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PERSONAL EXPERIENCES OF THE CLINICAL VALUE OF
. RADIUM. '

INTRODUCTIOR,

| Radium as a new therapeutic agent has of
late loomed large in both the medical and public
view., In giving my experiences of its clinical valwm
i have thought i1t well to preface my remarks with a
short account of the secience of radio-aectivity, and
of the spontaneous disintegration of elements which
the study of radio-activity has revealed to us.

The science of radio-activity is & new
gcience, and is concerned with g khowledge of the
elementary atoms, to which the 0ld laws of physics
and‘chemistry do not apply, as they concerned them-
selves almost wholly with externsal rélationships. If
‘someone twenty years ago had ventured to predict the
advent of radium, he would not only have been to0ld
that‘it was wildly improbable, but actually opposed
to all the established principles of the séiende of
m&tfer and energy. But radium to-day is an undisput+
ed fact, rendered so by the work 6f Mme. Curie who
hag proved its existence beyond doubt by carefully
analysing and defining its spectrum, and by working
out/
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hegt as does coal or any other substance burning.
These effects of radio-activity have been demonstrat-
bﬁ by experiment to be due to the fact that radio-
 acti#e substances emit rays. There are three

_ &ifferent kinds of rays, known respectively as alpha
Hbeta, and gamma rays. Bach will receive future
detailed consideration in this thesis. But the dis-
tinctive feature of radio-activity lies not so much
in the raysfj%ﬁgiradioeactive substances emit; the
‘main interest of the new property consists in the
..Hspontaneous and continuous emission of energy of
;which-the reys are but one manifestation. Heat and
%iight may be obtained in.numerous ways but it is a
new thing to £ind them being given out by a substance
as they are by radium year after year, without
“apparent intermission or diminution and without the
substance being in any apparent way consumed or
altered,

The law of the conservation‘of eneigy
States'that energy is a new entity, and has a real
1existence no less than matter. Now matter.cannét be
;destroyéd, no more cun energy though the forms it mgy
assume are legion, Energy, as is known, is onlty
available for useful work once, and ultimately it is
dissﬁyated in heat, If onevwants energy, one must

pay/
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pay for it, as for any other commodity, and the valuse
of the energy, though not the energy itself, is des-
troyed by use. This fact was looked upon as truth
iteelf until radium was discovered.

o Nothing goes by itself in nature except
éiparently radium and the radio-active processes,
Enérgy can be measured exactly, and though it exists
in many forms 1t can be readily and completely con-
verted into heat, and measured as such. The energy
given out by radium is no exception to this rule and
exéct experiments have proved that the amount of heat‘
given out by one gram (= 154 grains) of radium is 133
.éaiories per hour, This is many times the énergy
'O$tainable from the combustion of the same weight of
coal, And it must be remembered coal is no longer
édal, when it is burnt and consumed,vbut radium after
evolfiﬁg é@nergy is as active“as’ever,

" These are some of the facts that scientistg
were asked to accept fbr the first time, towards the
4énd of last century, and the realisation of which hag
rudely‘shaken all our ideas of chemical principles.
:Thus radium has a deep interest for phys lgts, and it
holds no less an interest for medical men for besides
the above phenomena ohserved radium is possessed of

strong/
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strong biologicel properties.

When carrying out experiments to find out 2all
its properties and characteristics, it was discovere%
~that radium ascted on the human tissues in a remark- |
able manrier though as in the case of ecme other great
discoveries, this acticn was only found out by i
accident. ARCHIMEDEs.is said to have formulated his
theory of specific gravity and the buoyancy of bodies
from an accidental observation while taking a bath.
NEWTON first thought qf the law of gravity from
idly observing an apple fall from a tree, and M.
BECQUEREL happened to be using a tube containing pure
radium and put it into his weistcoat pocket. Though
warrned of the impruderice of such an ection he took
no notice and carried the tube about with him Pfor
gseveral hours. A fortnight afterwsrds s severe in-
flammation appeared in the skin immediately below the
pocket which could only be attributed to the sction
of the radium. This hae become known and is referred
to a8 the BECQUEREL burn. Soon afterwards PROFESSOR
-CURIE having made a conclusive experiment on himeelf,
'advocated its use for medical purposes. Onee this
faet was made kriown great progress was made in the

study/




study of redium therapy, and it scon became evident
that it had a definite therapeutic value and would
:hecome a valuasble resource in the treatment of
various diseaéés in the‘field of medical and surgicd
pathology. The first effect obtained wds the re-
solution of certain neoplasms without the slightest
gurface irritstion, and afterwards the cure of
various growths by destroying them by strong radia-
tion leading to the production of a scre which later
on heals like a simple ulcer, le.V1ng a small cica-
rtrix.' The third effect observed was the production
iof analgesis without surface reaction. Complete
analgesia was obtained in the treatment of such con-
‘difions as cubtaneous hyperaesthesia, neurodermatitis
"and pruritus, A fTourth effect observed waswéﬁéf
radiation in some cases had a marked bactericldal
'actlon*

Such were the conclusions first arrived at
and sincebthen much work has been accomplished that
has justified the claim of radium to a scientific
position in therapeutics.

About five years ago owing to the munific-
ence of a benefsactor the town oi Hull came into the
rossession of over a thousand pounds worth of radium,

It was one of the first places in the Kingdom to

obtain/




obtain some radium in response to a public appeal.
The radium éurchased was handed over to the Health
Committee of the Corporation and kept in the office
of the Medical Officer of Health. .
| Immediately the radium arrived in the
fown a Radium Department was started in the Hull
Roydl Infirmary snd for s peried of sixteen months
as a hbuse surgeon in the Infirmary, I was associated
with the worklng of the department.

In this thesis I purpose to give an accoun&
of the various conditions we treated during the v
period February 1912 to February 1913, of some of the
difficulties we encotntered, and the resulte attained
by radium treatment., .Before dealing vith.the-subject
ﬁroper, I shall give & short historical outline of
the diseovery of radium and radio-activity with some

account of the preparation, and methods of using the

applicafpra.

HISTORICAL OUTLINE.

The history of Radium is essentially:
modern and no account of it would be complete with-
out eomé short reference to the discovery of X-Rays,

and/




and on which the discovery of Radium and radio-
activity to a large extent depends. It was in
‘October 1895 that PROFESSOR'W.C;RENTGEN while ex-
‘perimenting with & Crookes' vacuum tube electriecally
excited and enveloped in a black covering observed
that some rays, proceeding from the tube passed

- through the black paper and affected a fluorescent
sereen. To these rays he gave the term-X-Rays and

4this discovery familiarised scientific.workers with

a type'of radiation able to traverse objects opaque

to light. ,
) " The suggestion was made by POINCARE at thi%
time that perhaps all fluorescent bodies could emit
| rays capable of passing through substances in the
same manner &s X-Rays and imprinting photographic
vlates. This led physicists to examine the bodiles,
which are phosphorescent after exposure to light, in
order to ascertain whether they possessed these prbr
perties. In 1897 BECQUEREL acting on the suggéstion
put forward by POINCARﬁ and being engaged in the |
study of the rhosphorescence of the uranium salts v
the first to prove that the visible spontanecous radig-
tions emitted bj phosphorescent uranic salts was =lsc
emitted by salts of uranium oxide and uranium pro-

toxide/
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probozidé,  and even by the metal uranium itself all i

of which are non-phosphorescent substances. From
this he came to the conclusion which in the light of
further discoveries turned out to be premature that
sponteneous radiation was 1ﬁdependent of phosphor-
escent properties and was only produced by the
ursnium atom. In reality this asction is to us an
entirely new imherent property of the element
uranium which it shares with several other new ele-
ments discovered shortly afterwards. BECQUEREL
afterwards found that this invisible radiation not
only acted on photographic plates after péssing

- through opaque bodies but was also capable of dis-
charging electrified bodies i.e. that it had the
power of ionisation, It was this new phenomenon
which differs from phosphorescence and fluarescenee
and which we now call redio-activity that the name
"BECQUEREL rays"™ was given.

In 1898 these BECQUEREL rays or properly
radio~activity was the subject of study on the part'
' of two workers, Mue. CURIE and M,SCHMIPY and)who
"~ carrying out experiments quite indepen&gné-of each
ethef,proved the exiéteﬁce of these raysiin thorivm,
a metal long known to physicists., Thus the question

as/
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as to whethér uranium alone of all the eighty ele-
ments known, possessed radio-asctivity and which
BECQUEREL had proved to be an intrinsic property‘of
the element uranium was answered by this latest dis-
eovery which showed thorium to be radio—active.ﬁ‘mme.
CURIE now took up the investigation of the activity
of the_rays of metallic uranium and succeeded in
ascertaining and formulating the degree of this
activity, But further investigation showed that
pitch-blende (the mineral from which uranium 18 ex-
tracted), was more active in the above respect fhan
gould be accounted for by its uranium content, some
piteh~-blendes in fact, are from three“td Pour tiﬁes
as radio-éctivé ag pure uranium oxidg%;mﬂ this led
her to the conelusion that the radio-activity of
(uranium oxide ore (pitch-blende) was due to some
sﬁbstance;or gubstances present in minute quantity,
to which the phenomenon was due. There are a great'
number of elements in pitch-blende though most of
them are present in very small asmount. After long
~and lsborious research Mme. CURIEB in 1900, found
that of the elements so separsted, two in particular
the bismuth and the barium were strongly radio-active,
Now ordiﬁary bigmuth and barium are not af 8ll radio-

active/
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redio-active and the radio-activity of these elements
when separated from pitch~blende is really due to the
presence of two new elements in minute amount mixed
with them. The one associated with bismuth was dis-
govered first by lMme. CURIE and named Polonium after
her native country Poland&. The other which was dis-
covered very 8oon afterwards is associated with
barium,is very much more active than the first named
and is‘éalled Radium, Investigation of the residue
of the ore after extrasction of these bodies still
continued snd in the same year, DEBIERNE discovered
a third radio-active body namely Actinium, but so
far the difficulty of extraction of this suﬁstance
has been an insupershle obstacle to its being
utlised up to the;preSent time., At the present stage
of our ¥mowledge actinium seems to be found only in
the ﬁranium metals and this fact would point to its .
being a product_of uranium, though, on the other hand
1t is possible it is an independent primary radio -
element. S |
In 1904 RAMSAY and HAHN discovered radio-
" thorium and two years later BOLTWOOD Q?“XEE;EEEC)
discovered Ionium thus completing, as £;;w;§“;ur

knowledge at the present time goes, this class of the

newer metals. JIonium chemically resembles thorium

vso/
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so completely that if the two are mixed they cannot
be separateg?j This chemical resemblance is
analagous, to that between radium and barium or
polonium and bismuth referred to above, and does not
Qignify any genetic connection between the substances
Having considered somewhat ;p%§eﬁail the
history of the discovery of Radium and its associated
metals we must now direct our inquiries to one
special portion of the subject ﬁamely the nature of
the rays emitted by the radio-active elements, by
means of which, or rather of the effeets of which the

property was first discovered.

i




13.

GENERAL OBSERVATIONS ON RADIUM AND
RADIO-ACTIVITY.

As has been stated above, radium ore exists
in 211 the ursnium compounds, with one exception,
namely an ore called Pyromorphite. These uranium
ores are found in differgnt countries and are kmown
by different names. The principal workiﬁgs are those
of the St. Joachimstal mine in Bohemia. but to-day the
Austrian Government who hold the monop&y of this mine|
do not allow the ore to be exported, and in conse-
quence there is a great dearth of the raw material.
Besides the pure uranium oxide ore designatéd asg
pitch-blende or pitch wranium, there are others in
which the uranium is found in association with |
vafious other‘metals, and to each of which a dis-

tinetive name has been given, The double phdsphate
of uranium and calcium is known as uranite or
autunite which takes its name from the locality of
Autun (Auvergne) in the neighbourhood of which it 1é
found in considerable quantities. Autunite hasvalso
been found in Portugal and Tonquin., Chalcolite is a
double phosphate of uranium and copper, which has
been met with mixed withbautunite in Fraﬁce, Saxony,

and/
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and Portugal. Carnotite or vandate of uranium has

- been found in the plains of Utah U.S.A., The uranium
and thorianite oxide is known as thorianite in which
form it is foumd in Ceylon as crystallised cubes.
Pyromorphite referred to‘above hasg been met with in
Prance, This is the only instance of a radium ore
free from uranium, It is a phosphate of lead and is
no new diséovery, as it has been worked and in comm-
ercial use for gsome time. Besldes the St.Joachimstal
mine mentioned above there are many other pitch-
blende workings, the most important being in Bohemia,
Hungary, Saxony, Turkey, Sweden, ¢unada, Colorado
and Cornwall, One of the chief difficulties to be
overcome in radium therapy is the enormousg cost of

| radium. But radium is’at all times 8 rare metal,
added to which there is the expensive process of
extrécting it from its ores, the operations necessary
for such treatment are invariably long, numerous and
diffic%?i of execution, The cost of radium can be
understool when one takes into consideration the fact
| that one ton of pitch-blende must be'worked up to
proéﬁce two grains of radium., Although the genersal
process is always the same the treatment of ores for
the purpose of gxtracting radium differs in each case
according to the chemical composition. As the

simplest/
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gimplest treatment is that employed for pitch-blende
the following may be taken as a short account of how
$he process is carried out, The mechanical prepsr-
ation of the ore is the first process, and this in-
‘yolves a series of different operations. The ore is
first ground into lumps nbout the size of a nut,
after which it is pulverised ihto a fine powder by
means of g hammer-crusher. This powder which con-
taing many foreign substances is now enriched as
regards its radium content, by dfessing in the wsy
mogt suitable for each substance by means of per-
cussion tables, or washing, followed by separation
according to the varying degrees of density;

In the residue thus obtained the radium
exists in an insoluble state, being blended or com-
bined with earthy silicates or alkaline earths. The
ore having gone through the above »rocesses is now
treated with repeated washings of hydrochloric acid
‘and wéter and thus the inactive msterial is removed
and the insoluble pért containing the radium is 1eff§
it is now subjeeted to prolonged boiling with car-
| bonate of soda which brings about the transformation,
-0f the insoluble radium salts unchangeable byracids,
into salts equally unchangeable but capable of being

affected by acids. The slime thus produced is
treated/
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treated with hydrochloric acid which dissolves the
radium with a large quantity of impurities. This
solution 1is afterwards purified by precipitation of
.the gsulphides in.the gcidified liquid and afterwards -
of the oxides in the same liquid rendered alkaline,
Phus a solution is obtained containing only barium
and radium,

The néxt process carried out is déscribed as
§ractionisation. This in essence consists of concen-
trating the liquid obtained by the last process in a
receiver and after cocling, crystals are deposited on
the sides and bottom of the vessel. The liquid is
now decanted into a second receiver, water ié added
to the first and both solutions are concentrated.
When cool the water from the second receiver is de-
canted.into a third receiver while the water from the
first is poured . on to the crystals, deposited in the
second, and more water is added to the first re-
ceiver to redissolve the crystals. The solutions are
egain cgncentrated and gllowed to cool and another |

receiver is added to the series. This is ca:ried_oﬁt
until only & small quantity of a very asctive salt,
remaing at the beginning of the series, and after s
final very careful purification is made pure radium
bromide is produced.,
Needless to say radio-éctivity and radium

were/
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were discovered long before this complete process for
the extraction of the latter was evolved and perfecte
but onee the preparstion of radium could be carried
out in a small way in the laboratory the nature and
.analysis of the radiation began to be enquired into.
I have in & previous section described the discovery
of radio~activity and given some account of its main
effects e.g. photographic, fluorescent, electrical
and thermsl., These effects are due to definite
radiations emitted by the radio elements and the
first analysis of the complete radiations emitted by
each of the radio-elements ~ urqnium, thérium end
radium - was done by RUTHERFOéﬁ{) He classed the
rays into three main types the alpha beta, and gamma
@istinguished from one another by enormous differen- _
ces in their power of penetrating matter. All these
rays 1ike the new X-Rays, and unlike light, are
absorbed by matter/roughly in proportion to the

. density of the matter. | '

. Alpha rays are very easily ébsorbed, and only
slightly penetrating. They are completely absorbed
by very thin screens - even by a sheet of thin'papef,

or by a few centimetres of ordinary gaéeous air, But
| the energy possessed by these feebly penetrating
rays/ |
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rays which at first sight are of comparatively
1ittle importance is always immensely greater than
that of the other two types taken togetheé%) The
alpha particles produce very intense lonisation
‘slong their path in a gas, and thereby soon lose
their energy and after traversing s few centimetres
their velocity falls below the power, at whidh they
can ioniaé?) The extreme distance which the particles
travel before being stopped is known as their range
‘and for a particular product the ranges of all alpha
particles’are the same; but particles of different
products have different ranges, which varies f¥om
ﬁz-S centimetres in the case of uranium to 8'6 cms.
for thorium &é)at atmospheric pressure and ordinary
tempsrature. A point to be remembered with regard
to slpha rays is that they are deviated by & magnet,
in the opposite direction to beta rays. I have said
that alpha rays are only feebly penetrating and here
1t is necessary to mention a fact, which comes into
play on account of this easy absorption of alpha rays
in passing through matter., In the first place the
fradio—activity of a radium salt is given off from
every pbrtion of a salt, not the surféce only. And
as radium salts are dense and heavy these rays are

absorbhed/
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|
absorbed by the salt itself to some extent. But this
absorption does not affect the more penetrating rays
'nearly.so much as the feebly pénetrating alphs rays.
In fact those alpha rays generated inside the salt,
do not escape at all, The consequence is that where-
a8 when working with small quantities of radium the
strength of the penetrating rays is more or less
proportioned to the quantity of radium employed, with
the alphs rays this is no longer the case. The
weight of the substance is less important than the
amount of surface exposed. A very sméll quantity, say
a milligra%?hoﬁ radium bromide spréad-out,as & thin
film, on a large plate, will give out immensély more
alpha rays than the same quantity in the form of a
gmall crystal. This point is of importance gsinee, as
will bé explained later the different rays whether
slightly penetrating, of medium penetration 5surpéné—
trant" or-"ultrapénétranfﬂ, produce different
reactibns.

Beta rays are similar to the cathode rays
emitted from & Crookes' tube, but about five hundred
times more penetrating. They ferm a heterogeneous
group and exist in the pr0porti6n of about niné per

cent in the radiation from naked radium. They vary

among/
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among themselves in size and velocity of movement,
and consequently in their power of penetration, As
regards the latter property the less rabid and less
attenuated beta rays are comparable to the alpha rays,
and are described as soft beta rays. Hard beta rays
are composed of particles of extreme tenuity and are
animated by great velocity akin to that of light,
Betﬁeen these two extremes, soft beta and hard bets,
come the intermediate rays called medium beta. Tﬁeae
three varieties of rays, of the beta type, have great
powers of penetration and eagily traverse substances,
but they do so unegually and with more and more ease
in an éscending gscale from soft to hard beta; A
fourth variety of rays is the secondary beta rays,
which result from the action of gamma rays on en-
countering matter but they do not call for considera-
tion at the present stage.

Beta rays are strongly deflected by & power-
ful magnet and if they are caused to traverse the
space between the poles of a magnet they may be com- 
pletely coiled up into closed circles or spirals.
This is exactly what would happen to a current of
electricity if it were made to flow between the poles
of a strong electro~-magnet. This behaviour of the
beta rays in a magnetic field éssociates them at once

with/




with some previously known radiations from the
Crookes' tube and experiment has proved that the beta
particle is jdentical with that of the cathode fay
particle of vacuum tubes, bul the veloclity of the
ﬂéta particle as I have previously mentioned is far
higher than that of the fastest known cathode ray.
From this it will bé seen that the beta particle
ejected from the radium atom was already known ~ it
is the samé particle as Sir Wm, CROOKES dealt with

in his vacuum tube thirty years ago.

Gamma rays are a pulsation of the ether and
gsimilar to X~-Rays. Unlike alpha rays and beta rays
they are not deviated by @ magnet. They have =
velocity equal to that of light and their origin has
been accounted for in the disturbance produced by
the digintegration of radium into alpha and beta
atoms., Gamme rays are extremely penetrating(in
nature;being ahle to traverse as much as ten centi-
metres’of lesad ,2and indeed in a laboratory it is very
difficult to get rid of them. In this thelr power
exceeds that of X~Rays which is limited by one-or‘two
millimetres of lead, in fact the chief interest in
gamma rays, lies in the fact that they ére by far the

most penetrating type of radiation at present known.
These/
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These gamﬁa rays will take a radiograph of the kind
produced by X-Rays though they are not well adapted
for it, as they are far too penetrating so that
ébjects of the density of the bones of the hand
vhafdly cast a shadow on the plate at all.
| Radium in process of iisintegration not only
sets free energy in the form of the rays which I
have just described but also‘@ives off continuously
a radio-sctive gas called the emanation. Again we
owe & debt of gratitude to Professor RUTHERFORD for
the greater part of our knowledgé of this new gas,
snd to which he gave its special name. Similar new
anses or emanation are given by two other of the
radio-active élements, namely thoerium and actinium. -
This discovery of emanation has been and will be of
vpriceless benefit to radium therépy, as bj this
means we have what is practiéally an inexhaustible
store of radio-activity. For this gas is intensely
'radio-active on its own account, that is to say, it
gives out rays very simi}ar in character to those
‘given by other radio-active bodies and capable of
producing the same effects. The activity of all
radium salts or solutions depends principally upon
the'ﬁmanation they contain. If they aré heated or
subjected/
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subjected to & vacuum they lose nearly all their
activity which may be collected in the form of gas by
guitable means. The activity of the gas,at first
about nine per cent of the total activity of the
Qriginal salts or solutions, decays gradually, falling
fo half value in 3-85 days ceasing to be active in a
month and finally yielding helium, an inert gas.
Conversely the salts or solutions regain their lost
activity at the same rate as the activity of the
emenation obtained from them has decayed. It was
obvious that this emsnation could be of therapeutic

use for not only is it possible to mske applicators
or tubes for special cases, and impart %o fhém either
& high or a low activity but these applicators could
be sent long distances while the parent stock of
radium remained to furnish in a short while emanation
for further needs. This regeheration of emanation
is a fundamental law of universal application to all
radio-active bodies and it has been called the law
of the.Conservation of Radic~activity. Thus radium
is a powerful source of energy manifested in the
?ofm of emanation and rays and now that the ﬁemand
for radium has become so great, emanation has avfuture
before it{ as definite and encouraging results have
been obtained by those who have worked with it.

But/ |
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But at present the practice of radium therapy
almost entirely consists of the use of rays without
the emenation and this brings us to the consideration
of how it is applied for clinical use. Radium
applicators are of many forms and sizes and with the
growth in popularity of this branch of therapeutics
there has been a corresponding growth in the improve-
ment of the appliances. Certain qualities are |
indispensable in these applicators and I propose to
enumerate briefly what qualities the ideal applicator
should possess. Efficient protection to prevent any
{.1oss of the material is a matter of great importance
in the construection of apparatus especially in that
form of applicator which is used for external
application, with the radium on the outer surface.
| The radium in an applicator of this kind is usually
fixed to & metallic base with varnish which is |
especially chosen for its resistance to the wear and
tear of the surface of application. The varnish whilse
exercising strong fixative power on the radium salt,
must at the same time be of s nature and be so
applied as to allow the greatest permeébility to the
most easily absorbed rays. Added to this the surface
should be smdotﬁ and even. A second consideration in

the/




the manufactureof thesespplicators is to arrange that
the output of radic-activity should be homogeneous
i.e. that any portion of the surface of the apparatus
considered separately ought to have thelsamé radio-
active stréngth as any other part. In this way the
therapeutic effects will be uni@orm and identical
at every point. The value 0f an applicator from a
therapeutic standpoint is not 50 much the quantity of |
salt contained as the quantity of radio-aétivity
liberated ;thus the output should be the maximum
possible, This is secuted by using the thinnest
varnish possible to contain and enclose the particles
at the same time keeping in view the previous con-
ditionsI have mentioned. Bearing this fact in mind
it is possible to utilise not only the gamma and beta
rays, but also a certain quantity of the soft
penetrating alpha rays, | .

| 411 the above conditions are present in the
applicator which has found'qreatest acceptance amongs+
different workers, The appliance is commonly des-
cribed as the flat varnished type of applicator, and
| econsists of a metallic base coated with varnishvin
the substance of which the radium salt is imbedded.
On account of its grest adaptibility end suitability

| for most cases, this is probably the most commonly

| used/
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used applicator for both superficisl lesions and
deepxgrowths; though for the latter condition the
gilver tube variety‘is reaching great prominence. In
this type of applicator the grains of the radium
@slt are packed in s glass tube, which is hermetically
gealed snd enclosed for the sake of protection in

8 silver tube, to which is attached a long pliable
wire handle; Our equipment in Hull, contained only
these two types of applicators, but ne description of
these appliances would be complete without a2 passing
reference to what is known as the "Toile" apﬁiicator
or shortly "Toiles", These applicators afe made by
spreading varnish impregnated with radium over cloth
in a manner very similar to an ofdinary plaster. JIn
this case & very thin coating of varnisy suffices to
hold the grains of radium in posiﬁionj?ﬁns the rays
collectively form radiations of greatiintensity. The
proportion of alpha rays especially is increased
 compared.w1th the output of an applicator furnished
with a metallic base. Another great advantage is
their flexibility which enables them to be ad justed
accurately to any part. These tolle applicators
however, are.verylfragile and must be handled with
great care; iIn practically all cases they have to be
used/
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used with protecting screens, and this results in a
great loss of radio-activity. This can be.counter-l
acted to some extent by superimposing one toile
applicator on another, snd thus increasing the
"radiation to a considerable extent. On account of thf
thinness of the cloth base, the radioc-activity is
exerciged almost equally on either side of the
toile, a fact which can be taken advantage of in the
treatment of such regions as the vagina or rectum,
where the lesions affect the periphe;y of the cansal.
I simply mention the toile to show what an ideal
applicator it makes and though we were poSsessed of
several such in Hull, I havevno experience of
working with them, a&s those in question were old

and somewhat damaged, énd we had ho data regarding
their strength or radio-sctivity.

Our armament in Hull consisted of fourteen
applicators. They a2ll came from the Armet de Lisle
works in PFrance, and én the metallic base, or silver

- tube each had marked the quantity of salt (radium
sulphate) contaiﬁed in thevapplicator,vandnits
radio-activity tested after manufaéture.' The
following{is allist of ouf applicatoré,.

lLIST/ '
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Later our store of applicators was increased
by the addition of two small silver tubes variety of
strong activity, which we found eminently suitable
for burying in tumours. As regards the applicators
aetails of which are given sbove Nos. 1,2,6,and 7,
are of the flat varnished variety, Nos. 1,2nd 7,
being square having a superficial area of 4 sq. cns. ,
Nos 2 snd 6 being rectangular and have a superficial
area of 3°75 sq.cms,, Nos 3,4a,5b,5¢c, snd 5d are
gilver tubes with wire handle attached, 4b.and 4c
are concave applicators mounted on detachable holders.
This form was specially designed for application to
the eyelids, cheekbones or any convex surface, No.4d
is an'applicator devised for uterine work but could
also be used for application in various regions as
occasion might suggest.

The last consideration in the "modus operandi™
of radium therapy is the question of screens.
Screens have been used from the outset of radium
treatment at first simply for the protection of the
apparatus, but afterwards, with the growth in know-
ledge of the action of the rays with a view to
modifying the radiation emitted by the applicator.
Varnished applicators have always to be covered with

ta thin layer of rubber sheeting to effeetively pro-
tect/
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protect them from contact with any secretions or
moisture and to avoid the necessity of repeatedly
cleansing the apparatus., This sort of screen 1is at
all times waterproof,it is easily adjusted to the
spplicator and can be used for each case or
application, Silver tubes do not require this pro-
tection, as the silver acts as sufficient screen to
the glass tube inside, Screens of other material
have to be used occasionally and are made from

gluminium, lead, and tin foil among other substances.

When we come to consider the action of radium on the

tissues, something more will be sald, as to when

fhese denser screens are called for, let it suffice
to say, that not only is the quantity of the
radiation diminished by the thickness of the screen,
but also the quality by filtration in faet it is
impossible to diminish the total amouht of radiation,
without altering its composition. |

Aluminium as a sereen possesses many
sdvantages. It can be rolled out into thiﬁ sheets
down to 1/100 millimetre, though for practical
purposes & thickness varying from '0lmm, to .- O8mm, is
found most generally useful. ' These screens are very
light, and easily worn by the patient.

Lead/
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Lead can be rolled to 1/7p mm. and its great
pliability mekes it adaptable to all shapes. Screens
of this material wary from 1mm, to 2mm. in thickness
those of the latter thickness being used when it is
| desired to employ hard beta or gamma rays only or to
give prolonged applicationé without causing surface
irritation, The weight of these screens, however,
is a drawback.

The lesion to be treated is gently cleaned
and dried and all crusts or flakes of secretion are

removed .

'THERAPEUPIC/
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THERAPEUTIC APPLICATIONS.

(a) REACTION.
B y
_ The various ways in which morbid tigsues
' réspond to the actién of radium may be divided into
two classes, the inflammatorv reaction and the non-
inflammatory reaction. At the beginning of this
thesis I have referred to the famous BEGQUEREL burn;
this was the first example of infiammatory reaction,
due to an overdose; but asince then it has_been found
'gpssible to‘obtain celiular modification and
’ glinieal results without producing inflammation.
The first named reaction is pjoduced when the doses
have caused an inflammation, followed by ulceration
‘énd the formation of crusts. This ulceration iakss
place on the surface of the tissues operated on; it
1s generally painless, and when the crﬁst is not
interfered with, it comes off sdnner or later, and
the tissues underﬁeath are found tolbe healed. 7
Gonstant interference with the crust formed, howe#er,’
@ay may the aesthetic appearance afterwards by pro-
vduoing a depressed sear. Either of these two re-
acmiops I have mentioned may bé brought about by

the careful application of radium by an experienced

worker/
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worker, but coccasionsally factors &re present which
may slter the effect desired. Thus personal idio-
syncrssy or susceptibility must alwsys be taken into
éccount, when considering the effect of any saspplicat-
ion, and the site of the lesion, whether situsated
upon skin;bone or mucous membrane, plays an import-
‘ant part in the resction obtalned. I shall refer
to this again in the part desling with my eclinieal
#xperiences. Some tissues can be influenced very
easily; they are susceptiblo and easily acted upon
by the rays; other tissugs are more refractory,but
tho resistance they offer is never quite complete,
and a time'alwavs comes when the cell undergoes a
certain degree of degeneration, and is destroyed.

This destructive action is very valusble in the treat;

ment of certain lesions.

But besides this action a certain number
of diseased tissues can be modified without being
sub jected to any inflammatory reaction, and‘hérein '
lies ons of the princip@j)interests in the use of
radium. These tissues seem to possess 8 speclal
receptivity to the rays, and respond mocst essily to
| their influence. To this asction the deseription
; 'éelective' or 'specific' has been applied, though
some authorities afe not inclined to grant this clsim
KNOX/ | '
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KNOX {m in his pasper on the results of his ex-
perience at the Cancer Hospital thinks the descfipt~

" ion is bad and maintains that radium simply acts on

particular cell in question; voung snd actively ‘
growing oalls are more resdily influenced than mature
cells, and the cells of a new growth, apvroximating
in structure and resisting power to those, are 80
much the mcre resdiiy subject to the action of
raaium. wICKHAN (8) on the other hand thinks the ex-
pressions are perfectly appropriate to the action
producsd. Whatever be the opinion held in those
cases, the tissues undergo retrogressive changes,
‘and are modified without the production of a visible
inflamatory stage. WICKHAM'S opinion is borne out
to some extent by the fact that this retrogression
may be obtgihed either by comparatively wéak doses,
or by strong doses, and with rays of strong or weak
pénatration. This sensitiveness is often greater
than that found in normal tissue, and in these cases
the normal tissuee surrounding the diséasad cells,
althbugh sub jected to the ssme doses, renmmin un—
affected in outward spresrances. From this it is

argued/




35.

argued that sensitive tissues desp-seated under the
skin csn be modified without any visible change of
the cutsneous tissue. The sub jacent tissues act as

filters wodfying the quantitative and quslitative

value of the rsdiation, whichresches the deep parts

under treatment. In support of this statement, and
of the claim of radium to s selective saction on

certain tissues, the action of extremely penetrating

réva on glandular messes infiltrated by 3 new growth |

is pointed out. From the practical point of view,
this nen-inflammatory r&éction must never be'lost
sight of, as it is of the utmost importance whenj
aeéthetic results are desired. Some lesions can
only be treated by destructive action, others are

amenable to specific action, but only after a long

. period, so that it is sometimes useful to proceed

pertly by destruction in these latter cases, and
thus combine the two methods.
WICRHAM and DEGRAIS'®) come to the follow-
ing conclusions:- »
(1) Resction does not necessarily imply a
destructive effect: thére may be strong reéction with
out 1nf1ammatton or destruction. |

. (2) Destructive inflammatory reaction is some-
timee/
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times useful and even neceésary.

(3) A1l reaction of whatever kind is determined
as much by the dosage adopted, =28 by the nature of
the tissues.

To each type of ray - alpha, beta, snd
gamma - thers ie sttached a certain resction, thus
| each has ite own individuel vslue. As the alpha
| rays are most easily abaorbed, it is provable,.that
the reaction which they produce is exercised only
on the most superficisl lsyers of tissue. This is
the type of fadiation most important in the 'toile'
aﬁparatus, and has beern used with great advantagé
in the treatment of chronic. superficial inflammatory
i disease,

Beta rays are present innlarge‘numbers in
the most effective and most frequently used radiations

' being found ss primsry, and again as the secondary

rays of Saghsc. The primsry rays predominate largs- %

—8——

ly, and possdss amongst themselves different qualitie
of penetration; thus they esn penetrate the wholev
thicknesé of the tissues at various levels. It has
been proved that the beta rays have a real action,
which may be sélectiye or inflammatbry.

Gamma/v
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Gamma rayvs form s low proportion of the
radlation from an unsereened apparatus, and their
actlon need hardly be taken into account in exposures
1ésting a short time. Dut the radiations composed
of hard beta and gamma rays héve a sbecial clinieal
significance. They are describhed as surpénétrant
ravs, and they produce special reactions of great
importance. They are obtained by interposition of
lead screens of from 1 mm. to 2 or 3 mm. in thick-
ness, and they form radiations of weak quantitative
value. This e¢an be compensated fdr, however, by
the total length of the application, either by con-
finuing them for some hours in succession, or by
making them shorter, but frequently repeated.

such long ap?lications are borne easily

"by most parts of the body, excepting the bucecal
mucous membrane, where the exposures rust be’short
and freauently repeated. These surpéﬁétrant ravse
cause little surface irritation, and are valuable
when one wants to work at a great depth,,without
causing quperfieial inflammation. ‘

Many workers havp studied the effects of »
radium on plants, and animals, and on human tiqsues.

ABBE/
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0)

anztt Qf‘New York read a vaper at the Internation-
al Congress of Medicine in which he detailed results
of this experiment on plant growth, after the seeds
» héd been exposed to larger or smaller doses of
radium,'and‘the conclusions that he came to were, that
according to the dosage, the growth of the seeds
was stimﬁlated or retarded, and secondly that the
distance of the radium without filtration, from the
‘parts éxposed, had. a marked resﬁlt "upon the effectd
| produced.. The first of these findings has an import-
ant bearing on the suggestion fhat has been advanced
that some cases of malignant dlsease have taken on
a more rapld growth after exposure to radium, a fact
to which I shall draw attention in another part of
this thesis.

DANYZS has inserted a tube of wradium under
- the skin near the spine, and OBERSTEINER has im-
mobilized an%mals in a box in the top of which and
corresponding to the cranium was olaced some radium.
Both observers have found that the'animals have quick-
ly died from paralysis or ‘tonic convulsions. Post
mortem they foundfmihute haemorrhages in the brain

and cord, and degeneration of the endothelium of
the/
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the eapillaries. These results have been confirmed

by the experiments of SIR VIGTOR HORSLEY and |

Dr. EiNZI(ll).who applied tubes of radium through a

trephine nole on the pia mater over the pre and post-—

ecentral gvri of three monkeys. HERTWIG(IZ)(Berlin)

" has ascertained that radio-active bodies have a
powerful influence on vital procesées in plants and
animals. The endocellular ferments of the body
are alwavs stimulated, never inhibited by radiation.
Lower plant growths (bacteria, atc.) are inhibited
énd even killed by large doses of the rays. The
development of plants and animal' ovae 1is stimulated
by'sméll doses but definitely inhibited by large ones.
On the animal organism there is stimunlation of the
respiratory metabvolism, and insignificant incréase
in the protein exchange. As regards purin metabol-
ism there is a limited increase in the excretlion of
uric acid, this increase is small and transient.

The ehief diseases in which radium has
proved of service are as follows: — Rodent ulcer,
malignant growths; anglomas, lupue erythematosus,

}1upus vulgaris, keloids, Grave's disease and pruritusg.
In rodent ulcer radium has succeeeded and produced

remarkably /
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remarkably good results, where other methods of
treatment have failed. Opinion may vary as to the
method of treatment to be a2polied to small rodent
ulcers, which are evidently curable by various other
therapeutic agents, but there seems to be no doubt
that nothing is so effectual as radium in the large
and inoperable ones. As a rule for a smali uiéer,
the application should consist of a short uneeréened
epreure of a full strength apnlieator. If the ulcer
occupy a large superficial area, an unscreened
application oier the whole area at the same time,

is abt tq give rise to a3 severe systemic disturbance
therefore, successive applications must be made.in
different places uﬁtil the whole area has had a

sufficient dose. Rodent ulcers affecting the nasal

. or buccal mucous membrane are not nearly so amenable

to the action of radium, and in c¢ase of over exposure
2 painful reaction may be produced. HAYWARD PINCH
(13)0f the Radium Institute,
points out that many of those rodent ulcers which
have received treatment for a long time with X Rays
zine ionization and carbonic snow respond badly to
radium treatment, and thus the prognosis}is rendered

uncertain. Several of our cases of rodent ulcers had

been /
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besn previously treated hy soms of these methods,

| As regards other carciromata promising
results have heen obtained in malignant disease
of the hreast and rectum. Radium seems to he our
best palliative agent in carcinoma of the uterus
by felieving pain, arresting haemorrhage, diminish-
ing discharge and healing ulceration, also several
inoperanle cases have hsen rendered operable;
Opihion to-day éeems to be unanimous in answer
to the question whether radium treatment is pre-
férable‘to surgical removal, that operative
treatment if possible should come first, ABBﬁ'{l4)
endorsss the opinion of WICKIAM, that malignant
tumours must first be excis=sd as thoroughly as
possible, and radium then used upon the bed of the

disease. He has come to the following cénelusions:

(1) That an undoubted retrograde desgeneration
of malignant cells occurs undef correct

dosage of gamma radiation.

(2) Iffective use of radium lies in the appli-
cation/ ;
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application of a large enough guantity
to avoid the stimulsting action of little

doses at short range.

(3) The utilization of gamma radiation with
its desp venetration can he made by the
removal of aipha and short heta rays, by

filtration through lead,

(4) Such filtration requires many times as long
| for a sufficient ambunt of gamma rays to
act, as when other réys are eliminated
hy what may be called 'distance filtration'.
Oﬁe and a half inches or» 4’cms.,’seems in
practice to excluds mest of thess, and
gives_free and instant play of the entire
gamma iange, without delay of passuage

through lead.

(5) Cross-firing of several specimens simultan-
eously, or of one large specimen moved

successively/
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‘guccessively to several neighbouring

places, is necessary for. the hest work,

(6) Normal tissue resists many times as large -
dpses of gamma rays as are required to
',éheck and dissipate growths.

KNOX(lS) 1s also of opinion that in early
cases of mélignant disease, operative_measures
should come firét but states conditions under
£which radium should be second choice, Thus the
patient may refuse operation, and thorough treat-
nent by radium in sarly cases, may lead to a
disappearance of the growth, The risk of opera-
tion may be too great, Inoperable cases are
many of them hopeless from a curative point of
view, but radium may cause marked reiief to
suffering.rnBARLING(IG) would not take the re-

‘ sponsibility of advising radium as.a substituté
for excision, in cares of malignant growths,

Next/
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Next to Rodent Ulcer radium has heen found
most beneficial in Nasvus., HAYWARD PINGH(lv)in his
4Report repgards flat superficial naevi, commonly call
»ed YPort wine! stains, as being the mbst difficult
of éll naevi to curs. Grest caution has to be ex—
ercised in applying the radium as perqonél idiosyn~
crasy is always a prominent factor. The hest resulh
can be looked for when the naevus is quite super-
fiéial and shows no tendency to infiltration. Cav-
ernous naevi lend themselvas mére 1o trsatment by
radium than does the capillary varisty. When the
‘feross-fire! method can be apnlied, good-resultéycan
be generally expectad. DAYSON TUHNER(lBAraWS atten-
tion to the destructive action of raﬁium on the hain
follicles, and ocuestions whether this agent should
he u§ed, in the treatment of naevi on the scalp, as
a bald spot 1a apt to hHe left. Pignentary naevi carn
only be femcved by the destructive action of radium
as it is necegsary to destroy the »nigmented skin,
and trie hairs ﬁhat are commonly preéent. vAs regardsg
bersonal idiosyncaasy WICKHAM(lg)found thgt the
results of applying.radium, may vary in different

places/
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places, and that doses sufficient for one subject
produce scarcely any effect in another. He counsels
operating on a single area by way of trial, the re-
sult obtained bveing an indication to the subsequent
line of treatment.‘ Inequality of acticn he explains
as being due to diffarsnces in the types of skin e.g.
dry or greasy skin, fair or dark in colour, and its
delicacy. As most naevi occur in sites where an
aegthetic result is the aim of treatment, in the use
of radium inflammatory reaction nust belavoidéd as
far as possible.

Radium has proved of great value in the
treatment of Keloids, a condition with which surgeons
have had great difficulty in successfully dealing,
due to the tendency tovrecur and increase on the
slightest excitation. Radium correctly aﬁplied
causes this type of growth to shrink up and disappear
leaving a smooth supple cicatrix, though the degree
of guccess 1n treatmsnt depends much on the‘age of
the keloid. This applies to true keloids of
fibromatous material, hut where hard fibrosclerotic
bands are present, the tumour is more refractory to
deal with, and one must have rscourse to the select-

ive method of r=2action. Radium is of Adouble value

in/
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in the treatment of contracting keloids, in securing
an aesthetic result and in restoring elasticity to
tissues, which may have been limiting mevement, or

. o
causing deformity. WI GKHAM( 20)

admits that in some
of his cases he has found it expedient to-combine
surgery with radium. MASOTTI fecdmmends a comhin-
ation of scarification and of radium applications
as it shortens the duration of treatment.

As regards the therapeutic action'of rad-
ium in tuherculosis, comprising surgical tuberculosis
lupus and écrofula,Aresults have been varied, and in
. the main disappointing. SIMPSON(zl)reQCrts a series
of cases of different nature treated hy radium
applications, which he extols in lupus vulgaris,
and lupus erythematosus, among other conditions,
DAYWSON TURNER considers that radium is not specially
indicated in lupus. He has seen improvement in
localised cases, but not more than could be obtained
by other means. HAYWARD PINCH(zz)says that Finsen
light is to be preferred to radium in:cases of lupus
vulgaris, and'wheneVer possinle it should always he
‘adopted, though lupus erythematosus 1s usually bene¥

fited by radium. WICKHAM'S experience 1s that all

tuberculous/
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tuperculous conditioﬁs, can he influenced hy radlumn,
hut the degree of receptivity differs according to
the varied forms of tuberculosis, and subcutaneous
tube;culous glandular enlargements are more amenable
to the rays, than are the many varleties of lupus,

anﬁ notably the nodules of lupus vulgaris., He con-
cludes that it is better to destroy isolated lupus
nodules’and those recurring in the cicatrix, by the

" electro-cautery, and not with radium,; and that
ulcerated vegetating wartéland erythematous forms

yiseld the best results. In the tresatment of tuber-

culcsis of the skin, radium must be used for its
degtructive action, the advantage of radium'therapy
here 1lying in the satisfactory appearance of the
repaired tissues. There can be no doubt, however,
‘that in some cases the rays act by relievingboon~
gestion, and in lupus affscting mucdus membrane,

this is an especlally valuahle property. The chief

drawback to the treatment is the tendency to re-

currence which all these conditions manifbst The
different experiences are summarised in the state-
ment that the treatment of ﬁuberculous lesions re-

guires powerful action, hoth wide and deep and lohg

continued/
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continued, with carsful supervision cf the resulting
scar. Radium does not apoear to havé any selective
action in lupus. A point one is apt to lose sight
of, 18 that in the treétment of any tuberculous con-
dition, by whatever means, attention must he paid

to the generél healtt and mode of 1living of the
patient. In our cases latterly we started to carry
out constitutionsl treatmeht allied with radium treat#

ment, when we thought it was indicated.

other conditions, and has proved of value in pruri—‘
tus, chronie eczema, and goitre, One of the first
reéults ohtained by the use of radium, was its an-
algesic affect, and many workers have lald stress on
its propsrty of felieving nain. SOUPAULT has shown
‘the power of radium in relieving the pain of artic-
~uiar rheumatism, and DOMINICI has rscorded the cure
of two cases of intercostal neuralgia, and two of |
sciatic nsuralgia. In pruritus many suécéssfﬁl
results have besen Obtained,'éhiefly'when thére has
be;n an actual lesion to accouﬁﬁ for it. When the
trouble is purely nervous in character, the results

are not so Satisfactory.

cﬁronic/
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dhronic eczenma yields readily to weak, un-
screened exposures of radium. This exposure can be
furnished hy a powerful apparatus in a short time,
and in this way large surfaces can he treated,
zvchHA}..{(ZS)states that out of 200 cases tresated
during the course of eight years, he hae met with
almost invariahle success,

Many favourable reports as tc the action
of X Rays in exophthalmic goitre have béen publishéd,
and much thét has been said could be applied to the
action of.radium in this condition, ARBf of New
. York was the first to introducé cylindrical radifer-
cus tubeslinto an enlarged thyrold. He was success—
ful in obtaining a reduction in the size of the
gland with & corresponding suhsidence in the other
’symptdms.- WICKHAM has succeeded in obtaining a
aimilar result, by his method of cross—-fire applica-
"tions. DAWSON TURNER has produced marked improve-
ment in four cases, and points out that radium has
two advantages over X Rays in the treatment of this
condition: (1) a perfsctly definite dose of it can
be'given and‘repeafed as often as may he desired,;
(2) the radium can be apnlied without‘noise or

excitement/
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excitement, while thre patient is at rest in hed, and

owing to the nature cf the disease this is an im-

portant advantage.

(») HISTOLOGICAL OHANGES.

To come to the histological aspect of re-
- action, this has been expefimentally studied in the
guinea pig bHy DOMINICI and BARCAT, and proved tc he
the same, whether the condition of the tissueé he
normal or diseased. Whenm the normal skin of a guinea
pig is exposed to a series of radium applications;
after a period it is found that the structure of the
skin is entirely changed, the hair bhulbs, sebaceous
glands, and sweat glands are atrophied, whilst the
vascular conﬁective tissue of the corium is trans-
formed into embryonic connective tissue, and from
thig a cicatrix is graduslly produced, having neither
. the structure of the corium of normal skin, nor that
of post—inflammétory geclerotic tissue. The same
changes ware found to take place, when radium was
applied to experimental cutaneous tuberculosis. At

first there %8 a diminution of the simpie inflamma-

tory/




inflammatory perituberculous reaction, the changes
consisting of a disappearance of the polynuclears
of macrophagocytosis, transformation of lymphatic
aelis into plasma cells, and develépment of nodules
possessing & lympheid structure. Then organisation
of the wvagcular connective tissue stfcma, which was
the sesat of this simple inflammatory process, is
noticed, PFinally there is an extension of this pro-
cegs to the tuberculous follicles themselves. The
epithelioid cells lose their globﬁlar conformation,
become elongated and anastomose in a network of fix- |
ed cells'of an embryonic type. As s result of this,i
the ebithelioid tissue of fhe tubercles is changed
into embryonic hyxcmatous tiséue, The cure is com-
pleted by the transformation of myxomatous into
sclerotic tissue. |

The retrogression of ssrcomata takes place
in the same manner. The size of the body and of the
nucleus of its enormous cells gradually decreases,
As.they gshrink the neoplastic elements elongate, the
contour of their nuclei become regular, and they
finally éssume the form of large embryonie connective
tissue cells anastomosing in & cell mass similar to

that/




53,

that of the myxomata. The tissue of the sarcoma 1is
thus transformed into myxnmatous tissue, which ultim-
ately changes into tissue ressmhling that of a
fivroma. |

Under the influence of radium rays the
cells of epitheliomata of thé gkin, or of the muco-
cutanecus regions, gradually diminish in slze. The
epltheliomatous cells disappear, either hy means of
a progressive absorption of their protoplasm and
nueléi, or by a sort of granular dissociation of the
two parts forming the cell, During this time the in-
flammatory processes which aceompany the developmént
of every epithelial tumour, are arrested, whilst the
vascular connective tissue 1s organised as in the
cases c¢f cutaneous tuherculosis and sarcoma mentioned
'above. Thus it will be seen that the cells of the
vascuiar connective tissue, whether normal or modified
by inflamuation or Hy & sarcomatous process, have an
'alternating-evolution. In the first stage they re-
turn to the state of embryonic conneative~tissue
cells; in the second they again_arfive at maturity,
under the form of eldngated fibroblasts, Forming

cornective tissue bundles and elastic fibhres,




53.

A PLEA FOR A POSOLOGICAL STANDARD,

One of our chisf difficulties wés the ques-
tion of dosage, what length of application to apply
in any given case. To anyons with a knowledge of the
wonderful ohysical properties of Radium, and with a
recollection of some of the terrible }esults, that
followed on the inéautious use of X Ray treaﬁment, at
its inception a few years ago, the above question
must be the causs of much serious consideration,
followed by careful observation of results cbtained,
It is still toc early in the history of the subjeét
for anyone to dogmatise as to what is the correct
length of an exposure in any given case, though ex-
perisnced workers are now in a position to express
an 6pinion as to what would he actually harmful.

Many things have to bes taken into consid-
eration, as for instance, the strength of the
'apélicator,‘the quality and quantity of screens to
bs used, the depth and situation of the growth to be
acted upon etc: Mucoﬁs membrane is especially sensi-
tive to the action of radium, and drastic reaction |

usually follows an overdose, causing much pain to the

patient/




'an overdoge considering the situation of the growth,

It 1s stateé?é)that unshielded radium, which gives

. quantity/
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patient, and even sloughing of tissues, A case in
point -~ A male aet. 50 came to‘us suffering from a
malignant growth of the »ight tonsil. We appiied a
silver tube applicator to one portion of the growth,
the silver wire éttached to the applicator, beiné
brought through the mouth, and fixed to the sids of
the face with adhesive plastsr. Due to the difficulty
of application, the tube was kept in situ for six
hours; Our experience had taught us, that, cancerous
growths in other situations could bear this exposure
easily, dbut in this case the patient afterwardsv
suffered from pain, discharge, dysphagia, and a burn-
ing sensation in the throat, pointing to reaction in
the growth and neighbouring parts, probably due to

movement of the applicator. We had evidently given

remarkable results in cutaneous epitheliomas, is
dangerous for cancers which encroach on the buccal
mucous membrane, as 1t may stimulate rather then -
arrest thelr dsvelopment., GAUCHER has pointed out
that the same rate holds good for certain caustics,

| The»qﬁantity of salt contained in the
applicator though useful is not the main thing. The
chief thing to know is the activity ihat can bhe

utilized by the -operator. In mersly mentioning the
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quantity of salt contained, the thicxness of the walll
of the applicator is not taken into acoount'thus one
is left in doubt about data, on which the valus of
. the treatment depends. By this loose use of terms,
.é second obssrver cannotarrtfe at a corresponding

therapeutic result as the first, since the radio-

activity is not known. We must have useful measure-
ments,and dstermine scientific doses and guantities.
Until the recent preparation of International Radium
~ Standards, various methods of detsrmining the walue
of radium bromide were in use. 3But now the déeter—

mination of the radioactivity of specimens of radium
salts, is made by direct comparison with .a standard
specimen of radium chloride deposited in the Bureau

International des Polds et Mésures in Paris. The

| standard was orepared by taking a known weight of
radium chloride separated by Mme. Curie for deter-
mination of the atomic weight ofvradium. The com-
parison, whenever possible, 1s made by meaﬁs of the
gamma rays. This ensures that the strength of spec-
imens is accurately known, and is of guidance to the
operator, But this attained, we have not gone far
enough, for we have no realation between the activity

of the applicator and the léngth of application.

Radium/
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Radium applicators differ as regards size i.e. sur-
face area, shape and activity, and'for one worker to
state that he cured a rodent ulcer with an applicaton
Containing 3 cantigrammes of radium salt with an.
activity bf 500;000, with an exposure of one, two,
or three hours is of no help to a beginner in the
science, if he has not a similar piece of exactly
the same area, containing the same amount of salt,
-and with the same available activity. What is wanted
is a certain definite sﬁandard of activity, working
for a certain definite standard length of time, and
thus the dose could be stated in terms of the activ-
ity of the appiicator and the length of exposure
combined, or as we did in Mull, express the dose
simply in terms of time.

The above was one of the first difficulties
we met with in our experisnce with radium, and we
overcame it in a manner very similar to what workers
have devised in other centres; The method i am
about to describe ha& besn in use in Hull for the
'last five years, and the fact that the necessity for"
some such system of dosage as ours has been recog-
nised by other operators, bears out my point, that
without it there can be-no co—ordination or helpful

comparison/
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comparison of result%.

DAWSON TURNER is the only authority I have
met with who has advocated 5vzhat I have attempted to
explain above, 9nd before describing our system I
shall ve his suggestion in his own words gﬁ) .

. . the dose ought to be stated in terms of the
product of the strength of the preparation and the
length of thevexposure - what would be termed in
slectrical measurement the "ampere hours". Thus a
10 millegramme specimen applied for one hour would
be called 10 millegramme hours, applied for thirty
minutes 5 millegramme hours. If 5 millegrammes wers
applied for 12 minutes, it would be one millegramme

hour, and so on. Thus a dose of 10 millegramme

hours could be given by 1 millegramme applied for 10

| hours or 20 millegrammes applied for thirty minutes

etc." In giving an account of his cases, DAWSON
TURNER states his doses in this mannexr. Oﬁr method
though substantially the same idea differed from the
above, in that we did not exnvess our doses in terms
of the product of the strength of the apnlicator

and the length of the exposure, Hut in terms of time
only, by a célculation which I shall describe,

our unit of measurement we selected as 1

centigramme/




58.

centigramie of active salt with an activity of
500,000 curies, acting for 1 hour, and from this we
workesd out the strength of our apnlicators in terms
of time. Ry our method each applicator had a stand-
ard tinme of its own, during which period it gave off
a radiation equivalent to any other applicator in
its respective standard time., This period of time we
called a Standard Hour, or shortly S. H, At the
peginning the standard hour for each applicator was
worked out, and sntered in the radium book., When a
dose of so many standard hours was prascribed,; I
"gimply consultsd this book, and gave the exposure
with ahy applicator found suitable., The only draw-
bhack to this méthod, and one which appiies also to
TAWSON TURNFR!'S suggestion, is that it takes no
cognisance of the superficial area of the piece.

But granted that the quality and quantity of the
scresns is mentioned, our sygtem comes nearer to
giving an accurate account of what radiation was
applied than any I have heard of.

As T have mentioned, we took as our stand-
ard 1 centigramme with an activity of 500.000 acting
for 1 hour, and from'this we get the fofmula,

1 hour + (Activity of Piece % Weight of Salt )= 1 S.H.

Standard Activity Standard
hour.

Referring/
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Referring to our list of épglieators, the desscrip-
tion of the first plece reads - |
Applicator No. I. 3 centigrammes with activity of

500.000 and applying our formala

1 hour = 60 mins. = 60
AXW 500.000 x 3 3
S.A. | 500.000

Where A equals activity of oiece, W equals weight of
contained salt, and S.A. equals our arhitrary stand-
ard activity, we find that 20 minutes is the stand-
ard hdur~for applicator No. I. 1In this way we worked
out the value of all our applicators and I here'
append a 1list. It will be noticed how useful and

speedy Nos.1, 2, 6 and 7 are, compared With the otres.
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No. I. contained

2.

= .

3

4a

4b

4c
4a
5b
50

54

N

I R N U e

owmﬁwmemasmw

milligrammes

"

mllligramme
"
centigrammes
milligramme
w
milligrammes
centigrammes

u

"

K

"

=2

500,000

1,800,000,

1,000,000

1,800,000

1,800,000

1,800,000
2,000,000
2,000,000

2,000,000

250,000

500,000

¢ activity 500,000 :. 1 S.H.

"

"

i

I

20 mins.
30 mins.
_wm% mins.
, mml hours.
54 hours
MA approx)
do.
8% mins.
w._w. hours.
m,mi hours.
50 mins.
_mo “mins.

20 -mins.
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In giving this account .of the results of radium
therapy in the Hull Royal Infirmary, it must be re-
membered that the InfirmaYy vossessed no radium of
i1ts own. There is no Radium Institute in Hull, and
the town's radium is kept at ths Guildhall, in the
office of the Medical Officer of Health. Tt is lent

as reguired to institutions or private vractitioners

[0}

by the Medical 0frficer of Health, and is supplied
free for the treatment of any pétient (private or
institutional) whose income or that of the family

does not excesd £2 a week, and a charge of one shill-

over,that incoms,

The period of loan is forty eight hours,
and a signed agroement is made betwsan the borrowing
pracfitioner or institution, and the corporation of
the city, broviding for indemnity in the event of
damage or loss, and also for the furnishing of infor-
mafion as to the profress and result of treatment.

Contrary to expectations this free supply
of radium was not takén advantage of by.praétitioners‘
to the extent expected, and on many occasions we |
had no difficulty in prolonging the period of our

loan. This was of great service, as it enabled us

to/
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to finish the application prescrinad, saving waiting
until next week., ZIvery Wednesday night was'Radium
night at the Infirmary. Cases were sent to us from
the out-patisnt department of the Infirmar&, chiefly
those cases that proved to b2 generally unamenable
to ordinary medical or surgical trsatment, such .as
naevi, 1upus.etc. Other cases ware transferred. from
c0¢$ snow, and X-Ray treatment, to our care so that
for the gquantity of Radium we had a plethora of
¢cas=s, Mr., HOWLETT, F.R.C.S., England, Sesnior
Surgeon to the Infirmary, to whom I am 1ndebtéd for
thé uge of the caée book for this thesis, was in
charge of the department. Out of all the casss
sent to us, wa had to s=2lect carefully only those
we thought would be bensfited by the treatment, and
it was often our sad duty to geﬁtly turn away a hope-
less case. of malignant disease, who had come with
fresh hooes, having heard exaggerated accounts of
the new treatment.' |

Tach case was sxamined and the diagnosis
confirmed or otherwise, as the case might be. Care-
fullnotes and diagrams were taken of the lesions, |
and every patient had to report himself from timg to
time, thus being kxent under ohservation for many

months/
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months., Mr. HOWLETT in all cases prescribed the
application of radiuﬁ, and it was my duty to épply
it. On many an oceasiqp to apoply and keep apoplied
the'applicators took considerable ingenuity and
patience, as the leasions wers often small, and in
sites difficult of access e.g. the inner canthus of
the eye, thé tonsil, etc, |

As regards scr=ens we naver used any, ex-
cept rubher sheeting, and this was more for the pro-
tection of the radium, than to modify the radiatioh;
On sevaral occasions, notably in patients coming
‘from the country, we kept the patient in bed for a
couple of days and applisd massive doses; this saved
the patient trouble, and enabled us to make the best
use of the radium during the short time it was at

our disposal.

PERSONAL EXPERIENCES and NOTES of CASES.

. The results of treatment of 71vcases are
given in the following tables. The tables are R
followed hy a general diseuseion in which typical -
cases of tho various conditions are reported in

detail.

Table/
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TABLE I,

Summary of Cases.

Treated ' ‘ 71
Improving under treatment 25
Cured ' 12
Improved 5
Not improved 17
Abandoned treatment. 8
Dead. _4

Total 71

I have 1nc;uded under heading !Improving under treat-
ment'! those cases in which tre=atment was too recent
to enable any conclusion as to the results to bhe
stated. In table IT. the cases are arranged accord-

ing to the nature of the diseass=.

].

? & i +

fg . g

i =S o =

:SE g +

Disease R 813
SRl 8] Bl 8e] o
- 3] -] -
T |88 & 6l gl
8|8 |A| &5 |8 &
' ~——
Epithelioma 1 1] 2 413 |2 |13
Rodent Ulcer 7 153 -~ - 2 4= |15
Lupus 3 15| 2 11 3 0 = |34
Na=vus 1 21 - -~ g~ i 3
Fibrona (Keloid) - - -1 1]~ - 1
Halry Mole - 1| -~ -1 - - 1
Carcinoma - -1 - 1 - 2 3
Papilloma Larynx - - Ly = - - 1
- Totals 12 25 5 | 17 4 71
|
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As wili be seen from the above table, a large pro-
portion of our cases were suffering from lupus, al-
most 505 in fact. In these cases the lesion almost
without exception was extensive, and our supply of
sultable applioatore was small, so that it took a
long time to cover the area, and progress was nec—
essariiy slow. Some of our cases dropped treatment
during the year, due to various reasons. Our cases
of carcinoms occurred in old people, and death from
adventitious disease, was the cause of treatment be-
ing stopped in a couple of cases. other patients we
found had removed from the district, and either could
not afford or did not care to travel to the Ihfirmary.
A few patients, chiefly those suffering from small
epitheliomas, rodent ulcers, or small patches of
llupus, grew discontented with the slow treatment

and r°queeted operation. 1In all cases the smell
supply of radium and the brief period of 1oan, rend-—-

ered treatment ae often as desired impoesible.

_NOT:ES/:;'
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NOTES OF C ASES.

RODENT ULCER.

our results exactly bore out what has been
sald by others. This, of all forms of malignant dis-
ease, is the most amenable to the action of Radium.
To this I would add one qualification, by limiting -
the statement to ulecers not affecting mucous membrane
or bone. Of the latier class, we had some terrible
examples, and though In several cases we did much
to ameliorate,the condition in causing cessation of
diseharge and pain, after due trial we had to glve
up any attempt at a cure. For this type of caée,
the Paris school recommend a 'tolle! or radium
plaster, exaétly sovering the area of the ulcer, and
applied for a long time. out of our series of fif-
teeﬁ cases, seven were cufed Inasmueh, that after an
interval of many months, we could find no evidence
of a recurrence. Six cases were improving under
treatment, some of which were very slow in healing.
HAYWARD PINCH, F.R.C.S., in charge of the Radium
Institute, points out in the Ahnual Repor%27) of the
Institute, that many of those rodent ulcers which

have /
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have received treatment for a long time with Z~Rays,
zinc ionization, carbonic snow etc., respond badly
to radium treatment. Quite frequently the previously
treated tissues break down to an extent which far
exceeds the égéisting ulceration, and repair is very
slow and imperfect. Not a few of our cases had had
previous treatment by some of these means, and We
found that the application of radium meant great
destruction afterwards, from which recovery was slow
and repair imperfect.

Sméll ulcers, situated on soft tissues,
such ag the nose or cheek,lwe found to disappear on
 one or two spplications of an hour apiece. The
larger ulcers we treated by several successive appli~
cations in different places, at intervals of two to
‘three weeks, until the whole area was covered,

Great care must be tcken when there 1s involvement
of bone or c;rtilage, that too great an exposure of
an unshielded apparatus is not given, as this may
cause & very acute, painful and prolonged inflamma-
tion. For these DOMIKICI(Za)reGOmmends ultra~pene~
trating rays. The radium rays are filtred to the ex-
tent that only hard bets and gamma rays are allowed

to get through, and very long exposures 2re required,

CABE/
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CASE I.

A. . B., male aet. 64, Hull, had for many
years sufferasd from a rodent ulcer at inner angle of
the left eye. He came first to the Infirmary on
20th March, 1912, and an application of 5 S.H. was
preécribed. I applied our No. I. applicator for one
hour and 40 minutes. Two months later he reportéd
himéelf, when the ulcer was found to be much smaller.
A similar dbse was applied, and when seen one month
later, the uleer had totally disappeared, ieaving a

fine, white cicatrix.

CASE II.

¥. H., male aet. 55, Hull. Rodent ulcer on
tip of nose, about size of threepénny bit, which
| patient said had been coming on for several'years.
‘Two months ago had % Pastillie given, but no sign of
healing taking place. On 2lst June, 1912, he was
seen first in the Radium Depp. and an épplication of
10 Standard Hours preseribed. No. 2 applicator was
kept applied for 5 hours. He was seen again one
month later when ulcer was found to be smaller and
shallower. The same dosévwas repeaﬁed, and when one

month  later the patient reported himself, all trace

of/
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of the ulecer had disappeared. Several months later

he was seen again, and there was no recurrence.

CASE III.

| J. ¥., male, aet.‘74, Hull, suffered from a
rodent ulcer in the right malar region, about the
size of a florin. He had been treated with repeated
applications of €.0.2 snow. When seen firét the
ulcer was very excavated with prominent raised edges.
The firet application was 8 S.H. on 28th Aug. 1918.
He was not seen again for 2 months, when ulcer was
found to be smaller, with smooth, growing edges.

In Nov. he again reported himself, no radium having
been applied since the first dose. The ulcer‘had

gone back to the status aquo ante. Nov. 10th 1912

the original dose was repeated, and one month later,
I entered him as being apparently cured. He reported
himself in January 19213, when no recurrence was

found .

CASE IV.

M. L. female, aet. 70, Goole, suffered from
a rodent ulcer 6n the tip of the nose for 6 years. .
The ulecer was small; and eircular, with raised

margins/
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margine. A8 a first dose, 10 Standard Hours was pre-—
scribed. This I carried out, by applying No. 7
applicator for 3 hours, 20 mins. The patient was
seen two weeks later, 15th April, 1912, when the re—
port was, that it_was mueh improved, the upper half
looks actlive, with raised rolled edge. Three more
applications of 2 S.H., were made at intervals of
one month, and at the end of June 1912, nothing re—
mained of the lesion, but a small white sear. There

" hae been no trace of recurrence.
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71.

LUPUS.

Oour results in the treatment of Lupus, wers
disappointing. oOut of a total of 34 casos.treated,
we could only claim 3 as being cured, or betwasen & and
9%, this résult is no bvattar than what could be ob-
tainad by other mathods of trsatmsnt. It would seem
that Radium must be ussd for its destructive sffect
as it LOssesses no spsclfic actlion on the tuberculous
. tissues, though hefe it is of value 1in securing a
satisfactory appesrance of the repsired tissues, -
Henling of small patches of Lupus vulgaris can often
be obtained by comparatively small doses though re-
currences are common. When seeking a destructive
effect, sevare reasction usually results in tpe ulcer—
sted area, which sometimes ends in satisfactory re-
vair after several menths of slow healing. WICKHAM
and DEGRALS (29) pecommend the use of the galvano—
cautery for recurrsnces, whiles HAYWARD PINCH in his
report of the Radlum Institute (30) says that treat-
ment by Finsen light is to be preferred to radium 1n'
cases of this dissase, |

| ' I would draw attention to Case 5, lupus

erythematosus/




2.

erythematosus affecting the columella of nose, and
interior of nostril, This demonstrates one of the
advantages of radium treatment, In that it can be

adapted to sites difficult of access by other methods

CASE V. .
M.?. female met., 24, Ferridy, suffering from
lupus erythemstosus of upper lip, columella, and
introitus of nose. It had been coming on for nearly
2 year, and was painful, due to irritation. Just
within the right nostril there was 2 small ulcersted
area,  An exposure of 3 S.H., was prescribed, 9th June
1912, which I effected by applying applicator No. 3
(silver tube) within the nostril for 1 hour 48 mins.
Seen one menth later the smali ulcer had disappeare&
and the hyperaemic character of the external lesion
was much iess. A gimilar dose was again applied,
and when the patient reported herself in August 1912
there was remarkable improvement. No.I flat appli-
cator wss now applied to two small remsining patches
on upper 1lip for 2 hourg (6 S.H.) and when seen one |
month later, all trace of disesse had disappeared.

After an intervel of several months there was no

recurrence,

CASE VI.
E.K. fémale aet. 30, Hull, lupus erythemat-

osus/
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erythematosug covering whole of left cheek, Patient
said she had had it 211 her life, At times it wsas
painful and diécharging. Six yeafs ago she had been
treated at Blackfriar's Hospital by Finsen Light

and X Rays. When secen first by us, the diseased
 area, covered the whole of the left cheek. The

. upper half looked active, the lower half had a2 hard,
keloid condition of the skin, but loocked quiet.‘ On
13th Nov. 1912 5 S.H., were applied by applicators
Nos, I snd 2 being kept in contact for 1 hour and 40
ming. and 23 hours respectively. There was slight
reaction afterwards and nothing was done for two
months, when original dose was repeated. ' When seen
later there was decided improvement in the upper
‘hslf, the lower half still looked quiet. Treatment

was still in progress when this report was made.

- GASE VII,

J.H. male, set, 26 Marfleet. For several
years he had a painful, hard warty growth on chin,
below lower 1lip. He first attended on 11th February -

1912, and lupus verrucosus was diagnosed. He was
vtreated by four short applications, at weekly inter-
vals. As a result the skin became more supple and

warty character less. On 10th Msrch 1912 an

application/
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application of 8 S.H, (No.6 applicator Ffor 25 hours)
was made, and this was repeated on the following.
Wednesday, one week later. Patlsnt cams for exam-

ination a month later, and no trace could bs found.

EPITHELIOMA.

Ve wers unfortunate in our sxparisnce of
cases of this kind, as out of a total of 13 caées, 5
dropped treatnent during the ysar Feb. 1912 to Feb.
1913, of the remaining & cases, we ware allowed to
curry treatment to the length we desired, but had
finally to glve wp <, as baing beyond cure. This
cannct be regardsd as a good result, bub we are not
alons in our QXparianca, 48 the vliews hald by many as
regards the curgtive powars of radlum in advanced
epithelioma sare pessimistic. WICKHAM made the follow-
ing rvemark at the July meeting of thas British Medical
Assgoclation, 1210 : tIn the great majority of cases
(1.e. spitheliomata) surgsry Should bs assoclated
with radiwn. " GHEVRIER (31) questions the prﬁdenco"
of simple radium therapy as the only method of treat-
ment of infiltrated cutaneous epithaliomata with

glaudular/
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glandular involvement and pleads for the surgical
rameval of tie tumor, and tha use of radium to dosmww‘
the microscopical rssidus which usually éausas re-—-
lapsa. Dr ROBERT KNOX, Director of Radium treatment
of the Elactro;Tharapautic Dapartnant at the Cancer
Hospital admits (32) that in avery eurly cass of
malignant disaase oparative messures should come
first; giving at the same tine a list of cerfailn con-
ditions whan radium shoﬁld ha sacond choice., There
ean ha no doubt that suparficial cutansous opithel—
iomata give way readily 4o radium, usually with an
sxposurs that causas no inflammatory reaction and .
resulting in a fine white cicatrix. But for a larger
growth, whara ulceration has gone despsr than ths
skin, and the neighbouring glands'ars involved, the
trgatment rmust ceonsist of heroie avplications. A
dastrietlive reaction fblléws buﬁ many good'results
have baon‘notsd with very littls cleatricial con--
traction. The rosﬁlts ars disappointing when the
mucous mamhrane is vrimarily affected, or is the seat|
of disease from a secondary invasion. I have raferr-
ad to the difficulty of applying radium to the bucéal
mueous mambrane (q.v. cass of nalignant tonsil) and
tc the danger of drastic rasaction with subsequent

congostion/
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© was noﬁgvolvement of glands.  We thought it an idesl

‘three weeks later,when 1t was seen that the ulcerated

760

congestion of tissues., In fact, we had come to con—i
sider that the pesition of the growth plays an im-—.
portant part in the prognosis. Cancers in certain
situations, resdily lend themselves to the "crosé
firer method of application, this bears out the

statement Jjust made.

M.W., male aet. 49:. Hedon came to the In-
firmery on Feb. 24th 1912, complaining of a lump in
hisllower lip, of about taen months duratien. On
examination e discrete swelling, about the size of
a hazel nut could be sesen and felt. The growth ﬁas
immediately belcw the 1ip,and there was just a 1ittlel

commnencing ulceration on the surface of the 1ip.Therse

cise for radium ftreatment. An applicestion of 6 S.H..
was prescribed which I carried'out by applying No.3

applicator for 3 houvrs. Patlent faported himself

patch had healed, the swelling was softer and_patient~
thought 1t was & 1little smaller. A dose similar to
the first was given asgain, and at the end of a month,

a decided improvement was noticeable. The growth was

only/
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only about half the original size, and nelghbouring
t1ssuss were soft and pliable. For the remaining
part of the tumour, we declded to try the reross
firer mesthcd, with a result very satisfactqry.
Applicateors Nos. 1 snd 2 w=are fixed on either sidd
of the 1lip, and Xert in pesition for twe hours,

When seen again in May 1512, three months from start
of treatment, the 1iy was of ncormal size, and no
trace of tumour could be made out. In Augﬁst 1912,
the patient reported himself sgain and saild he
thought 1t was coming back. Thers was undoubtedly a
reacurrence and ss the man was a gardensr, 11v1ng'out~'
side the city, and found it difficult to attend for

treatnent, at his renusst, the growth wis exclsed.

- CASE IX.

A.L. female a=t. 65 Hull. Eplthelioma of |
mglar region. Blagnosis confirmed by miecroscopical
examination of part of growth., The floor of the
growth covered the arsa of a florin, thd hase was
‘ulcerated, and there were epithsliomotous nodules in|
the perivhery. Patlient said 1t was growing largar. 
- A1l things considered, we £hoﬁght it ﬁiser.to exeigo
the growth, and apply radium to the edges of the

wound /
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wound. The patient was aceordingly admitted to the
Infirmary and on 23rd August, 19123, Mr HOWLETT oper-
ated. For. some WBeKS'afterwafds the growing edges
‘were dressed with 2 simple ointment, but soon 1ittle
areas began to break down and severai nodulss fbrmed.
- To aacﬁ of these sn application of 8 S.H. was given,
| and agairn the edges started to draw together. Two
wesks later there was a recurrence in the upper
margin, this was promptly treated with another 8 S.H.
: dose, and healing was completed under ointment. The
patient reported herself at intervals of a month'
gseveral times afterwards, when there was no sign of

recurrence, Finally she failed to come back.

OTHER CARCINOMATA.

As will be seen from the table, with'ihe
results of treatment classified according to fhe
disease, I have dividad the cancer group 1nto three
sections, into which I think nearly all cancers could
be put, excluding perhaps, Papget's diseass. Of this
third section we had only three caseg during the Year
'12 - '13, and what I have said regarding the more
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serious and»édvanced type of epithelioma applies to
these. In a case of opersble mslignent diséase of
sny part radium is a more powerful fsctor in the
aftér treatment to prevent recurrence, than X Reys.
In a case of inopsrable malignant disesase, radiﬁm is
a better_palliativé agent than any other known method
Haemorrhigge can be arrested, discharge diminished,
ulceration hesled 2a2nd paih grestly relieved by its
use., All workers are unanimous that by its use a
case previously declared inoperable may in some
instasnces become operable. The exposures have to be
prolonged, spread over a period of several days, and

repested at intervals of =a month or six weeks.

CASE X.

J.I.. aet. 54. Carcinoms of uterus (Recurrent)
The patient hsd hysterectomy = performed on May 7th

1912 for this condition, and made a good Tecovery.

1

At the beginning .of September she returned, cdmﬁiaing
ing of a return of the psin. On examination it was |
found that there was a recurrence of the digesse the
left fornix being full and infiltrated.l Applicator
No. 3 (silver tube) was applied to the‘grbwth'and

kept/
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kept in situ for 12 hours, and the following day this
dose was repeated. As a result all pain oceased, and
patient was ellowed to g0 -home. She csme back for
examination one month later, and the induration in
left fornix wsas sppreciably less, Several weeks
later she was brought hurriedly to the Infirmary in
great pain, the bleeding snd pain had reappesred, and
she was weak and cachectic. On examinaiion it wes
fbund'that the disesse had spread rapidly, the an-
terior wall of the vagina was ulcerated, and there

was implication of the bladder.
CASE YI,

L.Q; male aet. 43, Hull, gave the history -

| thset several years ago, he fell snd struck his chin.
Sometime afterwards a 'lump' grew, which gradually
got worse. On examination the mental symphysis‘was
unduly prominent due to a hard growth, fixed to the
bone. There was much induration of the adjacent
tissues, and the skin was pierced by several sinuses
through which ssliva constantly dribbled, there was
2 most offensive smell, and the patient's condition
was pitiable. =~ . We started treatment in August
1912, by placing our ﬁwo smallest silver tubes in

two/




81.

two of the sinuses fcr four hours. There was a
marked resction aftarwards accompanied by pain and
haemorrhage, but gradually it quietened down, and
patient thought thet the psin and discharge were
iess. It was six weeks before we ventured to give
another dose, when the original dose was repesated.
Again there was decided resaction, and from this on-
wards the growth seemed to take on a new activity,
and patient rapidly went dnwﬁ hill, pneumonia final-

"1y supervening.

NAEVI.

e

| | We only treated three cases of neavus, of
which one was cufed, and two were improving under
treatment, at the time, when this report was drawn up
In all our ocases we used short exposures of our most
powerfﬁl apprlicators, with nothing but s rubber
screen. In one oase we tried the cross-fire method,
with a very satisfactory result, this was a cavernous
nadvus, with mueh infiltration. Our bthpr two cases
were small and superficial.

cASE/
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CASE. XII.

| M,G, female child, 7 weeks old, residing in
Hull, was brought to the Infirmafy on 18th Deqember,
1912, It had two smalllcapillary naevi, each about
the size of a threepenny bit, one on the back éf the
neck, the other on the back between the séapulae.
On 18th December applicators 1 and 7 were applied
to each respectively for 1 hour (3 stondard hours).
The child was seen & month later, when the upper
ngavus was much smaller, the lower was not apprecla-
 bly changed. On 15th January 1913, the application
was repeated, and one month afterwards the upper
had disappeared, the lowér was apparently shrinking.
One month later (lMarch) both had disappeared,.

CASE XIII.

F,B. male child, three weeks o0ld, Hull,
This child had & large cavernoué naeVus‘at the inner
angle of the left eye, spreading over the side of}the
nose, and extending on to the forehead. The swelling
was bluish in colour, subcutaneous,.very prominent
and tense when the child cried. It covered an area
about the size of a florin. Owing to the age and

restlessness/
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restlessness of the ohild we tried the croes fire.
method. This consisted of a series of short expos-
ures of ten minutes, twice a week, of two applicators
applied simultanegusly to opposite sides of the
tumour, so that the area between ﬁight be subjected
to a powerful radiation, and'the denger of surface
reaction‘in the delicate infant skin reduced to a
minimum.

Improvement was slow, but graduslly the
swelling grew less, and one month after tresatment was
stopred, it had shrunk to less than hslf its originsl
size. The patient is still under treatment (12/2/13)

FIBROMA (KELOID).

It is said that keloidsl conditions answer
well to radium treatment. Applications have to_be
repeated at intervals, but improvement is steady, and
usually results in a return to the normal without any
surface irritation. We had only one case of this
kind under our csre, which I have included under the
headihg 'Fivbroma', as, although the condition was
keloidel, there were several soft fibromata projectirg
from the scar, and it was the presence of these that

really/
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really ocaused the patient to seek advice and tieét-
‘ment. We failed to affect any maferial improvement
in the csse, the condition remsined unmodified after
several applications, and the patient was,gdvised

to have the growths removed by operation.
CASE YIV,.

B.L. male, aet. 42, Grimsby. Patient had
,undargone an operation four yesrs sgo for some growth
on back of neck, and left shoulder, of what nature
he could not tell us. On examination there was a
large triangular scar, with its apex Just below ﬁhe
oceiput, and the sides of which outlined the uprer
half of the left traspezius. vThe whole scar was dehsé,
red and elevated, but caused the psatient no ineon-
venience, what really brought him for treatment was
the presence of several nodules in the secar, var?ing
in size from s berry to a grape. There were nine of
these 1itile tumours in all. On September 15th 1912
V'I_excised one of the largest of these growthsifbr
examination, and the cliniesl Research Association
repdrted that it was an ‘innocent fibroma. |

ohe week afterwards the pstient was admitt-

ed to hospital and s dose of 20 Standard Hours was

applied/
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applied, to the whole soarl» The patient reported
himself four weeks later, camplained of no reaction,
and we could find no apprecigble difference in the
condition. In'OOtober the éxposure was repeated and
we did not see the patient sgsin for two months, as
the condltion was still unimproved, opsrative treat-

ment was recommended.

HAIRY MOLE.

Radium applied to this type of groﬁth;
secures many desirsble results, and although our ex-
perience only extended to one.caSe, the progress made
placed radium therapy in our estimation in a rank
equal with any other method of treatment. The bene-
fit derived from the use of radium in this case was
quite appreciasble, and the rapid depilatory action,
and decolorisation thét'resulted, made us think that
it was specially suited for this type of growth. At
the time when this report was drawn up treatment was

not finished, and the cure was far from complete.

CASE XV.

A.F, female ast. 16, Hull, had a8 large mole
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covering the right half of the uppser 1lip. The growth
projected somewhat, from the level of the skin, it
was covered with a strong growth of coarse hair, and
was nearly black in colour. The girl dame first for
treatment on 17th August, 1912, when an exposure of
8 S.H. was prescribed. Applicators Nos. 1 and 7
covared the whole area exactly, and were left in
vosition for 2 hours and 40 mins. At the end of
four weeks the patient reported herself, and it was
seen that considerable depilation had taken place but
there was no change in colour. On 22nd September the
dose was repeated and one month later considersable
improvement had taken place., The whole surface had
beccme depilated, the growth was flatter and more on
a -level with the surface of the skin, and in the
centre there was a considerable area.deoolorised.

The patient waé asked to report herself in tﬁo months/

time.

PAPILLOMA .

CASE XVI. , | |

A.C. male age 3% years, New Holland, was
brought tb the out-patient nepartment of the Infirmary
in/ ' |




87.

in Mareh 1912, complaining of difficulty in bresth-
ing, and at times when excited or agitated; erowing
respiration. He was examined by Mr UPOOTT‘and ad-
mitted under his care as a case of papilloma of the
larynx. In Mr UPCOTT'S absence, MR FRANcis operated
by verforming thyrotomy , when he.fbund multiple
growths situated on the voeal cords, the ventriocular
bands, and the upper part of the trachea. These were
removed as thoroughly as poséible. The patient made
a good recovery. Two months later the child was
brought back, with a recurrence of the symptoms.

MR UPCOTT opersated again this time leaving in a -
tracheotomy tube. The patient wore the tube for
several months with comfort, but was never sble to

do without 1t, and the occurrence of several accident1
while the tube was being changed, led us to try '
radium. 1In Ndvember one of 6ur smallest silver tube
applicators was introduced through the tracheotomy
‘tube and left in position for 20 hours. One week
later the tracheotomy tubs was withdrswn, and the |
éhild carefully watched. He still had some dirficulwl
in breathing, but much less than before, and as the
crowing respiration had ceassed, the wound was'allowed
to close, and the patient discharged. As is well
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known these growths sometimes spontaneously disappesar
and it may be argued that this, or the irritation of
the tracheotomy tube may have.brought about thg im-

provgment, but when the failure of the two operatiors
to bring sbout a cure, first excision and'curetting,
second curettiné and applicastion of ohromic écid, is
conaidared, wﬁ were inclined to aseribe the 1mpfove-

ment to the action of the radium.
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SUMMARY AND CONCLUSIONS.

In concelusion to briéflv summarise our
results: out of 13 cases of epithelioma we only had
one cure, or 7-6% of the total treasted. We were un-
fortunate, however, in this category in having three
abandoned treatment, and two dead as these combinead
made 38-4% of our total, in which we were not allow-
ed to carry treatment to the extent we desired. Out
of 15 cases of rodent ulcer we cured 7 or 46:8 %. It
is noteworthy, that in-ihis class in the tsble Qf |
results, none are entered under the heading 'not im-
proved'. Our results in carcinomatous tumours, of
the few cases treated were bad. We could not claim
one as being improved, let alone cured, though look-
ing back, I can realise that with a_soundar technidue
df screens, and length cf applications, several of our
cases would have responded well to radium treatment.

out bf 34 oases 6f lupus we only succeeded
in curing 3 or 8.8%, This result conforms somewhat
to‘the experience of other workers, but in another
part of this thesis, I have put forward reasons, why
e effecteg g0 fow cures, and why so meny had to be

entered/
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‘entered under the hesding 'improving under treatment'.
Our results in naevus were satisfactory. Out of
three oases treated one was cured and two improving
under treatment. In our only case of hairy mole the
first effects of treatment wpre-enéouraging:'or
fibroma (keloid) and papilloms, we had not sufficient
cases to base any conclusioné.

In bringing this account of one year's work
in the Radium Department of the Hull Royal Infirmsry
to a close, I think I am justified in stating, that
the cases I have been enabled to report from my own
experience warrant me in saying that in radium we
have an sgent that, in many eases of disease, ordin-
arily unsmensble to general methods of treatment, can
‘be used with great hope of success. |

As regards the question as to whether
radium ought to be used as an slternative to oper-
ation in mélignant disease, one is fbrced to admit,
that with certain provisions already mentioned, the
answer to the question ié in the negative.

MORSON (33) in a paper read at a meeting of the Roval
Society of Medicine dealing with the action of radium
on metastases, states that with an experience of four
cases, he found striking changes, the metastic growtnﬂ
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being obviously diminished in size. This result,
however, is unconfirmed, and osnnot be regardsd as
conclusive, and as experience has shown that even in
2 very early carcinoma there may be secondsry growths
cocmmencing in fhe glands or lymphatics, a 1little
remcte from the primary growth, which csnnot be de-
tected by the most careful elinical exsmination, and
knowing that a careful and wide operstion affords

a good prospect of s cure, in the light of our
present knowledge of’radium,yone would feel bound to
advise operative treatment first.

In suming up for and against radium .
therapy, both sides of the picture must be coneider-
ed. Certain dissdvantages are attached to its use.
First the reaction in different veople may vary, al-
though the same dose of radium has been applied. I .
have seen cases that have remained quite unsltered
after the application of radium, while others clinic-
ally indistinguishsble from the first, have rapidly
grown}iess under its influence. Another disadvantage
is the danger of overdosage, and éubsaquent prolonged

painful resction, which may result in stimulation.

| and acceleration of the original growth, or sloughing

of neighbouring tissues. This is especially liable

to/
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to ozcur whaa ths 13slon affscts ths bucocal mucous
membrane, but its occurrence at any time must be re-
garded as a regrettable asccident. Again thrbmbosis
may be caused in nelghbouring veins, or haemorrhage
may be evoked from vascular tumours. Agsinst all
this, I have been strongly impressed by the following
conclusions:

‘ I. Radium correctly applied is a most
efficacious remedy in many melignant conditions,
especlally rodent ulcer, and certain epithellomats.
It is also useful in the treatment of such cqnditions
as naevus, keloids and lupus er&thematosus.

II. It has a distinet palliative effect
in ameliorating distressing symptoms in inoperable
malignant disease.

III. It is undoubtedly of value in the
post—-operative prophylactic treatment; when it ig
impossible to do a wide enough operation.

IV. It is useful for sesthetic purposes
to secure a good, and at times, almost invisible scar
in lesions affecting the face, neck, handé eta. |

V. At all times the ease of application
and accessibility to all sites,fare distinet advant-

ages in this method of treatment.
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