto been unavoidable. Thereafter technical devel­
opment became rapid and continuous. 

But in every field there is a lag between knowledge and 
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performance; we nearly always know better than we do 

* ** X-ray m^ne" » 
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bits of information we used to find out a great deal about 
our patients. 

It was during the First World War that roentgenology 
came of age. By that time enough experience had been 
accumulated to make X-ray diagnosis reasonably accurate 
and efficient apparatus was available. Not only did the mo­
bilization of huge armies and the needs of military hospitals 
increase the demand for X-ray work but many physicians 
learned something about X-ray interpretation. Until then 
they had had to study pneumonia by listening to their 
patients' chests or examining their lungs in the deadhouse, 
but now they could see photographs of every stage of the 
disease in the living person. 

Naturally when these doctors resumed practice after the 
war they wished to continue using this tool which they had 
found so valuable in military medicine. Many of them now 
realized that frequently they could see disease in the early 
stage when it produced no definite symptoms, that an X-ray 
plate of the chest would usually show cloudiness in the lungs 
twenty-four hours or more before physical examination dis­
closed pneumonia, that X rays would often reveal tubercu­
losis of the lungs before anything abnormal could be heard 
with the stethoscope or the patient had realized that there 
was anything wrong. 

It would have heartened the pioneer X-ray men, strug­
gling in their cramped ill-ventilated darkrooms with large 
clumsy glass plates, cutting their fingers on the sharp edges 
and finding the plates cracked in the storage files in spite of 
all precautions, to know that by 1920 flexible film would 
have replaced glass. Handled with resonable care film 
neither cracks nor breaks; it is easy to store; and the type 
now in use is no more imflammable than ordinary paper. 

During the twenty's and thirty's there was a great in­
crease in the number of X-ray machines used in the United 
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States and there were many improvements in both the 
equipment and the art of using it. The greatest lag now 
came to be in the professional skill necessary in handling 
the apparatus and interpreting the findings. Many physicians 
who could not afford long absence from their offices took 
short courses in the hope of using X rays to better advan­
tage in their private practice, and graduate schools of 
medicine and famous hospitals began to offer two and three-
year periods of special training in radiology. A new group 
of laboratory assistants came into being—the X-ray tech­
nicians. Many of them are women, some of them nurses. 
Their job is to make exposures, to develop, file and index 
films, to assist in X-ray and radium treatments; but, as I 
know fiom experience with Miss Randolph, they often do 
much more than that. 

When I see photographs of Roentgen's original little 
peai-shaped tube and of the cumbersome static machines 
and induction coils with which the early roentgenologists 
struggled and then think of our quiet compact convenient 
appai atus at the hospital, I am inclined to agree with old 
Amos that he did indeed live in the exciting period of X-ray 
development and that my generation of roentgenologists 
should be properly humble before him and his contempor­
aries. Those pioneers, hampered by poor equipment, illus­
trate something that is in danger of being forgotten in 

merica today: the man is more important than the ma­
chine with which he works. It is comparatively simple to 
build a transformer or an X-ray tube, now that we know 
tie principles on which they function, but it takes many 
months to train a technician to use them skillfully and years 
to teach a doctor to interpret what he sees with them and 
1 iw to use them safely in treating patients. Rome was not 
ui t in a day, we are told; neither is a competent radiolo­

gist made in six months. 
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There are only some 180,000 physicians in the United 
States and only about 2,500 of them are experts in radium 
and X rays. The country could find use for many more 
radiologists in 1942, to meet the needs of our armed forces, 
our defense industries, and our civilian population, but the 
war—let us hope!—will be over before any considerable 
crop of these highly trained specialists can be turned out by 
our teaching hospitals and graduate schools of medicine. 
Four years in medical college, one or two years of hospital 
work, a background of medical practice, and two to four 
years of post-graduate training—that is what it takes to 
make a radiologist who is worth his salt. This is no path for 
the man to take who is looking for a pot of gold to be 
found by walking over to the end of the rainbow. 



CHAPTER IV 

The Roentgenologist Studies Bones 

MRS. BLAKE drew herself erect in her chair and glanced at 
her husband with definite exasperation. 

There isn t a thing wrong with me except some black 
and blue spots," she declared. 

But your neck is stiff. You told me so yourself, at break­
fast. And after all, the car did turn over three times." 

Mrs. Blake made a gesture of resignation and sighed 
audibly. 

You can see, doctor, that it isn't Leonard's fault that 
I m not a neurotic woman filled with imaginary aches and 
pains. But now we're here I suppose I might as well go 
through with it. What do you want me to do first?" 

As she rose to follow Miss Randolph from the room I 
noticed that Mrs. Blake carried her head a bit stiffly and a 
little to one side. 

My wife doesn t like to admit sickness or injury," said 
her husband apologetically. "You see, she's been playing 
with Chnstian Science. And then, of course, she's always 

I looked at Mr. Blake with some interest, wondering 
momentarily whether this quiet-voiced man liked being 
married to an energetic business-woman. But I forgot my 
curiosity about the psychological quirks of the Blake family 
as soon as I saw the films Miss Randolph showed me a 
few minutes later. 

28 
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"Call the office and see if Dr. Douglas is in the hospital," 
I said. "This woman has a broken neck and doesn't know 
it, and if we don't get her into the hands of a competent 
man she'll go to some quack or faith healer." 

Between us Douglas and I finally convinced Mrs. Blake 
that she had a crushed vertebra and must have something 
done about it, and for several weeks afterward we had the 
satisfaction of seeing her around town wearing a steel-and-
leather collar but going about her business as usual, to the 
astonishment of those people who imagined that a broken 
neck would be fatal. 

Some months later when I happened to be at a dinner 
party which the Blakes also attended, one of my fellow 
guests mentioned the matter to me. 

"I always supposed if a fellow broke his neck, it was 
curtains. But look at that woman. She didn't miss a day's 
work and to look at her no one would suspect anything had 
happened to her." 

"You can't tell by the looks of a frog how far he can 
jump," I answered, remembering that cliches are often use­
ful in conversation. 

But that very thing is extremely hard to get into people's 
heads. If a victim's arms and legs are not dangling at right 
angles or ?f he is able to stand up and stagger around, the 
average person will think that he is not badly hurt. Even 
those whose work brings them frequently into contact with 
accidents and violence fall into this error. 

I remember being called to the hospital one night on an 
emergency, soon after young Malvern began his interneship. 
When I reached the accident room I found a man sitting 
bolt upright on a straight chair, guarded by two policemen. 
In the background hovered a nurse and Malvern was bend­
ing over the patient, his face perplexed. 

The officers' story was that they had been on their regular 
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rounds in a prowler car when they picked up a call to go to 
a certain address in a residential district. There they found 
their prisoner lying on a lawn under a tree, with a revolver 
beside him. The lady of the house explained excitedly that 
she had heard a shot, looked out and seen a man weaving 
about in her yard, and promptly called the police station. 
The two officers had loaded the man into their car and 
brought him to the hospital, but they scoffed at the idea 
that he had really shot himself. 

He fired into the air and then banged the side of his 
head with the butt of his gun to make it look like he'd been 
shot," said one of them. 

I glanced at Malvern inquiringly. He flushed a little. 
I m not sure, he explained. "There's a good deal of 

swelling and ..." 
I examined the patient's temple for myself. It was bruised 

and doughy but I could make out no bullet wound, and 
there was none on the other side. 

All the while the prisoner sat stiffly on his chair, saying 
nothing and giving no sign that he was aware of what we 
were doing. His pulse and breathing were a little rapid, but 
of course that might be due to fear. 

You can't tell us anything about these birds," said the 
secon officer. They re always tryin' to put something 
over. r 

I felt it would be a waste of time to reply. We would soon 
n°w W iether the policemen were right. But I had the 

nurse get a stretcher and Malvern and I helped the patient 
lie down on it. Then we propped a film holder up alongside 
his head and made our first exposure. 

Before I took the films over to the darkroom in the X-ray 
anna T , ^ ^ P™0"6* °nce — There was 

PP n y no change in his condition but there was some-
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thing about his face I did not like, and so I warned Malvern 
to watch him closely. 

As soon as my films began to clear in the hypo I violated 
all principles of good darkroom technique by peeking at 
them. There, splotched across them, were the irregular frag­
ments of the bullet which the patient had fired into his 
brain an hour ago. Before I could put the films back into 
the tank, the extension phone rang; it was young Malvern 
calling to report that the man had suddenly gone bad and 
that he had sent for a surgeon. By the time I reached the 
accident room again, the patient had become unconscious 
and within another hour he died. 

I have seldom seen Malvern more impressed; for days 
afterward I heard him telling the other internes about his 
experience. 

"Believe me," he said over and over, "that taught me 
something. I'll never take it for granted that a fellow hasn't 
shot himself just because he can walk around and I can't 
find the hole in his head." 

Whenever I heard Malvern say this, I chalked up another 
milepost in the training of a good doctor. It is never safe to 
pass up any injury as trivial until it is proved to be so. 
This, as I explain to our internes, is why we always X-ray 
the children whose frantic mothers bring them in because 
they have run their hands or arms into a wringer, although 
very few of them actually have broken bones. 

FRACTURES 

Today X-ray examination of fractures is so much a matter 
of routine that we are apt to forget that until 1896 doctors 
had to set broken bones by the feel of them. Even though 
they had only their fingers to see with, many of these old-
time physicians were marvelously shrewd in diagnosis and 
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marvelously clever in treatment, but it is obvious that how­
ever skillful they were without X rays they could have done 
a better job with them. 

The examination of fractures is usually a simple pro­
cedure. Some patients imagine that the X-ray laboratory is 
a dangerous place and that they are going to be hurt, but 
nothing is farther from the truth. Of course a broken arm 
will not stop paining you because it is being X-rayed but 
neither will it hurt any worse. 

Our personnel have learned to move accident cases gently 
and handle all fractures carefully in order to avoid making 
a bad matter worse. Too often first aid does more harm than 
good. Picking up a man with a broken back by the head and 
eet so that he sags in the middle will increase the deformity 

of the injured vertebra and standing up or sitting may do a 
great deal of harm. Any patient whose injury involves more 
t lan an arm or ankle should always be moved on a cart or 
stretcher and never put into a wheel chair or allowed to 
walk. 

Now suppose you yourself came into our department 
with a broken leg. What would happen? 

First of all, you would be lifted on a wheeled stretcher 
and laid down on your back. The clothing would be re­
moved from the injured leg. Then Miss Randolph would 
of an "gS'de Vour can a !"'<« of apparatus consisting 

n upright mounted on castors, on which there is a black 
housing some eighteen inches long with a heavily insulated 

would* mn'v8 "h 'hiS hOUSing'if you rared ask- '"o 
The whole ™ " transtormer and a" X-ray tube. 
Zble To °« TTc! " S° We" pr°KCted that k is ^Pos-
sible to get a shock from it even if you touch it. 

the x"? Cabinet (Hned With lead to keep out 
X rays) Miss Randolph or one of the other technicians 

would produce a thin flat metallic receptacle someTere 
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between twelve and eighteen inches long and about an inch 
thick. This is the casette; it contains the film. It is slipped 
gently beneath your leg, and on one corner of it is laid a 
metal disk containing in perforated letters and figures the 
date and your serial number. 

This done, Miss Randolph will retire to the corner of the 
room where there is a black cabinet, not quite waist-high, 
covered with levers and dials. She moves the indicators, 
choosing the voltage and amount of current she wishes to 
use, as well as the time of exposure. Then she presses a 
button. You hear a faint buzzing sound for an instant, she 
slides the casette out from beneath your leg, and the job 
is half done. 

However, we must make a second film of your leg from 
the side in order to know exactly how much deformity you 
have. For, in case the upper fragment of bone should slip 
down directly behind the lower fragment, we can see this 
displacement only from the side. 

To get this lateral film, the technician will very carefully 
slip thin bags of sand under your heel and the back of your 
leg and knee, and prop her casette edgewise alongside the 
limb. Then she will turn the tube housing around so that 
it points at the side of your leg. After this the second expos­
ure is made. Your ordeal is now over and you have been 
neither frightened nor hurt. 

About ten minutes is required to develop the films and 
clear them enough to make sure they are of satisfactory 
photographic quality. If there is a fracture we can usually 
see it at once, on the wet films in the darkroom, but slight 
breaks or injuries to the small bones of the hands or feet 
can often be found only on dry films or films made at several 
different angles. 

When we have a patient suspected of having a fractured 
spine we make one film with him lying flat on his back and 
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then we roll him over on one side very carefully and make 
a lateral exposure. No examination of the spine for either 
injury or disease is complete without such a lateral view. 

People who have a broken pelvis are usually in a good 
deal more pain than those with spinal fractures of the ordi­
nary sort and so we do not attempt to move them off their 
backs. Instead we make what we call stereoscopic films. That 
is, two exposures are made with the patient lying quiet but 
with the tube shifted a few inches between the exposures. 
These films are put in the stereoscope—a machine with a 
system of reflecting mirrors—and when we study them we 
get the impression of a third dimension (thickness). It is 
just as though we were standing in the center of the pelvis, 
looking around as we would do inside a room. Such films 
are also useful in many other conditions and parts of the 
body (e.g. skull and chest). 

BONE DISEASES 

Bones are examined for disease as well as for fractures. 
Tuberculosis, for instance, often attacks the joints—espe­
cially in children and young people. Here as elsewhere in 
the body this infection creeps slowly upon its victims, pro­
ducing few symptoms or confusing ones. Thus, tuberculosis 
of the hip often causes pain in the knee and tuberculosis of 
the lower spine may produce an abscess in the groin. How­
ever, the disease shows such characteristic changes on the 
X-ray film that there is usually no question about the 
diagnosis. I have seen children recovered from tuberculosis 
of the spine who showed years later, on X-ray films, shadows 
as large as my fist where vertebral abscesses had healed and 
calcified. 

The acute infection of bone with pus-producing bacteria, 
known as osteomyelitis, behaves quite differently. Unlike 
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tuberculosis it comes on with severe pain and high fever, but 
for several days after its onset there are no visible changes 
on the X-ray film. It is often nearly two weeks before definite 
X-ray signs appear; before then the alert surgeon will have 
started sulfonamide drugs and/or have drained the infected 
area. 

Syphilis is another infection which affects the bones in 
many cases. Babies born with syphilis show characteristic 
X-ray findings and many adults who acquire this disease 
also have bone changes. Several years ago I was studying 
in a research institute located in a foreign quarter of a large 
city where there were many people who could not afford 
good medical care. Along one side of our X-ray room there 
was a row of booths where patients undressed before they 
were examined. For reasons of economy these booths had 
curtains instead of doors, and because they had to be 
washed over and over the curtains shrank steadily. 

This particular afternoon I came in and stopped in my 
tracks to stare at the pair of legs I saw below the lower 
border of the curtain of the booth in front of me. A 
moment more and the legs came out and started toward 
me. Never before and never since have I seen such a pair of 
shins. The patient had had rickets in her childhood, and 
this had made her very bowlegged. Besides this, she had had 
syphilis and this had caused the bones of her legs to bow for­
ward and to thicken. (This is called a "saber shin.") The 
combination of these outward and forward curves, all mov­
ing toward me as the patient walked across the floor, was 
more nearly indescribable than any other deformity I have 
ever seen. 

Thanks to radio everyone has heard about vitamins, but 
everyone does not get enough of them, as witness the family 
from the Dust Bowl in chapter one. 

Rickets results from a deficiency of vitamin D and scurvy 
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from a deficiency of vitamin C in the diet. Both diseases 
commonly affect young children, and each causes character­
istic changes in the bones. 

In rickets the lack of vitamin D causes a decrease in the 
calcium content of the bones, which therefore are softer 
than normal. These soft bones become deformed as the 
result of muscle pull and the positions the child habitually 
assumes. Thus we have bowlegs, pigeon breasts, and square 
heads flattened in the back. Rickets is easily recognized on 
X-ray films of the long bones and even after it has healed 
there are telltale signs for many years in the bony skeleton. 

Rickets is not painful. Scurvy on the other hand is ex­
tremely painful in the acute stage. It causes hemorrhages to 
collect aiound the bone underneath the covering membrane 
(periosteum), and this and other changes in the growing 
portions of the bones can be recognized at once on good 
films of the legs and arms. 

BONE TUMORS 

Bone tumors are another important group of diseases 
which must be chiefly diagnosed by X-ray examination. 

Anything that grows on you or inside you that does not 
belong there is a tumor. In one sense an unborn baby is a 
tumor But all tumors are not alike, just as all people are 
not alike. Some people are good citizens and some are crim­
inals or gangsters. So there are benign tumors and malignant 
tumors (or cancer). 

Benign tumors do harm only through their side effects, 
or example, there is not room enough inside the skull for 

the brain and a tumor; hence any brain tumor will cause 
symptoms because it increases the pressure inside the head. 
Another common benign tumor is the uterine fibroid which 
produces symptoms because it causes bleeding and may 
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become very large. But neither the fibroid nor the benign 
brain tumor influences the patient's health directly. 

Malignant tumors, commonly called cancer, behave very 
differently. They have three dangerous characteristics: (1) 
they cause the patient to lose weight and strength and be­
come anemic; (2) if partially removed they come back; (3) 
they turn adrift into the blood and lymph of the patient's 
body daughter cells which find their way into distant organs 
and grow and flourish there. Malignant tumors will not stay 
put. The original parent cancer is called the primary tumor; 
the daughter cancers which spring up elsewhere are called 
metastases, and the process of spreading in this way, 
metastasis. 

Both benign and malignant tumors occur in bone. The 
benign tumors of course are much less troublesome than 
the malignancies, but there are varieties of benign bone 
tumor that are large and produce great deformity and there 
are other types which cause the bones to become so fragile 
that they break at the merest touch. Still others are near 
joints and interfere mechanically with movement, and some 
are simply spurs or projections from perfectly normal bones 
and cause no symptoms at all. Whether benign tumors 
should be removed depends not on their existence but on 
their location and size. 

Although they are not well known to the public there 
are a good many malignant tumors of bone. Those which 
originate in bony tissue are usually called "sarcoma." Re­
member that word; it might be important for you to know 
it one day. 

Sarcoma develops more often in children or young people 
than in the middle-aged or elderly. Not infrequently these 
tumors appear in the shinbone or thighbone after some such 
injury as a kick in a football game; they do not often 
develop following severe injuries or fractures. They are 
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dangerous and likely to result in early death if not treated 
promptly and expertly. Amputation may be necessary; if 
indicated, it should be done quickly. Oftentimes the treat­
ment must combine surgery, X ray, and radium. Even at 
best the results are often bad. 

When daughter cells of some cancer elsewhere in the body 
lodge in bones, secondary or metastatic tumors develop 
there. Practically any cancer can do this at times but those 
which most often spread into the bones are cancer of the 
breast and prostate. The bones most frequently involved are 
the vertebrae, the pelvis, the ribs, the skull, and the thigh 
bones. The hands and feet are seldom affected. 

Usually by the time a cancer has metastasized into the 
skeleton, the outlook is hopeless and little can be done 
beyond relieving the patient's pain. In perhaps half the 
cases this can be done with X rays. 

All radiologists sometimes encounter the distressing sit­
uation of a patient whose parent cancer caused few symp­
toms and who comes in for medical advice only after the 
disease has invaded the bones and intractable pain has set 
in. I remember a tall fine-looking old man who once came 
to see me about a persistent sciatica. Pie told me he had been 
perfectly well so far as he knew until a few months before 
when he developed a pain which ran down the back of his 
thigh. He went to a doctor who said he had sciatica, gave 
him medicine to take, and asked him to come back if he did 
not get better. For a little while the patient thought he 
impioved somewhat, but soon his pain returned as bad as 
ever. 7 he doctor then suggested an injection of the sciatic 
nerve, but the old man did not like this idea and after a 
few weeks he consulted a chiropractor who made a diagnosis 
of a misplaced vertebra. For a time his treatment too seemed 
to bring improvement but before long the pain was back 
worse than ever. 
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When the patient came to me he could sleep only in 
short snatches after taking five or six aspirin tablets at once, 
he was thin and haggard and very much worried. X-ray 
films of his spine and pelvis showed extensive invasion by 
cancer. Not only could we say that the condition was cancer 
but also that the parent tumor was probably in the prostate 
—a diagnosis later found at post-mortem to be correct. Of 
course the disease had gone too far for us to attack the 
primary growth, but X-ray treatment gave marked relief 
from pain and the old man's last months on earth were 
fairly comfortable. 

It is curious that both cancer of the breast and cancer 
of the prostate give such characteristic bony metastases that 
one can locate the primary tumor by seeing the X-ray films 
of the spine and pelvis. But several other kinds of malignant 
tumor also habitually behave in ways that make their recog­
nition easy. Some years ago I had a dramatic example of 
this. 

In the city where I was then working there was a surgeon 
who was none too scrupulous in his practice and none too 
accurate in his diagnoses and whom therefore the other 
doctors in town distrusted. One day this man called me up 
to say that he was sending in for X-ray examination a 
patient who had a bad kidney which he planned to take out 
in a day or two. Since on an earlier occasion this surgeon 
had removed a kidney only to find that it was the only one 
the patient had, I thought he had learned his lesson and had 
resolved to do better. 

To my surprise I discovered his new patient had two 
kidneys, each of them perfectly normal from the X-ray 
standpoint, but that the lower spine showed many small 
areas of bone destruction. We immediately made films of 
the man's thorax and head and pelvis and found similar 
bone destruction in all these regions. The appearance was 
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typical of a disease called multiple myeloma for which there 
is as yet no cure. 

Our X-ray examination therefore saved the patient the 
ordeal of a useless operation, a large surgical fee and hos­
pital bill, and also increased the estate he left to his family 
a few months later. 

The responsibility of the roentgenologist in the diagnosis 
of bone tumors was impressed upon me early in my career 
by the chief of the radiological service in the hospital where 
I was studying. Late one winter afternoon one of the staff 
surgeons rushed into the X-ray department with some films 
in his hand. 

Take a squint at these pictures, will you?" he exclaimed, 
while I go upstairs to look at the surgery schedule. It's 

sarcoma and probably too late to do much. Kid fourteen 
years old, sent in from a little town down the valley. Kicked 
in the thigh last fall playing football. Soreness and swelling 
ever since but never went to a doctor until last week. Boy 
and his father came into my office today with these films." 

With these disjointed comments the surgeon dashed off. 
My chief sat down to study the roentgenograms and 
motioned me to join him. To our dismay we saw three 
small stained blotched films of such poor quality that we 
could barely see a mass protruding from the side of the 
thighbone about four inches above the knee. The chief 
shook his head. 

Gregory is a clever operator. He could be one of our 
best bone men if he d take time to read and study. But 
anyone who knew the first thing about X ray would realize 
that these films aren t fit to make a diagnosis of anything 
on. He mustn t take that boy's leg off tomorrow." 

I had a date that night but I did not keep it, for when the 
chief at last persuaded Dr. Gregory to consent to further 
examination it was dinnertime and he sent the technicians 
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away, saying that he and I would take care of the lad. At 
his direction I made exposures from many angles and with 
all manner of technical variations, to secure different quali­
ties of photographic detail. Then I developed the films and 
made a few more at still other angles and distances. 

While I was in the darkroom the chief talked to the boy 
and his father, getting an accurate history of the injury and 
the symptoms which had followed it. At seven o'clock he 
sent the patient back upstairs and told me to go and get my 
dinner while he went home to eat. 

While I ate the films washed. As soon as I came back from 
the dining room I put them in the drier. At ten o'clock the 
chief returned to the department and sat down to study 
them. I watched him as he wrote down a list a page long 
of possible diagnoses and then, one by one, ruled them out. 

"You see," he said, "the boy's fourteen. That rules out 
this . . . and this. The growth is on the shaft, not at the end 
of the bone. That eliminates this other possibility. The 
pain has been constant but not severe enough to keep the 
youngster out of school. The cortex of the bone isn t 
destroyed, you can see the border right through the tumor. 
There are no spicules of bone standing at right angles to the 
shaft on any of the films." 

And so he went on, showing me all the things he saw 
on our films and telling me why he discarded one by one 
the possibilities he had on his list. Finally at midnight he 
had come to a conclusion; he wrote a report in longhand 
which he asked me to take upstairs to put on the patient s 
chart while he called Dr. Gregory on the phone. 

"He won't try to bulldoze me," explained the chief. I ve 
kept him from pulling too many boners, and he knows it. 

The next morning I stood in the surgery watching 
Gregory open the boy's thigh. The tumor proved to be what 
we had suspected—a collection of blood which had formed 
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after the football injury and which had gradually hardened 
and partly turned to bone. It was possible to remove it and 
scrape the femur clean. The boy recovered rapidly, went 
home in ten days, and has never had any recurrence of 
symptoms. 

I learned several things from that case. One of them was 
that neither the patient nor his father had the least idea 
that they owed the preservation of the boy's leg not to the 
surgeon who operated but to the quiet man in the basement 
X-ray room. Another was how much it meant to have one's 
training under a man of the caliber of my chief. 



CHAPTER V 

The Roentgenologist Studies Lungs 

JOHNNY HAS A DRY SPELL 

ONE busy Saturday morning Miss Fairfax put her head into 
my office and looked inquiring. 

"Yes. What is it?" I asked. 
"Johnny Miller is here for his regular film,' she began. 
"Well, go ahead. You know what I want—just an ordi­

nary flat chest film and then a lateral with his right side 
against the casette." 

"Yes, but he wants to see you first. Ffe says he has some­
thing important to tell you." 

I sighed. Johnny was getting to be a pest. Having come to 
the department every two weeks for more than a year he 
was now so familiar with all of us that it was impossible to 
make him believe I was ever too busy to visit with him. 
But, I reflected, it was not his fault after all; the nurses had 
made a pet of him when he was in the hospital with his lung 
abscess and he had more or less had the run of the place 
ever since. I pushed back the papers on my desk and tried 
to keep the irritation out of my voice. 

"All right. Let him in. But you stay here and move him 
out as soon as you can." 

If I had not let Johnny in that morning it might have 
taken me several years to find out what I learned in the next 
fortnight. For the boy said gravely, "I don't think there s 

43 
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any use taking a picture of my chest today, doctor. You see 
I'm having a dry spell." 

"And what, for heaven's sake, do you mean by a 'dry 
spell? Don't try to be funny, now. I'm busy." 

"I'm not trying to be funny," replied Johnny aggrievedly. 
"It's just like I said. I'm having a dry spell." 

And so indeed it turned out. 
Eighteen months before, Johnny had come into the hos­

pital to have his tonsils taken out. Everything went smoothly 
enough at the operation but the boy was so unlucky as to 
suck down into his chest a mixture of the blood and mucus 
which collected in his throat and soon afterward developed 
an abscess in the lower right lung. He hung between life 
and death for weeks. We did not have the sulfonamide 
chugs in those days and the doctors had a hard time saving 
his life. When he did get out of danger he was left with a 
chionic lung infection and even when he was well enough 
to leave the hospital he was coughing a great deal. Ever 
since he had gone on coughing and spitting, the nose and 
tin oat specialists still had him under treatment, and we were 
still X-raying his chest every two weeks. But now 

"What's this about having a 'dry spell'?" I asked again. 
And Johnny patiently explained that of late he had 

noticed that part of the time he coughed and spat up stuff 
and part of the time he just coughed. 

If there's nothing there to spit out, I don't think there'll 
be anything there to see, either," he concluded with the 
restraint I have often noticed in children who are trying to 
explain something to an obtuse adult. 

Johnny was right. The films of his chest which Miss 
airfax made that morning looked perfectly normal, but one 

made ten days later when his symptoms had reappeared 
showed the lung cloudy again. Then I realized that I might 
miss lung infection of this type if I happened to examine the 
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patient for the first time during a period of improvement 
like Johnny's "dry spell." The long series of chest films 
which we made of this boy, ending only with his eventual 
complete recovery, confirmed this opinion and taught me 
many things about diseases of the lungs. 

It may well have seemed to the early roentgenologists that 
the chest had been designed with them in mind, for here 
inside a bony framework is a pair of air-filled organs admi­
rably adapted to photography. The X-rays penetrate the 
lungs readily but are held back by the heart and ribs and 
spine; therefore abnormalities of the lungs stand out in 
plain relief. 

T UBERCULOSIS 

Tuberculosis is still one of the most serious diseases we 
see. In spite of a steadily falling death rate, this infection 
still kills more young adults than any other one ailment; 
in 1941 over sixty thousand Americans went to their graves 
because of it. 

We have learned a lot about the diagnosis of tuberculosis 
of the lungs since the First World War. During the twenties, 
as the number of veterans breaking down increased and 
more and more hospitals had to be built for their care and 
it also became necessary to pay disability compensation and 
pensions to these men and their families, research men and 
tuberculosis specialists began to study great numbers of 
tuberculosis patients and their contacts; in this way they 
gradually learned how to recognize tuberculosis in its in­
cipient stages before the patient complains of symptoms and 
to understand the ways in which it is spread through the 
community. 

Now that we are at war again this knowledge has im­
mediate practical value. It is obviously bad business to 
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induct into military service a man with beginning tubercu­
losis: not only will he break down and become a public 
charge but he may also infect other men in his unit who in 
turn will break down and require long periods of treat­
ment. This sort of endless chain of infection has already cost 
the United States over a billion dollars: that is what it has 
so far cost us to take care of the veterans of 1917 and 1918 
who developed tuberculosis during or because of their mili­
tary service. 

Today every intelligent up-to-date physician knows that 
X-ray examination is our most reliable, single method of 
discovering early tuberculosis of the lungs and pneumonia. 
On good films no area of infection as large as one's fingertip 
should be missed. No such accuracy was attainable when I 
was in medical school. 

My fellow students spent hours, first percussing out the 
studding in the walls of their rooms and then thumping 
each other's chests. We tried one another's stethoscopes and 
aigued the merits of the various brands. We listened to our 
piofessors description of vesicular, bronchial, and cavernous 
breathing and strove mightily to hear the same sounds in the 
dispensary cases we were permitted to examine as our skill 
increased. We were all equally anxious to discover the early 
lesions of tuberculosis, to spot pneumonia, but we were 
handicapped by unequal proficiency. Those endowed with 
a keen ear for tone and those with a talent for or training in 
music gradually made themselves good diagnosticians; the 
others did not. Lacking aptitude for recognizing changes in 
pitch and tone one cannot become an expert in this work 
Without exception the best chest men I have known have 
been musicians or lovers of music. But anyone with <rood 
vision and the intelligence necessary to master the science 
of medicine can learn to see on X-ray films of the thorax 
very early and very small lesions in the lung. This is im-
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portant because early diagnosis of tuberculosis and pneu­
monia means prompt treatment and prompt treatment of 
the right sort means early recovery. 

It took time of course to wean established specialists from 
the stethoscope. They contended—and rightly—that they 
could make diagnoses as early as patients could be induced 
to come for examination. No one denied that—then or now. 
But these men possessed skill which ordinary doctors did 
not. Furthermore, for all their skill, certain complications 
escaped them which the roentgenologist saw at first glance. 

When I was very new at X-ray work, there practiced in 
the town where I lived a very able chest specialist who felt 
great confidence in his ability to pick up lesions in the lung 
by physical examination. I respected this man for his un­
questioned skill and for his professional integrity, and I 
wanted very badly to show him something on X-ray films 
of the chest which he could not find with his ears and 
stethoscope. I waited long and impatiently for my chance; 
over two years went by before it came. Then a patient 
entered our hospital who had a large cavity in the upper 
right lung which none of our staff picked up on physical 
examination but which was as plain as day on the X-ray 
film. Eagerly we baited a trap for Dr. P.; we called him in 
consultation and waited uneasily for what he had to say. 

"Do you think she has a cavity?" asked one of us nervously 
when Dr. P. had finished his examination and left the 
patient's room. 

He rolled his eyes as his habit was and started to say 
something. Then his shrewd gaze fell on me. I suppose my 
face gave me away. He looked at me sharply and grinned. 

"So you've got something up your sleeve," he said slowly. 
"Trying to catch me up, eh? Well, I won't bite. I'm not 
sure whether she has a cavity or not. Now trot our your films 
and show me all about it." 
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I\o further admission could we wring out of him, but 
fiom then on I noticed that Dr. P. asked more and more 
often for chest fdms before committing himself. 

It is unfortunate that more doctors were not as astute 
as he, at the time of the First World War, for we overlooked 
something of vital importance when we did not X-ray the 
draft at my of 1917 and 1918. The armed forces today are 
more thoroughly examined than they were then. At first, 
to be sure, there was neither the equipment nor the per­
sonnel to X-ray all men called up for service but this de­
ficiency was corrected as rapidly as possible and in 1942 
no one was accepted for active duty in Army, Navy or 
Aii Force who had not had chest films to prove that his 
lungs were free from tuberculosis and other infections. By 
following this policy, we can probably prevent the appear­
ance of another huge crop of tuberculosis after this war; 
recruits who have the disease will be weeded out before 
they get into uniform and thus prevented from spreading 
infection among their comrades. 

AGE AND TUBERCULOSIS 

One of the things not generally recognized about tuber­
culosis is the fact that it is not the same menace to all age 
groups. Thus, in infants it assumes a malignant form which 
is usually fatal in a few weeks or months but seldom causes 
serious illness in youngsters between five or six and thirteen 
01 fourteen. In the late teens and the twenties it once more 
becomes an important hazard. After forty comparatively 
few persons develop tuberculosis except on a basis of a pre­
disposing disease such as silicosis (dust disease of the lungs, 
or miners' consumption"). To know this is to know which 
sections of the population must be examined in search of 
tuberculosis. 

f 
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Babies pick up the germs easily. If great care is not taken 
when there is an open case of this infection in the house­
hold, disaster results. This was deeply impressed on me 
early in my career in medicine by the short sad story of 
Gwendolyn Brown. 

Gwendolyn was a pretty mulatto baby, the only child 
of young intelligent colored parents. But her father had 
active tuberculosis and could not work, so that the family 
was very poor and had to live in one room. Besides this, 
all three of them slept in the same bed. 

When she was seven weeks old Gwendolyn was brought 
into the clinic where I worked and a tuberculin skin test 
was done. She reacted strongly to it. Then we X-rayed her 
and found in her chest a great mass of swollen infected 
lymph glands. In eight months she was dead of tuberculosis. 
That taught me to keep a sharp eye on all small children in 
families where there are open cases of active tuberculosis. 

Like many other infections, tuberculosis thrives best in 
the soil of poverty and carelessness. A few years ago, the 
New York City Health Department X-rayed 73,000 appar­
ently healthy residents of that city. About 14,000 of them 
were high school pupils; 53,000 were relief clients; 2,500 
were prisoners in jail; 3,642 were homeless men. Among the 
high school children only four cases of tuberculosis of the 
lungs were found for every thousand examined. Among the 
relief clients, whose average age was about thirty-six, a little 
over 4 per cent had active tuberculosis—ten times the per­
centage found among the high school students. The pris­
oners' average age was between thirty-eight and forty-three 
years, and 13 per cent of them were tuberculous. The home­
less men were mostly over fifty and 16 per cent of them were 
suffering from tuberculosis. 

This is an old story: poverty, crowding, ignorance, and 
carelessness breed disease. 
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PNEUMONIA 

Pneumonia is another killer of first rank. In 1934 it killed 
79.4 persons for every 100,000 in our population, and in 
1935> 81.8. Since then, thanks largely to the sulfonamide 
drugs, the rate has fallen: in 1940 it was only 55 per 100,000. 
But now that we are again at war and millions of men are 
massed in military camps and multitudes of workers have 
been uprooted from their homes and shunted to defense 
areas where they live in congested unsanitary quarters, we 
must expect an upturn in both pneumonia and tuber­
culosis. 

In pneumonia it is important to remember that chest 
films will frequently reveal cloudiness in the lungs a full 
day or more before examination with the stethoscope dis­
closes anything definite. Time is of the essence in this in­
fection no less than in contracts: early treatment means 
recovery, delay often means death. 

Another significant point is that early pneumonia, espe­
cially if it is accompanied by pleurisy in the lower right 
chest, may cause so much pain in the abdomen that it is 
mistaken for appendicitis. In these cases, if pneumonia is 
not ruled out by X-ray examination, the patient may be 
put through an unnecessary and dangerous operation. 

ETHER PNEUMONIA 

_ When 1 was studying medicine I heard a good deal about 
ether pneumonia. It was one of the hazards that always 

had to be taken into account in advising surgery. As a 
result of research in which X-rays played an important role 
we now understand what this condition is and how it 
develops. 

After a person has had an abdominal operation his dia-

tp-
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phragm moves less than usual for several days, partly be­
cause of discomfort and partly as a reflex from the surgeon's 
handling of the abdominal organs. As a result the patient's 
lungs do not expand and contract as vigorously as normal, 
the amount of air moving in and out of them decreases 
and the mucous secretions in the bronchial tubes tend to 
stagnate. Presently when the air already in the air cells has 
been absorbed we have a condition in which various sized 
patches of lung contain no air at all. This state of affairs 
is called atelectasis. 

Now airless lung tissue has been found to be readily in­
fected; germs already present and those which manage to 
make their way into the lung through the bronchi or the 
blood stream find there excellent conditions for growth. 
And thus pneumonia—the so-called "ether pneumonia" of 
my student days, which may follow any other anesthetic or 
none at all. 

Obviously to prevent the atelectasis is to prevent the 
pneumonia. Several methods of doing this are now in com­
mon use. One of them is the administration of carbon 
dioxide or a mixture of carbon dioxide and oxygen before 
the surgical patient is taken from the operating table. Either 
of these gases will stimulate his breathing and help clear 
out his bronchial tubes. Oftentimes this treatment is re­
peated periodically after the patient has gone back to his 
own room. 

People who have been operated on are uncomfortable 
and tend to lie in one position most of the time. But nurses 
nowadays are instructed to see that they do not do this. 
They are moved frequently and this change of position 
also helps to prevent the development of atelectasis. As a 
result of all these things we hear much less of post-operative 
pneumonia than we did when I was a medical student. 
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FOREIGN BODIES IN THE LUNG 

In spite of Mrs. Montgomery's bizarre experience with 
the beauty pin, it is always dangerous to inhale a foreign 
body. Beans, peas, popcorn, peanuts and the like are worse 
than metal objects because, in the warm, wet interior of the 
lung, they swell up and produce more and more irritation 
and obstruction. There is ordinarily violent coughing soon 
after the thing goes down, and then shortness of breath. 
Later there may be a stormy illness due to infection. One 
of the worst lung abscesses I ever saw was in the lung of a 
man who ordered vegetable soup in a restaurant and was so 
startled when he found a bone in it that he inhaled the 
bone. During his subsequent illness the offending bone was 
removed and identified as a rabbit's vertebra—pronounced 
such not by a medical man but by an eminent zoologist 
who knew all about rabbits. 

Two extremely dangerous things to have around the 
house where there is a baby are popcorn and peanuts. Both 
often produce lung abscess or pneumonia. 

Naturally the symptoms vary according to the location 
of the foreign body. If a large solid object lodges in the 
windpipe (trachea) it will shut off all air at once and pre­
sent a sudden major emergency, but a smaller object may 
be equally dangerous in the long run. For example, a 
foreign body stuck in a small bronchial tube may not ob­
struct the patient's breathing very much but will very 
likely produce a severe pneumonia. 

The removal of these objects is essential and, dianks to 
Chevalier Jackson who invented the bronchoscope and 
taught physicians how to use it, this can be done safely in 
most cases. Of course it is necessary to know that a foreign 
body has been inhaled and where it has come to rest before 
one can take it out. If the child has been obliging enough 



THE ROENTGENOLOGIST STUDIES LUNGS 53 

to inhale a metal screw or the wheel off a toy train it is 
easy to localize it: the metallic body will throw a dense 
shadow on X-ray films of the chest and views made from 
several different angles will give a good idea of its exact 
location. 

But peas and beans and popcorn and peanuts—the most 
dangerous of foreign bodies—do not cast shadows on X-ray 
films. So what then? Fortunately the X-ray man has the 
answer. You will remember I just had something to say 
about atelectasis developing when mucous collected in a 
bronchial tube interferes with the free movement of air 
into the lung. Well, the same sort of airlessness occurs when 
the obstruction is due to a pea or a bean or a kernel of 
popcorn. Let us follow the train of events. 

A child inhales a bean. The bean sticks in the bronchial 
tube going to the lower lobe of the right lung, let us say. 
It is warm and wet down there and the bean soon swells, 
obstructing the bronchus more and more completely. No 
air can get past it, going or coming. In a short while the air 
in the air cells beyond the point of obstruction is absorbed 
and there ensues in that part of the lung a condition of air­
lessness (atelectasis). Then what happens? 

Infection usually begins early. But even before that, 
changes occur which can be seen on the X-ray film. The 
lung, you must remember, is a light cellular organ like a 
honeycomb which is kept distended by the air within it; 
when the air goes the lung shrinks in volume. Now the 
thorax fits its contents pretty snugly and if some of the 
organs inside it change size there has to be a readjustment. 
This is what happens: the atelectatic portion of the lung 
being smaller than usual and the lower lobe of the right 
lung in this case having therefore shrunken, the diaphragm 
on that side rises and the heart is shifted toward the right. 
Seeing this on the fluoroscopic screen and on his X-ray 
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films the roentgenologist would report that the offending 
foreign body is in the bronchus leading to the right lower 
lobe and that the bronchoscopist should go after it there. 

I remember a striking case which occurred early in young 
Malvern's service in the children's ward and I know he will 
never forget it. 

Late one winter day he called me on the house phone to 
say that a young couple had turned up with a baby who 
was having great difficulty in breathing. 

I can t see or feel anything in the kid's nose or throat 
and his heart seems to be all right. If I brought him down­
stairs I wonder if you and Dr. McDonald would look at him 
and give me a little advice?" 

Naturally we did not object and presently Malvern ap­
peared with the baby and two anxious looking young 
parents. While Miss Randolph unwrapped the patient the 
father told me that the child had never been ill before, that 
they lived more than fifty miles away, and that it had taken 
them several hours to drive down to the city. 

T lie youngster proved to be a fine, robust, rosy-cheeked 
baby, eighteen months old, who was breathing noisily and 
with evident distress. He was using every muscle in the 
upper part of his body to suck air down into his lungs but 
he was not crying; he did not have wind enough for that. 

McDonald listened to his chest while Miss Randolph 
and I got the fluoroscopic room ready. Then we took a look 
at him on the screen and found that it was even harder for 
him to get air out of his lungs than to get it in. When we 
finished the fluoroscopy, we set the film holder up in front 
of him and put the tube behind him; then, watching closely, 
we snapped several exposures while he was trying to inhale 
as well as exhale. 

While Miss Randolph was developing the films we got 
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the rest of the story from the parents. They said they first 
noticed the baby's difficulty in breathing shortly after noon. 

"Where was he at the time?" 
"He was playing on the davenport," replied the mother. 
"Alone?" 
"Yes. We have no other children." 
"Do you remember what he was playing with?" 
"An old rag doll." Then the mother added, with a flush, 

"He likes it better than any other toy he has." 
It struck me at once that the youngster might have pulled 

off one of the shoe-button eyes often found on rag dolls but 
both his father and mother insisted that they knew both 
eyes were still where they belonged. And so I continued 
the cross-examination aided by McDonald, until at last the 
father recalled that they had had a guest the night before 
who had brought with him a sack of peanuts and had sat 
on the davenport most of the evening. 

By this time Miss Randolph had the films developed and 
McDonald and Malvern and I all went into the darkroom 
to look at them. At a glance it was apparent that the baby 
was getting very little air into his lungs when he inhaled 
and still less out when he exhaled. This is what we call 
"expiratory dyspnoea"—that is to say, most of the air the 
patient is able to suck down into his chest stays there and, 
although his lungs are actually overdistended, he is partially 
asphyxiated. There was no displacement of the heait to 
either side and no elevation of the diaphragm, so I knew 
the two lungs were equally affected. McDonald agreed with 
me that the obstruction was in the windpipe (trachea) or 
the larynx and Malvern called a throat specialist at once. 

Several of the nose and throat men tried to examine the 
baby during the evening and all failed; they were afraid 
to give him an anesthetic and he struggled so violently that 
they could not get a clear view of the interior of his larynx. 
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About two o'clock the next morning the child suddenly 
became worse. Malvern, routed out of bed by the nurses 
and thrown on his own resources until a staff man could 
reach the hospital, cut an opening in the windpipe below 
the larynx and put in a tube. Immediately the infant began 
to breathe more easily and to struggle less desperately for 
air; before the specialist arrived he had fallen asleep ex­
hausted. But young Malvern kept watch beside him until 
morning for fear the tube would stop up. 

This series of events proved that the point of obstruction 
was above the hole Malvern had cut in the trachea (wind­
pipe) and before noon one of the throat men removed a 
tiny shred of peanut shell from between the baby's vocal 
cords, inside his larynx. The youngster slept practically all 
the rest of the day and by nightfall looked little the worse 
for his ordeal, but Malvern's face was gray and hazard 
fir tor two days afterward. If I were a betting man I would 
wager that no one will ever bring a sack of peanuts near 
any child of his. 

There are many other things, of course, that can be 
learned by X-ray examination of the chest. For example, 
the roentgenologist can tell you whether there is fluid be­
tween the lung and the chest wall (pleural effusion or 
empyema), whether the heart is enlarged and whether its 
shape is normal, whether the great artery leaving the heart 
(the aorta) is dilated forming an aneurysm, whether the 
patient with a goiter has a lobe of the enlarged thyroid 
gland sticking down into his thorax behind the upper part 
of his breastbone. There is also the very important matter 
of diagnosing tumors of the lung, of which more will be 
said later. 

out just now I would like to make a few points about 
the two sorts of examination I have been discussing—fluoro­
scopy and films. 
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Fluoroscopy has its advantages. For instance one can 
watch the organs of the body in action and one can turn 
the patient around and study him from many different 
angles. Thus the heart can be examined and the rate and 
force of its beating noted; the movements of the diaphragm 
can be checked and measured. 

But there are also disadvantages. Small abnormalities 
are easily missed on the screen by a man of average eye­
sight or little experience. Sometimes fluoroscopy consumes 
a good deal of time: when there is snow on the ground I 
have had to sit in the dark for twenty minutes after coming 
in from the street while my eyes accommodated themselves 
to the dim light of my workroom. Then the length of the 
fluoroscopic examination must not be great enough to over­
expose the patient to X rays. And, perhaps most serious of 
all, there is no record of fluoroscopic findings except such 
notes as the examiner makes at the time: it then becomes a 
matter of his competence and the reliability of his memory. 

Films, on the other hand, are permanent photographic 
records which can be preserved and studied as long or as 
often as desired and by many roentgenologists if need be. 
Small abnormalities can be seen on them more easily than 
on the screen, and furthermore they are admitted as evidence 
in courts of law. 

The upshot of the whole matter is that fluoroscopy and 
films can no more be substituted for each other than the 
egg for the hen. Both are essential parts of an X-ray ex­
amination and neither can safely be omitted from most 
roentgenological studies. 

MINIATURE CHEST FILMS 

One of the newer developments in chest work is the 
miniature film. It is almost as accurate as the full-sized film 
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and much cheaper when large numbers of persons are 
examined. 

The patient stands in front of an X-ray tube with a 
fluoroscopic screen hanging before him and the image on 
the scieen is photographed with a camera having a very 
fine lens. The ensuing photograph may be either 4 by 5 
inches or the common 35 millimeter miniature, depending 
on the type of equipment used. 

The cost of the small films is approximately 10 per cent 
that of the full-size films (14 by 17 inches). The 4 by 5 pic­
tures can be studied comfortably with a reading glass; the 
smaller miniatures are enlarged in a projector and thrown 
on a screen of the sort used for kodachrome slides and home­
made movies. Errors in interpretation, compared with the 
laige films in ordinary use, do not run over 2 per cent on 
the average. 

These small films are easy to handle and easy to store. 
In the old days the filing of X-ray films was a real problem. 
They were astonishingly heavy, they took up an even more 
astonishing amount of space, and after the Cleveland Clinic 
disaster of 1929 we realized that they might cause explosions 
and fires. Some hospitals built large storage vaults under­
ground, others constructed filing space on the roof. We were 
afraid to throw films away for fear they would be needed 

°" m Court or in diagnosis of subsequent illnesses, and 
so we groaned and sweated over our ever-growing and ever 
m°re U y X"lay 'des. As soon as the noninflammable 
safety film became available we switched to it at once, but 
that did not solve the filing problem. It remained a bugbear 
until the miniature camera craze of the thirty's set many 
of us copying our large films in small convenient sizes and 
until the fluorographic method just described supplied the 
more fortunate among us with small originals. 

There are actually only two disadvantages to this new 
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technique for chest examination. One is the necessity in 
doubtful cases of re-examining the patient with large films. 
However, this wastes comparatively little time and, as it 
does not often occur, it adds relatively little to the cost of 
the examination. The major disadvantage is the high price 
of the equipment. One must have a special fluoroscopic 
screen (made with zinc sulphide) which shines with ex­
tremely brilliant blue-violet light, a heavy-duty X-ray tube 
which will deliver a large current (at least 400 milliam-
peres), a timer which will insure accurate and very quick 
exposures, and a camera equipped with a fast lens that will 
give sharp negatives of fine detail. 

Not many hospitals can afford to scrap their old ma­
chinery and sink a great deal of money in this new appa­
ratus. Although all our mouths water for it like a small 
boy's for candy, it will take some years and a good deal 
of sales-talk to get this equipment. But we do not despair 
because of this. I remember one of the finest roentgenolo­
gists this country has ever had telling me that in his first 
department the darkroom was two stories above the work­
rooms. And I also remember my own experience during 
the First World War when, in an isolated lumbering hamlet 
in the Far West, a roaring spitting sparking static machine 
was my daily cross for months on end. And yet I got usable 
plates of my patients. Our need is not so much for better 
apparatus as for more wisdom in the use of what we have 
and for men with a competence to match the efficiency of 
the equipment now available. 



CHAPTER VI 

The Roentgenologist Examines the Head 

SKULL FRACTURES 

WHEN I first began to study X-ray work I was one of a 
group taking a course of instruction from a well-known 
roentgenologist. He was showing us the different methods 
of examining for skull fracture when it struck me that if 
the patient was not in a bad way when the examination 
began he was sure to be so by the time it was finished. I 
think we were all horrified by the position advised when one 
suspected that the bones in the base of the skull had been 
injured: the victim lay on his back on a table with his 
head hanging over the end and his neck stretched and bent 
backward until the top of his head rested on the casette 
on a sort of shelf projecting from the table several inches 
below the level of its top. 

I hope to God I never have to have the base of my skull 
X-rayed," muttered the man sitting next to me and I 
agreed. 

All through my early years as a roentgenologist I was dis­
tressed by the frequent requests to examine patients for 
skull fracture as soon as they were admitted to the hospital; 
many of them were unconscious, many of them were in 
shock, and I was always afraid that the maneuvering we did 
and the positions we had to get them into did more harm 
than the results of the examination could justify. It has been 

60 
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reassuring to see that this custom has little by little declined; 
nowadays the man suspected of having a skull injury is not 
usually rushed into the X-ray department the first thing. 
More often he is first treated for shock or his spinal canal 
tapped and some fluid removed. If there is blood in this 
fluid there has been definite injury to either skull or brain 
or both, and the doctor in charge can then plan his treat­
ment and time the X-ray examination to cause the least 
possible damage. 

Finally, modern shockproof apparatus without dangling 
wires and exposed electrical connections makes it possible 
to get all the films needed on these cases with a minimum 
of movement. The patient need no longer be an acrobat 
for us to get satisfactory pictures of his head. 

One of the things experience taught me is that other 
conditions may be mistaken for skull fracture. Several years 
ago I got a hurry-up call to examine a woman who had 
been knocked down by a truck, taken first to the police 
station and then to the hospital. When I hurried into the 
X-ray room I found her there, lying on a stretcher uncon­
scious and breathing noisily. 

Miss Abbott scuttled into the darkroom for casettes and 
films and I set about moving the cumbersome old-fashioned 
tube stand into position so that we could get our exposures 
without moving the injured woman more than we could 
help. As I did so something about her color struck me as 
odd. I left off struggling with the apparatus and pried her 
mouth open. Her tongue had rolled so far back that I could 
see very little but when I felt around in her throat my 
finger encountered something hard. In another moment I 
was scratching out teeth and bits of dental plate onto 
the floor. 

Miss Abbott, returning with her casettes, stared at me 
in amazement. 
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Bring me a towel," I said. "And get some gauze and 
hold this woman's tongue out of my way." 

As soon as we had raked out all the teeth and bits of 
composition material we could feel, we yanked the patient's 
tongue briskly a few times, gave her a respiratory stimulant, 
and soon had the satisfaction of seeing her gradually lose 
her ghastly bluish-red color and begin to breathe naturally. 
Presently she opened her eyes and asked where she was 
and what had happened. In less than an hour we had 
X-rayed her chest, to make sure she had not inhaled any 
of hei teeth, and sent her home considerably bruised but 
otherwise undamaged except for loss of her dental plates. 

Since then I have never concluded that a patient has 
a fractured skull until I first make sure that he is not 
asphyxiating himself with his own tongue or his dentures. 

BRAIN TUMORS 

Although it has by no means supplanted the older study 
of the nervous reflexes and the interior of the eyeball, X-ray 
examination plays a fairly important role in the diagnosis 
of brain tumors. All intracranial growths are dangerous, 
whether benign or malignant, because there is not room 
inside the hard unyielding skull for both the brain and a 
growing tumor. Besides, all possibility of operating success­
fully depends on early and accurate diagnosis. 

Sometimes plain films of the head tell us a good deal 
For instance, ,n children the bones of whose skulls have not 
yet grown firmly together, the clefts between these bones 
may be greatly widened by the increased intracranial pres­
sure caused by brain tumor. Another change sometimes 
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of the bones of the skull resembling impressions made by 
finger tips in putty. 
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There ate also tumors which lie so near the surface of 
the brain and so close to the skull as to produce localized 
changes in the adjacent bone. In the floor of the skull there 
is a little niche which houses the pituitary gland; it is 
called the sella turcica (Turkish saddle) because in profile 
it looks somewhat like a saddle with high horn and cantle. 
Several types of brain tumor cause visible changes in the 
sella: its floor may be depressed or destroyed, its walls may 
be thinned out or broken down. Fortunately the tumors 
which produce these changes can in some cases be removed 
so successfully that the patient returns to normal. 

Two structures inside the head which commonly calcify 
as we grow older are the pineal gland and a cluster of blood 
vessels known as the choroid plexus. Brain tumors of con­
siderable size are likely to displace one or both of them. 
If they can then be seen on the X-ray films in an abnormal 
position we have a clue to the location of the growth. 

There is another fairly common intracranial tumor which 
can sometimes be seen by reason of calcium deposits; this 
is the Rathke pouch tumor, which develops near the sella. 
It is cystic and not infrequently on good films one can see 
thin lines of calcification in its walls. Every roentgenologist 
is on the watch for it because it can often be removed suc­
cessfully. I remember that the first person I ever saw who 
had had an intracranial tumor removed and subsequently 
recovered completely was a boy with a Rathke pouch tumor; 
he used to come into the hospital where I took my gradu­
ate training in radiology for periodical checkup and we 
all took great interest in watching him grow up into a 
normal young man. If he had not had the correct diagnosis 
and been operated on by a master surgeon he would have 
died while still a child. 
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ENCEPHALOGRAPHY AND VENTRICULOGRAPHY 

In recent years a somewhat spectacular method of examin­
ing the brain with X rays has come into use. It consists of 
injecting air into the spinal canal and/or the interior of 
the brain itself, before films are made. 

There is a space around the spinal cord, inside the spinal 
canal, and another space around the brain, between it and 
the skull. These spaces communicate with each other 
through narrow tortuous pathways. In addition, there are 
within the brain small cavities known as the ventricles. It 
is possible to inject air into this system of communicating 
spaces. 

We do this in one of two ways: by putting a needle into 
the lower part of the spinal canal, withdrawing some of the 
spinal fluid and replacing it with air, or by removing a 
small piece of the skull, inserting a needle directly through 
the brain into one of the ventricles, removing part of the 
fluid inside this cavity and replacing it with air. The first 
method is called encephalography, the second ventriculog­
raphy. Each sounds worse than it really is. 

The patient suffers little actual pain during either pro­
cedure but he often has headache, nausea, and other minor 
discomforts for a day or two afterward. Properly done, these 
examinations are not dangerous and they are very valuable 
in many cases. 

A brain tumor of any considerable size will cause changes 
in the size and/or shape of the ventricles; those which grow 
in or near the base of the brain are also likely to obstruct 
the intricate passageways between the ventricles and the 
space around the brain and spinal cord. 

One feature about both these methods of study which 
often strikes people as odd but is actually very simple is 
the necessity of keeping the patient upright during the 
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whole performance. Since air is lighter than fluid and con­
sequently rises above fluid, it will collect inside the skull 
only if the patient is not allowed to lie down. I have always 
thought that probably the thing about encephalography and 
ventriculography which really disturbs the patient most of 
all is this compulsion to sit up when he feels ill. 

X-RAY EXAMINATION OF THE TEETH 

One of the best known types of X-ray examination is the 
making of dental films. Even this apparently simple under­
taking is not without its perils for the roentgenologist: I 
have more than once been bitten in the process and people 
with halitosis are always disagreeable patients. 

We used to be told that a clean tooth never decays. Most 
of us have long since discovered that this is not true, but 
it is not always so well understood that the converse is not 
true either. I first had this impressed on me in a tubercu­
losis sanatorium where I worked. A new patient came in— 
an elderly man of Lithuanian birth who had never owned 
a toothbrush and whose mouth was filthy. After he had been 
studied and a course of treatment for his tuberculosis 
planned, our consulting dentist undertook to clean up his 
mouth. I shall never forget the astonishment with which I 
looked into the man's mouth after this operation had been 
completed and saw a beautiful set of teeth without a single 
cavity and with but one gap where a cuspid had been 
knocked out in a fight thirty years before. 

Nearly all of us have endured the searching of the den­
tist's probe but there are cavities which this instrument 
misses, unlikely as that seems to the patient—chiefly those 
between closely spaced teeth. These show up plainly on 
X-ray films. 

Then there are teeth which never make their way through 
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the gums; these unerupted teeth, as they are called, are 
easily found with X rays. So are impacted teeth—those 
which are trying to come in at an impossible angle or in a 
place where there is no room for them, and which often 
produce strange symptoms. I remember a young woman 
in the hamlet where I first practiced who had a wry neck 
for years because of an impacted wisdom tooth; when the 
offender was taken out she promptly ceased looking over 
her left shoulder. 

The double teeth (bicuspids and molars) have multiple 
roots which curve toward the tips. Because of this parts of 
these roots frequently break off and remain behind in the 
jaw when the teeth are pulled. Years later an X-ray film 
may reveal them still in the bone, sometimes infected be­
sides and the source of much trouble. Many but by no means 
all teeth infected at the roots (apical abscesses) can be diag­
nosed on dental films; I would not advise anyone to go to 
a dentist who depends entirely on X-ray examination to 
find infected teeth. 

FOREIGN BODIES IN THE EYE 

One of the less well known uses of X rays is the localiza­
tion of foieign bodies in the eye. Every year during the 
hunting season several men and boys are brought in for us 
to find out whether any of the shot peppered over their faces 
has penetrated an eyeball. I he examination is rather diffi­
cult, requiring both special apparatus and triangulation 
fiom the films, but it is accurate for the most part. X-ray 
laboiatoiies do not usually have many cases of this sort, 
however, so most roentgenologists groan a little over the 
plotting on scale paper and the calculations. 

Perhaps the most interesting experience I ever had in this 
field was with a miner who was sent to me by an oculist 
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in town with the request that I find out whether there was 
a bit of rock in his right eye. I asked the patient whether 
he had ever been X-rayed before and he said no. I then got 
him on the table with his head in the localizing apparatus 
and made the necessary films. The exposures required are 
long and since one of my films was not entirely satisfactory 
I had to make it over, but I had calculated my dose care­
fully and knew I had kept within the limits of safety. I 
studied the films painstakingly and reported to the eye 
specialist that I could see no foreign body inside the orbit. 

Imagine my dismay a few weeks later to have him call 
me up and say that he had just seen the patient who vowed 
that he was going to sue me because his hair had come out. 
Shortly afterward I heard from the man's lawyer. It was 
quite true: the patient had lost every hair on the right side 
of his head and he was very angry and quite determined 
to bring suit against me. 

The oculist and I then made some inquiries and found 
that the man had gone to three eye specialists on three 
successive days, without telling any of them that he had 
already consulted someone else; each oculist in turn had sent 
him to an X-ray laboratory for examination. It was my 
misfortune to be the last on the list—the one who gave the 
final shot of X rays that ruined his hair. 

To my own attorney I pointed out that I had asked the 
patient, before examining him, whether he had been 
X-rayed previously and that he had lied to me. I produced 
the card from my files on which I had written down the 
patient's name, age, address, complaint, type of examination 
done, fee charged, and his own statement that this was his 
first X-ray examination. But the lawyer was still unhappy. 
He pawed through my books on X-ray reactions and mut­
tered to himself and finally went away greatly perturbed. 
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But the next morning he came back with the bright idea 
that he should get the case postponed to the autumn term 
of court and that meantime the man's hair might come in 
again. He did, and it did, and the malpractice suit was 
dropped. 



CHAPTER VII 

The Roentgenologist Studies the Digestive System 

EXAMINATION OF THE GALL BLADDER 

THE digestive system is a long tube which extends from 
the mouth to the rectum. Through it food moves by reason 
of the waves of contraction which travel along its muscular 
walls; in it digestion takes place by reason of substances 
secreted by its lining and by various glands which empty 
into it. The liver is one of these glands. It manufactures a 
material known as bile which is necessary in digestion, 
especially of fats. Bile oozes out of the liver cells into the 
bile ducts and along them into the gall bladder where it 
remains until it is required to help digest the next meal. 

By taking advantage of this sequence it becomes possible 
to X-ray the gall bladder. The patient drinks or has injected 
into his veins a certain harmless dye which is absorbed from 
the digestive tract and carried to the liver. The liver in turn 
slowly excretes it in the bile and as the bile accumulates 
in the gall bladder the dye also is concentrated there. 

When we make X-ray photographs of the normal gall 
bladder we see an oval shadow about the size of a small 
egg which disappears or shrinks greatly after a meal con­
taining fatty food. If the shadow does neither something 
is wrong. Perhaps the gall bladder is infected, perhaps it 
contains a tumor or gallstones. If there is difficulty in mak­
ing sure exactly what the trouble is, McDonald can prob-
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ably help settle the question. By working together, the 
laboratory man, the practicing physician, and the roent­
genologist can almost always reach the correct diagnosis. 

There are still people who think they can take a drug 
that will dissolve gallstones. Early in my medical career 
I learned how useless it is to tell these people that it would 
be as easy to dissolve them from around the stones as to 
dissolve the gallstones without doing havoc to the sur­
rounding tissues. And so, sometime ago, when I encoun­
tered a particularly pig-headed patient I tried another tack. 

Mr. X. was sent in by a physician, as I am sure Miss Ran­
dolph remembers, shortly after she came to work with us. 
He complained about the taste of the dye he was given, he 
objected to being X-rayed by a woman technician, he either 
could not or would not hold his breath as she asked him to 
do while the exposures were made. But in the face of these 
difficulties, Miss Randolph brought me several excellent 
films on which his gall bladder persisted in spite of fatty 
food. The shadow was definitely mottled, indicating stones, 
but Mr. X. refused to believe either his physician or me 
when we explained the condition to him and made no 
secret of his determination not to have an operation. 

After this we saw nothing of him for a year or so, then 
one day he came in, this time referred by another doctor 
but for the same examination. The stones were larger and 
plainer than before; even Mrs. X., who appeared if possible 
more stupid than her husband, admitted she could see them. 
But once more nothing the attending physician or I could 
say would convince the patient that we knew what we were 
talking about. He told us both that he had some medicine 
^ ^ ./f to°k at inteivals which dissolved the stones easily; 
only, he added, "they keep comin' back." 
After this Mr. and Mrs. X. appeared periodically in the 

department, sometimes referred by one doctor and some-
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times by another. At each examination the gallstones were 
larger and more distinct and always Mr. X. reiterated his 
explanation; it was a simple matter to get rid of the stones, 
the only problem was to find a way to keep them from form­
ing again. 

Since I was so obstinate as not to believe this, he finally 
determined to prove to me that I was wrong. He dosed 
himself with his medicine, collected the numerous small 
hard objects which subsequently appeared in his stool, and 
brought them into the laboratory in a bucket for me to see. 
Knowing that it would be useless to tell him that they were 
soapstones formed in the intestine by the reaction between 
the medicine and the intestinal contents, I suggested that 
final proof of his thesis would be films of the gall bladder 
made then and there showing no stone shadows. As soon as 
I made it clear that this examination would cost him noth­
ing, Mr. X. was quite willing to be X-rayed again. 

In my lifetime thus far there have been few moments of 
sweeter triumph than the one in which I set the wet film, 
fresh from the darkroom, in the view box at the end of 
the long series made on previous visits and pointed out to 
Mr. X. not only that there were still stones in his gall blad­
der but that even their number and shape remained un­
changed. But as Mr. and Mrs. X. went away down the 
corridor there was something in the look of their retreating 
backs which told me that, though I might have proved my 
point, I had not convinced either of them. Out-foxed they 
certainly were, but of the same opinion still. 

EXAMINATION OF THE STOMACH AND INTESTINES 

Wilhelm Konrad Roentgen discovered X rays in the 
autumn of 1895. Less than six months later a scientist in 
Berlin was photographing lead compounds in the stomachs 
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of guinea pigs and in the same year the American scholar, 
Dr. W. B. Cannon, began using capsules filled with bismuth 
in the study of the animal stomach. In 1898 Dr. Cannon 
first used bismuth mixed with food in the X-ray examina­
tion of the human stomach, and from that day on the study 
of the digestive tract has been one of the most interesting 
and profitable fields for X rays. 

For a good while bismuth was the only material used for 
this work, but at last it was found that some people absorbed 
enough of it to be poisoned, and so barium was substituted. 
Barium is safe because it can neither be digested nor ab­
sorbed; it leaves the body in precisely the same chemical 
state as when it was swallowed. It has no real taste, it feels 
like chalk in one's mouth. 

Usually it is mixed with some fluid because liquid will 
fill the stomach and bowel better than any dry substance. 
The first X-ray laboratory I worked in used a revolting 
combination of barium stirred into thin apple sauce. Bitt­
er mi lk was a favorite with roentgenologists for a long while. 

More recently we have come to use simply barium and water 
beaten together in a mixer, although prepared barium meals 
can be had disguised with chocolate and other flavors 

In one respect most barium drinks resemble cod liver 

they are ^ ̂  beCauSe other PeoPle saY 
ESOPHAGUS 

asThe esn'l m°Uth and the stomach, known 
A few n n^a§US' u f°rtUnately ™her immune to disease. 
of thTs aT J™ With a SOrt of P°uch off to one side 
stead of aoT/ dlVerticuIum) in tvhich food collects in-
s ill un uctv 7 t0 C St°maCh' 3nd SOme children 
still unlucky enough to swallow lye by mistake and develop 
an obstruction, while an occasional adult has cancer of the 
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esophagus. There are, too, some persons who have varicose 
veins in the wall of this tube. 

All these conditions can be seen with X rays. The esopha­
gus lies back of the heart and in front of the spine, and by 
studying the patient's thorax obliquely one can see it clearly 
when it is filled with barium mixture. In this work we 
usually use a thick barium paste which will not run down 
into the stomach too rapidly. Whatever difficulty there is 
in examining the esophagus is likely to be in slowing up 
the downward movement of the barium mixture. I remem­
ber an experience I once had in this connection. 

The patient was an elderly woman who had had three 
massive hemorrhages from the stomach at intervals of sev­
eral years but who, aside from this, was in good health. 
The bleeding when it came was alarming and she had 
gone to many doctors without getting relief although many 
diagnoses had been made. It was clear to us all that she could 
not have a cancer, otherwise she would have been dead 
long since. It was equally certain that she had no obstruc­
tion anywhere along the digestive tract and no symptoms 
of ulcer and nothing to suggest a lesion in the intestine. 
But when she was sent into the department for X-ray ex­
amination she had but recently recovered from a hemor­
rhage and was both mystified and uneasy about herself. 

Miss Randolph prepared some stiff barium paste and we 
began our regular fluoroscopic study. But thick as it was, 
the barium mixture ran through the esophagus too fast for 
satisfactory examination. The patient was short and stout, 
she simply could not twist around into the positions I sug­
gested. (Miss Randolph and I afterward referred to her as 
the unbendable woman.") We finally wound up with her 
lying half on her face on the fluoroscopic table, with the 
table tilted so sharply that her head was much lower than 
her feet, and kept from sliding off onto the floor only by the 
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united efforts of Miss Abbott and Miss Fairfax. However, 
we got a good look at her esophagus and made some good 
films. She proved to have dilated veins in the lower end of 
the tube, near its entrance into the stomach. Although treat­
ment of this condition is not very satisfactory, she was so 
delighted to know what was wrong and to have her dread 
of cancer allayed that she held no grudge against us. But 
when she finally departed, I heard the technicians say to 
each other that they hoped the next esophagus case would 
be a little more flexible. 

PEPTIC ULCER 

More often we are asked to examine the stomach or the 
first portion of the small intestine (the duodenum) for ulcer. 

A peptic ulcer consists of a pocket eaten partly through 
the wall of the intestine or stomach, starting from the 
inside. Into this tiny crevice our thin barium mixture runs 
and there some of it sticks; that little speck (known in 
X-ray jargon as a "fleck") is one of the many things the 
roentgenologist watches for. Often it is no larger than a 
grain of wheat and unless he is skillful and thorough the 
examiner may miss it altogether. 

But there are other things which must be looked for in 
the ulcer case. The irritation caused by the disease results 
in overactivity of the gastric muscles; they contract more 
vigorously and oftener than normal and the waves of con­
traction follow each other more closely than usual. Again, 
in many patients, this irritation causes the puckering string 
muscle between the stomach and the duodenum (the py­
lorus) to close tightly in a spasm and delay the emptying 
of the stomach. This obstruction may become chronic 
and so high-grade that material remains in the stomach for 
three or four days after it is eaten. 
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In large ulcers of long standing the stomach wall may 
become so stiff and thick that the waves of contraction 
(peristalsis) skip that particular area entirely. 

These therefore are the things the roentgenologist looks 
for when stomach ulcer is suspected: (1) a tiny pocket or 
niche in which a little blob of barium sticks; (2) overac­
tivity of the gastric muscles (hyper-peristalsis); (3) spasm of 
the outlet of the stomach (pylorus), with delay in empty­
ing. None of them is easy to spot in mild or early cases; 
some of them may be absent in any case, however advanced. 
An amateur is likely to miss most of them. 

When the ulcer is in the duodenum (the first twelve 
inches of the small intestine), the pocket or niche and the 
deformity it produces are seen in the small bowel and not 
in the stomach, but there is the same muscular over-activity 
as in gastric ulcer, while the spasm and delay at the pylorus 
(the gateway between the stomach and intestine) are apt 
to be even greater. 

It may not be amiss to say something here about the back­
ground of ulcer. Medical men no longer regard ulcer as a 
purely physical disorder. On the contrary we recognize that 
its origin is largely in the field of the emotions. The typical 
ulcer patient is a man under forty-five, probably tall and 
rather lean, a driver filled with energy and ambition. His 
digestive troubles are not constant but come on in attacks, 
usually following a period of anxiety, fatigue, or emotional 
strain. If this psychological background persists without 
change, he will go on having recurrent bouts with his ulcer. 

It is for this reason that fewer and fewer operations are 
done for uncomplicated ulcer. When conditions are ripe, 
the disease recurs—operation or no operation, hor instance 
I know a surgeon whose ulcer flares up whenever a difficult 
surgical task confronts him or he is worried over a patient. 
I have another friend whose ulcer lays him by the heels 
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whenever his love affairs get him down. And every ulcer 
patient knows the danger into which anxiety and over­
work precipitate him. The day is probably at hand when 
a psychiatrist will be called in consultation before any 
course of treatment is planned for this type of case. 

CANCER 

Cancer of the stomach produces thickening of the wall 
rather than a niche or pocket. On the fluoroscopic screen 
and on films this appears as what we call a "filling defect." 

hat is, the outline or silhouette of the stomach is irregular 
and the cavity of the interior is smaller than normal. 

he stiffening and thickening of the wall prevent the 
waves of muscular contraction from running normally over 
tie stomach; sometimes the barium simply pours through 
into the: intestine as though it were going down a funnel. 

ie first case of this sort I ever encountered I shall never 
T°h§?E A WaS m my Caieer as a Physician and before 
I had had any special training in roentgenology. The patient 
was a middle-aged man who came in from an oil field 
fee! 1 ..Wh° mS1Sted that he always been per­
fectly well until a week before. After a day or two of ob­
servation convinced me that he was in a very serious condi­
tion, essayed to examine his stomach with the crude X-ray 

ZZHT aV aWl' But 1 fOUnd thM 1 not *4 enough banum h.s storaach to ge( a satisfa J 
It "earned through the py|orus ^ ̂  P 
fee maebrrum, telling me „otWng ^ ̂  ̂  J>^ 

that r.'.u'l,]"!' '"h'"" P°'m' Afttr many stru®,es' 1 found 

tn tik^e "h, n Pa"en''S feK '° the f<™ °f table, 
make exno , ;"pl>'' glve hlm a S1*® of barium, and 
make exposures while he was in the act of drinking the 
mixture ,n this headlong forty-five-degree position. By this 
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device we made a diagnosis of diffuse cancer involving the 
entire wall of the stomach—a diagnosis which a surgeon soon 
confirmed although he found the condition inoperable. 

If the growth is near the opening of the stomach (the 
pylorus) it often causes partial obstruction and the barium 
therefore passes into the duodenum more slowly than usual. 
Very small early cancers may produce this symptom by 
irritating the pyloric muscle so that it goes into a spasm. 

The great difficulty in diagnosing gastric cancer lies in 
the fact that it seldom causes symptoms until fairly well 
advanced; therefore many of the patients we see are by 
that time in hopeless condition. 

Happily cancer of the small intestine is rare. But malig­
nant tumors frequently occur in the large bowel (colon). 
Unfortunately they too are slow to cause symptoms which 
attract the patient's attention, but since they are often not 
highly malignant they can in many instances be cured by 
operation. 

Cancer in the cecum (the first part of the large bowel, in 
the lower right side of the abdomen) may give itself away 
before other symptoms develop by an anemia due to slow 
persistent bleeding from the tumor. I remember a middle-
aged woman I once examined who surprised me almost as 
much as she did herself. She was apparently in good health, 
but, having been sold on the idea of an annual physical 
checkup, she decided to have an X-ray examination of her 
digestive system in addition to a physical examination by 
her family physician. When the barium meal reached the 
cecum I saw that the bowel was not filling well: it was 
ragged in outline and did not fill uniformly. 

I reported this to her doctor. He sent her to McDonald 
at once. McDonald did a blood count and found an anemia; 
he examined the stool and found blood in it. Less than a 
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week later Dr. Douglas operated, found an early cancer, 
took out the first part of the colon, cancer and all, and 
spliced the remaining intestine together. The woman made 
an uneventful recovery and seven years later, when I last 
heard of her, was alive and well. 

A year or two ago we had another interesting experience 
with cancer of the large bowel. This patient also was a mid-
dle-aged woman in apparently good health except for a 
little bleeding now and again from the rectum. Instead of 
dismissing this as probably due to hemorrhoids or constipa­
tion she went to a doctor who, finding nothing on physical 
examination, referred her for X-ray study. We in turn 
gave her a barium enema without difficulty and without 
seeing anything wrong on the fluoroscopic screen. But the 
next morning, on the dry films, I thought I could make out 
a little raggedness of outline along the lower part of the 
colon just above the rectum. So I requested a re-exami­
nation. 

This time I watched the lower bowel very closely and 
injected the barium solution slowly and carefully. By twist­
ing the patient from side to side I was finally able to see 
a small but definite lesion on the screen and to get some 
good fdms of it. Within a week she was operated on; a small 
cancer was found barely starting to invade the muscular 
wall of the bowel from the mucous lining. A short section 
of the intestine was removed, the remaining bowel was 
spliced together, and the patient made a prompt recovery. 
There is every prospect that she was permanently cured. 

TUBERCULOSIS OF THE BOWEL 

. Tuberculosis too attacks the large bowel and sometimes 
it is very hard to differentiate from cancer. Because of this 
very thing another patient remains vivid in my memory. 
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She was brought into the hospital painfully emaciated, 

bleeding from the intestine, and quite out of her mind. 
Because of her mental confusion it was hard to do the usual 
examinations; she flatly refused to swallow any barium mix­
ture we offered her and after wasting two days in vain 
attempts to reason with her we decided to do a barium 
enema at once. 

Although she was not strong enough to prevent our doing 
this, she put up so much fight that I had to call in not only 
Miss Randolph, Miss Abbott, and Miss Fairfax, but also old 
Amos and two nurses from the floor. When we finished I 
was not sure whether there was more barium inside the 
patient or on us and the walls and floor. But we had got 
some excellent films and I had had a good look on the 
fluoroscopic screen. Studying these findings carefully I con­
cluded that the condition was probably a cancer of the first 
part of the colon (cecum) but that it could very likely be 
removed surgically. 

Operation was done promptly; it showed not cancer but 
a chronic tuberculosis involving only a comparatively small 
part of the large bowel. This area was resected and the 
remaining intestine sewed together again. In two weeks 
the patient went home much improved physically. 

About a year afterward a well dressed, nice looking 
woman came into the department one afternoon and asked 
for me. When she saw that I did not recognize her she 
smiled and said, "I'm not surprised that you don't remem­
ber me. I've changed a great deal since last fall when I 
was operated on for tuberculosis." 

Not only had she recovered her health and gained almost 
sixty pounds, but her mental state had cleared up as her 
general health improved. (N. B. This is not to be regarded 
as a suggestion that all psychotic patients have disease of the 
large bowel and should have a piece of it taken out.) 
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COLITIS 

Another common disease of the large intestine—colitis— 
was so fashionable a few years ago that in many cities there 
were flourishing clinics where colonic flushings and other 
insults were inflicted on the misbehaving bowel, all to the 
profit of the operators and the detriment of the patients. 

Every doctor knows the symptoms of colitis and every 
X-ray man knows what the bowel looks like in these cases 

constricted, narrow, smoothly outlined, without the nor­
mal muscular markings. But unlike persons who have tuber­
culosis or cancer of the intestines, these patients are not 
helped by surgery or by repeated irrigations of the colon. 
Ordinary garden-variety colitis is a disease whose causes lie 
in the emotions and psychological reactions of the indi­
vidual and whose cure must be sought in these realms and 
not in the operating room or the quack colonic flushing 
clinic. As with peptic ulcer the day may not be far off when 
a psychiatrist will be called in consultation before any 
physician undertakes to treat colitis. 

Infection of the large bowel with the germs of dysentery 
is quite a different matter and a very serious one, but no 
good doctor will confuse these conditions, especially if he 
remembers to have the laboratory do that simple, important 
but often neglected test—the examination of the patient's 
stool for blood and pus. 



CHAPTER VIII 

The Roentgenologist Studies the Urinary System 

ONCE when I was a brand new country doctor I was called 
to see a young fellow who had wakened suddenly during 
the night with a pain in the right side of his abdomen. 
When I first walked into his room my eye caught the drawn 
look about his mouth and the little drops of moisture on his 
upper lip which spell suffering. Remembering my professor 
in practice of medicine I went over the patient s chest first 
of all, to make sure that he did not have a pneumonia in 
his right lower lung which was telegraphing pain into his 
abdomen. Finding nothing there, I next examined his belly. 
I saw him flinch when I pushed my fingers into the ab­
dominal wall and felt the muscles tauten and turn hard 
under my exploring finger tips. Meantime he explained 
that he felt "half sick to the stomach." 

One half of my brain said to me, "What a break when 
you're new in the community! Here's a healthy young chap 
with a clear-cut appendicitis. You couldn't find a better 
surgical risk. Take him into town to the hospital and oper­
ate on him. He'll get along all right and all his friends and 
relatives will think you're a fine surgeon. Don't hesitate! 
People like a doctor who tells them what's wrong right 
away." 

But another voice in my mind spoke up before I could 
open my mouth. "Careful there! Don't go off halfcocked. 

81 
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This might not be appendicitis, you know. You don't want 
to make a mistake the very first thing." 

So I went out to my car and brought in the microscope 
I always carried on the seat beside me, stuck the patient's 
ear and got a drop o£ blood. At the kitchen table, facing 
the window to get the best light, I counted the tiny cells 
under the scope—the white blood cells which rush to the 
body's defense against infection. 

The result was 8,300—a figure which told me practically 
nothing. It is true that 8,300 white blood cells per cubic 
millimeter of blood are a little more than normal, but not 
much more. This neither proved nor disproved the presence 
of an infection. I washed off the slide and put the micro­
scope back in its case, no wiser than before. I had a strong 
impulse to say to the boy's father and mother, "Look here, 
your son's got appendicitis. We must take him into the 
hospital right away," but an even stronger impulse to hedge. 

And hedge I finally did. I said I would come back later 
in the day and went away, leaving some tablets to be taken 
if the pain got worse. 

That afternoon an older doctor whom I knew dropped in 
to see me. I had just been speaking over the phone to my 
patient s mother, who said he was about the same, and now 
I called her back to ask whether I might bring out my 
friend in consultation. The relief in her voice assured me 
that nothing would please her more, and when I led my 
solid middle-aged companion into the sickroom an hour 
later and saw the expression on her face I learned something 
I have never forgotten-it is better to suggest consultation 
yourself than to wait for the patient's family to ask for it 

y friend examined the young man much as I had done, 
e asked many of the same questions, and he waited until 

I did another blood count before he gave his opinion. 
U-m-m. I see. Blood count hasn't changed much, has it? 
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Why not get a specimen of urine and look at it. I notice 
that the patient says his pain goes through into his back and 
down a little toward the groin. Perhaps his appendicitis is 
really a stone in the ureter." 

And so it was. The urine was loaded with red blood cells, 
we gave the young man a few large doses of morphine and 
atropine to relax the muscle spasm and relieve his pain, 
and the next day he passed a tiny stone no larger than a 
grain of rice and dramatically lost all his symptoms. 

URINARY STONES 

Stones form in the bladder, in the kidneys, and in the 
ureters (the long narrow tubes leading from the kidneys to 
the bladder). Judging from biographies and memoirs, blad­
der calculi—then called simply "the stone"—must have 
been much more common in the seventeenth and eight­
eenth centuries than they are now. But they are still by no 
means rare, while kidney and ureteral stones are frequent. 

Three-fourths of all calculi in the bladder and 95 per cent 
of those in the kidney and ureter will cast visible shadows 
on X-ray films—despite the fact that many of them are not 
larger than a grain of wheat. Hence failure to find such a 
shadow on well-made films is strong presumptive evidence 
against the existence of stone. I had a queer experience 
while I was still a tyro in roentgenology which impressed 
this upon me. 

The hospital in which I was working at the time had the 
best X-ray equipment in town and one afternoon a man 
came in with a note from a surgeon I knew explaining that 
the patient's symptoms suggested bladder stone and re­
questing me to make plates of his pelvis. While I was get­
ting the machine set up I quizzed the man a bit about his 
history. Afterward I remembered having wondered how 
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anyone who had suffered so much and lost so much blood 
could look so well nourished and red in the face, but at the 
moment it did not occur to me that the man might be 
malingering. 

However, when I got my films out of the hypo and found 
nothing abnormal on them, I asked still more questions and 
then suggested to the patient that he allow me to inject 
air into his bladder, pointing out that any stone—however 
small or incapable of casing a shadow itself—would then 
be sharply outlined against the background of the hollow 
air-filled organ. In surly fashion he refused. Undaunted, I 
argued the matter with him, giving assurance that the 
procedure would be practically painless. With increasing 
vehemence he again refused. 

Finally, having become suspicious, I asked him to void 
in my presence, explaining that by examining the urine I 
might get some idea whether he had a large or a small stone. 
This, he said curtly, he could not do. Since I could think 
of no other type of examination which did not require the 
patient's co-operation I let him go without doing anything 
more and reported to the surgeon that I could neither con­
firm nor disprove the tentative diagnosis of bladder stone. 

But the man continued to complain, to insist that he was 
in constant pain, and to demand that something be done 
for him. At last the surgeon sent him to a genitourinary 
specialist who reported, after examination, that when he 
passed the metallic instrument called a "sound" into the 
patient's bladder he felt a solid object there. In the end 
the surgeon unwillingly operated and, when he opened the 
bladder, found it perfectly normal. 

During his convalescence the malingerer explained him­
self. He had worked for a certain company for twenty years 
and during this whole time had paid monthly dues to a 
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sick-benefit insurance fund, but had never once required 
more than first aid or minor medical care. It seemed to him 
that he had not had his due and that he never would have 
unless he developed some serious ailment. Having once had 
a friend who had had a stone in the bladder, he decided he 
would have one too and bluffed his way into the surgery 
with that diagnosis. But before he left the hospital he 
acknowledged that he had made a poor choice. 

Since then I have been chary about admitting the pres­
ence of any urinary stone I cannot see on good X-ray films. 

Few things cause more pain than a little stone inching its 
way down along the ureter from the kidney toward the 
bladder, but sometimes a kidney will be almost entirely 
replaced by stone with very little suffering. I once saw a 
middle-aged woman whose right kidney had been converted 
into a mass of mineral deposits the size of my fist but who 
flatly refused to have it removed, on the ground that, al­
though it was practically functionless, it did not bother her 
enough to justify the expense of an operation. For a long 
time I kept her films to show our succession of internes 
how much could happen to a kidney without affecting the 
patient's general health seriously. 

PYELOGRAPHY 

Until some fifteen years ago, when we wished to make a 
real X-ray study of the upper urinary tract, it was necessary 
to put the instrument known as the cystoscope into the 
bladder—this in itself being no small undertaking—and 
then push up each ureter a fine tube through which we 
could inject into the kidney a liquid which would cast a 
visible shadow on the X-ray film. This procedure was dif­
ficult enough to require a specialist and painful enough 
to give the patient a bad half day, to say nothing of being 
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time consuming. But since it gave accurate results in most 
cases, it was much used. 

Then, toward the end of the twenty's, a dye was found 
which we can safely introduce into the blood stream and 
which then rapidly collects in the kidneys and bladder, 
ihis examination causes no pain and takes only a short 
while; therefore it is now widely used particularly in 
nervous patients and children. It has the additional merit 
° ™mg mUCh leSS technicaI skill than the older 
method, but sometimes we have to fall back on the earlier 
pioce ure in order to get accurate diagnoses in difficult 
cases. 

Searching for stones is by no means the roentgenologist's 
on y siare in the examination of the urinary system. He 
can also tell whether there are two kidneys or not. Since 
now and then a person is born with but one, it is obvious 
that tins state of affairs must be ruled out before a surgeon 
undertakes to remove a diseased kidney. 

arC n0t infrecluently seen, tuberculosis 
eing probably the commonest as well as the most serious. 

faded CXaiTatlon wil1 *how how much tissue has been in-
mem if* T' ' fr°m the standP°int of treat-
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CHAPTER IX 

The Roentgenologist Invades the Maternity Ward 

IN 1896, shortly after Roentgen discovered X rays, someone 
suggested that they might be used to diagnose pregnancy 
and in 1897 the skull of an unborn infant was actually seen 
for the first time on a plate of the mother's abdomen. But 
since an exposure of an hour and a half had been required 
to make this plate roentgenologists did not at once invade 
the maternity ward. Today, however, we play an important 
part in the care of both mother and child. 

For a long time X-ray examination was used to determine 
whether pregnancy existed. We could occasionally demon­
strate the fetal bones as early as the eighth week and after 
the fifth month they became more and more plainly visible. 
Of course, this is not so important now for we have more 
modern tests which reveal pregnancy much earlier than 
this—the Ascheim-Zondek, requiring forty-eight hours, and 
the skin reaction of Falls, Freda, and Cohen, requiring only 
an hour. But the X-ray film still has its uses—in that often 
baffling condition known as false or phantom pregnancy, in 
those tragic cases where a woman has mistaken a tumor for 
pregnancy, and when twins are suspected, or hoped for. 

MEASURING THE PELVIS 

Some years ago we had at the hospital an accountant who 
married one of our nurses and set up in town in business 

87 
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for himself after leaving us. One day eighteen months or so 
later I found him and his wife in my office. 

"Good morning, doctor," cried Mr. Welton, springing up 
from his chair. "Have you a few minutes free? I ... we 
. . . that is . . . well, I wanted to . . ." 

"The fact is, doctor," broke in young Mrs. Welton, "I'm 
going to have a baby and Dr. Morrison and I have been 
telling Tom how you measure the pelvis. Not that I know 
much about it, but I do remember a little you said in your 
lectures when I was in training." 

"Thank you," I said. "Sometimes I think those lectures 
to the nurses are time completely wasted but you give me 
fresh hope." 

The girl smiled at me and for the thousandth time I 
reflected how much early pregnancy adds to the beauty 
of young women. Later their bodies may grow flabby and 
misshapen from childbearing but the early months of a first 
pregnancy only accentuate the bloom and radiance of nor­
mal maturity and add a sort of happy aura to biological 
fulfillment. 

But Mr. Welton was speaking again. "Of course I want 
everything done exactly right, you know that, doctor. But I 
never heard of the examination Louise is talking about. 
And besides someone told me that X rays are bad for . . . 
for the baby." 

"I think probably the person who said that meant X-ray 
treatment. We do avoid that during pregnancy—at least we 
avoid treatment over the pelvis and abdomen. But it's per­
fectly safe to make films. With modern apparatus the ex­
posures take only a few seconds." 

Welton looked relieved but there was still uncertainty in 
his voice when he asked, "And you can really measure the 
bones of the pelvis accurately?" 
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"Oh, yes. The error amounts to no more than a few 

millimeters. We've checked that over and over." 
"You see, Dr. Morrison was right," said young Mrs. 

Welton triumphantly. 
"But how do you do it?" 
Watching Welton's alert intelligent face, I felt my 

momentary annoyance disappear. Certainly I was busy, but 
who, after all, had a better right to my time and who a better 
right to ask that question? I leaned forward and cupped my 
hands together, in illustration. 

"The pelvis, Mr. Welton, is a sort of funnel. We need to 
know whether it is normal in shape and size and whether 
there is any disproportion between it and the child. Let me 
show you what I mean. It's really quite simple." 

I reached for the set of films I kept at hand for demon­
stration and set them up in the viewbox. The Weltons both 
gazed at them intently. 

"We make two exposures—one with the patient propped 
up on a table, halfway between sitting and lying, and the 
other from the side, with her standing up. To her body we 
fasten a metal ruler notched in centimeters, at the same 
distance from the film as the diameter of the pelvis we wish 
to measure. Then, whatever distortion there is will be pre­
cisely the same for the scale as for the bones of the pelvis 
and all we need do is to read off the centimeters on the 
ruler—so many from one side to the other, so many from 
front to back. Now, notice on these fdms ..." 

Mrs. Welton gave a smothered little laugh, and looking 
up, I saw that her husband was staring fixedly at the view-
box. 

"What are those funny looking streaks?" he demanded 
suddenly. 

"Those 'streaks,' as you call them, are the baby's bones." 
"The baby's bones!" he repeated after me. 
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"Yes. Here are the arms and legs, and this big round 
shadow lower down is the head." 

"There's only one of it." 
"There's only one baby. One head, two arms, two legs." 
Young Mrs. Welton laughed again. "Now, aren't you glad 

you came? You're learning something." And to me she 
added, "Tom is so curious. He's never as happy as when he's 
found out something new." 

Then Miss Randolph came in and the girl went out with 
her, looking back to smile at her husband. 

He watched her go and turned back to me quickly. His 
expression had changed; there was now a new question in 
his eyes. Knowing that he had something more on his mind, 
I waited as patiently as I could. 

Then suddenly he blurted out, "When you get these . . . 
these pictures, can you tell whether . . . if . . . well, you see, 
her sister had twins last year and ..." 

The laugh which had almost reached my lips was stifled 
there by the man's evident anxiety. 

Yes, Mr. 'Welton, we can tell you that too. As a matter 
of fact I d like to have you and your wife come in with Dr. 
Morrison in a day or two and look at her films. And, when 
it's all over, I'll make you a present of them." 

Of course things are not always as pleasant as this. Some­
times we find twins or triplets that are not welcome; some­
times we can see that the unborn infant is some sort of 
monster better never born alive; sometimes we find a dead 
fetus which must be removed if it is not expelled. But for 
the most part our pelvic measurements serve as guideposts to 
the attending physician; the misshapen and undersized 
pelvis is a common cause of difficult labor and injury to 
babies, and the obstetrician who is forewarned can do much 
to protect both mother and child. 
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TUBERCULOSIS DURING PREGNANCY 

Many people do not realize that most women who develop 
tuberculosis do so before they are thirty-five—that is, during 
the first two-thirds of the child-bearing period. Every pros­
pective mother should have her chest X-rayed early in her 
pregnancy to make sure that she does not have symptomless 
tuberculosis of the lungs. This is coming to be routine prac­
tice just as the Wasserman test for syphilis should be routine. 
In fact very few days pass at the hospital that one or two 
women do not come to my department to learn whether 
they have tuberculosis and to McDonald to find out whether 
they have syphilis. 

SYPHILIS IN THE NEWBORN 

But X-ray studies do not end with the mother. I am often 
asked to examine the newborn as well. 

Sometimes the results are tragicomic. I remember that 
Dr. Morrison, one of our best obstetricians, came into my 
department a few years ago, closed the door of my office 
behind him, and confronted me with worried eyes. 

"I'm in a jam," he said. "Will you help me out?" 
"I will if I can, Morrison. You know that." 
He sat down and leaned toward me confidentially. 
"It's the Watson girl—the one who married that barn­

storming aviator last year." 
I nodded. Everyone in town knew how the girl had come 

home alone and how her father had treated her ever since. 
"Old Henry—damn his eyes!—wanted to ship her away 

to have her baby, but the girl had more guts. She stayed 
right here. And if she'd only come to me sooner I could have 
prevented all this. But I never saw her until a month age." 
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Morrison hitched himself up in his chair and went on. 
I never had a better patient. We get along fine. But . . . 

Well, the fact is that the baby isn't doing well and I'm 
afraid I ve got a case of congenital syphilis on my hands. 

lave McDonald run a Wasserman on the youngster and 
old Henry finds it out, he'll raise hell and jump all over the 
girl again." r 

I shrugged my shoulders and Morrison smiled crookedly. 
Is ice mess for the prominent ultra-respectable, not to say 

snooty Watson family to have their only daughter deserted 
by a flyaway husband and their first grandchild a syphilitic! 
Of course I did all I could but I didn't get the girl early 
enough to prevent the child's being infected. I may be wrong 
about him, I suppose, but I don't think so. He's sniffling 
and he can t handle his food well." 

And what do you want me to do?" 

„ Wwi/f T1^ baby 'S SyphiHdc' 1 must sta" treatment at 
nee. at wanted to ask you is how accurately you can 

diagnose congenital syphilis by X ray." 
P7 "J"" °£ thC CaSCS Sh°W definite chanSes in the 

life/' S of ^eir arms and legs during the first weeks of 

meM^end^b * ̂  ̂  "°'K' That'S g°od enouSh for 

one will th" ^ 5°"ngSter down m the next day or so. No 
when you — -

Of Tncerefias" 2^in the' ?*"* ^ ̂  
periosteum Ar> • bones and thickening of the 

Td for -rr tchi,d -
PriL?,natu,e °f the 

> g ve the baby and his mother. 
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Is A BABY FULL-TERM? 

Occasionally ironic medicolegal quandaries arise in our 
best families. 

One busy morning a lawyer whom I knew by sight called 
me on the phone and made an appointment for the after­
noon. Promptly at four o'clock he appeared, accompanied 
by a woman in nurse's uniform who carried an infant I 
was sure must be less than a week old. I remember how 
obviously Miss Randolph's usually quiet face registered her 
disapproval of so young a child being carried about in pub­
lic, but the attorney paid no heed to her. 

"Can you determine by X-ray examination whether a 
baby is full-time or not?" was his blunt inquiry. 

"The degree of bone development indicates whether an 
infant is premature, provided he is examined within the 
first few days after birth," I answered stiffly, feeling my 
hackles rise as they always do when policemen and lawyers 
ask me questions. 

"Well, there's a damned good reason for wanting to know 
about this child. Suppose I explain a bit." 

Seldom have I seen anyone expand more visibly than this 
attorney did thirty minutes later when I showed him our 
films of the baby's long bones and pointed out that they 
were indubitably those of a full-term infant. 

"I had hardly dared hope for this," he exclaimed, rubbing 
his hands together. "You're sure about it, are you?" 

"Certainly," I said quickly. "All roentgenologists agree 
that these little centers of density in the lower ends of the 
femurs, where the cartilage has begun to turn into bone, are 
seen only in the full-term, mature fetus." 

A beatific expression spread swiftly over the lawyer's face. 
"Then this child is lucky. He'll inherit a cool half-million 

dollars. You see, he was born five days ago, six months jiili: r 
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his father was killed in a motor accident. The grandfather 
—I expect you can guess who he is, even though I've given 
no names—opposed his son's marriage and disliked the bride 
so much that he wrote into his will a provision that no off­
spring of the son's should inherit anything under that will 
if there was the least doubt about paternity. But if you can 
swear that this is a full-time baby, all three of us will get 
what's coming to us—you and me and the kid." 

ENLARGED THYMUS GLAND 

There are fads in medicine just as there are in clothes and 
slang. A few years ago it was the fashion to suspect all 
newborn infants of having an enlarged thymus and many 
young parents were frightened half out of their wits lest 
their babies should die suddenly from this condition. 

The thymus is a flat gland which lies just beneath the 
upper part of the breastbone. It is normally present and of 
considerable size at birth but shrinks gradually and by the 
age of thirteen or fourteen should have disappeared. 
Naturally if it is very large it can interfere with breathing 
because it lies just in front of the windpipe (trachea). Fur-
thermore we used to be taught in medical school that there 
was a mysterious condition—known as "status thymico­
lymphaticus in which, among other things, there was a 
large thymus and which frequently caused death following 
slight injuries or from no visible cause whatever. 

lor a considerable period it was the rule in many hos­
pitals to make routine X-ray films of all newborns in order 
to discover those with an enlarged thymus. I used often to 
see young fathers and mothers consumed with dread lest 
their babies should have this condition and die suddenly 
from it in their sleep. Now it is true that some infants do 
lave thymus glands which are large enough to obstruct their 



THE MATERNITY WARD 95 
breathing, but death from "status thymicolymphaticus" is 
no longer the dreaded specter it once was. It probably does 
occur now and then but certainly not nearly so often as we 
used to think. 

Fortunately both the examination and treatment of this 
condition are simple. We make films of the chest with the 
infant lying on his face and on his side, first in inspiration 
and then in expiration. Since the windpipe (trachea) is 
filled with air, we can see its shadow as it passes down from 
the neck into the thorax. If the thymus is large enough to 
flatten the trachea or to push it backward, this is readily 
seen on the films. Once the diagnosis is made, X-ray treat­
ment is given. The thymus is very sensitive to radiation and 
improvement is prompt, sometimes startlingly so. 

But the fact remains that many symptoms formerly at­
tributed to an enlarged thymus arise from entirely different 
causes and up-to-date obstetricians and children's special­
ists (pediatricians) do not now torture parents with the 
menace of sudden thymic death. 



CHAPTER X 

Some Basic Facts about Cancer 

THE power which radium has to destroy tissue was first 
discovered, we are told, by accident. The story is that, early 
in this century, Henri Becquerel, the famous physicist asso­
ciated with the Curies in their researches, carried a bit of 
radium in his pocket when he went to a scientific meeting 
in London and a few weeks later found an ulcerated sore on 
his skin underneath that pocket. Then Pierre Curie put 
radium on his arm in order to test Becquerel's observation 
and when he too developed an ulcer which was slow to 
heal, they concluded that radium would probably destroy 
cancer tissue as well as normal flesh. From this deduction 
stemmed the medical use of this strange new element. 

During the same period roentgenologists were learning 
hat exposure to X rays produced redding of the skin and 

losis nfT i°U8/i 1 ab°Ut marked imProvement in tubercu-
manJtb Snm ( PUS)' ThCy accordinS1y went on to attack 
many other diseases, including cancer, with the same sort of 
enthusiasm that medical men in the W .• Wvp cr r , mcn 111 tlie las* six or seven years 
have shown for the sulfonamide drugs. 
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CAUSE OF CANCER 

No one now (1943) knows the real underlying cause of 
cancer. But we do know several of the contributing causes. 

Mouth cancer, for example, often appears in areas which 
have been irritated for a long while by rough teeth, by 
poorly fitted dental plates, or by the hot smoke from a 
rapidly smoked pipe. Then too the weatherbeaten skin of 
persons much exposed to sun and wind is subject to cancer, 
and a certain proportion (probably not over 10 percent) of 
stomach ulcers eventually undergo malignant change. 

It is also well known that chronic infection superimposed 
upon irritation often precedes cancer. Thus, the mouth of 
the uterus (cervix), usually torn at childbirth and often the 
site of prolonged low-grade infection afterward, is also 
one of the commonest sites of cancer in women. 

Recently we have come to believe that some of the in­
ternal secretions, notably those of the reproductive glands 
(testicles and ovaries), influence the development of cancer 
in related organs. Certainly X-raying the ovaries and thus 
inhibiting their function retards the progress of cancer of 
the breast and castration restrains the growth of cancer 
of the prostate. 

We also know that cancer is not caused by germs, as 
infectious diseases are, and that it is not contagious. No 
one ever "caught" cancer from anyone, not even from a 
cancer patient. Neither is cancer produced by eating food 
stored in electric refrigerators or cooked in aluminum pans, 
or by any diet however absurd, or by any degree of fear or 
anxiety or fatigue. 

One very important thing about cancer is that it runs 
in families. Much study has been done on heredity in this 
disease. Maude Slye of the University of Chicago began 
working on this problem in 1908; in her laboratory are 



98 THESE MYSTERIOUS RAYS 

housed thousands o£ cancerous mice and their descendants 
and thousands o£ healthy mice whom she has made immune 
to cancer by breeding. Her observations and records cover 
more than one hundred generations of these animals—the 
equivalent of three thousand years' observation of human 
beings. 

Her findings indicate that susceptibility to cancer is in­
herited as a "recessive characteristic," while resistance to 
cancer is a "dominant characteristic." Translated out of the 
jargon of the pathologist this means that, if a susceptible 
and a resistant individual mate, most of their offspring will 
be immune to cancer although they will be capable of trans­
mitting to their descendants the susceptibility which re­
mained latent in them. If, on the other hand, two cancer-
resistant individuals mate, their offspring will not only be 
immune themselves but will pass on to their descendants 
the immune factor in their makeup. 

By following these principles she has developed strains of 
mice in whom cancer appears in the vast majority of cases 
at the time and in the places which she foretells. She believes 
that heredity largely determines whether an animal will 
have cancer, and when and where. In her opinion equal 
care in human reproduction would develop men and women 
immune to malignancy. 

In 1931 the Norwegian Medical Society published the 
most complete report ever compiled on the incidence of 
human cancer. It covered six thousand patients traced for 
twenty years or more. This study indicated that cancer 
occurs oftener among the brothers and sisters of cancer 
patients than among the general population, that there is 
more cancer among persons one or both of whose parents 
had the disease than among the unselected rank-and-file, and 
that there is a tendency for cancer of certain organs to recur 
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in successive generations of the same family. These observa­
tions tally with those of Maude Slye in the United States. 

However, restriction on human marriage, in the hope of 
controlling cancer, seems a distant hope. And certainly none 
of this explains why a stomach that has always taken care 
of meat and potatoes and cabbage and beer without a mur­
mur should suddenly develop a cancer which will ultimately 
spread into the liver and lymph glands and result in death. 
Our knowledge of this disease is still only a narrow margin 
along the border of a great unknown. 

Is CANCER INCREASING? 

To this question, frequently asked, we can answer yes 
with some qualifications. 

Certainly we recognize cancer more often today than we 
did forty years ago. This is partly because we know more 
about the disease and have better means of discovering it 
than in 1902 and partly because cancer most frequently at­
tacks persons over the age of forty and our population now 
has a larger proportion of middle-aged and elderly people 
than it had a generation ago. 

It may be that this ancient scourge has periods of preva­
lence and periods of greater rarity. It may be that heredity 
has increased the number of us who are susceptible to can­
cer, and perhaps our habits of living and eating predispose 
to its development. On all these points we must admit un­
certainty. But the fact remains that today cancer is one of 
the major hazards of middle and later life. 

One reason for this is that it gives so little warning of its 
onset; there are no really characteristic symptoms of early 
cancer in internal organs. Malignant growths are not sore, 
they are not usually painful until well advanced and some-
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times not even then. Unless they appear on the skin or in 
the mouth where they can be seen, in the breast where they 
can be felt, or in the uterus or bladder or rectum where they 
produce a bloody discharge, they are ordinarily not sus­
pected for a long time. In the absence of pain, we are all 
prone to find an easy explanation for apparently trivial 
departures from normal. 

for thls very reason the experiment now going on at the 
Woman s Medical College in Philadelphia is interesting and 
important. A group of women are voluntarily undergoing 
regular, periodical examination for the express purpose of 

n ing cancer in its incipient stage when treatment offers 
good prospect of cure. Already a few cases have been found 
in apparently healthy persons, but the final results will not 
be known for a good many years. 

reme ^ me'dndmC theTe are tw° things everyone should 
remember about cancer: (i) if diagnosed early and treated 
ski!lfully n can be cured permanently) and ,f 
methods are used recovery is impossible. 

WHAT CANCER DOES TO THE BODY 
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stops. Fortunately the breakdown is often temporary and 
fortunately too we are all built with a wide margin of safety. 
A man can lose a lung or a kidney or a good many feet of 
intestine or half his stomach and still enjoy good health. 
But when cancer appears, bodily co-ordination is over. 

Somewhere a rebel cell has defied the regulations concern­
ing growth and multiplication and set out to become bigger 
and better than any of its neighbors. Such cells never know 
when to stop. They spread through the organ in which they 
originate, they invade near-by lymph nodes, they find their 
way into the blood and are borne far and wide by it, they 
migrate through the lymph vessels more slowly but just as 
surely. In many cases they eventually work their way into 
the bone marrow and interfere with that most important 
function—the making of blood cells—so that severe anemia 
develops. 

All these growing cells demand food and so the body calls 
on its savings deposits—the fat stored here and there against 
a day of need. But the fat is soon used up and the patient 
begins to lose weight and strength as he absorbs the poison­
ous material secreted by the growing tumor. Each organ 
separately does its best to carry on, but without co-ordina­
tion none of them can accomplish much. And the less each 
of them heeds the needs of the body as a whole, the worse 
conditions become. The body was not intended for anarchy, 
and when anarchy appears death is not far behind. 

QUACK CURES FOR CANCER 

There are, I am ashamed to admit, a good many quacks 
in the United States who claim to cure cancer "painlessly 
and without the knife." "Satisfaction or your money back" 
is a phrase which recurs over and over in their advertising. 
Most of them use arsenic paste. Just why people should 
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dread the knife" and trust arsenic paste is beyond me. 
Arsenic cannot discriminate between healthy tissue and 
tumor tissue; it simply eats away whatever lies in its path. 
Occasionally, by accident, it may destroy all of the growth, 
but so might a blind surgeon now and then, by accident, 
remove a tumor in toto. And who would employ a blind 
surgeon? 

Only by noting the length of time the patient lives after 
completing treatment can one guess how much cancer the 
aisenic paste left behind. Of all the hoaxes perpetrated on 
the American people in the name of freedom to choose their 
own physician and method of treatment, the cancer cure 
racket is the cruelest. No one knows this quite so well as 
those of us to whom the disfigured, dying victims come for 
help during their last days of life. 

PROVED METHODS OF TREATING CANCER 

Today we have three methods of treating cancer which 
have proved their curative power, another which is some­
times useful as an adjuvant, and several in the experimental 
stage which promise well for the future. 

The three of definite proved value are surgery, radium 
and X rays. When one writes down that short list he has 
named e\erything of established worth in cancer treatment 
today. But with these three we could cure half or more of 
the victims of cancer if we could only get them under treat­
ment early. Even when the tumor has begun to spread the 
case is far from hopeless; metastasis (spread) is often slow 
and can sometimes be stopped. This is not easy, to be sure; 
it emands a skillful physician and a courageous intelligent 
patient. But it can be done. 

I shall never forget how I first learned this. Word came to 
us of the death of a woman on whom an autopsy was to be 
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done because she had been treated five years before for 
advanced pelvic cancer. Everyone took for granted that the 
post-mortem would show recurrence of the growth. But a 
painstaking search revealed not the slightest trace of cancer. 
The patient had died from a hemorrhage in the brain, the 
result of sclerosis of her arteries. 

RADIATION IN CANCER 

Radiation treatment of cancer is a development of the 
last fifty years. How it produces cures is still not understood 
but we do know what happens when a cancer is attacked 
with X rays or radium. During the last fifteen or sixteen 
years a number of moving pictures have been made of the 
reactions of tumor cells under the impact of such radiation. 

These films, made under the microscope, are most spec­
tacular. First, one sees great numbers of cells flashing across 
the field of vision at high speed. Here and there one of 
them is dividing into two daughter-cells which share and 
share alike the nucleus of the parent-cell; this is the mech­
anism of heredity which makes cancer cells and mice and 
men what they are. The outstanding characteristics of these 
tumor cells are their incessant darting motion and their 
rapid multiplication. 

But after a few hours' radiation all this is changed. The 
cells which once dashed about so rapidly slow down; they 
move more and more sluggishly, they divide slowly if at 
all. Finally, after further exposure, every single cell be­
comes motionless—frozen fast, as it were, in its own tracks. 
Not only does motion cease, but division and reproduction 
also end. Their life processes thus brought to a standstill, 
the cells themselves liquefy and are soon carried off the 
field. 

This is what happens when we treat a tumor with ra-
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dium or X rays. This is why it shrinks and gradually dis­
appears. 

SURGERY AND CANCER 

Any cancer which is localized can be completely cured by 
operation. This is the best reason for early surgery. In 1942 
the Mayo Clinic reported that between 1907 and 1938, 
10,980 patients were operated on for cancer of the stomach 
at the clinic. Twenty-four percent of the entire number 
recovered completely, but sixty percent of those who came 
to surgery early were cured. 

As the disease spreads, the task becomes harder. Not only 
must the parent tumor be removed completely but all the 
metastases as well. If these are confined to the near-by lymph 
glands the operation still has a good chance for success, but 
m many cases it is impossible to excise all the daughter-
cancels without doing irreparable damage to vital structures. 
In these patients, a combination of surgery and radiation 
(with X rays or radium or both) must then be used. 

LEAD IN CANCER 

Lead is sometimes used as an aid in the treatment of 
cancer. It is injected into the blood stream and acts upon 

e circulation in the tumor in such a way as to cause degen-
' tl°n ^le grotvth. A few years ago we hoped for a good 

deal from this type of therapy but recently it has dropped 
more or less out of sight. 

EXPERIMENTAL METHODS 

Two new methods of attacking cancer, both still in the 
experimental stage, promise well for the future. One of these 
met o s consists in giving the patient a substance which 
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has been made artificially and temporarily radioactive in 
the laboratory; as long as this material is in the body it gives 
off the same rays as radium to the tissues with which it 
comes in contact. For instance, a number of persons suf­
fering from leukemia and polycythemia (diseases of the 
cancer family which involve the blood and the bone mar­
row) have been given radio-phosphorus; the bones absorb 
much of the phosphorus compound and, during its period 
of radioactivity, the bone marrow is therefore heavily irradi­
ated by it. These patients have improved to about the same 
degree as those treated with X rays, but no one suffering 
from either of these conditions has ever been cured with 
any form of therapy. We expect, however, that research 
along this line will give us an effective method of irradiation 
which will be much cheaper than any type of radium treat­
ment now in use. 

The second important new way of attacking cancer is with 
neutrons. The neutron is an atomic particle having the same 
mass as the nucleus of the hydrogen atom but carrying no 
electric charge. Neutrons are made by that famous machine, 
the cyclotron, well known to magazine and newspaper read­
ers by reason of the publicity given to the installation at 
the University of California. These atomic bullets stream 
out from a tube directly into the tumor in much the same 
way as X rays. There is no pain or discomfort connected 
with the treatment. 

A good many patients with far advanced cancer, on whom 
surgery was impossible, have been treated with neutrons; 
the results have been promising although no complete cures 
have been made. But relief from pain and general sympto­
matic improvement are the rule. It is significant, we think, 
that neutrons seem to benefit particularly patients with 
cancer of the mouth, throat, and prostate—all types difficult 
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to treat by ordinary methods—and those whose disease has 
already spread into the lymph glands. 

We have at hand today, therefore, quite an armamen­
tarium available for the attack on cancer: surgery, X rays, 
radium, lead, artificially radioactive materials, and neutrons. 
Skillfully employed they offer cure to many and relief to 
almost all cancer patients. The quack has nothing that can 
be compared with them. And, as surely as day follows night, 
we shall have something tomorrow better than anything 
we know today. 



CHAPTER XI 

Some Experiences with X Rays and Radium 

WHEN I began studying X rays and radium, the radiologist 
seldom saw cancer patients except those who were consid­
ered hopeless or had developed recurrences after operation; 
his job in those days was to relieve their suffering if possible 
and to take them off the surgeons' hands. But as our knowl­
edge has increased and our apparatus and methods have 
improved, the number of patients we see and the variety of 
conditions we treat have multiplied. Indeed radiation is 
now used not only for cancer but for many nonmalignant 
conditions also. 

CHOOSING THE METHOD OF TREATMENT 

People often ask whether cancer should be treated with 
surgery, X rays, or radium. That question cannot be an­
swered categorically; too much depends on circumstances. 

Suppose, for instance, that there is in your community 
an excellent surgeon but no equally competent radiologist; 
then, in most cases, operation will give the patient a better 
chance than radiatiton. If conditions are reversed, radiation 
might be preferable most of the time. 

Often the combination of surgery and radiation will ac­
complish far more than either alone. Twenty years ago very 
few surgeons knew anything about radium and X rays and 
few radiologists knew anything about surgery, and each 
was more or less contemptuous of the other. But today there 
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are more and more teams of surgeon and radiologist work­
ing together, supplementing each other. Having wasted 
much breath arguing the relative merits of surgery and 
radiation in the treatment of cancer, we are at last finding 
that co-operation will do much where argument did 
nothing. 

Among medical men there is now fairly general agree­
ment that certain types of cancer are best attacked primarily 
by surgery, others primarily by radiation, and still others 
by combined methods. 

In the group ordinarily best treated by the surgeon fall 
the following: 

Cancer of the stomach and intestine, including the 
large bowel. 
Cancer of the esophagus (tube leading from throat to 
stomach). 
Cancer of the pancreas (digestive gland near stomach). 
Cancer of gall bladder and bile passages. 
Cancer of kidney, bladder, and prostate. 

In the group usually best attacked with radiation are the 
following: 

Cancer of the skin (which seldom appears except on 
the face and neck). 
Cancer of the lip. 
Cancer of the pharynx (upper throat). 
Cancer of the cervix of the uterus (outlet). 
Lymphosarcoma and Hodgkin's disease (malignant tu­
mors of the lymphoid tissues). 
Multiple myeloma (a malignant tumor of bone). 
Round-cell sarcoma (malignant tumor arising from con­
nective tissue cells). 
Ewing s tumor (another malignant tumor of bone). 

Generally speaking, the medical profession believes that 
many malignancies are best treated with a combination of 
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surgery and irradiation. Among these are the following: 
Cancer of the mouth and jaw. 
Cancer of the breast. 
Cancer of the thyroid gland. 
Cancer of the ovary. 
Sarcoma of bone. 

However we must all remember that these groupings are 
not rigid but constantly changing, that no hard and fast 
rules can be laid down for individual patients or tumors. 
Each case must be studied on its own merits and treatment 
planned accordingly. Doctors treat the patient, not the 
disease. 

Furthermore, new developments of technique and new 
discoveries may at any moment make all such tabulations 
as these ridiculous and untenable. 

CANCER OF THE BREAST 

This is one of the commonest and most dangerous of 
malignant tumors. In 1920 the reported deaths from cancer 
of the breast in the United States numbered 6,665; in 1929, 
10,204; in tQSS, 13,000; in 1941, 15,488. The length of the 
entire illness averages between three and four years. 

Although cancer of the breast is an old well-known dis­
ease, not until 1894 was a surgical operation devised which 
gave any real hope of cure. Even then, nearly one-fourth 
of all patients operated on died because of surgical reaction 
and only about 5 per cent lived as long as three years. But 
since the ninety's surgical technique has improved so much 
that the radical operation for breast cancer now has a direct 
risk very little greater than that of appendectomy, while 
from 23 per cent to 70 per cent of the patients show at 
least five-year cures—i.e. live for five years without evidence 
of recurring disease. 
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By combining surgery and radiation, even better results 
can be obtained, especially in cases where spread has oc­
curred into the lymph glands in the armpit (axilla) or above 
and below the collarbone (clavicle). Some doctors report 
that over half their patients with such extension are alive 
and well five years after treatment by the combined method. 

Sometimes it is best to give radiation after the operation, 
sometimes it should be given both before and after. When 
the disease has begun to spread over the body (metastasize), 
radiation is usually indicated both before and after surgery. 

Cancer of the breast in young women is not infrequent; 
it is also extremely dangerous, particularly during preg­
nancy. It grows rapidly and metastasizes quickly. Preoper­
ative and postoperative radiation should therefore be given. 
Furthermore, most doctors believe that the patient has a 
better outlook if her ovaries are irradiated at the same time; 
it is definitely known that the secretion of the ovaries stimu­
lates the growth of breast tumors. Unless these cases are to 
go on to an early death, prompt vigorous treatment—both 
radiological and operative—is imperative. 

In older women cancer of the breast sometimes remains 
localized for a long time and one may be able to get unbe­
lievably good results with radiation alone. I remember my 
first experience of this sort as vividly as though it had 
happened yesterday. 

MRS. BAKER SURPRISES US 

One day an elderly couple, poorly dressed and ill at ease, 
came into my office with a note from the physician in the 
small town where they lived. The note read in part: "Ask 
Mrs. Baker to show you her breast and be prepared for 
a shock." 

Mrs. Baker was a thin gaunt woman who looked more 
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than her sixty-two years; her face was weatherbeaten, her 
hands brown, and her fingers bent. Her eyes were bright 
with anxiety. With manifest uneasiness she permitted her­
self to be led away to a dressing room by Miss Randolph. 

"Pa," she said from the doorway, "don't you go away now." 
Mr. Baker shook his head in the promise she desired and 

flung one thin leg over the other as he turned to face me. 
"I been after her to go to a doctor for more than two 

years now," he explained. "But she was afraid. She never 
was much for cuttin'. She never paid no heed till last week. 
Then the doctor scared her pretty bad. He said if we didn't 
do something right now it was goin' to be too late. And he 
give us that note to fetch to you. But he's kind of young 
and I expect he exaggerated some." 

There was almost a question mark in the man s face on 
the last sentence. Hurriedly I turned aside to read and sign 
some of the reports lying on my desk. How could I answer 
him when I had not yet examined his wife? Why had she 
waited while cancer devoured her flesh? "Not much for 
cuttin'." How often I had heard that remark or something 
very like it. "Not much for cuttin"! And so, by waiting, 
they doomed themselves. I told myself that it was not my 
fault that there were foolish people in the world, and yet my 
annoyance was shot through with pity when I cast a glance 
at Mr. Baker's worried face, his gnarled brown hands, his 
shabby trousers. 

When Miss Randolph came to say that the patient was 
ready, the old man sprang up with an agility that surprised 
me. "Can I go along?" he asked. Something in his voice told 
me that romance might have died but love had not. 

Timidly Mrs. Baker opened her examining wrapper. 
There, on one side of her chest, in place of the breast was 
an open ulcerated mass as large as my fist from which ran 3 
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little trickle of thin bloody fluid. I put out a hand, hesi­
tated a moment. 

"I guess it's pretty bad, ain't it?" said Mrs. Baker, glanc­
ing nervously at Miss Randolph, whose expression of dismay 
was unmistakable. 

Hastily I changed my intended reply. Reaching for a 
gauze sponge, I said casually, "Oh, I've seen worse. Now, if 
you'll raise your arm, please ..." 

But to my surprise I could feel only one or two small 
hard lymph glands in the armpit and none in the vicinity of 
the collarbone. In order to rule out some rare disease simu­
lating cancer I called in McDonald who snipped out a bit 
of the mass for study under the microscope. He reported 
that so far as structure went it was ordinary cancer—ordi­
nary cancer behaving in an extraordinary way. 

"I noticed it three years ago," said Mrs. Baker. "But I 
didn't think much about it. It didn't hurt nor bother me 
none till lately when it began to run this way. I didn't 
like that." 

I was not surprised to hear this. Shabby as her clothes 
were, they were spotlessly clean; her hair was combed neatly, 
her skin was clean. And, bit by bit, she was regaining her 
composure. I thought I knew what was going through her 
mind; she had faced life for a long time and she could go on 
facing whatever life brought her, even though that were 
death. 

"Do you reckon an operation will be necessary?" asked 
her husband when I straightened up at last and tucked the 
examining wrapper together again. 

"Now, Pa," said Mrs. Baker, "ain't I told you I won't have 
no cuttin'?" She stood up and looked at me inquiringly. 
"You think maybe X rays would heal it up?" 

I did not think so. I considered her doomed. But I did 
not tell her so, or her husband. Instead I took her down 
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to the treatment room, made my measurements and calcula­
tions, and then and there gave her her first dose of X rays. 

I remember how her rapid improvement amazed us all. 
First the ulcerating mass became dry, then it began to 
shrink. Mrs. Baker gained a few pounds, lost her worried 
look, even began to make little jokes with Miss Randolph 
about her former dread of doctors. I had McDonald see her 
again and enjoyed the astonishment in his face when he 
examined her. 

"This woman has no business being alive and here she's 
getting well," he exclaimed when we talked the situation 
over afterward. 

And she did get well. The tumor disappeared, the skin 
healed over, and Mrs. Baker went her accustomed way until 
three years later when she died suddenly of a stroke (cer­
ebral hemorrhage). That taught me to beware even of my 
own opinions. 

TAKE NOTHING FOR GRANTED 

It is never wise for a doctor to be too sure of anything. 
Shortly after McDonald came to this hospital I had proof 
of that. 

I was in his laboratory one afternoon when he said to me, 
"Look here. I want to show you something." 

The "something" was a piece of tissue the size of an egg. 
"This mass was taken out of a woman's breast last week, 

right here in this institution, mind you. But I was not asked 
to make a frozen section of it, I wasn't even in the surgery 
when the operation was done. The interne tells me that 
Dr. Sidney said there was just this isolated, freely movable 
tumor which he was sure was only a cyst, and according to 
the chart no lymph glands could be felt in the armpit or 

m around the clavicle. Now the question is: What am I going 
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to do about it? I just called Sidney to tell him that my 
routine sections show carcinoma and he was politely in­
credulous. I know he doesn't believe it. And how am I to 
make him do the right thing by his patient?" 

There was nothing I knew of that McDonald could do; 
both he and I are merely employees of the hospital and 
Sidney was and still is one of the older major surgeons on 
the staff—a man who prides himself on his clinical ability 
and is inclined to criticize the younger doctors for depend­
ing too much on laboratory and X-ray examinations. 

But three months later the matter was taken out of all 
our hands. Dr. Sidney came in one morning, bringing the 
patient with him. She had turned up in his office the day 
before with a crop of small nodules below her collarbone 
(clavicle), in her armpit (axilla), and along the base of her 
neck. In spite of all we could do, in another ninety days 
she was dead. Soon afterward, at the suggestion of the chast­
ened Sidney himself, the hospital staff made a ruling that in 
all cases where cancer was a possibility the pathologist was 
to be on hand and make and report on frozen sections of 
the tissue removed, before the incision was closed. With 
that action, which closed one more avenue toward tragedy, 
McDonald felt himself fortified for the future. 

A HUSBAND MAKES COMPLICATIONS 
U e exPect patients to be a problem but sometimes their 

relatives are worse. I remember a physician for whom I once 
woi ked saying that he would rather see a man enter his 
sanatorium with tuberculosis of every organ in his body 
rather than come bringing his wife and family with him. 
I do not usually feel that strongly about relatives but some­
times I am close to it. 

Di. Douglas, a year or so ago, had a middle-aged woman 
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PLATE 2. This is an X-ray photograph of a lung that has been removed from 
the body. Much of the lung tissue, however, still contains air. The small dense 
spots are areas of tuberculous infection which have healed and in which the blood 
has slowly deposited calcium (lime salts) in order to make the healing solid and 
permanent. These calcified areas are hard and rocklike. 

ig§! 

I LA IT. 3. I his X-ray film of a child's chest shows healed tuberculosis in the upper 
right lung. Notice the small, dense, round spot; this is a calcified area like those 
shown in the picture of the excised lung. Around it are strands of scar tissue 
where healing occurred without the deposit of calcium (lime salts). Unless it is 
exceptionally heavy, tuberculous infection in children beyond infancy tends to heal 
in this way. ' 

•f 



PLATE 4. This X-ray photograph of a chest shows active tuberculosis of the lungs 
of the ordinary type. The cloudy, mottled areas in the upper part of each lung 
show where the infection is. Contrast them with the comparatively clear appeal-
ance of the lower part of each lung. The disease is more advanced, and probably 
older, on the left side than on the right. In spite of all this tuberculosis, the pa­
tient—a young man in his twenties—had almost 110 cough and few other symptoms, 
at the time when this examination was made. That is why X-ray examination of 
the chest is so important in discovering tuberculosis of the lungs. 

PLATE 5. This X-rav film was made of a young woman s chest one week befo 
she died. She had been ill for three months but had no symptoms to direct atten 
tion to her lungs. Notice the tiny spots of uniform size evenly (hstnlmtedthrough-
out both lungs. This condition was a diffuse tuberculosis disseminated by he. 
blood stream. The diagnosis in this case was proved by post-mortem exa 1 



PLATE 6. This is the side view of the chest of a patient who had a cancer devel­
oping inside his thorax. The large dark shadow toward the back of the chest was 
caused by fluid forming between the lung and the chest wall as a result of the 
tumor. In front of it you see a clear zone; this is air-filled lung next to the front 
wall of the chest. 

LATE 7. This chest film shows what fluid accumulated between the lung and 
the chest wall looks like. Notice the clear left lung and the opacity which conceals 
all detail in the right lung. Fluid forms in this way in several conditions, among 
them tuberculosis, pneumonia, and cancer of the luns. In this case post mortem 
showed cancer. 



PLATE 8. This chest film was made a few weeks before the patient died of cancer 
of the thyroid gland. Notice the irregular, scattered areas of cloudiness in each 
lower lung. These are daughter cancers (metastases), spread through the blood 
and lymph from the parent tumor in the thyroid. This diagnosis was proved by 
post-mortem examination. 

PLATE 9. Notice the cloudy areas scattered throughout both lungs. I his is a c 1 
fuse bronchopneumonia. Also notice how high the right diaphragm is, in pneu­
monia the diaphragms are often elevated and immobilized because of an accom­
panying pleurisy. Post-mortem examination of this patient showed that her pneu­
monia was caused by the germ called Friedlander's bacillus. 



PLATE 10. This is an X-ray pho­
tograph of a small child's legs. 
Notice how the bones above and 
below the knees are curved and 
misshapen. This child has both 
knock-knees and bowlegs as the 
result of rickets. The deformi­
ties will be permanent. 

PLATE I t. This baby has scurvy. 
There is atrophy of the bone 
(unusual transparency, due to 
lower calcium content than nor­
mal). The ends of the bones 
are widened and somewhat de­
formed. Along the right thigh­
bone (femur) there has been a 
hemorrhage beneath the perios­
teum (the membrane which sur­
rounds the bone). 



PLATE 12. This baby was born 
with syphilis. Notice the layers 
of elevated periosteum (the 
membrane around the bone) 
along the thighbone (femur) and 
along the bones below the knee. 
The upper end of the tibia 
(shinbone) is swollen. These 
changes in the long bones are 
characteristic of congenital syph­
ilis in infants. 

PLATE 13. This patient—a lad 
in his teens—had a nontubercu-
lous infection of the lower end 
of his thighbone (femur). The 
bone broke at the site of the in­
fection. Notice how the shaft of 
the bone has been displaced and 
how the lower end of the shaft 
lies farther forward than the 
knee. The large mass in the soft 
tissues of the thigh, behind the 
bone, is the abscess which formed 
there as the result of the infec­
tion in the femur (osteomyelitis). 



PLATE 14. This X-ray photograph of a knee shows what a malignant tumor 
(sarcoma) of bone looks like. The growth started in the upper end of one of the 
bones (tibia) near the knee. This bone has enlarged but inside it you can see 
patches of transparency where bone tissue is being replaced by invading tumor 
cells. The patient died when the cancer finally spread (metastasized) into her lungs. 

PLATE 15. Notice the transparent spots scattered throughout the bones of the 
pelvis. They mark the areas where hard normal bone has been replaced by cancer 
tissue. The parent tumor in this case was in the breast. After the bones were 
invaded the patient suffered severe pain, but we were able to give her relief with 
X-ray treatment so that, when this film was made, she could walk with very little 
discomfort in spite of the widespread involvement of her skeleton (spine, pelvis, 
neck, shoulders). 



PLATE .6. This is a series of four films made in rapid succession , They *show the 
lower end of a normal stomach and the first portion of a "°™aI of 
(duodenum). The triangular shadow at the top of the P,c'u1^ logk liUe 
the duodenum, called by X-ray men the "cap because it is supposed 
a bishop's headgear. Below it you can see a thin s e-mail The remainder 
way between the stomach and the duodenum ( e p) , ' aiong its borders 
of the dense shadow is the barium-filled stomach. The ' thes a o g ts horcter. 
are waves of contraction in the muscles of the stomach wall (peristals ). 



PLATE 17. Certain types of stomach cancer produce an irregular mass growing out 
into the cavity of the stomach. When the patient drinks a barium mixture, the 
barium tends to stick in the cracks and crevices of the growth. Here is the X-ray 
photograph of such a cancer. I squeezed out most of the barium by pressure before 
making the film but some stuck behind on the surface of the tumor. The diagnosis 
in this case was confirmed at operation. 

1 LATE 18. An ulcer eats a little hole into the wall of the stomach (or duodenum, 
as the case may be), and the muscular tissue in the vicinity of the ulcer is in 
spasmodic contraction most of the time. This causes the margin of the stomach 
(or duodenum), as we see it on the X-ray screen or film, to he irregular. This pic­
ture shows such irregularity due to ulcer in the first portion of the small intestine 
(duodenum). r 



PLATE iq Large stomach ulcers may eat such hig niches into the wall ot that 
organ that, after the patient takes a barium meal, a considerable quantity ot 
barium works its way into the pocket of the ulcer. This X-ray photograph shows 
barium collected in such an ulcer pocket projecting beyond the margin ot the 
stomach itself. 

PLATE 20. An ulcer at the gateway between the stomach and the small intestine 
(the pylorus) usually causes spasmodic contraction of the muscle which forms the 
pylorus. Then food stays in the stomach longer than normal. Here, six hours after 
the patient took his barium meal, it is all still in the stomach whereas it should 
by this time have been in the lower part of the small bowel. Operation showed an 
old ulcer at the pylorus, with almost complete obstruction of the passageway by 
scar tissue. 



ITVIK 21. This man had a tuinor arising in lymph glands in the back of his 
abdomen, near the spine. 1 his tumor, pressing forward as it grew, finally caused 
an obstruction of the small intestine a short distance beyond the stomach. Here, 
fi\e hours after he took a barium meal, we see a considerable residue in the 
stomach and a pocket of barium in the duodenum (first portion of the small 
intestine). Lower in the abdomen there is barium scattered through the coils of the 
lower small bowel (ileum). At this time the stomach should have been entirely 
empty, but pressure from the tumor prevented normal emptying. 

I'LATE 22. rhis patient had hemorrhoids. Before operating on her the surgeon 
asked for a barium enema. Watching on the fluoroscopic screen as the barium mix­
ture flowed into the bowel, we noticed a little delay a short distance above the 
rectum. This picture shows the appearance of this part of the intestine, well filled 
with barium except for a gap of about two inches. Operation a few days later 
showed a very early cancer. It was removed, the patient recovered and has 
remained well. 



PLATE 23. This X-ray photograph shows several large stones in the kidney. Notice 
how the spine is bowed to one side. We often sec such cur\ing of the vertebral 
column in kidney infections and kidney stones; it is caused by muscle spasm in 
reaction to the disease and not to anything actually wrong with the bones of the 
spine. This patient, in addition to these stones, had a long-standing infection of 
the kidney. 
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PLATE 27. Here is a mobile X-ray unit being used to X-ray a welded joint. It was 
machinery like this which was employed to examine the welds at Boulder Dam. 
It is machinery like this which is now X-raying boilers for the Navy and weldings 
for Victory ships and airplanes. (Photograph, courtesy of the General Electric 
Xray Corporation.) 

PLATE 28. In a day of tire shortage X rays can help you make your old tires 
last longer by locating hidden defects in their walls. Somewhere off-stage the owner 
of this car is undoubtedly pacing the garage floor in a fever of excitement. "Will 
it be a patch or a re-cap.*'' (Photograph, courtesy of the General Electric Xray 
Corporation.) 
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in for breast cancer. He did a nice operation and we gave 
her heavy radiation, but the tumor had begun to spread 
before this and now there was no stopping it. A few months 
later Douglas had me re-examine the patient because of 
severe pain in her lower back. My films showed what I 
expected—extensive invasion of the bones of spine and pel­
vis by cancer. 

As time went on other bones became involved, and 
finally she had scattered areas of destruction in her skull, 
her neck, her ribs, many of her vertebrae, her pelvis, and 
even her arms and legs. Fortunately she was one of the 
persons who get relief of pain from X-ray treatment, but 
unfortunately she had a husband who could not face facts 
and would not allow anyone to tell his wife what was wrong. 

Her own diagnosis was arthritis and as soon as the radia­
tion freed her from pain she insisted on getting up and 
going about her housework. With so many bones involved 
I knew it was only a matter of time until they would begin 
to break under the stress of all her activity, but her husband 
would not allow me to warn her of this possibility. The 
result was that one morning when she started to get out of 
bed she broke her hip, and shortly afterward the other also. 

Thereafter her course was rapidly downward and, so far 
as I know, she died still thinking she had arthritis. Through­
out the whole affair her husband remained stubbornly un­
convinced that these fractures and much of her subsequent 
suffering could have been avoided by telling her the truth 
and persuading her to avoid overactivity. 

THE UNEXPECTED HAPPENS 

Sometimes the things we are able to do for people give 
us great satisfaction. 

A few years ago Miss Randolph told me, when I re-
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turned to the department after lunch, that a man had just 
called up to ask for an evening appointment. 

I explained that you saw only emergency cases at night, 
but he seemed so upset I thought perhaps I'd better speak 
to you about it." 

When I spoke to him I too caught the inflection of dis­
tress m Mr. Pierce's voice and so I told him to meet me 
at the hospital the next evening at eight o'clock. 

He turned out to be a tall gray-haired large-framed man 
in his middle sixties, who gave the impression of having lost 
a great deal of weight rather recently. He apologized for 
asking me to see him after hours. 

\ou see, doctor, I'm a mail carrier and I work till six 
o clock every day except Sunday." 

But again there was something in the way he spoke which 
to me thei e was more than that behind the evening ap-

had begun to canvass the possibilities. (Any doctor worth his 
salt begins to tabulate his observations the instant he sees 

•, a patient; there is often as much to be learned in this way 
PC in anu \ 1 

Mr. Pierce fumbled in his pocket and handed me a folded 

Benson ^ ^ * preSCriPtion blank siSned by Dr. 

pomtment. Meanwhile I had noticed 
below the collar of his shirt when his 

a mass bulging out 
coat fell open, and 

as in any other.) 
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The patient told a familiar story. "I've been going down­
hill for maybe six months. Haven't had pep enough to do 
anything when I got home from work or go anywhere in 
the evenings. But I didn't think much of it until I had to 
get bigger shirts. I always wore a fifteen and now I have to 
have a seventeen on account of these things in my neck. 
But the funny thing was that I lost weight while I was get­
ting these lumps. Of course they came 011 sort of gradual, 
but here lately, they've been growing pretty fast and so I 
went to see Dr. Benson last week. He told me I should come 
to you for X-ray treatment." 

Mr. Pierce stopped there but—as always under such cir­
cumstances—a question hung in the air between us, un­
spoken. "Can you cure me? Will I get well or? ..." 

But I have learned to ignore these unvoiced queries. I 
went on with my examination, noting down the measure­
ments of the masses of enlarged nodes as I went. Then I 
jabbed his ear, took blood, for red and white counts, and 
made some slides so McDonald could study the blood cells. 
When I finished I sat down and looked at my patient. 

"I am sure Dr. Benson's diagnosis is right, Mr. Pierce. But 
I want to have our laboratory man look over these smears 
of your blood before I discuss treatment with you. We don't 
want to make any mistakes, you know." 

Mr. Pierce leaned forward. "About how many treatments 
will it take, if what I've got is ... is this Hodgkin's 
disease?" 

"Oh, I would want you in here two or three times a week 
for about an hour each time. The whole course would take 
probably four or five weeks." 

The man's face fell. "I was afraid of something like that, 
doctor. I don't think I can do it." 

"Now don't leap to conclusions, Mr. Pierce. It won't cost 
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as much as you think. This disease doesn't need as heavy 
treatment as cancer. . . ."I emphasized the last word, 
hoping no one had told the man that Hodgkin's disease is 
actually a close relative of cancer "... and I'm sure we 
can arrange terms that you can meet." 

"It's not the money so much—though that's important, 
in a way, too. It's the time. I can't take so much time off, 
doctor." 

Nonsense, man. If you go on like this you'll be taking 
six days a week off, in very short order. Of course you can 
take the time." 

No, I can't, doctor. That's where you're wrong. You see 
it's like this. I've got four months to go to be eligible for 
a pension, and if I stop before then I lose out. I've got to 
keep going somehow for that long. After that I can be sick 
as much as I please. But for the next four months I've got 
to work right along, like I've always done. Nobody must 
even suspect I've got anything wrong with me." 

But you can't keep them from suspecting, my dear man. 
These masses in your neck are bad enough now and they're 
going to grow faster as time goes on, and you're going to get 
weaker too. You can't get away with it." 

I ve got to. I can t lose my pension and be a burden on 
my children all the rest of my life." 

I had not the heart to say that the rest of his life would 
probably be short. 

Now, if there was any way you could give me the treat­
ments at night or on Sunday," suggested Pierce hesitantly, 
' I could go on working daytimes as usual." 

My better judgment told me this would not do. There 
would be reactions; the man would not be able to carry on. 
Delivering mail in a city meant walking miles every day 
with a heavy pouch full of letters and magazines. Pierce 



EXPERIENCES WITH X RAYS AND RADIUM 119 

didn't have his normal strength to start with. There was no 
use beginning something we couldn't finish. 

But we did start and we did finish. Mr. Pierce came to 
the hospital two evenings a week and on Sunday forenoon. 
The masses in his neck and axillae and groins melted away. 
He got out his size fifteen shirts and put them on. He ad­
mitted that his appetite was poor but he carried his mail 
route every day. 

When the treatment had been finished, he said good-by to 
us jubilantly. 

"I'll be sending you a payment every week, doctor. And 
by fall I'll be retired and have my pension free and clear, 
with no bills hanging over me." 

Once more a strange faintheartedness kept me fiom tell­
ing him that he would have to come back for other courses 
of treatment, from time to time, during the few years he had 
left. Miss Randolph looked at me in surprise. 

"Didn't you tell him?," she asked when he had gone. "It 
sounded as though he thinks he's cured. 

I was embarrassed. It had always been my contention that 
intelligent people have a right to know what is wrong with 
them and what their prospects are. But with this man some 
obscure impulse had made me hold my tongue about the 
future. 

The payments came in regularly as he had promised and 
in the autumn Pierce appeared at the laboratory one day 
looking well and very pleased with himself, and dressed in 
a neat new suit. 

"Well, I did it," he announced proudly. "Served my time 
and kept my record clean. Didn't lose a day's work after you 
started treatment. Now I'm a man of leisure with nothing 
to worry about." 

At that moment I could not meet Miss Randolph s dis-
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approving eyes but as months went by and Mr. Pierce con­
tinued well I regained confidence. I pointed out to her that 
no disease ever runs entirely true to type, that perhaps it was 
not always wise to tell people bluntly that they had a fatal 
disease when one first saw them. I took as much pride in 
keeping tab on Mr. Pierce as though I had actually been 
responsible for the strange remission in his disorder and 
was always glad to have him come in to see us and report 

oxv well he felt and how his garden was doing. When 
summer came again he brought me berries and tomatoes and 
ears of corn. And finally Miss Randolph concluded that I 
had not been derelict in my duty to him, as his physician, 

on t understand it, she said. "I never saw any other 
case of Hodgkin's act like this. Do you really think he's 
cured, doctor?" 

"No, of course I don't think so. He'll crack up someday, 
Pe^aps soon. But in the meantime he's enjoying life much 

sTart u" T 7 lf 1 had toM him the whoIe truth to start with. I m glad I didn't tell him " 
„ff™P,ierCe 1tived,witht>« f"«her treatment or recurrence 
nint h S' tW° ,ea"' Then- one winter eve-
and thrLT I0"5'" in'° 'he ',osPital wi,h pneumonia 
and althn ? . ™ dKld' McD™aId did an autopsy 
sh'ehtjv enl ''e,suPcrficial 'Vnph glands were still only 
nodes in the hd' d mass of swollen 
dW w th hi, • aybe "e Kas ll,Cky to when he o d, with this pneumonia," said McDonald slowly. "For his 
Hodgktns was about to catch up with him again" 

pursued"! "cour ^ "0t tn°W ™hy Ab pa"ent should 
p sued a course so unusual but the remembrance of it 

curable™ Lrrirellnr" T * 
- sot; 

patient is the more important of the two. 



EXPERIENCES WITH X RAYS AND RADIUM 121 

A VICTIM OF THE CANCER QUACK 

I have had many distressing experiences with the victims 
of quack cures for cancer but one of them stands out more 
vividly in my mind than any other. 

I first saw Stephen Ghormley after he had come home 
from a so-called "Cancer Institute." Six months before he 
had noticed a small sore on his lower lip which would heal 
over for a few days and then break open again. It was not 
painful and he might not have noticed it when he did if he 
had not shaved every day. 

"It kinda worried me from the start, he told me. I ve 
seen things in the papers every now and then and I said to 
myself, 'This might be a cancer. I'd better keep an eye on 
it.' " 

Unfortunately he had also seen in the papers advertise­
ments of cancer cures—"satisfaction guaranteed or youi 
money back." In an anxious moment he wrote to one of 
these institutions and from then on was bombarded with 
pamphlets and form letters. 

"I got the wind up after that, and no mistake, he ad­
mitted. "It don't take much to convince a fellow who's half 
persuaded himself." 

And so Mr. Ghormley and his wife took what savings they 
had and went to the Cancer Institute. 

"I never saw so many doctors in one place, all of them 
specialists according to their diplomas. They suie gave me 
a going-over too. Why the laboratory work they did there 
amounted to a good deal more than you did on me, here in 
the hospital." 

I had no reason to doubt this. Whatever else these quack 
"Cancer Institutes" leave undone, they see to it that each 
patient gets the impression that many complicated and diffi­
cult examinations are made of him. Certainly Stephen 
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Ghormley had faith in these men even after they had put a 
paste on his lip which ate out a crater nearly an inch wide. 

"They kept saying that 'wide destruction' was necessary 
and for me not to worry. Everything would grow back all 
right, once the roots of the cancer were all killed." 

But that time was slow in coming and when the Ghorm-
leys had used up their ready money the "specialists" sug­
gested that further recovery would go on just as rapidly at 
home as in the "Institute." And so it was that the couple 
appeared one day at our cancer clinic in the county hospital. 

I noticed them first in the waiting room. Mr. Ghormley 
had a handkerchief tied around the lower part of his face 
and his wife sat beside him, bright-eyed with worry. Pres­
ently I got them into the examining room where McDonald 
and Dr. Douglas were waiting. Ghormley's lower lip by this 
time was practically gone, his lower front teeth were ex­
posed, and we could feel large hard lymph nodes under his 
jaw. 

That morning there began a losing battle. On our side 
were Douglas, McDonald, a dentist, Miss Randolph, Mrs. 
Ghormley, the patient, and I. We used radium, we used 
X rays, we treated the infected teeth and gums. After we 
implanted radon "seeds" in the diseased lymph glands under 
the jaw, Dr. Douglas dissected out the nodes en masse. We 
gave Ghormley tonics, we gave him blood transfusions, we 
found him a place to live where he and his wife would be 
warm and dry, we interested charitable people in them so 
that they had food and clothing. We brought Ghormley to 
our own hospital for his operation. 

But on the other side was a highly malignant cancer 
which pursued its relentless way in spite of us. After 
eighteen months Stephen Ghormley died of starvation, with 
his lower lip and lower jaw completely destroyed. 
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A STORY WITH A HAPPIER ENDING 

Ghormley's death was no surprise—he had been uncon­
scious for hours—but still I was startled when I reached the 
hospital that morning to find that he was actually gone. 
Somehow he had been with us so long and fought so hard 
and so bravely for his life, that it seemed impossible to 
think of him as dead. 

Finding that his body was still in the house I went down 
to look at him once more. In the room I found the under­
taker, just arrived. He was a short thick-set man with a 
callousness of manner which had always annoyed me. 

"What was wrong with this fellow?" he asked me. 
"The death certificate is in the office upstairs, ready for 

you," I answered, as I bent over and pulled the sheet away 
from Ghormley's face. 

Instantly I felt a deep silence close around me. It was so 
oppressive that I glanced up. The undertaker was staring at 
the corpse with horror-filled eyes. 

"My God!," he whispered. "My God! I never saw any­
thing like that before!" 

I waited a full minute before saying anything, feeling all 
the resentment which unnecessary suffering and death 
arouse. 

"This whole thing started with a tiny sore on his lower 
lip, so small he could hardly see it. It didn't hurt when he 
touched it. But it wouldn't heal. So he went to a cancer paste 
quack, and here he is." 

The undertaker transferred his stare to me. "You mean 
that ... he got into this fix . . . from a little thing like . . . 
like ..." 

I saw the undertaker's forefinger slowly rise to his own 
lip and stop there. 

". . .a little thing . . . like . . . like this?" 
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I looked. Just where the pointing finger rested there was 
a little patch of glistening raw mucous surface. I dropped 
the sheet back over Ghormley's horribly disfigured face and 
turned away. 

That s exactly what I mean. You'd better stop, look, and 
listen if you don t want to go the same way." 

Before eleven o clock that forenoon the undertaker, 
chastened and subdued, was in my office. At 11:10 I took 
him down to the laboratory to get McDonald's opinion. At 
11:30 he was in the X-ray treatment room. 

Eighteen days later he had a patch on his lower lip which 
looked as though it had been seared with a hot knife blade. 
Three weeks more and the lip was smooth and soft and 
perfectly normal again. I wish I could say that the man was 
peimanently purged of his arrogance, but at least he did not 
die of cancer. What is more, he is still alive and well. That 
is what radiation can do for cancer of the lip taken in time. 

STOP, LOOK, LISTEN! 

Cancer of the skin—a disease which is plainly visible 
almost fiom the moment it begins—kills about 4,000 people 
in this country every year, at least 85 percent of them un-
necessaiily. A short course of X-ray and/or radium treat­
ment would cure nearly nine out of ten of these patients. I 
wish there was some way to get this into the heads of those 
people who say they would rather not know it if they have 
cancer or who dread "the knife" so much that they resort 
to quacks. 

I wish too that women would learn to do something about 
it the very day they first feel a lump in the breast. In the 
first place many of these lumps are not cancer and are easily 
dealt with. In the second place, at least three out of four 
early cancers of the breast will recover if properly treated. 
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How much wiser it would be to go to a doctor and find out 
the true state of affairs than to worry in secret over dangers 
which may not actually exist. 

I remember a youngish woman whose mother had had a 
cancer of the breast, who once came to me in a panic be­
cause she had found a lump in her own breast. Certain signs 
and symptoms—chiefly the fact that the mass was tender to 
pressure—made me suspect that we were not dealing with 
cancer, but I told the patient there was only one thing to do: 
have an incision made and a bit of the tumor removed for 
McDonald to study under the microscope. This, I explained, 
should be done in the hospital surgery so that, if the sec­
tions showed cancer, operation could be done immediately. 
It happened that business obligations made it impossible 
for her to do this at once; therefore we did the next wisest 
thing—we gave her X-ray treatment over the breast and 
armpit at night and on Sunday for about a month, for the 
purpose of preventing the spread of the disease if it were 
actually malignant. During the course of therapy I became 
convinced the tumor was not a cancer because it did not 
shrink. However, as soon as circumstances permitted, the 
patient came in for her operation. As McDonald and I had 
both come to suspect the mass was an inflammatory affair 
and not a cancer, it was not necessary to remove the breast, 
and the patient went home in three days with a tranquil 
mind. 

Almost as good an outlook can be held out to women with 
cancer of the cervix (mouth) or body of the uterus. These 
growths usually give themselves away by bleeding; there aie 
no hemorrhages, merely slight irregular spotting at un­
expected times. Many women ignore this apparently trivial 
occurrence, only to find a few months later that they have a 
cancer which has already spread into the pelvic organs and 
become a formidable enemy. If at the first appearance of 
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irregular, untimely bleeding these patients would go for 
examination, we would have very few death certificates to 
sign for cancer of the uterus. 

Among men, perhaps the commonest readily curable 
malignancy aside from cancer of the skin is that of the lip. 
Curiously enough cancer of the lower lip is much more 
malignant than cancer of the upper lip. However, there is 
no excuse for any man not bewhiskered failing to know 
when a growth appears in either location. Prompt treatment 
with X rays and/or radium will result in permanent cure 
of some 90 percent of these tumors, whereas the neglected 
cancer of the lower lip is almost sure to be fatal. 

OTHER USES FOR X RAYS AND RADIUM 

I have already said that radium and X rays are not used 
solely in the treatment of malignancy. On the contrary, these 
rays are of great value in many non-cancerous conditions. 

Birthmarks 

Some babies are unlucky enough to be born with birth­
marks, most of which are very disfiguring. Many of these 
marks can be removed or greatly improved by radiation. 
Those which respond best are the dark, red, strawberry 
marks and the thick purplish ones full of blood vessels. 
More difficult to cure is the port wine stain. 

Treatment of these lesions requires great skill and in 
many cases must be continued for one or two years, but it is 
surely worth the time and effort if a repulsive blemish can 
be destroyed. Radium is usually used but sometimes an 
electric current is preferable and in some cases surgical re­
moval is best. Whatever method is chosen, it is most im­
portant to begin treatment early, before the baby is more 
than a few weeks or months old. 
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Keloids 

Some people, following injury, develop a thick livid scar 
which is more noticeable than the original injury. This is 
called a keloid. 

There is no known way to prevent a skin so disposed from 
making these disfiguring scars but X-ray treatment properly 
done will cause them to disappear. 

Acne 

Acne is a skin disease which has never cost a life but has 
caused much heartache. Most of the patients are young 
people in their teens and twenties and they find that this 
affliction complicates their social life and their love affairs 
and sometimes their business careers. It is a much more real 
bugbear than halitosis or B.O. One occasionally hears older 
people who should know better say to each other, "I wonder 
if so-and-so's boy has syphilis; his face is so terribly broken 
out." 

To assure these unhappy young people that the disease 
will probably die away after thirty is of no use, for to them 
everyone over thirty is in his dotage. But a competent 
radiologist can do much for them. The skin lesions ol acne 
clear up rapidly under small doses of low-voltage X rays. 

But one precaution must be taken without fail: acne is an 
essentially chronic condition which is sure to recur at in­
tervals during a period of several years, and therefore X ra\s 
must be used with care. If they are given over and over, 
without caution, they may themselves produce changes in 
the skin which are as bad or worse than the acne. 

Therefore the young man or woman with acne should 
consult first a skin specialist and follow his advice con­
scientiously throughout the year, reporting for X-ray treat 
ment by a well trained radiologist when the lesions fail to 
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respond to other measures. In addition, such a person should 
keep in his possession a record of the amount of radiation 
he has had and the dates on which treatment was given. 
If he will do this, he will be in no danger of entering middle 
life with a skin doubly disfigured—-by acne and by radiation 
damage. 

Warts 

I remember a boy I went to school with who boasted that 
he had counted 125 warts on his right hand and 70 on his 
left. But most people are not proud of having warts, and 
some of these growths are large enough or numerous enough 
to be very annoying. 

In my childhood I saw old men put darning needles 
through warts and then hold them over a lighted lamp while 
the needle grew red-hot and seared the wart. I have also 
seen warts eaten off piecemeal by the application of caustic 
acids. 

It is much simpler, as well as painless, to have these 
growths removed with low-voltage X rays. This treatment is 
successful in about two cases out of three; should it fail, 
the patient can always have the wart removed by a surgeon. 

Tuberculous glands 

Now that milk is generally pasteurized and dairy cows 
tested for tuberculosis we see comparatively little scrofula 
but in my childhood it was not at all uncommon to find in 
any small town several youngsters who lost many weeks 
from school every year or two while they had the swollen 
tuberculous glands in their necks operated on. Usually a 
series of operations was necessary and by the time the child 
grew up he had a badly scarred neck. 

Today we see only a few such cases and when we do find 
them we treat them with X rays or ultraviolet rays or sun 
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baths or all three in turn. The glands return to normal 
in most instances without breaking down, and the child 
recovers much more promptly than he did with surgery 
and without disfiguring scars. 

Erysipelas 

Erysipelas used to be greatly dreaded in hospitals and 
among elderly people suffering from debilitating chronic 
diseases. But it is now treated with great success with the 
sulfonamide drugs. 

X rays also will control erysipelas. The treatment requires 
only a low-voltage machine, seldom has to be repeated more 
than once or twice. In most cases fever falls and rapid im­
provement appears within twenty-four hours. 

Boils and carbuncles 

Boils are painful and carbuncles, being deeper seated 
than boils, are often dangerous. Boils treated with X rays 
within twenty-four hours after they begin to develop usually 
clear up gradually without being opened. Carbuncles re­
quire heavier treatment than boils but often respond almost 
as well. 

Infections around the face are difficult to treat surgically 
because of the danger of permanent scarring, and infections 
around the nose may lead to meningitis and death. Many of 
these conditions can be cured with the sulfonamide drugs, 
but X-ray treatment—using small repeated doses of medium-
voltage rays—is also of great value. 

Athlete's foot 

This is the popular name for ringworm of the feet. It is 
a chronic fungus infection of the skin which is as difficult 
to cure as it is annoying. Sometimes every form of treatment 
fails. But in a good many cases small divided doses of X rays 
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(at low voltage) give great improvement. Combined with 
wet dressings such treatment is very useful in the acute 
stage. But here as in other diseases of the skin, X-ray treat­
ment must be used expertly if the end results are not to be 
worse than the disease itself. 

Bronchiectasis 

There is a very distressing chronic infection of the lungs 
known as bronchiectasis which X-ray treatment often helps. 
This condition is primarily an infection of the bronchial 
tubes. In children it often develops following pneumonia, 
measles, repeated colds, and tonsil infections. It also appears 
in many adults who have persistent sinus infection. 

The patients have a cough which comes on at more or 
less regular intervals during the day and in paroxysms; they 
often raise large amounts (one or two quarts) of sputum a 
day; they are subject to recurring attacks of pneumonia; 
and in many cases the odor of their expectoration is so foul 
that all social life is impossible. 

The medical treatment of this disease has always been 
unsatisfactory. Surgical treatment means the removal of a 
lobe of the infected lung or perhaps of a whole lung; this 
requires a surgeon of exceptional skill and long training. 
Therefore the rather recent development of a technique of 
X-ray treatment which produces marked improvement in 
these patients is a real achievement. They are not cured, it 
is true; but 60 to 80 per cent of them show great improve­
ment. They cough less and raise much less sputum, they 
gain weight, they have fewer bouts of pneumonia, and fre­
quently the foul odor of the expectoration disappears. 

Fibroids 

Many women in middle life develop a uterine tumor 
known as a fibroid. It is not a malignant growth (except in 



EXPERIENCES WITH X RAYS AND RADIUM 131 

very rare instances) and does not spread into other parts of 
the body. But some fibroids grow very large and many of 
them cause so much bleeding that the patient becomes 
anemic. 

Women still in the childbearing period are usually ad­
vised to have these growths removed surgically; complete 
recovery is the rule. 

Older women and those in whom surgery is contra-
indicated for some reason (e.g. heart disease) can be treated 
successfully with X rays. Here too permanent recovery is to 
be expected. Most of these patients can go about their usual 
occupations while being treated. 



CHAPTER XII 

How Radiation Acts 

X RAYS are man-made and their powers of penetration 
depend on the electrical voltage at which they are gen­
erated, while radium continuously and spontaneously 
gives off its gamma (y) rays which have astonishing pene­
trating power. But essentially the two types of radiation 
are the same. (The less powerful beta (/?) rays emitted by 
radium are used to treat only a few superficial conditions.) 

This means that, in treatment of disease, radium and 
X rays are largely interchangeable. Which is to be used 
depends, largely, on which is more easily available, on the 
technique required, on the sort of case, and on the experi­
ence of the radiologist. For instance, it is easy to insert 
radium containers into the mouth and nose and to employ 
X rays on the surface of the body. Radium packs can be 
applied to surface disease and radium bombs containing 
large amounts of radium can be used in the same manner 
as X rays, to be sure, but this demands a large supply of 
radium and is therefore too expensive for many small 
clinics and hospitals. 

The important thing to remember is that radium's 
gamma (y) rays and X rays are first cousins, and that the 
higher the voltage at which X rays are generated the more 
like their relatives they become. 

Like most discoverers roentgenologists followed the trial-
and-error method with X rays for a considerable period. 
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By 1900 they had learned in this way that these rays caused 
reactions in the skin and often produced marked improve­
ment in tuberculosis of the skin (lupus), so they went on 
to attack many diseases with an enthusiasm unmarred by 
any inkling of the disillusionment which awaited them. 

They had, it is true, a measure of early success—as, for 
example, when Senn found that leukemia, that stubborn 
blood disease, improved after X-ray exposures—but many 
disquieting things occurred. Thus radiologists saw the skin 
of their own hands breaking down in chronic ulcerating 
sores which slowly turned into cancer, they watched their 
patients' hair fall out, they found that a dose of X rays too 
light to damage the skin visibly could produce permanent 
sterility. But in spite of this evidence that they sometimes 
harmed their patients and themselves, they persisted in try­
ing X rays and radium on all manner of ailments. To the 
ardor of these early students we owe a great deal we can 
never repay. 

But gradually, accumulated experience proved that tuber­
culosis of the lungs did not respond to radiation, that cancer 
although it improved for a time later recurred, that the 
aftermath of treatment was often as bad as the original con­
dition itself. There followed a period of pessimism when 
the fickle dropped out, leaving the field to a handful of men 
who realized that they could never employ radium or X rays 
successfully until they understood the effects of radiation on 
living cells and tissues and had worked out a method of 
measuring doses accurately. 

Confronted by disbelief and hostile criticism, these doc­
tors discarded the hit-and-miss methods of early yeais and 
searched for facts on which to base more solid achievements. 
One of the things they learned was that X rays and radium 
have more effect on young growing cells than on mature 
cells, on the cells of tumors than on the cells of adjacent 
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normal tissue. Radiation might be compared to a weapon 
which killed off the crooks and the boys and girls but spared 
the honest, the elderly, and the middle-aged. Quite nat­
urally, after this was discovered, some radiologists conceived 
the idea of knocking out the cancer with a single huge dose 
of X rays. 

This "massive dose technique" was practiced for years, 
especially in central Europe where it survived in modified 
form into the late thirties. (What has happened to radiation 
under Hitler's New Order, only his phony Nordic gods can 
tell!) The trouble was that this type of treatment was almost 
as much of a knockout for the patient as for the tumor: 
reactions were severe and much harm was often done the 
normal tissues near the cancer. I remember very well cases I 
saw when I was in medical school and how "radiation sick­
ness" was dreaded by doctor and patient alike. 

During the second decade of this century a swing away 
from the massive dose began and during the twenties it 
gained momentum. The large single dose was replaced by 
the "fractional" and "saturation" methods, in which smaller 
doses are given at intervals of one to four or five days. In 
this way the radiologist can reduce the harm done to healthy 
tissues and still increase the total amount of radiation de­
livered to the tumor area. Only in the treatment of isolated 
lesions on the skin or lip is the massive single-dose technique 
now practiced. 

While this was going on, a handful of men here and there 
were studying radium and devising ways of using it. By the 
time World War I came along they had pretty well demon­
strated the value of the new element as well as the technical 
difficulties of applying it. During this period several institu­
tions in the United States bought their first stocks of radium 
and practical research began in this country also. 
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It can honestly be said that the successful treatment of 
cancer with radium and X rays is based on research done 
between 1895 and 1918 and was brought into general use 
in the twenty-five years after the First World War. 

WHAT MAY HAPPEN TO THE RADIOLOGIST 

Most radiologists have to learn at first hand the danger 
they face in handling radium and X rays. Some years ago, 
when I was taking special training in radium therapy, I 
had such an experience. 

One busy afternoon a tiny tube of radium disappeared 
from the room where four of us were making up applicators 
to be used that night. (Radium works as well in the dark as 
in daytime.) We searched for it earnestly but could not 
find it, so we called on the physics department to continue 
the hunt. After a day or two the physicists reported that 
they could find no trace of it in the hospital incinerator or 
rubbish, and thereafter the matter was put down as an un-
solvable mystery. 

But one morning about three weeks later a young doctor 
who had been working in the preparation room when the 
radium disappeared showed us a red spot on his ankle. 
"Looks like a radium reaction to me," he said. I guess I d 
better ask the chief what he thinks." 

The chief agreed with this opinion and added a suggestion 
of his own. "If I were you, I'd go through my clothes and 
see what I could find." 

The young doctor did so and in the cuff of a pair of 
trousers discovered the missing tube of radium. 

Another experience, this time of my own, taught me some­
thing else. I had taken a job which entailed examining a 
great many patients for stomach or intestinal disorders. 
This meant spending a good deal of time in the fluoroscopic 
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room, but I enjoyed the work and had no thought of pos­
sible evil effects. But as time went on I began to feel seedier 
and seedier: the energy I had always had so abundantly 
failed me and getting out of bed in the morning became 
a terrible task. 

After three or four months of this a colleague of mine 
discovered that I had a severe anemia. In searching for the 
cause I found that an improperly built machine had been 
giving my long bones (where blood cells are manufactured) 
a heavy dose of X rays every time I examined a patient with 
the fluoroscope. During the slow-passing weeks it took me to 
recover I pondered more seriously than ever before the 
uncanny business of radioactivity and all it means. 

SENSITIVITY TO RADIATION 

Different sorts of cells have different degrees of sensitivity 
to radiation. In general, tumor cells are more sensitive than 
the cells of normal tissues. That makes it possible to give 
many growths enough radiation to destroy them without at 
the same time destroying near-by healthy organs. But tumors 
vary among themselves in sensitivity. Here also, however, 
there is a general rule: tumors composed of immature, 
rapidly growing cells are more easily destroyed than those 
whose cells are older and tougher and more resistant. 

If we have some idea of the comparative sensitivity of 
different tumors we can deduce with reasonable accuracy 
whether radiation is or is not advisable in an individual 
case. The pathologist helps us in this respect when he re­
ports the degree of malignancy of a tumor. My friend, 
McDonald, can see things about cells when he studies them 
under the microscope which indicate to him how dangerous 
the growth probably is. He insists that this "grading" of 
malignancy is by no means infallible, but I notice that the 
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surgeons who take his advice do better than those who 
ignore him. He usually suggests relying on surgery for the 
localized and less malignant types of tumor and combining 
operation with radiation for the more dangerous sorts, espe­
cially those which have already begun to metastasize. 

The idea back of this is a simple one: it is better to hit an 
enemy as hard as possible the first time than to tap him 
gently on the head at intervals for several hours, better to 
attack a menacing disease with two weapons simultaneously 
than with one alone. 

We know that a heavy enough dose of either X rays or 
radium will destroy any cancer. The problem is to give 
an adequate amount of radiation without doing the patient s 
normal organs irreparable damage. And that is not easy; in 
fact it is sometimes impossible. But by combining surgery 
and radiation we can in many cases destroy the tumor with­
out harming the patient permanently. It is not too much to 
say that more than half the cancer cases today could be 
cured if we could only get them under treatment before the 
disease had invaded other parts of the body. 

REACTIONS TO RADIATION 

TO be sure, patients have reactions to radiation therapy. 
But with competent radiologists these reactions are no 
longer serious. 

To begin with, some ten or twelve days after treatment 
is started the patient will notice slight reddening of the 
skin over the areas irradiated. This redness will gradually 
increase, reaching its maximum about the twenty-first day 
(or later, in the case of prolonged treatment). There is 
no pain and no blistering, but there is more or less scali-
ness of the skin for a time and there may also be a fairly 
heavy tanning for several months. The commonly used term 
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"X-ray burn" is a misnomer. With modern methods we do 
not get destructive skin reactions except when we deliber­
ately use massive single doses of radiation on small super­
ficial growths; then, it is true, we see intense reactions, but, 
since they involve only a small area, they clear up without 
permanent damage or disfigurement. 

Some years ago most of our patients had disagreeable 
general reactions to radiation therapy but this too is now 
unusual. Now and then someone will tell us that he is 
nauseated or has a poor appetite or an upset stomach, but 
many people continue their usual routine of life and work 
during the whole course of treatment. 



CHAPTER XIII 

Something about Radium for Those who Are Not 
Gun-shy of All Technicalities 

WHAT IS RADIOACTIVITY? 

THE Curies discovered radium in 1898. Two years later, at 
McGill University (in Canada), a pair of young British 
scientists named Rutherford and Soddy made a startling dis­
covery of their own about this strange new element, that it 
is the halfway house in the spontaneous evolution of ura­
nium into lead. 

For centuries men had been seeking a way to turn base 
metals into gold and, ironically enough, it now appeared 
that they had all the while been walking around over an 
alchemy which was constantly transforming uranium into 
lead in the ground beneath their feet. This process goes on 
slowly, soundlessly, inexorably; we can neither hasten it nor 
delay it. In the course of a few million years, when uranium 
after passing through many intermediate stages has at last 
turned into lead, it apparently stops itself. 

This transformation takes place inside the atom. The 
uranium atom, as atoms go, is very large; it possesses great 
latent energy and an apparently unbounded hankering for 
change. This change it achieves by ejecting bodily certain 
radiant particles. 

139 
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ALPHA, BETA, AND GAMMA RAYS 

The first to be discovered of the radiant particles which 
the radioactive atom throws out was that which the French 
scientist Becquerel stumbled upon when he found that a 
piece of uranium placed on a sensitized plate would photo­
graph itself. The power to do this arises from the fact that 
the uranium atom constantly ejects particles called beta (/?) 
rays. These rays really consist of streams of negatively 
charged electrons moving somewhat less rapidly than visible 
light. 

It was Rutherford and Soddy who found that radium 
emitted not only beta (/2) rays but also a second set of 
particles which they named the alpha (a) rays. Alpha (a) 
rays are larger and more energetic in some ways than beta 
(l3) rays, but they are less speedy and they carry a positive 
charge. Eventually they were proved to be footloose, home­
less nuclei of helium atoms. 

Finally, Rutherford and Soddy discovered still a third 
form of energy given out by radium which they christened 
gamma (y) rays. These are really super-X rays, cousins 
thrice-removed of ordinary light, which travel at the same 
unimaginable speed as visible light (seven times around the 
earth per second) and have extraordinary powers of pene­
tration. 

Through the spontaneous and constant emission of these 
three types of rays radioactivity manifests itself and slowly 
transforms uranium into lead. The sluggishness of this 
process is astounding. Compared with the career of some 
of the radioactive elements, human life is momentary. Con­
trast, for example, the sixty-three year life expectancy of the 
American today with the average life of radium which is 
twenty-three hundred years. 
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LIFE-PERIOD OF RADIUM 

Radioactive elements disintegrate, physicists tell us, ac­
cording to an exponential equation. The easiest way to 
think of this is to visualize a man with a cube of butter on 
a table in front of him. If he cuts it in two, he still has 
half of it left. If he cuts off half of that, he still has one-
fourth of what he started with. Then he can cut off half 
of that, and so on and so on; theoretically he will always 
have at hand half as much as before the last previous divi­
sion, although practically he will soon possess too little to 
butter his bread. 

And so it is with radium. Suppose one had started the 
present era with a gram of radium in his possession; in 1600 
A.D. half of it would have been well on its way to becoming 
lead and the other half would still have been present and 
accounted for. Or put it another way: if a forward-looking 
Roman in the year 7 A.D. could have invested in a quantity 
of radium, his descendants coming to Virginia with Captain 
John Smith in 1607 would have had half of it left and their 
descendants in 3207 would still be able to bequeath to their 
heirs a quarter of the original amount. 

RADIUM RAYS USED IN MEDICINE 

Two of the three types of radiation emitted by radium 
are used in medicine today—the beta (/3) and gamma (y) 
rays. 

Beta (/?) rays have a caustic action; they destroy skin and 
flesh and, when employed carelessly or ignorantly, pioduce 
chronic ulcerations. But since they have little power of pene­
tration, they must be used to treat disease on or near the 
surface of the body. 

The super-X rays called gamma (y) rays, on the other 
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hand, have no such caustic effects and do comparatively little 
damage to the skin. Their action consists, rather, of an in­
direct slow destruction of the cells they pass through. But 
their ability to penetrate is astounding: in order to prevent 
the escape of these rays in amounts sufficient to menace the 
health of patients and staff alike, hospitals must keep their 
radium in lead-lined vaults just as they must surround their 
high-voltage X-ray tubes with the same heavy metal. 

RADIUM EMANATION (RADON) 

Early students of radium found that it gave off a gas 
which possessed many of the radioactive powers of the 
parent element. This gas, called radium emanation or radon, 
will collect on objects exposed to it and render them tem­
porarily radioactive also. 

Radon preparations have indeed all the qualities of radium 
except long life. They emit alpha (a), beta (/3), and gamma 
(y) rays but lose half their potency in four days and by the 
end of a month are almost inert. During that month, how­
ever, they are as useful as radium itself and this fact gives 
them great medical value. 

By using radon it is possible to make a small amount of 
radium do a great deal of work. First of all, the supply of 
radium is dissolved in a dilute acid solution and put into a 
flask which is stored in a lead-lined safe. The gaseous emana­
tion given off by the radium is then pumped out of the flask 
into a fine capillary tube of gold no thicker than a hypo­
dermic needle. This tubing can be cut into sections of any 
desired length and the ends of these sections sealed with a 
flame. These bits of gold tubing can then be used instead of 
tubes of radium proper. Furthermore, while the radon is in 
use, the stock of radium is producing more emanation for 
the future. In this way many more patients can be treated 
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at one time than when we must depend on the element 
alone. 

How RADIUM IS PREPARED 

There have been many changes in the ways of handling 
radium since the day when Henri Becquerel carried it in his 
vest pocket and Pierre Curie taped it to his forearm. We 
have now, for instance, many different types of radium 
applicator. 

One variety is the flat plaque an inch or less in diameter, 
which has been coated with a thin layer of varnish, enamel, 
or glass with which radium has been mixed. These plaques 
are used to treat surface lesions with which they can be held 
in contact by means of a long handle. The skin specialist 
(dermatologist) finds them useful in a number of skin is 
orders but if he does not use them skillfully they aie ex 
tremely dangerous. 

More often we employ radium encased in hollow tu es or 
needles of steel, gold, or platinum. The walls of these tu es 
are only about two to four times as thick as a sheet o or 1 
nary writing paper. Radium needles are pointed at one en 
and have a hole in the other through which we can put a 
tough thread before using them; then if we can see tie 
threads we know where the needles are. 

The tubes vary in size a good deal but are seldom over an 
inch long. They have small projections at one end into 
which holes are drilled for threads. If a bunch of tu es are 
put together into a pack we gather these threads into a 
cable and stick them to the patient s skin w ith adhesive. ^ 

Either tubes or needles can be grouped to form a pac 
They may be stuck to sheets of lead or plastic mate i 
they may be fastened to blocks of light balsa woo , t ey 
may be thrust into the center of rolls of banda0e or 0< 
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Then the whole assembly is made into an applicator of a 
size and shape to fit the surface of the patient's body at the 
site of treatment. 

Small tubes and needles can also be put into a long slender 
tubular applicator which can be introduced into the vagina 
or uterus or rectum. 

Or one can treat a tumor directly by inserting containers 
into the growth itself. Needles can be used but must be 
subsequently removed, while very short bits of gold tubing 
containing the gaseous emanation of radium (radon) can be 
pushed through the skin into the desired position and left 
there. (Radon soon loses its radioactivity and becomes inert, 
and the gold "seeds" being sterilized before use are harm­
less.) In this way we can irradiate large growths difficult to 
treat adequately from the surface and certain inaccessible 
tumors such as those deep in the neck or in a bronchial 
tube. I suppose there is no radiologist alive who treats can­
cer who has not, like myself, spent a good many evenings 
cutting up potatoes and similar objects into the shape and 
dimensions of the tumor he is about to attack and practicing 
the angles and depths at which he must deposit his radon 
"seeds" in order to insure a uniform dose of radiation where 
it is needed. 

LOSING RADIUM 

For all our precautions in fastening radium tubes to the 
patient's skin, these, tubes are sometimes lost. A man I 
know had a harrowing experience of that sort very soon after 
investing most of a year's net income in a supply of radium. 

He was treating a woman for a growth in her nose. Some­
how the strings attached to the radium capsule came loose 
from the adhesive fastening them to her cheek and when 
she drew a long breath the tube slipped its moorings and 
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slid down her throat. Since it was first of all necessary to 
find out whether she had swallowed or inhaled the radium 
container, my friend rushed her to the fluoroscopic room. 
When he saw the metal capsule in her stomach he was re­
lieved for there was a chance that it might work its way 
through her intestine whereas, had it been in her lung, it 
would have had to be removed at once through the broncho­
scope. 

All day, at intervals of an hour or so, he screened her 
abdomen to make sure the radium was moving along. By 
evening it had reached the cecum (the blind end of the 
large bowel, near the appendix). Three successive observa­
tions showed it in the same position. Then my friend called 
a surgeon in consultation. After another hour's wait they 
operated and removed the capsule. Had they not done this, 
the radium would probably have done irreparable damage 
to the wall of the intestine against which it lay. 

As it was, the woman made an uneventful recovery and 
later resumed her radium treatment. But this time my 
friend was not content to stick his anchor cable to her cheek 
with adhesive. He twisted all his threads together securely 
and sewed them to the lady's nightdress. Then, if she had 
swallowed the capsule again, the nightgown would have 
gone down with it. 



CHAPTER XIV 

Using X Rays and Radium Safely 

Now that I have said so much about the power of X rays 
and radium to destroy both tumor cells and normal flesh, it 
must be clear that patient and physician alike need protec­
tion from these rays. This might seem impossible at first 
thought but it is not, although it does demand constant 
watchfulness as well as precision of technique. 

DISTANCE 

One very effective method of protecting oneself from 
the rays given out by X-ray tubes and radium is to keep a 
respectful distance from the source of the radiation. This 
is because of the "inverse square law," according to which 
doubling the distance from the X-ray tube quarters the 
amount of radiation falling on any given area. Or, put it this 
way: if one tube of radium is placed one inch from the skin 
and another tube of exactly the same size and strength is 
placed two inches from the skin, the dose of radiation in the 
two cases will stand in the proportion of two squared (22) 
to one squared (i2), or four to one. That is, when the radium 
is only one inch from the skin the dose delivered will be 
four times greater than when it is two inches distant. 

This rule applies to the beta (/3) and gamma (y) rays of 
radium, to X rays, to ultraviolet, and to ordinary light. 

Now it is easier to maintain long distances between the 
X-ray tube and the patient—indeed the tendency of mod-

146 
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em technique is to increase this distance—than to do so with 
radium. Obviously neither physician, nurse, nor patient can 
sit hour after hour holding a radium applicator in a certain 
position at a specified distance from the body. But we can 
make a cast of the part of the body to be treated out of 
dental compound, embed in it radium tubes or needles, and 
bandage the whole cast on the area under treatment. 

Or we can mold to the contours of the body a warm 
mixture of wax and paraffin and, before it cools, bury in it 
tubes of radium or stick them on the surface of the wax 
with adhesive, and then apply the mold to the patient. We 
can also use blocks of light balsa wood grooved to hold 
tubes of radium or radon, or slip capsules of radium 
wrapped in layer after layer of gauze into the center of a roll 
of bandage which can then be stuck to the skin with ad­
hesive tape. 

Nearly every new case presents new mechanical problems 
to the radiologist. To solve these problems and at the same 
time achieve safety and effective treatment demands, over 
and over, a man clever with his hands. But sometimes it is 
the patient who displays the ingenuity. 

I once treated for superficial cancer a man whom I knew 
to be thoroughly reliable and intelligent. When therefore, 
one afternoon, he asked to leave the department with the 
radium applicator in position to go to a movie, I con­
sented, telling him only to be back by three o clock so that 
we could get the radium off at the proper time. 

We were busy that day and not until Miss Randolph 
called my attention to the clock did I realize that it was 
3:30 and the patient had not turned up. At the same 
moment I realized that I did not know which theater he 
had gone to. One by one I called the movie houses, but to 
no purpose. Finally at ten minutes to five, our man walked 
in. 



148 THESE MYSTERIOUS RAYS 
"Good Lord," I exclaimed, "where have you been?" 
He named a small rerun house I had not thought of. 

"Lots cheaper to see pictures the third time they come 
along," he observed judicially. 

"Damn the pictures!" I cried. "You've had that radium 
on nearly two hours longer than you should." 

"Oh, no, I haven't, doctor." And with this the patient 
unrolled his umbrella and handed me the radium applica­
tor intact. 

"You see, I didn't get in at the beginning of the feature 
and I wanted to see it all. So I watched the time and at ten 
minutes of three I went to the washroom, took it off, 
dropped it into my umbrella and rolled it up there. Then 
I sat down on the side aisle where I could lay the umbrella 
down along the wall three or four feet away from me and 
still watch it and make sure no one else got near it." 

Here was a man who had learned to use distance to 
protect himself and other people. 

FILTERING X RAYS AND RADIUM 

But distance is not the only way to insure safety in using 
radium and X rays. We also filter the rays. Most modern 
X-ray machines have thin sheets of aluminum, zinc, or cop­
per permanently fastened into the tube assembly. Then, 
of necessity, all radiation reaching the patient must first 
pass through a certain known thickness of one of these 
metals; in this process it loses those rays which have the 
most caustic effect. 

We use metal to filter radium also. Only the plaque is 
without filtration. Radium salts or radon, being used in 
very small quantities can be put into hollow needles or 
tubes made of steel or gold or platinum without making 
these tubes much larger than the lead in an ordinary pen-
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cil. If need be, a cluster of such tubes or needles can be 
slipped inside a metal capsule, thus preventing loss and 
increasing the filtration. 

In this there is one complication which the radiologist 
must deal with: gamma rays in passing through the walls 
of these needles and tubes stir up secondary beta rays in 
the metal itself, which are capable of causing tissue destruc­
tion. To get rid of this undesirable radiation we cover our 
capsules of radium or radon with a thin layer of vulcan­
izing rubber or slip them into thin-walled jackets of 
aluminum—an element so light that, even under the 
bombardment of gamma rays, it emits only very feeble beta 
rays. 

TREATING SURFACE LESIONS 

The easiest tumors to treat are naturally those on or 
near the surface of the body; here it is possible to localize 
the dose of radiation and therefore to keep the reaction in 
adjacent normal tissues at a minimum, and it is also possible 
to deliver in the growth itself a high percentage of the total 
radiation falling on the skin. Under these conditions one 
can often administer a single dose large enough to destroy 
the tumor entirely or, failing this, to give a number of mod­
erately large doses close together with cumulative effects. 
For these reasons treatment of such conditions as cancer 
of the skin should, in competent hands, result in permanent 
cure ninety-five times out of one hundred. 

CROSS-FIRING 

On the other hand treatment of tumors deep-seated in the 
body and surrounded by normal organs of equal or mi: rl' 
equal sensitivity is more difficult. In such cases we re 
the technique known as "cross-firing." 
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This consists of aiming a beam of radiation from each of 
several different angles in such a way that they all intersect 
in or near the growth. Only so can we deliver to the lesion 
an amount of radiation greater than that falling on any 
single area of the skin surface. 

This makes possible heavy radiation of a cancer without 
doing permanent damage to the skin. Such measures are 
required in abdominal cancer involving the kidney, bowel, 
or stomach, in cancer of the breast, especially when the 
lymph glands near the shoulder and armpit (axilla) are in­
volved, and in cancer of the pelvic organs. In skillful hands 
it is very effective. But it is essential that the plan of treat­
ment be worked out carefully beforehand and that the doses 
of radiation be accurately measured and recorded as they 
are given. 

INSIDE THE X-RAY LABORATORY 

With so much emphasis on the necessity of protection 
against X rays and radium, anyone might be forgiven for 
thinking that the radiological laboratory must be a place of 
horrors. But it is not. 

If you came to our department at the hospital to watch 
an X-ray treatment being given, you would see nothing 
terrifying. Quite the contrary. There is almost no noise. No 
electric sparks flash about overhead, everything moves 
smoothly and quietly. 

After removing his outer clothing, the patient goes with 
Miss Randolph and me into a small bare room where he 
lies down on a table which stands in the middle of the floor. 
Down from the ceiling projects a boxlike shaft through 
which the invisible rays emerge. We pump up the table, like 
a barber chair, until the patient's skin is at the desired dis­
tance from the source of the rays and mark out on it the 
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fields to be treated, bordering them with sheets of lead or 
lead-rubber which protect the adjacent skin. Then we turn 
on the ventilating system, look to see that the filters are in 
place, and go out, closing the door tightly behind us. 

The generating machinery and the tube are in a separate 
room whose thick concrete walls protect both patient and 
operator from stray radiation. During the treatment Miss 
Randolph sits in a booth from which she can look through 
one window of lead glass at the patient and through another 
at the apparatus. At her right is an instrument panel covered 
with indicators, dials, meters, and switches by means of 
which she selects the voltage and amount of current to be 
sent through the tube. There is also a device which measures, 
minute by minute, the quantity of radiation received on 
the surface of the patient's body. 

While a treatment is going on Miss Randolph never leaves 
her post; she not only adjusts the apparatus from time to 
time and watches the patient but also records on a chart the 
date, the patient's name, the diagnosis, the number and 
size and location of the areas being treated, the electrical 
settings of the machine, and the dose of radiation given. 
When the time is up, she turns off the current, throws out 
the main switch, opens the treatment room, and helps the 
patient off the table. He has heard nothing, felt nothing. 
In fact a good many of our patients cat nap during their 
treatments. Most city bedrooms are far noisier and more 
uncomfortable than the treatment room. To a visitor ex­
pecting the horrendous it must all seem very drab and 
uninteresting. 

Of course older machines were not so quiet and conven­
ient. The model with which I first gave high voltage X-ray 
therapy had a mechanical rectifier which roared menacingly 
behind a partition made partly of glass and a spark gap, 
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just above the patient's head, across which the electric cur­
rent jumped whenever there was a surge in the line voltage. 
I always had to explain all these noises to nervous people 
and assure them that the roaring and crackling were harm­
less and incidental. 

In those days the X-ray tube was housed in a metal cylin­
der some seven or eight feet long and perhaps three in 
diameter; this cylinder sometimes hung from the ceiling 
on stout supports and sometimes stood on legs on the floor. 
Together with the tube it could be rotated and tilted so as 
to direct the beam of X rays in several different directions. 
Electric current was brought in over brass tubing mounted 
on insulators a foot or so beneath the ceiling and was car­
ried to the tube over heavily insulated cables or wires. 

The operator sat in a booth outside the treatment room 
with the control stand in front of him, keeping one eye on 
his meters and switches and one on the lead-glass window 
through which he could see the patient. With these older 
machines treatments took longer than they do now and I 
formed the habit of holding up as many fingers as there 
were minutes left to go whenever I caught the patient's eye 
upon me. We had no ventilating systems then and the odor 
of the ozone set free by the high voltage current combined 
with the noise of the apparatus to keep our patients on 
tenterhooks. But, crude though this equipment might seem 
today, we cured people then just as we cure them now— 
though not, perhaps, so comfortably or quickly. 

The lower voltage machines used in treating superficial 
growths are smaller and require less elaborate protective 
devices than the million-volt apparatus. They too operate 
almost noiselessly. But it is just as essential with them as 
with the more powerful equipment to be accurate about 
time and distance and filters, and the size and position of 
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the fields treated, because it is even easier to damage the 
skin with lower voltage X rays than with super-voltage rays. 
For that reason Miss Randolph and I have an unwritten 
pact that each will check the other's filters when we are 
giving low-voltage therapy. Having never yet been hauled 
into court for malpractice on the ground of injuring a 
patient during treatment, I never want to be. 

An observant visitor in our department would notice that 
most of our patients get radiation over more than one field 
at a sitting and that they are often turned into different 
positions. This is the technique of "cross-firing already 
mentioned, by means of which we deliver a heavier dose to 
a deep-seated lesion than to any one area on the skin. 

For example, if we are treating a tumor in the middle 
of the pelvis, we direct a beam of X rays from each of four 
or five different angles so that they will intersect in or near 
the growTth; it will then be more thoroughly and unifoimly 
irradiated than if we used only one portal of entry. In cross-
firing" we must be careful that the treatment fields do not 
overlap; if they should do so, the overlapping aieas on the 
skin would get an overdose with disastrous results. That is 
why we mark out the patient's skin with dyes and place our 
sheets of lead or lead-rubber so accurately before beginning 
each treatment. 

Except when we are dealing with a small surface lesion, 
we give our patients a series of treatments. Sometimes these 
come every day, sometimes two or three times a week. But 
before we start treatment we decide on the total dose to be 
given and schedule the entire course from the beginning. 
Usually a series requires from one to four weeks, but the 
amount of radiation needed varies with the type of tumor, 
the location of the lesions, and the stage to which the dis 
ease has advanced. 
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A GLIMPSE OF RADIUM TREATMENT 

So far as the onlooker is concerned, radium therapy is 
still less spectacular than X-ray treatment. Here there is 
nothing whatever to hear and little to see. 

First of all comes the room in which we make up our 
applicators. At one end is the safe—its lead sheathing hid­
den—where we keep our radium and radon. Along one 
side wall there is a chart by means of which we calculate 
the strength of the tubes of radon on hand. (You remember 
its radioactivity declines progressively and disappears alto­
gether in some forty days, which means that it is not the 
same today as it was yesterday or will be tomorrow.) Along 
the other side is a counter at which we work. It is covered 
with a thin sheet of lead, and along the front of it there is 
an upright board faced with lead to keep tubes and needles 
from rolling off. At the top of this upright board a panel of 
lead glass is mounted at an angle of forty-five degrees, so 
that it extends over the counter. We stand behind this 
panel, with our arms around it at either end, and look down 
through the glass at what our hands are doing on the work­
bench. We always pick up the tubes and needles of radium 
or radon with long forceps and as soon as we finish making 
up an applicator we drop it into a lead-lined container 
until it is taken to the patient's room. 

People who are receiving radium treatment feel nothing 
at all unless the applicator causes discomfort. This some­
times is unavoidable, as for instance when strips of lead 
with capsules of radium attached are put into the mouth 
and kept there for several hours or when radium applicators 
are introduced into the uterus or rectum. But for the most 
part our patients lie in bed or sit about the department 
during their treatment, feeling no sensations whatever. 
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MEASURING THE DOSE OF RADIATION 

The dosage of X rays is measured by a delicate apparatus 
(known as an ionization chamber) and carefully checked, be­
cause no two X ray tubes ever emit the same amount of 
radiation per minute. But the dosage of radium is easy to 
calculate because a given quantity of radium always gives 
off a definite and unvarying amount of beta and gamma 
rays each minute. We express this dosage simply, in terms 
of milligram hours (the product of the number of milli­
grams of radium multiplied by the number of hours it is 
used). Thus, 100 milligrams of radium applied for one hour 
gives a dose of 100 milligram-hours, and 50 milligrams ap­
plied for 24 hours gives a dose of 1200 milligram-hours. 

The unit of measuring X rays is known as r ; it is an 
arbitrary amount of x-radiation adopted by the interna­
tional society of radiologists. It is read off directly on the 
instrument called the ionization chamber or r-meter, which 
is kept in place while treatment is going on. 

The quantity of radiation required to destroy the various 
types of disease, malignant and nonmalignant, in which 
radium and X rays are used, has been worked out quite 
accurately, so that there is no reason for o\erdosage. The 
total dose of radiation needed is calculated before tieatment 
begins and the entire course carefully planned from the 
start. There is no longer anything hit-or-miss about the 
radiologist's work. 

PROTECTION OF LABORATORY PERSONNEL 

Having heard of the evil effects of X rays and radium, 
many people wonder how those of us who spend our woi 
ing lives in radiological laboratories protect ourselves from 
these mysterious rays. The fact is that we have not always 
been able to do so. 
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To begin with, no one knew that either radium or X rays 

was dangerous. Of course the men who did the early re­
search noticed that the skin on their hands turned red after 
exposure, but it was several years before any of them began 
to develop cancer. And even then it was not certain that 
the radiation had produced the disease. By the time the 
danger was recognized the damage done was irreparable and 
one pioneer in radiation after another died of cancer caused 
by repeated exposure. 

But slowly roentgenologists learned to wear lead-rubber 
gloves on their hands and to keep their distance from the 
X-ray tube in operation, to cover their patients' skin with 
sheets of lead or lead-rubber during treatment. Slowly the 
manufacturing companies learned to build protection into 
their X-ray machinery, to enclose tubes in lead-glass bowls 
and to put lead shields along the sides of the tables. Radi­
ologists learned not to dawdle at their tasks, never to pick 
up a radium or radon container bare-handed, always to use 
long forceps in arranging radium applicators, to keep all 
radium and radon not in use in lead-lined safes and to 
transport these elements from place to place in lead-lined 
boxes carried at a respectful distance or pushed about on 
long-handled carts. 

Now there are well-defined standards for the protection 
of the men and women who work with radium and X rays 
as well as for their patients. For instance, we know the limit 
of radiation a normal adult can take week after week with­
out harm. Instead of putting X-ray and radium departments 
in dark basements we insist on good ventilation and proper 
space. We never stand in the way of a direct beam of X rays 
and never get closer to the tube than necessary. In using the 
fluoroscope we do not put our hands behind the patient 
but keep his body between us and the tube. (After all he 
is exposed but once while we are exposed every day.) We 
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prevent electric shocks by seeing that our machines are 
properly grounded and the high-tension tubing at least nine 
feet above the floor. 

Most new appartus is now shockproof and the equipment 
for bedside work is almost foolproof. I began X-ray work 
in the era when portable machines were still a nightmare. 
By the time everything was ready for the exposure to be 
made, the air above the patient's bed was a maze of dangling 
bare wires any one of which was capable of giving one a 
thundering jolt. The fact that hospital beds are usually 
metal only added to the hazard. Sometimes even today I 
wonder if I am dreaming when we push our portable bed­
side unit into a patient's room, move it around under or 
over him or put it in the bed with him if we wish, in full 
certainty that neither he nor we will be knocked over by 
an electric shock. 

Employees in radiological laboratories should not work 
more than thirty-five hours a week (although they often do) 
and they need four weeks vacation a year (though they do 
not always get it). In order to check up on the exposure 
we cannot entirely escape, we stick a dental film on our 
clothes occasionally and see whether we can wear it a week 
without blackening it too much; if after it is developed we 
can read newsprint through it, we are within limits of safety. 
And every six months I see to it that Miss Randolph and 
Miss Abbott and Miss Fairfax each have a general examina­
tion and a blood study. Having had my own experience 
with X-ray produced anemia I do not want any of my 
assistants to develop such a reaction. 

Our present treatment room is lined with lead six inches 
thick. If and when the hospital puts in a new million-volt 
machine, the room housing the generator will have a con­
crete floor thirty-six inches and concrete walls from eighteen 
to twenty-four inches thick. Also the window through which 
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the operator will observe his apparatus will consist of a 
tank holding a layer of water ten inches thick, one side 
of which will be a two-inch sheet of lead-glass. 

Our supply of radium is now kept behind ten inches of 
lead and the room in which we make up our applicators 
is used for nothing else. On the work-bench there is a col­
lection of long forceps for picking up the tubes and needles, 
and between the body of the technician and the radium 
she is handling there always stands a screen of lead. We carry 
our radium to the patients' rooms in long-handled boxes 
exactly like those in which the elders took up the collection 
in the country church I attended as a child. And if we are 
using a large amount of radium, none of us stays in the 
room while treatment is going on. 

There are some who think all these precautions are ab­
surd. I have quarreled with some doctors when they have 
demanded that I exceed the limits of safety, even though 
they ranked higher than I on the hospital staff. It is only 
fair to add that most of them were not radiologists or even 
recent graduates in medicine. 

In 1941 the Mayo Clinic reported that, in the preceding 
twenty years, 135 physicians had been examined at the clinic 
because of radiation injuries. Of the 135 only 8 had had 
any special training in the use of radium and X rays. Of 
the remaining 127, 91 had been injured while reducing 
fractures under the fluoroscope. Seventy-eight of the 91 
had taken no precautions to protect themselves. The next 
greatest number (21) were injured while examining stom­
ach cases with the fluoroscope. In nearly all cases the injury 
was on the hands, and 39 of these doctors had cancer as 
a result. 

Since bones and metallic objects are plainly visible on 
the fluorescent screen, it is quite natural that physicians 
should like to set broken bones and remove bullets, needles, 
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and similar foreign bodies under the fluoroscope. But unless 
the roentgenologist knows his machine and has courage, 
both doctor and patient are in danger. The surgeon is al­
ways sure that one minute more and he will be through 
and sometimes he gets angry when the X-ray man says, "No 
more this time. You're at the safety limit now." 

Whenever this subject comes up I remember a young man 
I saw once who was a living memorial to the menace of the 
fluoroscope in ignorant hands. He was a promising surgeon, 
had saved his money and taken graduate training, and was 
at last in line for an appointment on the staff of a well-
known hospital. Then, during a vacation in an out-of-the-
way region, he undertook to remove a needle from a 
woman's forearm. The only X-ray machine in the town be­
longed to a dentist and it did not occur to the young surgeon 
to doubt his statement that he knew how to run it. 

With difficulty the visiting doctor finally got the needle 
out but when I saw him he was in a great medical center 
nursing the fragment of his right hand, most of which had 
had to be amputated because of the severe X-ray injury. 
Besides the suffering and loss of time and money, he faced 
the task of teaching his left hand to do what his right hand 
had previously done and making two fingers replace two 
fingers and a thumb. 

With this specter before me I find the courage to protect 
both my technicians and myself from the unreasonable de­
mands of the few doctors who understand neither the uses 
nor the dangers of radiation but attempt to dictate how it 
shall be used. There are fewer of these men every year, for 
the medical graduates of today know far more about X rays 
and radium than my generation of fledgling physicians. 



CHAPTER XV 

Something about Sunshine and Ultraviolet 

WHAT IS ULTRAVIOLET? 

IF YOU will look at the chart of electromagnetic energy 
(see the frontispiece), you will find a narrow zone marked 
"visible light" and just beyond it a wider zone marked 
"ultraviolet." Ultraviolet, like X rays, is one small section 
of the great sweep of electromagnetic radiation which, as 
we know it today, stretches from the alternating currents of 
electricity to the gamma rays of radium and the cosmic rays. 

This whole gamut of energy is basically one, and the 
various divisions or octaves are distinguished from each 
other by the qualities due to their varying wave lengths. 
Thus, the human eye can distinguish only that narrow zone 
of wave lengths between 3900 and 7600 A. U.1 (Angstrom 
units) and hence both ultraviolet rays and X rays are 
invisible. 

SUNLIGHT AND THE ATMOSPHERE 

Obviously, on its way from the sun to the earth's surface, 
light has a long way to travel. On its way it passes through 
the shell of atmosphere which surrounds the earth. 

In the greatly rarefied zone of the altostratosphere, the 
ultraviolet rays contained in sunlight fall upon the atoms of 

1 The Angstrom unit, commonly abbreviated as A.U., is one ten-millionth 
of a millimeter (0.000,000,1 mm.). It is simpler to think of 3900 A.U. or 
7600 A.U. than of 0.000,04 cm- or 0.000,08 cm. 
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the gases present and knock out of them many electrons. 
This action electrifies the stratum known as the Kennelly-
Heaviside layer which reflects radio waves back down to 
the surface of the earth and makes broadcasting possible. 
Strike one for ultraviolet, in behalf of radio. 

Further down, the short ultraviolet rays act upon the 
oxygen in the air to produce a bank of ozone several miles 
thick, which, in turn, filters out of the sunlight some of 
the most irritating ultraviolet. 

After this the light from the sun enters the lower portion 
of the atmosphere—a layer so full of fog and clouds and 
smoke, all of which impede the passage of ultra violet, that 
by the time sunshine reaches sea level not more than one per 
cent of it falls in the zone beyond visible light. 

VARIATIONS IN THE ULTRAVIOLET OF SUNSHINE 

From December until May, daylight in the northern 
hemisphere contains very little important ultraviolet, be­
cause it has been filtered through the clouds and fog and 
rain in our atmosphere. High humidity at any season cuts 
down the proportion of these rays in sunlight. 

The time of day also affects the amount of ultraviolet: 
at noon the sun shines down from the zenith through a 
shallower depth of air than late in the afternoon when the 
sun is low in the sky and its rays must shine obliquely 
through the atmosphere. 

Besides this, we reduce the percentage of ultraviolet in 
daylight by pouring into the air over our cities enormous 
quantities of smoke. London's smoke and soot are reported 
to cut down her solar ultraviolet by two thirds. 

Nor is this all. In some parts of the United States the 
smoke pall of forest fires makes the ultraviolet content of 
sunlight almost as low in July as in January. 
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Thus it is clear that dry climate, high altitude, and lack 
of smoke increase the amount of ultraviolet in sunshine, 
while fog and rain, clouds and smoke reduce it sharply. 

ULTRAVIOLET AND PLANTS 

The leaves of plants are green because they contain 
chlorophyll—a substance very much like the pigment, hemo­
globin, which makes blood red. Chlorophyll is what chem­
ists call a catalyst; that is, its job is to start things going in 
which it later takes little active part. 

The roots of a tree soak up water from the ground; the 
leaves absorb carbon dioxide from the air; the chlorophyll 
in the foliage captures light rays and ultraviolet from the 
sunshine. When all this has been done, the tree itself filches 
from the water and the carbon dioxide the hydrogen, 
oxygen, and carbon it needs and reassembles them into 
simple sugars out of which it builds both its skeletal frame­
work and its starchy food. Sunlight therefore, is all-
important to the growing plant. 

Plants forced to live in the dark are pale in color and 
watery in consistency, they have a poor framework and will 
not bear a normal crop of fruit or seed. On the other hand 
plants kept continuously in bright light containing a large 
proportion of ultraviolet grow rapidly to an unusual height 
but also become prematurely old. 

ULTRAVIOLET AND ANIMALS 

Experiment has proved that ultraviolet has a profound in­
fluence on animals as well as plants. For more than two 
decades research laboratories and experiment stations have 
harbored hordes of puny chickens, undersized rats, poorly 
nourished guinea pigs, and bewildered cows—all of them 



SUNSHINE AND ULTRAVIOLET 163 

teaching us something about the functions of ultraviolet 
rays. 

An animal exposed to ultraviolet absorbs calcium and 
phosphorous from its food readily and builds strong healthy 
bones, and its skin apparently has increased resistance to 
infections. Cows treated with ultraviolet give milk more 
potent to prevent rickets than the milk of cows not so 
irradiated, and hens that have ultraviolet regularly lay 
eggs which have shells thicker than usual, are ten times 
as anti-rachitic as ordinary eggs and also hatch more chicks. 

WHAT WE KNEW ABOUT ULTRAVIOLET BEFORE 1900 

Centuries before our era the Egyptians worshiped the 
sun god Aton; over three thousand years ago the Pharoah 
Ikhnaton built sun baths for the treatment of the sick. 
Among the hills of ancient Greece were temples to Aescu­
lapius where patients were bathed in fresh air and sunlight. 
Aristotle knew that without sunshine the leaves of plants 
would not be green; both Hippocrates and Galen great 
physicians of the Old World—recommended sun baths; long 
before the arrival of Columbus in the Western Plemisphere 
the Incas used sunlight in the treatment of disease. 

But with the decline of Rome and the rise of Christianity 
Western man turned his concern from this world and the 
things of the body and centered his thoughts upon the 
"mortification of the flesh" and life everlasting. Both the 
worship of the sun god and the medical use of sunlight were 
abandoned. During the Middle Ages only the Arabs con­
tinued to employ heliotherapy. 

Not until the seventeenth century was there any real 
revival of interest in light among Europeans. Then Isaac 
Newton, passing white light through a prism, broke it up 
into the spectral colors at which cave men had stared in 
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the rainbow. And presently it was found that light moves 
with enormous but nevertheless measurable velocity (ap­
proximately 186,000 miles per second). But not until 1801 
did a German scientist (Ritter), by exposing silver chloride 
to spectral light, prove that in the dark zone beyond visible 
violet there are certain unseen rays which quickly blacken 
silver salts. These are the ultraviolet rays. 

During the Napoleonic wars French military surgeons 
began to expose wounds to open air and sunlight. By 1815 
the physician Loebel was using sun baths for a variety of 
diseases and by 1835 a handful of doctors were urging sun­
light for the treatment of rickets and scrofula (tuberculosis 
of the glands of the neck). But the spectacular advance of 
surgery following the discovery of anesthesia at the turn of 
the century and the development of antisepsis following 
Pasteur s proof of the germ production of infection diverted 
attention from so commonplace a thing as sunshine. How­
ever, in 1877 two Englishmen—Downs and Blunt—reported 
that direct exposure to sunlight would kill many kinds of 
germs but that the fatal rays could be screened out and the 
bacteria protected by merely putting a piece of ordinary 
window glass in the path of the light rays. Another fifteen 
years and it had been discovered that ultraviolet had much 
more germicidal power than visible light. 

Meantime, in 1890, Dr. Theodore Adrian Palm, an Eng­
lish physician who had traveled widely, published an article 
pointing out that rickets was prevalent wherever there was 
a lack of sunshine. This observation, now recognized as a 
medical classic, attracted no more attention at the time than 
the work of an obscure physician named Finsen was then 
beginning in Copenhagen on the treatment of tuberculosis 
of the skin with the carbon arc lamp. 

By the close of the nineteenth century observation and 
experiment had established a handful of facts about light. 
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1. Besides the visible spectral colors there is in sunlight 
an invisible ultraviolet ray which causes sunburn and in­
flammation of the skin. 

2. This ultraviolet light will kill germs if it strikes them 
directly but cannot penetrate ordinary window glass or 
more than a few millimeters of flesh and blood. 

3. Exposure to sunlight or ultraviolet rays will cure many 
cases of lupus (tuberculosis of the skin) and the absence of 
these rays is associated with the disease of bones known as 
rickets. 

4. The carbon arc lamp emits ultraviolet rays as well as 
light and heat and can be used instead of sunshine in cloudy 
weather. 



CHAPTER XVI 

Ultraviolet in Medicine 

ULTRAVIOLET AND TUBERCULOSIS 

AT A meeting of the Swiss Medical Association in 1904 Dr. 
Bernhard, surgeon to the Samaden Hospital, reported excel­
lent results from exposing wounds and tuberculous infec­
tions of the skin to sunlight. Hearing of this, a young French 
physician named Rollier decided to test some of his own 
ideas about sunshine. 

Rollier was particularly interested in tuberculosis of bones 
and joints. For four years he had worked in Kocher's clinic 
at Berne where many of these cases were operated on over 
and over, only to die or finally be crippled by their disease. 
Now he rented a house in Leysin and turned it into a "sun 
clinic." 

Rollier did not put his patients into thick heavy plaster 
casts for months or years and neither did he operate on 
them. Instead he put them in bed on unsagging springs and 
firm mattresses, in positions which made diseased joints 
comfortable. The spine cases spent half their time on their 
backs with small solid pads under the deformed vertebrae 
and half on their stomachs with their chests propped up 
by wedge-shaped cushions which held their shoulders sev­
eral inches above the bed and left their hands and arms 
free to move. The patients with tuberculosis of the hip or 
knee had firm cushions wedged beneath the pelvis and 
weights suspended from the lower leg in order to pull the 
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infected joint surfaces apart. These positions not only re­
lieved pain by immobilizing the diseased joints but also 
helped to correct deformities. 

For some days after starting treatment a patient was kept 
lying quietly in bed in a room open to air and light while 
he got used to his new regime. Then his bed was wheeled 
out on a porch where for a few days longer he had air baths. 
Finally he had his first sun bath. 

To begin with, only his feet were exposed; usually five 
minutes three times a day at the start, while his head and 
body were shaded. Gradually the line of exposure was 
moved upward—to the knees, to the thighs, to the abdomen. 
After about three weeks most of his body was being irradi­
ated, but his head was always shielded from direct sunshine 
and his chest was usually not exposed. Treatment ordinarily 
was given in the forenoon; it always stopped at least thirty 
minutes before mealtime and never began less than an hour 
after eating. The midday heat was scrupulously avoided. 

In spite of all these precautions, it was never possible to 
predict an individual patient's reaction. Many persons could 
eventually take three hours in the sun each day; some even 
more; but others could never approach that amount of 
radiation. Therefore each patient had to be watched care­
fully and nothing left to chance. Degrees of fever were 
recorded, pulse rates charted, weight checked, pain and 
other symptoms watched. At intervals X-ray plates were 
made to detect any visible evidence of improvement in the 
bones. 

Following this system of his own Rollier found that, in 
the average case, pain and fever slowly declined, swollen 
joints gradually shrank toward normal size, pus dripped less 
and less freely from the open sinuses. Bit by bit the patient's 
skin turned brown, his appetite improved, his flabby muscles 
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grew firmer. His voice lost the whine of the chronic invalid, 
his weight crept upward. 

Once active infection had subsided and X-ray plates 
showed the formation of strong new bone, Rollier let his 
patients out of bed. Slowly they would begin to exercise, 
to walk again. And one day they would be discharged— 
bronzed, nrm-fleshed, free from pain and fever, and obvi­
ously on their way back to full health and strength. 

When the International Medical Congress met in London 
in 1913, for the last time before the First World War, 
Rollier reported that during the previous decade he had 
treated over a thousand persons and apparently cured some 
83 peicent of them. But in spite of these results he gained 
few recruits in those early years. It took a long time to con­
vince most doctors that heliotherapy could do more for 
tuberculosis of the bones and joints than surgery. But in 
1913 Dr. Pryor of Buffalo, New York, went to Europe to 
study sun treatment and in November of that year he began 
using it in the new J. N. Adams Memorial Hospital at 
Perrysburg, New York. From here the sun cure spread to 
other tuberculosis hospitals. In the United States it was the 
men working in these sanatoria who established helio­
therapy on a sound footing. 

ULTRAVIOLET AND RICKETS 

The next disease for which ultraviolet was used exten­
sively was rickets. Although Dr. Palm had pointed out the 
correlation between rickets and lack of sunshine as early 
as 1890, it was not until twenty years later that much atten­
tion was paid to his contention. Perhaps this was partly 
because rickets had been known for so long. During the 
seventeenth century it was accurately described; for 
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nearly three hundred years it had been observed in infants, 
small children, and young animals in captivity. Rickets 
keeps the body from absorbing and using calcium and 
phosphorus properly and therefore leads to soft bones, bow-
legs, pigeon breasts, pot bellies, and square heads flat in 
the back. Furthermore children with rickets are susceptible 
to pneumonia. 

The 1915 edition of Osier's Principles and Practice of 
Medicine, which I used in medical school, told us that 
from 50 per cent to 60 per cent of the children attending 
clinics in Vienna and London had rickets, and about the 
same time Dr. Hess of New York announced that over 75 
per cent of the children less than two years old in that city 
showed signs of the disease. During World War I and the 
years immediately thereafter, semistarvation caused by the 
Allied blockade of Europe resulted in the appearance of a 
very severe type of rickets in the central part of the con­
tinent. 

For years physicians had known that cod liver oil would 
cure this disease but it was apparent to everyone that pre­
vention would be better than cure because it would avoid 
the bony deformities which persist after active disease has 
disappeared. It was also observed that rats fed entirely on 
white flour developed rickets and that babies fed condensed 
milk or patented infant foods containing excessive starch or 
sugar usually got rickets at the same time that they grew 
very fat. To raise lion cubs in a zoo had been impossible 
until a whole litter, already ill with rickets, was restored 
to health by a diet of milk, cod liver oil, and pounded-up 
bones. 

In 1918 Drs. Hess and Unger distributed cod liver oil in 
one of the poor negro districts in New York City and proved 
that it would prevent rickets even in these underfed :olO' 
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babies. The next year Dr. Huldschinsky in Vienna treated 
with ultraviolet rays four children who had the severe post­
war rickets then prevalent on the Continent. Within eight 
weeks these youngsters were practically well. 

Dr. Hess too had been experimenting with ultraviolet 
and in 1921 he announced that the ultraviolet rays in sun­
light or from a lamp would prevent rickets even when 
young animals were deliberately given a diet known to pro­
duce the disease under ordinary circumstances. 

FUNDAMENTAL EFFECTS OF ULTRAVIOLET 

Exposure to sunshine causes an immediate reddening of 
the skin which is due to the increased blood supply pro­
duced by the heating effect of the visible light and infra-red 
rays. Some three or four hours later another reddening 
appears which is due to ultraviolet. This lasts about forty-
eight hours and is usually followed by tanning. 

The skin when well tanned acts as a dark absorbing sur­
face: it protects against excessive ultraviolet exposure by 
absorbing these rays, converting them into heat and shed­
ding them into the adjacent air. However, even then suffi­
cient ultraviolet reaches the blood vessels in the deeper 
layers of the skin to affect the animal body in many ways. 

Penetrating into the skin these rays find there a substance 
called cholesterol which they turn into a powerful anti­
rachitic; this material is then carried throughout the body 
in the blood stream. In other words, the skin, when stim­
ulated by ultraviolet, produces and the blood distributes a 
chemical (called viosterol when manufactured in the labora­
tory) that will prevent and/or cure rickets. Furthermore, 
ultraviolet aids in the absorption of calcium and phosphorus 
from the food by the intestine, it promotes growth in infants 
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and young children, and it prevents a drain of calcium from 
the bodies of pregnant or nursing women. 

MEDICAL USES OF ULTRAVIOLET 

Skin disorders 

The local effects of ultraviolet make it useful in several 
skin diseases. It produces inflammation and increases the 
blood supply in the surface vessels. It therefore is of value 
in treating ulcers and wounds which are slow to heal. It 
often gives improvements in psoriasis and acne (two dis­
eases of the skin which are essentially chronic and therefore 
recur over and over, requiring intermittent treatment over 
long periods) and, properly used, it will cure most cases of 
erysipelas promptly. Whether ultraviolet or X rays or the 
sulfa drugs is to be preferred in the latter infection must be 
determined by the attending physician. 

T uberculosis 

General irradiation of most of the surface of the body is 
extremely valuable in tuberculosis of the skin, glands, bones, 
and joints. Certain other tuberculous conditions (e.g. tuber­
culosis of the bowel, throat, and kidney) are also sometimes 
benefited by ultraviolet irradiation, but ordinary tubercu­
losis of the lungs should not be treated in this way. 

Sun baths can be used to advantage in high dry climates 
where sunlight retains considerable of its ultraviolet but 
in most of our cities lamps (carbon arcs or mercury vapor) 
must be used. I cannot make the point too strong that no 
one except an experienced doctor should undertake the 
ultraviolet treatment of tuberculosis. Much harm can be 
done by over-irradiation, no good will result from too little. 
Above all things, the patient himself must never take the 
responsibility for such treatment. 
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Rickets 
Rickets can be cured by general ultraviolet irradiation of 

the body or by sun baths. The mechanism here is the pro­
duction in the skin of the antirachitic known as activated 
ergosterol or viosterol and the transport of this substance 
throughout the body by the blood stream. 

This does not mean that ultraviolet is a substitute for 
adequate vitamin D in the diet. Every child needs the 
proper amount of this vitamin in his food; if he gets it he 
will not develop rickets. Taken every day, 1I/2 to 2 pints of 
whole milk containing 200 units of vitamin D per pint will 
prevent rickets in children between infancy and adolescence. 
Milk of this strength can be obtained by adding 1I/3 tea-
spoonfuls of standard United States Pharmacopeia cod liver 
to the quart or by the exposure of the milk itself to ultra­
violet. 

Other foods can be made antirachitic in the same way— 
e.g. meat, cream, cereals, eggs, lettuce, spinach, etc. But the 
wholesale irradiation of food would probably be unwise, 
for this reason: experimental animals fed entirely on such 
foods are prone to develop diseases of the heart, blood vessels 
and kidneys, the precise cause of which is still uncertain. 
Until we understand this more clearly, it would be foolish 
to go in too heavily for irradiated foods. 

Pregnant women and nursing mothers must supply the 
calcium needs of the growing child and because of this are 
in danger of having the calcium drained from their own 
bodies and bones. They should therefore have abundant 
calcium and phosphorus in their diet and in addition at 
least 800 units of vitamin D each day to help them absorb 
and utilize these vital minerals. The extra vitamin D can 
be secured through ultraviolet radiation, through the use 
of irradiated milk or cod liver oil. (Standard cod liver oil 
contains 310 units to the teaspoonful.) 
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A good many physicians, on the basis of clinical experi­
ence, feel that ultraviolet is an aid during convalescence 
from severe debilitating infections and in the delayed heal­
ing of fractures. Perhaps from dietary deficiencies, some 
people seem to have lost the ability to build sound new 
bone; if this is really the case, ultraviolet should help them 
to absorb all possible calcium from their food and to use it 
to the best advantage in repairing the broken bones. 

Sterilization of the air 

Recently a good deal of attention has been given to air­
borne infections. It appears that most colds and many other 
respiratory infections are spread by means of tiny droplets 
sprayed, spoken, sneezed, and coughed into the air in en­
closed spaces. "Moist" consonants, such as /, p, and s, project 
these minute droplets by the hundreds. Since it is impossible 
to mask effectively every person with a respiratory infection, 
studies have been made of the practicability of sterilizing 
the air with ultraviolet. 

It is a fact that many people carry in their noses and 
mouths, while they are perfectly well, germs capable of 
producing virulent infection in others; this makes it likely 
that visitors and employees introduce into hospitals many 
infections which the patients did not bring in when they 
were admitted. Hence the importance of the investigations 
into the matter of sterilizing air. 

It has been found that germs in the air of hospital wards 
increase as the number of patients rises, as more people 
move about in the ward, and whenever the circulation of 
the air becomes brisker than usual. When ultraviolet lamps 
are installed in the bed cubicles in hospital wards, in oper­
ating rooms, or in schoolrooms, the number of germs in the 
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air as shown by bacteria count falls off, ordinarily more than 
50 per cent. The incidence of respiratory infections has 
also been sharply reduced by this method of irradiating the 
air, and the number of postoperative infections in surgical 
patients cut down. Epidemics of measles, mumps, and 
chicken pox are reported to have been checked by simply 
exposing the air of schoolrooms to the rays from ultraviolet 
lamps. 

This study is still going on; within the next few years it 
may give us important results. Since the common cold ac­
counts for the lion's share of all absences from school and 
from work, its prevention alone if practicable would have 
an enormous economic value. 

Testing the circulation 

Quite recently a spectacular use for ultraviolet has been 
developed, for which young Malvern has shown great en­
thusiasm since an incident in the hospital a few months ago. 

He had in his ward a patient with gangrene of the foot 
and lower leg. A difference of opinion grew up between 
various members of the surgical staff concerning the neces­
sity for amputation. The man objected; he was a mechanic 
and he felt that he would have to abandon his trade if his 
foot were removed. Malvern's ready sympathies were 
aroused by the plight in which his patient found himself 
and he came down to discuss with McDonald and me what 
might be done. 

The result was that next morning he appeared with his 
mechanic friend in the X-ray department where Miss Ran­
dolph had ready for him in a darkened room an intravenous 
set and an ultraviolet lamp. He injected a harmless material 
called fluorescein into the man's arm vein, and then we 
turned off all lights, switched on the ultraviolet lamp, and 
trained its radiation on the patient's foot and leg. 
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It takes less than half a minute for the blood to make the 
circuit of the body and we knew that, if the blood vessels 
in our man's extremities were still open, the fluorescein 
would be down there in a few seconds and would cause the 
leg to glow with a brilliant gold-green luster. Almost breath­
lessly we waited. Physicians do not enjoy discovering evil 
things about their patients and I knew that Malvern was 
hoping desperately against hope for something good. 

"Ye gods!" he exclaimed suddenly, "How time drags 
when you don't want it to!" 

I smiled in the darkness, remembering my own days as a 
young doctor who often found it hard to accept the inevit­
able philosophically. 

And just then the patient's leg lit up with a rather ghastly 
greenish light, telling us that some at least of the blood 
vessels were still open to the circulation. Jubilantly Malvern 
wheeled his patient off and later in the day he sent me word 
that amputation had definitely been abandoned. A few 
weeks afterward the man walked out of the hospital on his 
own power, leaving a beaming interne behind. 

DANGERS OF ULTRAVIOLET 

Although very few laymen would venture to treat them­
selves with X rays or radium many people feel quite com­
petent to prescribe sun baths or ultraviolet treatments. But 
there are real dangers in the use of ultraviolet. 

In the first place, severe burns result from overexposure, 
and he who considers a bad sunburn of no importance will 
change his mind once he has had one. 

Then there are certain conditions in which ultraviolet is 
positively forbidden: for example, heart disease, arterio­
sclerosis, high blood pressure, acute infections with high 
fever, impaired kidney function, diabetes, progressive tuber-
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culosis of the lungs, and the type of goiter known as toxic 
or exophthalmic. 

Heavy irradiation over the abdomen has been followed in 
experimental animals by ulcers in the stomach and/or 
intestine. Strong sunlight and/or ultraviolet rays damage the 
unprotected eye ("Kleig eyes" and snow blindness). For this 
reason patients wear colored glasses while taking ultraviolet 
treatment. 

Some apparently healthy persons have headache or nausea 
after taking sun baths or ultraviolet treatment and others 
become nervous and are unable to sleep. In fact overexpos­
ure may produce such symptoms in anyone. 

People whose faces are weatherbeaten from long exposure 
to sun and wind develop cancer of the skin of the face and 
neck more often than other people of the same age. Blondes 
and persons with red hair cannot take as much sunshine as 
brunettes; they do not tan enough to protect themselves 
against excess radiation. 

All these considerations point to the conclusion that 
sun-bathing and ultraviolet treatment are medical pro­
cedures which should be used only under the direction of a 
physician. Intelligent supervision is more essential than 
enthusiasm for a coffee-brown skin and more harm than 
good results from inexpert use of this radiation. Ultraviolet 
is no cure-all, although no doubt another fifty years of ob­
servation and experiment will teach a new generation of 
doctors much that none of us now suspect. 

CLOTHES AND ULTRAVIOLET 

Many fabrics will not let ultraviolet through. Cotton, silk, 
and wool pass very little of the important wave lengths and 
baby flannel cuts off all the antirachitic ultraviolet. Rayon 
transmits considerably more and feathers curiously enough, 
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permit passage of most of the ultraviolet. Therefore chickens 
can absorb these rays without molting. 

The spaces between threads and the weight and porosity 
of the fibers themselves are very important factors in the 
transmission of ultraviolet; thus, tightly woven cotton is 
almost as impervious as wool, while in openmeshed fabrics, 
the threads absorb only about 10 per cent of the radiation. 

All this suggests that there is more than moonshine in the 
notion that the modern woman's scanty garb is more health­
ful than her boy friend's modest woolens. 

TRANSMITTING WINDOWS 

People who cannot lounge in the sun or bask under ultra­
violet lamps sometimes ask whether they ought to install 
special transmitting windows in their homes, offices, and 
schools. The answer is usually No. 

Some of the glass for sale in the market transmits a good 
deal of ultraviolet and some very little. Most of it sacrifices 
weather resistance for ultraviolet transparency, thus increas­
ing the over-all expense. Furthermore, all varieties deteri­
orate with age and use. 

But, however excellent the glass, a person in ordinary 
clothes several feet from a transmitting window would have 
to sit there fifteen or twenty hours a day to get the same 
amount of ultraviolet he could get in a five-minute walk 
outdoors at midday. South exposure means much more sun­
light than north exposure, it is true, but everyone cannot 
sit beside a south window. In climates where winter sun­
light contains little ultraviolet to start with, one would cer­
tainly pay an enormous price for a minute quantity of 
these rays. 

Even in a nursery equipped with transmitting windows 
of high quality, a baby would have to spend most of his 
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time both naked and close to the windows if he was to get 
any benefit. It would seem simpler and more effective as 
well as much cheaper to go outdoors for a five-minute walk 
at noon and take the baby, if any, along. Indeed, at the 
present time, the advisability of using transmitting windows 
to acquire a suntan while shaving, bathing, or loafing seems 
very questionable. 

ULTRAVIOLET LAMPS 

Since rain and smoke, fog and clouds filter out of sun­
shine so much of its natural ultraviolet, it is often necessary 
to resort to lamps in order to get ultraviolet rays when and 
as we need them. There are today three types of such lamps 
in common use: mercury vapor quartz, carbon arcs, and 
tungsten filament lamps. 

The first type consists of a quartz tube containing a small 
amount of liquid mercury; an electric current heats and 
vaporizes the mercury which then emits a strong beam of 
radiation. The quartz wall of the tube holds back only the 
very short, irritating ultraviolet rays (below 1850 A.U.). 
The advantage of the mercury lamp is that it gives off a 
large amount of ultraviolet (nearly one-third of its output is 
in this zone, as compared with one per cent of sunlight at 
sea level); its disadvantage is that its radiation is spotty— 
here a group of rays and there none, all the way from the 
very short ultraviolet to the infrared—whereas that of sun­
shine is continuous. One might compare a natural sun 
bath to a douche from a large hose and treatment with 
a mercury vapor lamp to a fine spray striking the skin only 
in scattered spots. 

The carbon arc has two pieces of carbon set a short dis­
tance apart; between them an electric current is passed. The 
current gradually bores a hole into the end of the stick of 
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carbon and from these craters a flood of ultraviolet rays is 
poured out as well as much heat and visible light. The ultra­
violet of the carbon arc is like that of sunlight to the extent 
that it consists chiefly of the longer wave lengths (beyond 
2900 A.U.), but for all that, the output of this lamp is by no 
means a duplicate of sunshine. 

There are also lamps with a tungsten filament, housed 
in bulbs of transmitting glass, which give off: useful ultra­
violet in small amounts. 

Each sort of lamp has advantages and disadvantages. 
Mercury vapor lamps are simple to operate on ordinary 
alternating current, they are clean and quiet and emit no 
sparks. But the quartz tube is easily broken and expensive 
to replace, and it deteriorates with use. More important, the 
radiation emitted is poor in the long ultraviolet rays so 
useful to man and plentiful in sunlight. 

Carbon arcs, on the other hand, give off much ultraviolet 
similar to that of sunlight. But the arcs are expensive to 
operate (requiring a rotary converter to turn ordinary com­
mercial alternating current into direct current), they are 
difficult to keep in adjustment, they are noisy, they smoke, 
they often sputter out bits of hot carbon on the patients. 
Besides this, the treatment takes longer than with mercury 
vapor lamps. 

Finally, the tungsten filament lamps have the bulk of their 
output in the infrared and only a small percentage in the 
vital zone of ultraviolet (between 2900 and 3200 A.U.). 
This means very long exposures frequently repeated, thus 
offsetting to a great extent the convenience of using a bulb 
which can be screwed into an ordinary lamp socket. 

By and large, carbon arcs are chiefly used by physicians 
in treating diseases (such as tuberculosis of lymph glands or 
bones) in which radiation of the entire body is indicated, 
while mercury vapor lamps are used more often in treating 
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localized diseases of the skin. Either of these lamps can be 
used successfully to treat rickets. The tungsten filament 
lamps can be used in nurseries to prevent the development 
of rickets, but to cure this disease would require daily ex­
posure several hours long, over a period of weeks. 

The usefulness of any of these lamps in the family bath­
room, so far as the general health is concerned, is highly 
dubious and all of them present certain electrical hazards 
which make it wise to keep them out of the home except 
when a physician prescribes their use for a specific purpose. 
There is no scientific basis for thinking that their regular 
use by persons in good health will increase resistance to colds 
during the winter months. 



CHAPTER XVII 

Technical Uses of X Rays and Ultraviolet 

IN igi2 research scientists began using X rays to study the 
structure of crystals and molecules. Since then this investi­
gation has expanded to include the architectural pattern of 
atoms, the arrangement of the fibers in cellulose, and the 
grain size in many commercial materials. In this way much 
knowledge of practical value has been gained. 

For instance, manufacturing processes often change grain 
size and therefore alter behavior, as in the heating of metals. 
An X-ray study of duralumin in airplane propellers is re­
ported to have shown distortion due to vibrational stress 
and to have resulted in improved propeller design as well as 
choice of better alloys. X rays also reveal structural changes 
in metals caused by rolling and by the addition of alloys; 
the X-ray examination of lubricating oils disclosed the struc­
ture, shape, and size of the molecules as well as the way 
they are bound together. 

The metal trades have indeed a good many uses for X rays. 
Roentgenograms will show "strain in metal objects well 
before a danger point is reached; they check the fit of screw 
threads; they disclose concealed breaks in insulated wires 
and cables or in coated metals; they show slag inclosures, 
cracks, and blowholes; they show defects and faulty rifling 
in gun barrels, asymmetry and defects in ball bearings, 
cracks and metallic particles in porcelain insulators. They 
will find thinned spots in the walls of cylinders for oxygen 
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and liquid air and determine whether the grid and filament 
of radio tubes are in their proper positions and the parts of 
intricate assembled machines properly placed. 

X-ray examination is the only way of testing a welded 
joint without damaging it. During the construction of 
Boulder Dam three X-ray units were used to check all such 
joints; a total of seventy-five miles of welding was examined 
in this way. Alcoa X-rays all its aluminum and light-alloy 
castings. The United States Army has X-rayed all its castings 
since 1932. The United States Navy X-rays all its steam 
boilers. 

X rays are in wide use in defense industries. Million-volt 
machines photograph steel castings five and six inches thick 
in two or three minutes. If such castings show flaws they 
are promptly returned to the foundry where the defects are 
chipped out and new metal is welded in; then they are sent 
back for re-ray before being used. X-ray tubes are placed in 
the center of boilers and with a single exposure a whole 
series of films is made around the entire circumference. 
Every welded joint in our instruments of war is checked 
with X rays. 

Cartridges are X-rayed to detect improper filling; pipes 
and wiring in walls of buildings are located by X-rays; re­
claimed rubber is examined for nails and other metallic 
foreign bodies, and tires for internal breaks and tacks. 

In peacetime X rays also have their industrial uses. They 
are used to study the arrangement of cellulose fibers in 
fabrics and wood, because it is the structure of cellulose 
which largely determines elasticity, tensile strength, shrink­
age, and dyeing properties. For similar reasons X rays are 
employed in the explosive industry. Wood is examined for 
concealed cracks, knots, wormholes, spikes, and areas of 
decay. Before the present war, for instance, the old wood in 
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the cathedral at York in England was X-rayed for signs of 
rotting. 

By measuring the absorption of X rays one can determine 
the precise thickness of sheets of leather, glass, metal foil, 
paper, and films of paint and learn whether the thickness is 
uniform or not. The composition of certain materials can be 
tested in a similar fashion—e.g., silk weighted with metal, 
rubber containing filler, glass mixed with metals, flour 
adulterated with sand or sugar with chalk. 

X RAYS AND ULTRAVIOLET AS DETECTIVES 

Customs authorities X-ray sealed packages for bombs and 
trunks for false bottoms and contraband metallic objects, 
and the police have a multitude of uses for ultraviolet rays. 

The oils left in indistinct fingerprints will fluoresce under 
ultraviolet, and, when zinc sulphide is dusted over the sur­
face, the fluorescence will often increase enough to give good 
sharp photographs of the prints. Detectives also use these 
rays in studying stains. In the presence of concentrated sul­
phuric acid blood fluoresces a yellowish red under ultra­
violet; alkalinizing the solution causes the fluroscence to 
become a brilliant carmine. Very small amounts of blood will 
show these characteristics and bloodstains on washed clothes 
can often be photographed with ultraviolet light. Further­
more, ultraviolet will frequently differentiate between vari­
ous types of stains on clothing. For example, urine stains 
fluoresce a yellow-white while semen fluoresces blue-white. 

Different sorts of ink can be detected with ultraviolet. 
Thus, if a will or legal document is altered, the original 
ink and that used in the alterations will fluoresce in two 
different ways under ultraviolet light. The inks used on 
bank notes are said to have a characteristic fluorescence; cur­
rency can be marked with an ink which is invisible with 
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ordinary light but which will fluoresce under ultraviolet 
rays. 

Erasures, both mechanical and chemical, almost always 
leave behind either a bit of ink or some marks on the paper 
which can be seen with ultraviolet. Changes in the surface 
texture give plainly visible spots where the fluorescence is 
affected. Aniline inks, even although so faded as to be in­
visible to the eye, leave behind on the paper a residue which 
will fluoresce under ultraviolet. Laundry marks after having 
been supposedly eradicated can usually be seen under ultra­
violet, and most substances used in invisible writing will 
glow under these rays—e.g., fruit juice, milk, vinegar, saliva, 
urine, etc. Signatures which cannot be seen at all can often 
be photographed with ultraviolet. 

With a mercury vapor lamp it is frequently possible to 
detect forgeries. First, the visible light and infrared must 
be filtered out of the beam of radiation by a screen of nickel 
oxide. Then the document in question is placed inside a 
cabinet which can be darkened at will, and the beam of 
ultraviolet rays is directed upon it. The color with which 
the paper fluoresces will tell what type it is: pure linen 
rag glows with a bluish tint, pure cotton rag is clear white, 
chemical wood pulp a dark grayish-brown, and mechanical 
wood pulp almost black. If different types of ink have been 
used in the document itself or in the signature, the fact will 
be shown by the different colors in which the printing or 
writing fluoresces. 

Finally, when paper is so charred by fire as to be uniformly 
black, any printing or writing on it can often be seen on 
photographs made not with ultraviolet but with infrared 
rays. 

Very important, none of these examinations injures old 
documents in any way. 
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SCHOLARS HAVE USE FOR X RAYS AND ULTRAVIOLET 

There is sometimes good reason for doubting the authen 
ticity of ancient books and manuscripts. Writing however 
faded it may be is usually plainly visible under ultraviolet. 
Using these rays very old biblical scripts have been found 
to include both erasures and additions, and parchments 
from which monks once erased earlier inscriptions in order 
to re-use the surface have been discovered to show several 
sets of superimposed handwritten compositions. 

Museums X-ray many of their paintings. Since the pig­
ments used by the old masters are more opaque to X rays 
than modern paints, one can easily detect older originals 
beneath alterations and additions made by recent artists. 

Museums also X-ray mummies. There are two reasons 
for this. First, jewelry and amulets can be located on the 
roentgenograms and the mummy thereafter unwrapped wit 
little damage. Second, genuine mummies can be distin­
guished from fakes because in genuine specimens the bones 
will be arranged in some semblance to a human skeleton 
while in fakes they will be disjointed and jumbled together 
with no regard for anatomical arrangement. 

GEMS AND X RAYS AND ULTRAVIOLET 

Dealers in gems have some interesting uses for our 
mysterious rays. For instance genuine diamonds differ from 
imitations in several ways: genuine stones are transparent to 
X rays and fluoresce under ultraviolet, while paste diamonc s 
are opaque to X rays and do not glow under ultraviolet. 
Cultured pearls do not fluoresce under ultraviolet unless 
they contain uranium, and on the roentgenogram they 
show layers arranged concentrically around the core o 
mother-of-pearl. Genuine natural pearls, on the other hand, 
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do fluoresce with ultraviolet and on X-ray films show irregu­
lar patches of light and dark. 

Natural blue sapphires do not fluoresce; natural white 
sapphires show an orange-yellow glow; synthetic blue sap­
phires are reddish-purple under ultraviolet. Synthetic rubies 
fluoresce a much deeper red than natural ones, and garnets 
do not fluoresce at all. 

UNUSUAL USES OF ULTRAVIOLET AND X RAYS BY THE 
PHYSICIAN 

Now and then it may be wise for a doctor to behave like 
a detective. For instance, he may need to know whether a 
patient has been taking aspirin or quinine recently. This 
information he can readily secure without tipping off the 
patient by examining the urine under ultraviolet light. If 
the person has been taking aspirin, his urine when alkalin-
ized will fluoresce violet; if he has been taking quinine the 
color will be green. 

A more characteristic new use for ultraviolet is in search­
ing for the germs of tuberculosis in the sputum. The sputum 
is spread in a thin layer on a glass slide and stained with a 
dye called carbol-auramin. Then the slide is put in the 
microscope and a beam of ultraviolet focused upon it. 
Under low-power magnification any tuberculosis bacilli pres­
ent will shine a bright yellow against a dark background. 
This type of examination, McDonald tells me, is very 
dependable and saves much time and effort in many cases. 

There are some curious differences in the fluorescence of 
various body tissues. For instance, the skin of whites fluor­
esces under ultraviolet while the skin of the colored races 
does not. Normal healthy teeth fluoresce white, and defec­
tive teeth often show a reddish cast. Naturally blonde hair 
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fluoresces, while artificial blondes do not. Hair infested 
with ringworm shines bright green under ultraviolet; this 
may conceivably come to be useful to schoolroom inspectors. 

Foods are examined with both X rays and ultraviolet. 
Packaged food stuffs are carried along on a conveyor in 
front of a fluoroscopic screen on which the operator can 
spot at a glance spoiled foods and metal objects accidentally 
left in candy bars, plugs of tobacco, cartons of cheese and 
chocolate. Pithy oranges are picked up in the same way. 

Under ultraviolet fresh eggs fluoresce a pale red; as they 
age this becomes bluish and gradually fades. Butter glows 
yellow and margarine blue; as little as 15 per cent adulter­
ation with margarine can be detected. Fungi in cheese 
fluoresce a brilliant pale green, and natural ripening can be 
distinguished from false. Healthy potatoes do not fluoresce, 
those affected with ring rot are a pale green under ultra­
violet. 

Recently a rather amusing new use for X rays has been 
worked out. It consists of an invisible but permanent tat­
tooing. 

Most tattoo marks can be removed by injecting a chemical 
which causes the skin to slough and carry away with it the 
marks. But in this new method the tattooing is done with 
substances which, in extremely small quantities, glow with 
brilliant colors under a beam of X rays. Only by cutting 
away the entire area of skin could one remove these marks. 

The inventors think that their system would be a useful 
way to identify individuals and brand habitual criminals. 
But I suggested to Dr. Douglas that the surgeon, after clos­
ing his incision, should leave behind, indelibly inserted into 
the skin, the date and a brief description of what he has 
done. It would be hard for a patient to alter his past history 
to suit himself when confronted under the fluoroscopic 
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screen with some such inscription on his own skin as this: 
"io-i4-'42. Gall bladder removed, with stones, W.S.D., 
M.D."; or "io-i4-'42. Uterus removed. Ovaries and tubes 
normal, left intact. W.S.D., M.D." 

I 



CHAPTER XVIII 

Odds and Ends There Was No Other Place For 

Two questions I have been asked so often that I am sure 
many people are interested in them. 

One is about radioactive water. A few years ago some 
quack outfit advertised jars which were said to render water 
kept in them radioactive and assured the public that such 
water would cure a host of diseases. This swindle apparently 
proved unprofitable; at any rate it has dropped out of sight. 
But pseudomedical fakes have a way of bobbing up at 
intervals, exploited by shrewd promoters. Witness the 
notorious Abrams' apparatus so widely used in the early 
Twenties and still featured here and there by various heal­
ing cults and the Koch cancer cure which did not get its 
knockout blow until 1942. 

Now, of course, no earthenware jug can make water radio­
active, but unfortunately really activated water was sold to 
the public for some time and a number of people who used 
it died of radium poisoning. Anything as dangerous as 
radioactive substances should be given a wide berth by every­
one except those thoroughly trained in its use and fully 
aware of its hazards. Such things should have no place in the 
self-medication so dear to Americans; no reputable news­
paper should permit them to be advertised in its columns 
and no decent drugstore should sell them to anyone. 

The second question concerns the removal of hair with 
X rays. At present there are comparatively few advertise-
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ments in our papers declaring that superfluous hair can be 
destroyed painlessly and permanently by radiation, but this 
bit of quackery also may be revived at any time. The truth 
is that this is so dangerous an undertaking that no honest 
roentgenologist will attempt it. For the margin between a 
dose of X rays too small to do any good and one large 
enough to cause serious permanent damage to the skin is 
narrow and uncertain. 

I remember an attractive young woman who came into 
the department in great distress a few years ago. She said 
she had been worried by hair on her legs showing through 
sheer stockings and had gone to a commercial X-ray labora­
tory which advertised the guaranteed removal of such blem­
ishes. True enough the hair had been destroyed but now, 
two years later, she was more disfigured than ever. 

The skin from her knees to her ankles was so red and 
mottled and streaked that she had to wear heavy stockings 
to conceal it. And recently she had noticed a sort of sore in 
one area. When I examined her I found not only that 
nothing could be done to restore the skin to normal but that 
she was developing a cancer at the site of the ulcerating 
sore. She illustrated the double-barreled danger of attempt­
ing to remove hair with X rays: greater disfigurement than 
ever and the appearance of cancer in the damaged skin. 

Other odd complications and strange situations con­
tinually arise in the life of the radiologist. Some of these 
form the basis of the remainder of this chapter. 

To WHOM Do X-RAY FILMS BELONG? 

Some people are annoyed if we do not give them the films 
we make during their examination. Their stock argument 
is that they have paid for their "pictures" and are rightfully 
entitled to the possession of them. The radiologist's counter-
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argument is that the patient pays not for the films them­
selves but for his services as a medical specialist and for the 
information afforded by the X-ray examination. This dis­
pute has been so prolonged and so acrimonious that it has 
figured in a number of court decisions, most of which have 
bolstered the position of the radiologist. Is this then one of 
those dust-dry, contra-common sense opinions for which 
lawyers and judges are famous? Suppose we consider the 
matter for ourselves. 

For years the medical profession looked upon the roent­
genologist as a sort of super-photographer who was not en­
titled to the same standing as other specialists. At the begin­
ning there was some excuse for this attitude, since many 
pioneers in X-ray work were physicists or engineers or 
research men or technicians rather than practicing phy­
sicians. Doctors knew little about vacuum tubes and trans­
formers and high-voltage current and considered X-ray 
diagnosis of so little practical value that they were glad 
enough to leave it largely to technical men. When I was in 
medical school little use was made of X rays in the exam­
ination of patients and still less in treatment, and only one 
semester hour in this subject was included in the course of 
study. Not until World War I did X-ray work come to be 
regarded as a specialty really worth a man s while to master. 

Even now many doctors think of roentgenology as glori­
fied photography and of the roentgenologist as a sort of sub­
standard technical man. Such physicians seldom give the 
X-ray laboratory a history of the patients they refer for 
examination. They usually have their secretaries call Miss 
Randolph and tell her that Mrs. So-and-So will be in tomor­
row for gall bladder study. 

Now when this is the attitude of doctors there is no 
reason for surprise when the public reacts similarly. They 
go to a photographer's studio, pay his price, and come away 
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with a stack of prints; they come to our department, pay 
a fee, and expect to get an envelope full of films for their 
money. 

But today's trend is in the opposite direction. Physicians 
are coming to look upon the roentgenologist as a medical 
consultant who is entitled to all available knowledge of the 
case before he examines the patient, and not as a mere 
photographer who makes pictures of various parts of the 
body on order. Not many doctors now stamp around warn­
ing the radiologist to mind his own business and stay 
within the narrow limits once set for him. This added pres­
tige incites the X-ray man to make the most thorough study 
he can and to add as much as possible to the data which 
will serve as a guide in the patient's treatment. Give a man 
a bad name and he is tempted to live up to it; recognize the 
value of his work and he will try to increase its worth. 

After all what the patient and his family are interested 
in is not shadows on sheets of transparent cellulose; they 
want to know what is wrong and what can be done about it. 
What they pay for is information—a diagnosis—not pieces 
of gelatin-coated film. That being the case, the roentgenolo­
gist considers himself a better custodian of the films he has 
made than the patient. 

There is a good deal of evidence that he is right. In the 
first place most roentgenograms are meaningless to the un­
trained eye. That it could scarcely be otherwise any rea­
sonable person will admit when he finds out that it takes a 
doctor of medicine two or three years of graduate study to 
learn the rudiments of X-ray interpretation and the rest of 
his life to master it. Physicians without this training and 
experience do not interpret X-ray films well and most non­
medical people might as well try to read Sanskrit. 

I recall a self-assured young woman whose father came to 
us for examination. It turned out that he had a serious non-
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tuberculous lung infection and a functional stomach dis­
order but no actual organic disease of the digestive tract. 
When I finished my study I wrote a detailed report of my 
findings to the physician who referred the patient to us 
but the daughter brushed this aside and demanded that 
the films be delivered to her. 

"We're not paying you for what you think," she said 
arrogantly, "or for what you've written down on that piece 
of paper. You've made a lot of pictures of my father and 
we want them. I want to see them for myself." 

Having learned the futility of arguing with self-satisfied 
youth, I picked no quarrel with her. 

"Very well," I said, "if that's the way you feel about it." 
I handed her the bulky manila envelope without further 

comment. She fumbled inside it, pulling out film after film 
and looking at them with puzzled eyes. 

"What's the matter with them?" she exclaimed. 1 can t 
see anything on them." 

"There's nothing wrong with them," I replied. They re 
negatives, that's all. You have to hold them up to a strong 
light to study them." 

I set one of the chest films in the viewbox in the propel 
position. 

"Why don't you sit down here and look over all your 
father's films? I'm going out to lunch and you may use my 
desk if you like. One of the technicians will be here, of 
course, but you won't be in anyone's way. You re free to 
stay here all afternoon if you want to. 

When I returned from lunch Miss Randalph met me 
with a smile. 

"Your young lady didn't last long," she explained. "After 
she had looked at all the films twice over—most of them 
upside down—she got up and said she couldn t tell any 
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thing about them and she guessed she'd better take your 
report after all." 

No better proof than this of the meaninglessness of X-ray 
films to the untrained observer need be offered unless, per­
haps, I mention the common uses to which such films are 
put in the courtroom. Over and over I have seen lawyers 
or physicians who were devoid of knowledge of X-ray inter­
pretation displaying films of the chest or spine or pelvis— 
usually wrong side up—to a jury who stared owlishly at 
them in blank ignorance of their meaning. 

A second reason we like to keep the films ourselves is in 
order to preserve them. Ever since Miss Randolph gave an 
industrial accident patient the films of his injured spine 
for overnight display to his family, only to have them vanish 
permanently in less than twelve hours, she has insisted that 
the one way to make sure films will be lost is to give them 
to the patient. I do not go quite that far, because it seems 
to me that now and then a man has a legitimate reason for 
wanting his own roentgenograms, but I am sure that in all 
cases where legal action is even a remote possibility the wise 
roentgenologist hangs onto his films until a final settlement 
has been reached. 

Another point is the difficulty of storing X-ray films in 
the home. The larger sizes are too big to go into bureau 
drawers or suitcases, and private houses are not equipped 
with steel filing cabinets. If the films are folded or rolled up, 
the surface is likely to crack. If fluid is dropped on them, 
they spot. If hot water is spilled on them, the emulsion 
melts and runs off taking the photographic image with it. 

After such explanations most people admit that their 
X-ray films are of most use to them in the hands of those 
who understand them and have a place to keep them safely 
stored. In the case of outpatients our routine procedure is 
to send the films together with my interpretation of them to 
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the physician who referred the case for examination; if he, 
in turn, wishes to turn them over to the patient, he is free 
to do so. In the case of persons in the hospital, my report 
is put on their charts and the attending doctors come down­
stairs to look at the films and discuss them with me, but the 
films themselves are filed in the department. 

Of course we take circumstances into account. If, for in­
stance, we have a series of chest films on a woman suffering 
from tuberculosis and she decides to go to another part of 
the country for treatment, we do one of two things: either 
hand over to her the films together with the readings made 
of them, or mail them to the doctor who is going to take 
care of her in her new location. Indeed our stenographer 
spends a good deal of her time copying reports which have 
been requested by physicians whom patients have subse­
quently consulted. 

SHOULD X-RAY REPORTS BE GIVEN TO THE PATIENT? 

Now and then we see someone who does not ask for his 
films but does demand that the report of his examination be 
given to him instead of the physician who sent him in. On 
the face of it this seems reasonable enough, but closer con­
sideration shows that this plan, if generally adopted, would 
result in harm to the very people who insist on it. I can best 
show what I mean by illustration. 

A doctor once referred a man to me for X-ray study of the 
digestive system, in order to rule out possible infection o 
the bowel before embarking on the surgical treatment o 
a rapidly progressive pulmonary tuberculosis. The patient 
was suspicious and became angry when he learned that 
intended to make my report to his physician rather than 
to him. He had much to say about the mythical medical 

trust." 
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"You fellows are all in cahoots. I guess I know a little 
something about myself. My trouble is below the belt, but 
Doc Calhoun keeps harping about my lungs all the time. 
And you're standing in with him. But I got my rights and 
I want to know what you've found out before I begin paying 
him a lot of dough to do things to my chest." 

Now, suppose I had given my report to that young man. 
He did not realize that tuberculosis of the lungs often causes 
digestive symptoms and often spreads to the intestine and, 
finding that I had discovered nothing wrong with his gastro­
intestinal system, would probably have concluded that his 
doctor and I were merely combining to run up a bill on 
him and were not telling him the truth. The next step 
would have been to change physicians and put off treatment 
of his tuberculosis, and the third step would have been 
long, expensive invalidism. 

The fact is that, in most cases, X-ray study is only part 
of a more comprehensive examination and that it is often 
undertaken in order to rule out certain possible complica­
tions. Therefore, if the roentgenologist were to give his 
report to the patient direct, he would supply only part of 
the true picture of that person's physical condition. Pre­
cisely because many people think of X rays as a sort of magic 
eye which can reveal everything that is wrong with them, 
the conscientious roentgenologist will not help them deceive 
themselves into thinking they know all, once they have read 
the X-ray findings. But we, none of us, object to furnish­
ing an extra copy of our report rvhich the doctor can give 
his patient along with a summary of the whole examination. 

There are those who believe that roentgenologists delib­
erately make incorrect interpretations of their findings. Now 
anyone may make a mistake, and so long as they are human 
roentgenologists will sometimes be wrong. But they are 
certainly not so apt to be wrong as persons who have had 
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no training whatever in X-ray work. As for deliberate mis­
representation, I admit the possibility. I make no claim that 
all doctors or all radiologists are equally competent and 
completely without sin. Perhaps there should be an angel 
with a flaming sword to keep the inexpert and the untrust­
worthy out of the medical profession and all its branches, 
but no such angel exists at present. Our medical schools do 
their best to select the best students from among their 
applicants and licensing agencies have power to rescind a 
doctor's right to practice if he is proved incapable or morally 
unfit. But so long as physicians must come from the general 
population, none of this guarantees the purity of individual 
medical men. Nevertheless, in twenty-five years' experience, 
I have personally known of no more than a half dozen cases 
of deliberate falsification of X-ray reports. Errors of inter­
pretation and judgment there will always be, but I think it 
self-evident that these will be fewer if X-ray interpretation 
is left to trained personnel than if it is entrusted to patients 
and amateurs. 

COLLECTIONS OF X-RAY FILMS 

Aside from the danger of damage and loss, there are other 
good reasons for keeping the original films or small copies 
of them on file in the laboratories where they were made. 

For instance, when the roentgenograms are easily avail­
able, they can be studied by any physician called in con­
sultation and also during future illnesses. This is sometimes 
very important. I remember young Malvern s excitement at 
seeing a bullet in the back of a boy's skull until I called his 
attention to a set of films made five years before which 
showed the same bullet in exactly the same spot. 

It may become essential to be able to state positively that 
on such and such a date the patient had or did not have 
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X-ray evidence of duodenal ulcer or an enlarged heart, of 
tuberculosis of the lungs or gallstones. The chest films now 
being made of men examined under the selective service 
system form a case in point: when the war is over and the 
question arises whether a given man had pulmonary tuber­
culosis when he was inducted into the armed forces, there 
need be no uncertainty about the answer. A look at his 
dated chest film will settle the matter. 

Then large collections of films have research value. In an 
institution where I worked for a time some years ago, there 
was such a collection on tuberculosis. It consisted of a series 
of films of each patient's chest during his illness plus films of 
his lungs after removal from the body at autopsy plus a 
complete report of the gross and microscopic examination 
of those organs in the pathological laboratory. The man 
who could not learn much from material of this kind must 
be a dolt indeed. And it is largely by painstaking study of 
such collections of films that roentgenologists increase their 
knowledge. 

Nor is this the only important use of such files. It is by 
means of such collections that we train young doctors in 
X-ray interpretation. To set up one film after another and 
say to your students, "This is what pneumonia looks like" 
is poor teaching; but to have our internes bring down the 
clinical charts of pneumonia patients they have been follow­
ing in the wards and then show them the films of those 
patients' lungs during the acute infection and after re­
covery or death, together with McDonald's slides of tissues 
he removed at postmortem, is good teaching. In this way 
we make sure that our yearly crop of new doctors under­
stand the use of X rays better than we did when we entered 
practice. And in this same way, those who decide to become 
specialists in radiology learn the meaning of the varying 
shadows on roentgenograms. 
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SHOULD PATIENTS EVER GO DIRECTLY TO THE 
RADIOLOGIST? 

So long as the roentgenologist was considered a mere 
photographer, it was the custom for him to accept only 
those patients referred to him by other doctors. And there 
was a good deal to be said for this plan. 

Some people have the idea that X rays can tell them 
everything they need to know about themselves and there-
ore neglect other valuable methods of examination. I re­

member an elderly man who once came into my laboratory 
accompanied by his entire family, to ask me to X ray his 
innards." When I tried to find out what his symptoms were 

and why he thought he should be X-rayed, I came up against 
a blank wall: he merely repeated over and over that he 
wanted me to make "X-ray pictures" of his "innards." Now 
to make a report of negative findings to such a patient 
directly would give him ground for believing that all was 
well with him when actually some other type of examina­
tion might disclose a serious ailment. Furthermore many 
people do not understand that disease in one organ often 
produces symptoms in many other parts of the body. There­
fore we formerly turned away from our offices those persons 
who had not first consulted another physician who had 
made sure they needed X-ray study. And this cut down the 
volume of unnecessary work we had to do. 

But to recognize the basis for this practice is not to ap­
prove it completely. Many conditions, if they are to be 
correctly diagnosed and treated, require the co-operation of 
two or more physicians, but it is not justifiable to insist 
that this co-operation always follow the same pattern. A 
competent roentgenologist is quite as well qualified to know 
which patients should be sent to another doctor for further 
examination as the general body of physicians is to select 
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those persons who need X-ray study. Roentgenologists and 
radiologists are graduated in medicine and they take the 
same examinations as other doctors in order to be licensed 
to practice. It certainly should be no harder for the X-ray 
man who has examined a patient's stomach to persuade that 
patient to go to a good physician for treatment than for a 
doctor to induce patients to go to an X-ray laboratory for 
examination. 

Only a few years ago the roentgenologist was not sup­
posed to explain his findings to the patient. That was 
always left to the referring physician even though he might 
not understand the report very well himself. I recall vividly 
a clash I once had with one of our finest diagnosticians on 
that very point. 

He sent in a woman for stomach examination because he 
suspected that a previous X-ray study done elsewhere in 
the state had been inaccurate. As was my habit then, I 
sent the report to him and not to the patient. But a few 
days later the woman appeared at the department, saying 
that she wanted to ask me some questions not about treat­
ment or diagnosis but about the X-ray examination we had 
made as compared with the earlier one she had had. Feeling 
that this was a chance to show an intelligent person the dif­
ference between a properly done X-ray study and a poor 
one, I talked with her for some time and tried to explain 
what we had done and why we had done it in a particular 
way. When she went away she thanked me and said she was 
much better satisfied about the whole matter. 

But two days later her doctor came storming in to up­
braid me for having talked with her at all. To his way of 
thinking I should have refused to see her and should have 
sent her back to him at once. My assurance that I had not 
mentioned his work or the treatment he had prescribed did 
not placate him. He accused me of unprofessional conduct 
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and threatened to bring the affair before the hospital staff 
and the country medical society and vowed that he would 
never send another patient to the X-ray department while 
I was there. Being relatively young and a rather recent 
arrival in the city, I was disturbed by his attitude; that he 
was honest in his views I had no doubt and I dreaded his 
influence with the other men on the hospital staff. But in 
due time he concluded that I was less untrustworthy than 
he had at first thought me and began to send in patients 
again. 

In spite of unpleasant experiences like this I continue to 
believe that in many cases the roentgenologist can explain 
his findings to the patient more satisfactorily than anyone 
else. If he is to do this, the chief requisites are an ability to 
put his meaning into non-technical language which a lay 
person can understand and a willingness to take the neces­
sary time and to pull away the veil of secrecy which still 
conceals much of medical procedure. To my mind, nothing 
but good results from this practice, and this opinion has 
been confirmed by experience notwithstanding a few dis­
agreeable episodes. 

There is still another group of patients who might with 
advantage go directly to the radiologist. They are the per­
sons who have or think they have cancer and are so terrified 
by the prospect of surgery that they will not consult the 
ordinary doctor. These people are much less reluctant to see 
a radiologist. Their disease is often far advanced and in 
these cases radiation frequently offers a better prospect than 
operation. After they have improved under treatment wit 
radium and X rays they can usually be persuaded to submit 
to examination by a surgeon if that seems advisable. Cer­
tainly the radiologist has here an opportunity for great 
service. 
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RADIOLOGICAL SERVICE IN THE UNITED STATES 

There is not enough expert radiological service available 
in this country. Part of this is unavoidable, part of it is 
due to the attitude of hospital administrators and the med­
ical profession, and part of it is the result of commercial 
exploitation by big business. 

The registry of the American Medical Association lists 
over 6,300 hospitals. Besides this there are several hundred 
small institutions and nursing homes which cannot meet the 
minimum standards set up by this body. As soon as we find 
that there are not 2,500 fully trained radiologists in the 
country, it becomes clear that only a fraction of our hos­
pitals have qualified men doing their radiological work. 
There are simply not enough to go around. 

Almost as serious is the fact that much X-ray work is done 
not in hospitals or by specialists but in the offices of phy­
sicians. It is true that in small towns there is often no way 
to get even the simplest roentgenological examinations 
made unless the local doctor buys his own machine, and it 
is also true that many physicians use X rays only in their 
fracture cases while many others have taken special training 
and are thoroughly competent to make X-ray studies in 
their own fields. But glib salesmen of manufacturers of 
X-ray apparatus persuade many doctors that both their 
prestige and their income will increase with the addition of 
X-ray machinery to their office equipment. And we all know 
that any physician can buy this apparatus and begin to use 
it whether he knows how to do so or not. 

People have come to believe, quite rightly, that every 
fracture should be X-rayed and some doctors get their 
machines only for that reason, but once they have been in­
stalled, temptation arises to use them for other purposes 
also. It is so easy to say to a patient who presents confusing 
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symptoms, "We'll just X-ray your chest and see if there's 
anything wrong" or "Come in tomorrow morning without 
your breakfast and I'll have a look at your stomach." The 
result is that many X-ray examinations are made by men 
who have had no training in this work and with machines 
of too small capacity to handle properly the load put upon 
them. The outcome is both that important diagnoses are 
missed and that people are told they have diseases which 
they actually do not have. Part of this confusion stems from 
the poor technical quality of the films made and part from 
the incapacity of the doctor to understand what he sees on 
the fluoroscopic screen or the roentgenogram. But in either 
case the patient has been let down. 

I found this out a good many years ago. I graduated from 
medical school with no practical knowledge of X rays except 
in the simplest fractures. When I had been practicing for 
some four years it fell to my lot to do the X-ray work in 
one of the small substandard hospitals I have been speaking 
about. I was enthusiastic about the job and anxious to do it 
well, but I knew almost nothing about it. Not long after 
I took over the primitive machinery and even more primi­
tive darkroom, a man was sent up by one of the doctors in 
town for a chest plate. I made the exposure and developed 
the film well enough, but when we came to look at it neither 
the referring physician nor I knew what to think. It looked 
spotty to me then and I know now that it showed a wide­
spread tuberculosis of the lungs, but in 1921 I did not iea^" 
ize that. I never knew exactly what the doctor told his 
patient but in a week or two I heard that the man had left 
town. 

If you can put yourself in my place an eager, conscien­
tious but scarcely half-baked physician—you will understand 
how I felt when a year later I came upon that patient in a 
tuberculosis hospital—a far advanced, almost hopeless case. 
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I think the realization of my complete ignorance brought 
home to me by this experience had a good deal to do with 
my later decision to make a roentgenologist out of myself. 

Some radiologists have gone into communities where 
there was no X-ray laboratory, sunk thousands of borrowed 
dollars in equipment and office rent, only to lose everything 
except their shirts because the doctors in those communities 
insisted on doing their own X-ray work in their offices 
instead of sending the patients to the specialist. Sometimes, 
made desperate by such a situation, these men have tried 
to build up practices and clientele of their own, only to be 
labeled unethical and treated to heated lectures on the 
enormity of a radiologist's having any patients except those 
referred by other practicing physicians. Sometimes, having 
caught one of the amateur roentgenologists in a blunder 
which could only be caused by gross ignorance, the radiolo­
gist has been threatened with persecution should he divulge 
the mistake or consent to bear witness in a malpractice suit 
and exhorted to uphold the unity of the profession and its 
place in the community. And, for the most part, these men 
have kept the peace—now because they were afraid not to, 
and again because they were too tired to fight or saw too 
little prospect of success. 

There is practically no chance of earning a living and a 
meager return on invested capital if a man opens a radiolog­
ical laboratory in an area with less than fifty thousand 
tributary population. If there are fewer people than that to 
draw from, there will not be enough referred work from 
other doctors to keep going. Many physicians with small 
machines in their own offices are a menace. Usually they 
know only what the equipment salesman has taught them. 
In most cases their office nurse or a girl fresh from high 
school who needs a job makes the films and does the dark­
room work. Almost without exception these girls are totally 
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devoid of knowledge of or interest in radiology. They know 
little about the safety which lies in distance and filters and 
are so ignorant of chemistry that they do not cover their 
developing solution when it is not in use, or keep it below 
72 degrees Fahrenheit, or make it up fresh more than twice 
a year. They do not wash the screens in the casettes, or dust 
the machine. And yet their employers attempt to make 
X-ray diagnoses. That this is no exaggeration, every alert 
radiologist knows very well. 

Another type of difficulty besets the man who operates 
the radiological department of a hospital on a salary or per­
centage basis. He becomes for all practical purposes an em­
ployee of the institution and thereby endangers his profes­
sional standards. These last thirteen or fourteen years hos­
pitals have had a bitter struggle to keep out of the red, and 
the X-ray laboratory is one department which usually takes 
in a good deal of money in an institution of any size. Hence 
hospital superintendents may try to set the charges for 
radiological work at a level they believe will bring in the 
largest possible revenue and at the same time cut down the 
expense of the examinations to the minimum. Many of us 
have been called on the carpet like menials because we used 
up too many films in the superintendent's opinion, or be­
cause we were not properly solicitous over a patient who 
was also a member of a trustee's family or even a trustee 
himself. Many of us have had to do battle to get needed new 
equipment, to get old apparatus repaired, to get new tubes 
of improved design, to get a darkroom large enough to work 
in efficiently, to get enough time off for our technicians to 
maintain their health, to get enough radium to treat ade­
quately the patients in whom it is indicated. And inevitably 
some of us have turned sour in this struggle for the means 
wherewith to do our work well and have come to think of 
hospital administrators as our natural enemies. 
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In many localities where there are only small twenty-five 

to fifty bed hospitals, there is no X-ray service worth the 
name. A handful of doctors will have machines in their 
offices—operated for the most part by an office girl—and 
the hospital will probably have antiquated or poorly chosen 
equipment fit to do nothing more than make films of arms 
and legs, in charge of a technician who has had from three to 
six months of training at most. The interpretation of films 
will be left to the individual physicians. To their everlast­
ing credit be it said that many of these men learn a great 
deal about roentgenology, but all too often they never 
recognize their inability to understand what the films show. 

How to keep radiology out of the hands of technicians 
who know nothing of its medical implications and out of 
the hands of doctors without training in this specialty is a 
problem which baffles us all. Professional ethics prevents 
us from calling attention openly to one another's defici­
encies or to special training and abilities. Every physician 
who has an X-ray machine in his office is free to announce 
that fact on his office door, thus making his patients believe 
that he is qualified to do X-ray work. No hospital dare call 
attention to the fact that it has better equipment and a 
moie highly qualified radiologist than its competitors, 
because hospitals are supposed not to compete with each 
other or with physicians. 

The general public has too little interest and is too ill-
informed to solve this problem. The politicians who dabble 
in the social sciences and services would very likely make 
a bad matter worse by shortsighted laws and inflexible 
classifications. The medical profession is too confused in 
its own thinking and too inept at adjusting to changing 
social conditions to approach the question calmly, discuss it 
frankly and dispassionately, and come to a clear-cut decision. 
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And hospital administrators for the most part have 
viewpoint of business rather than that of a profession. 

Perhaps nothing will avail except individual integrity. 
If no medical man would undertake any procec are e 
not made himself competent to do in a workman 1 e J' 
if no doctor ever referred a patient to another p y 
without first making sure of that man s training an a 
and standards of conduct, if none of us would consen 

take patients into any hospital where we wou not 0 

to take our own families-perhaps we would be rid of som 
of our dilemmas. . „ 

We know how to feed and clothe and house grea 
tudes properly and how to give them goo me IC 
but we never do it except when we arc at wai. ng._ 
peace comes, we relapse into our o c ways ^ 
bility and indifference. We know better than we do. 
dignify this lapse by calling it a "cultural lag^ ^ 

Our knowledge of the medical sciences has ^ 
knowledge of the art of practicing medicine, a g Qn 

outrun our methods of distributing me ica afford 
the one hand we have millions of people 
the attention of a doctor or a dentist and ot 
do not even know they need this care. on A eother 
hand we have some 152,000 physicians 1 p 
few of whom are fully employed in ]peacetime: and :many 
whom have incomes so small that they 
anxiety, cannot keep abreast of professions* ^ And 
afford the instruments of modern scientific medicine 
between the two there: u agreat gu ^ „ 

I£ this is to be in. hct ^ won our war against 

ha. another 

L"rtarhe%tehand, ^ have not yet learned to 
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use them for the benefit of that mass of men who are now 
called upon to battle for our way of life. That way of life 
must be made to render to the common man more hap­
piness, greater security, and better health before it is worth 
the sacrifice he is making for it. 



Glossary 

LCNE: a chronic disease of the skin, common among adc 
and young adults. in radioactive 

JLPHA RAY: a large particle thrown o y 

state in which red cells and hemoglobin ol blood are 
below normal. 

LNESTHETIST: person who gives a patient an ane Abbrevi-
LNGSTROM UNIT: unit of measurement for ultravxolet. Abbrev 
ated A.U. One ten-millionth of a millimeter. 

LNEURYSM: dilatation of the aoita. 
LORTA: the great artery leaving the heart. ^ regard to the 
APICES: uppermost portions; use p 

ARTERIOSCLEROSIS: stiffening and thickening of artery wa 
ASPHYXIATED: deprived of air. 
ATELECTASIS: airicssness.contaimng n ^ cause of 

\UTOPSY: examination of Y 
death; post-mortem. absence of all vita-

VVITAMINOSIS: state of malnu.mton due to 
mins from diet. 

\XILLA: armpit. 
-X ravs widely used in X-ray exam-

BARIUM: chemical opaque to Y > 
ination of digestive organs. radioactive atoms. 

BETA RAYS: streams of electrons ejected by 
BILE: a secretion of the liver. 
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BLOOD CHEMISTRY: quantitative examination of blood for cer­
tain chemical substances present or increased in disease. 

BLOOD COUNT: enumeration of the red and/or white cells in 1 
cubic millimeter of blood. 

BRONCHIECTASIS: a chronic non-tuberculous infection of the 
bronchial tubes. 

BRONCHOSCOPE: instrument with which one can look down into 
the bronchial tubes. 

BRONCHUS: a bronchial tube. 

CALCULI: stones, mineral deposits. 
CANCER: a malignant tumor. (Not a scientific term.) 
CARCINOMA: a common type of malignant tumor. 
CARBON ARC: a type of lamp which emits many ultraviolet rays. 
CASSETTE: receptacle in which x-ray film is put before exposure. 
Cecum: first portion of colon, or large bowel. 
CEREBRAL HEMORRAGE: hemorrage into the brain; a "stroke." 
CERVIX: the mouth of the uterus. 
CHOLECYSTOGRAPHY: x-ray examination of the gall bladder. 
CLAVICLE: collarbone. 
COLON: the large bowel. 
COLITIS, an inflammation of the large bowel, often of emotional 

origin. 

CONNECTIVE TISSUE: framework, or supporting tissue; e.g. bone 
and cartilage. ^ 8 

CONGENITAL: existing at the time of birth. 
CORTEX: outermost layer. 

CROSS TIRING, method of directing beams of radiation from vari-
ous angles so as to intersect at a chosen point. 

CYST, a hollow tumor containing fluid. 

thp int^' an instrument inserted into bladder through which 
the interior ot that organ can be seen and treated. 

DEVELOP,*: in w,lKh x.ray filmj m ̂  

D ArZ """""" °f d'SeaSe lrom tvhich a patient is suffering. 
DtAPHKAOM, partttion between thorax and abdomen. 
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DIVERTICULUM: an abnormal pouch, extending out from a 
hollow organ. 

DUODENUM: first portion of small intestine beyond the stomach. 
DYSPNOEA: difficulty in breathing. 

EMPYEMA: collection of pus in thorax, between lung and chest 
wall. 

ENCEPHALOGRAPHY: method of examining the brain with X rays, 
in which air is injected into the spinal canal before films are 
made. 

ERYSIPELAS: an acute infection of the skin usually caused by a 
streptococcus. 

ESOPHAGUS: tube leading from throat to stomach. 
EXHALE: breathe out. 

FEMUR: thighbone. 
FETUS: embryo; unborn child. 
FIBROID: a common nonmalignant tumor of the uterus. 
FLUORESCE: to glow in a beam of X rays or ultraviolet, in 

darkened room. 
FLUORESCENT: shining in a beam of X rays or ultravio et, 

darkened room. 
FLUOROSCOPE: apparatus with which roentgenologist o serves 

a fluorescent screen certain organs of the body in action—e.g. 
the stomach. 

FLUOROSCOPY: examination by means of the uorosco] 

GAMMA RAYS: super-X rays given off by certain radioactive atoms. 
GENERATOR: machine which manufactures electric curren . 

HELIOTHERAPY: treatment with sunshine. 
HEMOGLOBIN: red coloring matter of the bloody 
HODGKIN'S DISEASE: a type of malignancy in which the lymp 

glands are much enlarged. 
HYPERFERISTALSIS: overactive peristalsis. , , 
HYPO: solution in which X-ray films are fixed or cleared, after 

having been developed. 
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INHALE: to draw in one's breath. 

KELOID: a thick elevated livid scar. 

LESION: a disease process; a diseased or injured area or region. 

MALIGNANCY: a synonym for cancer; a malignant tumor. 
MALIGNANT: as applied in medicine, a disease so dangerous as 

often to cause death; specifically, referring to or connected 
with tumors of the cancer family. 

MALINGERER: a person who pretends to be ill when he is not. 
MERCURY VAPOR LAMP: a type of lamp emitting ultraviolet rays. 
METASTASES: daughter or secondary cancers. 
METASTASIZE, to spread over the body through the blood or 

lymph vessels. 
MILIARY TUBERCULOSIS: generalized tuberculosis which has spread 

into many organs. 
MULTIPLE MYELOMA: a malignant tumor of bone. 

NECROTIC: decaying; broken down by infection. 
NEPHRITIS: an acute infection of the kidney; a chronic type of 

disease!^110" ^ knOWn so™times as Bright's 

OB: short for obstetrics. 
OBSTETRICS: science of childbirth. 

^onls meant.'nfeCtl°n °f b°nC: USUally non-tuberculous infec-

d"ue°undtr PhhyslClan who does laboratory work and studies 

order to dia6nos,! disease-PERIOSTEUM: membrane Care and treatment of children. 
PERISTALSIS: ^ °U ^ °Utside" 

of the stomach and intestine"51"™"1011 thC muscular walls 

to do^n reguladnJ" the,base o£ the brain which has much 
regulating growth and sexual development. 
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POST-MORTEM: an autopsy; examination of a body to determine 
the cause of death. 

PNEUMOCOCCI: the germs which cause pneumonia. There are 
now thirty-two known types. . 

PRIMARY: as applied to tumor, the first to appear, the origina 
tumor. . . 

PROSTATE: a gland found at the outlet of the bladder in t le ma e. 
PULMONARY: of or pertaining to the lungs. 
PYELOGRAPHY: X-ray examination of the kidneys and ureters 

after filling them with a substance which will cast a shadow 
on X-ray films. 

PYLORUS: the opening between the stomach and the first portion 
of the small intestine (duodenum). 

"R": designation of the unit of radiation delivered by the X ray 

RADIOLOGIST: a specialist in the use of X rays, radium, and ultra-

RADO'IO the gas emitted by radium »he„ in dilute acid solution 
RICKETS: a disease of children caused by deficiency of vitamin D 

in the diet. 
ROENTGENOGRAM: an X-ray photograph. 
ROENTGENOLOGIST: a specialist in the use o y 

SAHCOMA: a malignant tumor arising from bone or connective 

Sc"n affection of the sciatic nerve, in the bach of the 

~ r: assist a - ifT^ 
^u„ occupied by pituitary 

»£L a dust disease of the lungs caused by inhaling hue 

particles of slllCa; "^^pac^in certain hollow bones of the 
SINUS: drainage tract, air-spac 

skull. 
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Carbuncles, treatment of, with 

X rays, 129 
Chest, miniature X-ray films of, 57-

59 
Colitis, 80 
Colon, X-ray examination of, 77-78 
Coolidge, Dr. W. D., 23 
Cross-firing, 149-150 

in treatment of cancer, 104-106, 
*53 

Curie, Pierre and Marie, 22, 23, 96, 
>39 

Duodenum, X-ray examination of, 
74-75 

Erysipelas, treatment of, with ultra­
violet, 171 

with X rays, 129 
Esophagus, 72, 73 

Fibroid tumors, 130-131 
Films, emergency, 1-2 

stereoscopic, 12, 34 
substitution of, for former glass 

plates, in X-ray work, 25 
Fluoroscopy, contrasted with films, 

57 
dangers of, 158-159 
in diagnosis of diseases of stomach, 

3-4 
uses of, 57, 73, 78 

Foreign bodies, dangers in extraction 
under fluoroscope, 158-159 

in eye, 66-68 
in lungs, 18-20, 52-56 

Fractures, 28-29, 3°' 32"34> 58-62, 158-
>59 

Gall bladder, X-ray examination of, 
69-70 

Gallstones, 70-71 
Gamma rays, 132, 140, 141, 142, 149 

Heliotheiapy, before 1900, 163-165 
introduction in United States, 168 
results of, 168 
Rollier's development of, 166-168 

Hess, Dr. Alfred, 169, 170 

Hodgkin's disease, 108, 117-120 
Huldschinsky, Dr., 170 

Keloids, X-ray treatment of, 127 
Kidney, X-ray examination of, 85-86 

Lamps, ultraviolet, 178-180 
Lead, as protection against X rays 

and radium, 142, 154, 15®> 
158 

end-product of uranium series, 139-
140 

used in treating cancer, 104 
Lungs, diseases of, abscess, 43-45' 52 

atelectasis, 50-53 
bronchiectasis, 130 
empyema, 56 
foreign bodies in, 52-56 
metastasis of cancer into, 12-13 
pleural fluid, 56 
pneumonia, 50-52 

Lungs, X-ray examination of, 43-59 

Mastoid, operation on, 5, 8 
Miliary tuberculosis, 8, 9, 12 

Neutrons, use of, in treatment of 
cancer, 105-106 

Obstetrics, use of X rays in, 87-95 

Pain, relief from, in metastatic can­
cer, 38-39 

Palm, Dr. Theodore Adrian, 164-168 
Pathologist, 2, 7-8, 12-13, 70, gi, 112, 

113-114, 125, 136-137 
Pelvis, fractures of, 34 

measurement of, with X rays, 88-90 
Peptic ulcer, 74-76 
Pneumonia, 50, 81 
Pregnancy, detection of twins, 87, 90 

determination of maturity of new­
born infant, 93-94 

diagnosis of, 87 
measurement of pelvis, 87-90 
syphilis during, 91 
tuberculosis during, 91 

Pryor, Dr., 168 
Psoriasis, 171 
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Pyelography, 85-86 
Pylorus, obstruction of, in newborn 

infant, 3-4, 14-15 

Radioactivity, alpha rays, 140, 142 
beta rays, 132, 140, 141, 142, 149 
disintegration of, 141 
gamma rays, 132, 140, 141, 142, 149 

Radioactivity, artificial, in treatment 
of cancer, 104-105 

Radiologists, number of, in United 
States, 27 

training of, 26-27 
Radium, applicators, types of, 143-

144 
danger of losing, 135, 144-145 
discovery of effect on tissue, 96 
effect on tumor cells, 103, 149 
filtering of, 148-149 
injuries in use of, 158-159 
measuring dose of, 155 
preparation of, for treatment, 143 

144 
protection from, 148, 155-157 

distance as, 146-147 
watching, treatment, 154 

Radon, 142-144, 148-149 
Rickets, 164, 168, 169, 170, 172 
Roentgen, Wilhelm Konrad, 22, 71 

Roentgenology, during World War I, 
25, 26, 45, 48 

during World War II, 48 
Rollier, 166-168 

Scurvy, 6-7, 36 
Skin, acne, ultraviolet treatment of, 

171 
X-ray treatment of, 127 

cancer of, 108, 124 
diseases, radium treatment of, 143 
erysipelas, ultraviolet treatment of, 

171 
X-ray treatment of, 129 

keloids, X-ray treatment of, 127 
psoriasis, ultraviolet treatment of, 

171 
reaction of, to radium, 96, 135 
to ultraviolet, 165, 170 
to X rays, 96, 133. '37" *38. J56 

Snook, H. C., 23 
Stomach, cancer of, 76-77 

in pernicious anemia, 5 
ulcer of, 74-76 
X-ray examination of, 2-5, 71-77 

Stones, in kidney, 82-85 
in ureter, 81-82, 83, 85, 86 
in urinary bladder, 83-85 

Sulfonamide drugs, 7, 35, 44, 50, 129, 
171 

Sunlight, 160-168 
Surgery, in cancer, 102, 104, 108, 109 

vs. radiation, in cancer treatment, 
107-109 

Syphilis, bone changes in, 35 
X-ray findings in congenital syphi­

lis, 91-92 

Technicians, X-ray, 10, 15-16, 26, 156-
158 

Teeth, X-ray examination of, 65-66 
Thymus gland, 94-95 
Transformer for X-ray work, 23 
Tuberculosis, contagion in, 49 

death from, 45 
during pregnancy, 91 
heliotherapy in, 166-168, 171 
in adults, 48-49 

infants and children, 48-49 
miliary, 8-9, 12 
of bone, 34, 166, 168, 171 

intestine, 78-79 
kidney, 86 
skin, 96, 133, 165. >7' 

pulmonary 
X-ray diagnosis of, 8-9, 45"49 

Ulcer, of duodenum, 74-75 
of stomach, 74-75 

Ultraviolet, amount of, in sunlight, 
161 

correlation between, and rickets, 
104 

dangers of, 175"17® 
discovery of germicidal power in, 

164 
effects of, on animals, 162-163 

on fabrics, 176-177 
function of, for plants, 162 
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Ultraviolet, fundamental effects of, 
170 

lamps, 178-180 
limits of, 160 
passage of, rays through atmos­

phere, 160-162 
transmitting windows for, 177-178 
technical uses of, 183-187 
use of, 166, 168, 171-173 

in sterilization of air, 173-174 
Uranium, transformation of, into 

lead, 139-140 
Ureter, kinking of, 86 

in pyelography, 85-86 
stone in, 81-83, 85-86 

Viscera, transposition of, 16-17 
Vitamin D, 36, 172 

X-ray apparatus, early equipment, 
15-16, 23, 24, 26 

high voltage equipment, 150-152 
improvements in, 23 
low voltage machines, 152-153 
modern machines, 150-151 

X-ray treatment, 150-153 
reaction to modern, 137-138 

rays, anemia produced by, 136 
cross-firing, 104-106, 149-150, 153 
discovery of skin reaction to, 96 
distance as protection from, 146 
effect on lupus, 96, 133, 165, 171 

on tumor cells, 103 
fractional and saturation tech­

nique, 134 
high voltage therapy, 150-151 
injuries due to ignorance in using, 

i5®-»59 
low voltage therapy, 152-153 
massive dose technique, 133-134 
measuring dose of, 155 
protection of personnel from. 155-

158 
skin cancer resulting from, 156, 158 
use in treatment of acne, 127 

boils and carbuncles, 129 
bronchiectasis, 130 
erysipelas, 129 
fibroid tumors, 130-131 
keloids, 127 
tuberculous glands, 128 
warts, 128 

X rays, technical uses of, 181-187 
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