
RADIUM THERAPY.
By M. LEDERMAN, M.B., B.S., M.R.C.S., L.R.C.P., D.M.R.E.

(Radium Therapist to the Royal Cancer Hospital.)
Introduction.

Over forty years have elapsed since the discovery of Radium, and during this
time its value as a therapeutic agent in the treatment of cancer has been firmly
established. In spite of this fact, there is in existence a marked tendency to regard
Radium therapy as an esoteric, if not occult, science. This attitude has been
engendered by the scarcity and costliness of Radium, the untoward dangers (both
to patient and doctor) associated with its use, and, finally, the empirical nature of
the treatment. To-day Radium is much less scarce and costly, its dangers are
better known and guarded against, and, thanks to progress in methods of dosage,
a Radium treatment is no longer a matter of luck and guesswork coupled with a
modicum of experience, but may be prescribed, effected and its details recorded in
a reasonably orderly and scientific fashion. In the following outline an attemptwill be made to indicate some of the underlying principles, moder developments,
indications, and methods of use of Radium in the treatment of cancer.

Physics.
The atoms of Radium are characterised by undergoing a process of spon-

taneous disintegration which is associated with the production of certain "rays"
having a definite biological effect. Three distinct types of radiation are emitted
when Radium atoms break down:

(1) Alpha rays, which are part of the atom of Radium, and after emission the latter
changes into Radon gas, or Radon emanation, while the former change into
Helium atoms.

(2) Beta rays, which are negatively charged electrons emitted at a very high speed.
(3) Gamma rays, which are electro-magnetic vibrations similar in character to the

waves of visible light, ultra-violet light, radiant heat, X-rays and wireless
waves, except that they are of extremely short wave-length.

Fortunately for those centres possessing Radium, the process of disintegrationis very slow, nearly 700o years having to elapse before the radiation from anyparticular quantity of Radium diminishes to one half. Both alpha and beta rayshave limited therapeutic value owing to their small penetration in tissues, so that
our interest lies with the gamma rays, which are those utilised in the treatment
of malignant disease. Apart from its selective ability to kill the cancer cell without
damaging too severely the surrounding normal tissues, the outstanding feature of
the gamma ray is its penetrating nature, whereby it can pass through the tissues
readily. This property is a direct result of its very short wave-length and
commonly in treatment only the shortestewave-length gamma rays are used. In
order to obtain these particular rays from a Radium source, it is necessary to
eliminate the unwanted accompanying rays, i.e. alpha, beta and longer wave-
length gamma rays. To do this the Radium is screened by a "filter" of high
density and atomic weight, such as platinum, gold or lead. Thus, used for
implantation purposes, a Radium needle requires a filtration of 0.5-0.8 mm.
platinum, and a Radon seed 0.3-0.5 mm. gold. In the case of a Radium bomb
containing a gramme or more of Radium, a filtration of 1.0-I.5 mm. platinumh is
usually employed.
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Methods of use.
Clinically Radium can be applied to a cancerous growth in several ways,

depending on its situation, size and character. The chief methods used are:-
(I) External or surface application by means of:-

(a) Applicators (plaques or moulds) the Radium being placed
relatively near the lesion to be treated;

(b) Radium bomb, the Radium being maintained at a relatively longdistance from the lesion.
(2) Interstitially, by the insertion of Radium needles or Radon seeds into

the lesion;
(3) Intracavitarily, by the introduction of Radium or Radon tubes into the

lumen of a hollow organ.
(I) (a) Applicators are suitable for:

(i) Lesions superficially placed on the skin or surface of an accessible mucous mem-
brane, such as that of the cheek or floor of the mouth. A large proportion of
rodent ulcers, cutaneous epitheliomata, and some buccal cavity neoplasms can
be treated in this manner. The materials used for making applicators of this
type are numerous, the most commonly used being Columbia paste (a mixture
of paraffin wax, beeswax and sawdust), Stent's dental composition, vulcanite
or sorbo rubber. The quantity of Radium mounted on such applicators is
usually small, about 20-50 mg., and the " Radium skin distance" short,
5 10 mm.

(ii) Lesions situated at limited depth from the skin surface, e.g. neoplasms of the
larynx, pharynx, lymph node masses in the neck, axilla or groin, and malignant
tumours of the breast. Sorbo rubber, Columbia paste and nidrose (a form of
cellulose, trellis like in appearance and capable of being moulded after heating)
are suitable materials for use. 100-200 mg. of Radium are required and the
Radium skin distance is usually 2-4 cms.

(iii) Radium application may be utilised as an accessory form of treatment after a
previous surgical or radiotherapeutic procedure, e.g. irradiation of the operation
field after a block dissection of the neck, or after a radical mastectomy.

If complete resolution of disease at a primary site is not obtained after
irradiation by means of Radium bomb or X-ray therapy, the residual disease
can be treated by a surface applicator.

The advantages of the last procedure are obvious. Extra irradiation is givento the tumour alone by the applicator, whereas were further treatment by bomb
9r X-rays given the normal tissues surrounding the tumour would also have to be
irradiated at a time when this may be undesirable.

(b) The Radium bomb, more properly called a teleradium unit or mass
unit, is an apparatus containing a gramme or more of Radium maintained at a
distance of 5 cms. or more from the skin surface. It finds use mainly in the
treatment of lesions situated at a depth lelow the skin surface and has to a great
extent replaced the Radium plaque and implantation methods hitherto used for
such lesions.

(2) Interstitial irradiation by means of Radium needles or Radon seeds is
ased for:

(1) Small lesions which are situated either on the skin or an accessible mucous surface
but, owing to the proliferative or infiltrating nature of the tumour are .too
bulky to be dealt with effectively by surface application. The limits of the
lesion must be readily definable in all directions.
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(2) Accessible lesions which, because of certain peculiarities due to their situation are
rendered unsuitable for surface application. Neoplasms of the anterior two
thirds of the tongue, tonsil and soft palate form outstanding examples. The
natural mobility and sensitiveness of these regions make any prolonged surface
application of Radium a very difficult procedure;

(3) Lesions which, although deeply seated, can be made accessible by surgical
exposure, e.g. neoplasms of the bladder, rectum, prostate and stomach. In
the case of gland masses in the neck, needles or seeds can be inserted either
in association with surgical exposure (open method) or blindly through the skin
into the mass (closed method). Certain types of breast cancer lend themselves
admirably to interstitial irradiation, preliminary surgical interference being
unnecessary;

(4) Interstitial irradiation may also be used as an accessory method of treatment after
previous surgery or radiotherapy, e.g. local excision of the breast followed by
implantation of the operation area. Similarly an implantation can be per-
formed after the excision of a cervical gland mass. Finally, if after a course
of Radium bomb or X-ray treatment a growth or gland mass has not dis-
appeared, needles or seeds may be inserted into the residue in order to effect
its disappearance.

The following are brief descriptions of a Radium needle, a Radon seed and
their main differences. A Radium needle consists of a thin walled, hollow cylin-
drical metal tube with a point and an eyelet, the former to facilitate passage
through the tissues and the latter to allow of the attachment of a linen thread for
purposes of tethering, identification, and removal. The central hollow part
contains the Radium, usually in the form of Radium Sulphate.

Certain terms commonly used with reference to Radium needles should be
noted. Thus "overall length" means the total length of the needle, as opposed to
"active length", which is the length of that portion of the needle throughout which
the Radium is distributed, the difference being due to the solid character of the
ends forming the eyelet and point. The "linear intensity" is indicated by the
number of milligrammes of Radium per centimetre of active length.

A Radon seed consists of a very small, thin capillary glass tube into which
Radon gas is sealed under pressure, the whole being enclosed in a very fine casing
of gold or platinum.

The main difference between the Radium needle and Radon seed is that the
needle for many years gives off a very nearly fixed amount of radiation because
it contains a certain definite quantity of Radium, whereas the radiation given off
by the seed diminishes much more rapidly, because the Radon gas it contains loses
half its strength in about three and a half days, with the result that at the end
of a month it is "dead" and no more radiation is emitted. The constancy of its
radiation is the main and most important advantage of the Radium needle. Some
advantages of the seeds are:-

(a) They are easier to insert and can be left in the tissues permanently if necessary
without any harm ensuing;

(b) Loss of a seed is of no economic importance compared to the loss of a needle;
(c) Seeds can easily be made to any " strength," whereas the content of a needle is

fixed.
As a point of interest it might be mentioned that, because of the dangers associated
with the use of Radium in war time, needles containing Radium salt are at the
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moment not in use for implantation purposes, instead, the salt is replaced by glass
capillary tubes containing Radon gas.

(3) Intracavitary irradiation. This is really a special instance of the first
method (external application). The surface of an internal organ is treated by
placing Radium in contact with it. The outstanding example of this method is
the tieatment of cancer of the cervix uteri. After dilation of the cervix, a Radium
tube is placed in the cervical canal and small boxes containing Radium are placed
in the vaginal fornices around and in contact with the projecting part of the cervix.

Special gum elastic catheters containing Radium tubes can be used for inser-
tion into the lumen of the oesophagus and rectum in contact with cancer in these
situations. The vagina is obviously another site which lends itself to a similar
form of treatment.

From the brief resume of the technical methods used, it can easily be appre-
ciated that for many neoplasms, especially of the skin or in the mouth, more than
one method is available. Where the disease is superficial or in an easily accessible
position, applicators are used in preference to needling, partly because the latter
is an operative procedure requiring an anaesthetic, but also because accurate dosage
is more easily obtained and there is less risk of damage to bony and other structures
by the'former means. Where a neoplasm is deep-seated, however, the surface
applicator suffers from the disadvantage that only small or moderate quantities
of Radium can be used in this fashion, and, since the dose delivered diminishes
very rapidly the further away from the Radium source one goes, in order to
deliver any adequate dose at a depth so much irradiation would have to be given
to the normal tissues that they would suffer severe damage.

This difficulty in delivering adequate dosage to a deeply situated tumour can
be overcome in two ways. It may be possible to expose the tumour surgicallyand insert or apply Radium, e.g. in carcinoma of the bladder a suprapubic cystotomy
can be performed and needles inserted into the growth, or in carcinoma of the
stomach a laparotomy can be performed and seeds inserted into the diseased area;
in carcinoma of the antrum the hard palate can be removed and a Radium appli-
cator inserted into the antral cavity, or in carcinoma of the vocal cord part of the
thyroid cartilage can be removed and Radium needles placed very near the lesion.

Where surgical exposure is neither possible nor desirable (usually for this latter
reason) treatment can be carried out by the Radium bomb. This apparatus, there-
fore, can be regarded as a very powerful and well protected surface applicator which
enables one to treat effectively a deep seated tumour with a large quantity of
Radium, without inflicting undue damage upon those normal tissues which, because
they lie between the tumour and the bomb, have perforce to be irradiated.

Origin and Development of Bomb Therapy.
Radium bomb therapy is of relatively recent origin in this country. Some

twelve or thirteen years have passed since its inception and during this time its
field of usefulness has gradually been mapped out. At the present moment it is
probably true to state that, with one or two important additions, its main indica-
tion is in the treatment of neoplasms in the head and neck region, i.e. buccal cavity,
tonsil and fauces, larynx, antrum and malignant gland masses in the neck.

In theory, of course, there is no reason why the bomb should not be used in
the treatment of lesions situated within other parts of the body, such as the thorax,
abdomen or pelvis, and, in point of fact, in other countries this is actually done.
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In this country, however, it is felt that, partly for physical and also economic
reasons, the bomb is most advantageously used for lesions situated at a limited
depth rather than at a relatively great depth, as sometimes obtains in a patientwith an intrathoracic or intrapelvic lesion. In these last situations X-rays are
commonly employed, since, from a technical point of view, it is a much simpler
matter to deliver an adequate dose of radiation at a relatively great depth by
X-rays than by the Radium bomb.

Comparison of Radiation and Surgical Methods.
The advantages of radiation therapy over surgery in the treatment of malignant

disease are obvious. The patient is spared operative procedures (usually with a
high mortality even in the best hands) which are very often mutilating in the
extreme. Thus it is hoped that surgeons are to-day sufficiently convinced of the
value of radiation treatment in cancer of the tongue, mouth and pharynx to have
abandoned the old heroic and mutilating operations on these regions in favour of
the newer radiation methods. Furthermore, in early operable cases, the results
obtained by radiation therapy compare favourably with those obtained by surgery,
wheieas in the inoperable cases the comparison ceases, as surgery admittedly has
little to offer. Radiation, on the other hand, can often effect not only a certain
percentage of cures in cases of this type, but, where palliative treatment alone is
possible, the relief obtained by the patient as a result of the disappearance, partial
or complete, of a growth with the accompanying pain, discharge and other
symptoms, is incalculable.

Comparison of Radium and X-rays.
With regard to Radium and X-radiation, the following are the main points

of difference:

(I) Physically. Both radiations are electro-magnetic vibrations, the gamma
rays having a shorter wavelength and being therefore more penetrating than those
of X-rays. An advantage of X-ray therapy is that the quantity of radiation avail-
able is very much greater and the rate at which it is produced, and also its
distribution in the tissues are far more under the control of the therapist than is
the case in bomb therapy, where the radiation given off by any particular quantity
of Radium is, for all practical purposes, fixed. This advantage is to some extent
offset by the ease and accuracy with which a bomb can be used as compared with
the average X-ray therapy set, while the Radium therapist is spared the electrical
problems associated with the production and use of very high voltages. He may
not only rely on the constancy of the output of the apparatus but also has few
costly replacements.

(2) Biologically. Gamma rays, by reason of their short wave-length and
penetrating quality, are said to exercise a greater selective action on malignant
tissue than X-rays. As a consequence of this, any reactions or damaging effects
shown by normal tissues are said to be very much less with gamma radiation.
Although clinically there is much evidence to support this view of the difference in
biological effect, in spite of numerous efforts no concrete experimental evidence
has yet been advanced which can be said to settle the matter one way or the other.

From the patient's own point of view the above few facts are of no interest-it
is the result that counts. Speaking generally, it may be said that up to the present time,
in this and other countries, the results obtained by bomb therapy in the treatment of
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cancer in the head and neck region show some superiority over those obtained by
X-ray therapy. With recent improvements in X-ray apparatus and development
of technique, the results obtained by X-ray therapy are also improving and only
with the passage of time will one be in a suitable position to assess the relative
merits of the two methods of treatment.

It should be stressed that, although in the preceding paragraphs some of the
differences between X-ray and Radium therapy have been dwelt upon, to a great
extent the conception of Radium and X-ray therapy as two entirely distinct forms
of treatment is quite erroneous. In treating cancer in the individual patient, there
is often occasion for the surgeon, Radium and X-ray therapists and Physicist
jointly to contribute to the ultimate success of the treatment; it is team work along
these lines that produces the best results in the treatment of cancer.

Apparatus.
At the Royal Cancer Hospital there are in use three bombs containing in all

about 7 gm. of Radium. The first bomb (with which treatment was commenced
as far back as I928) consisted of a wax covered, thick lead box into which one
gramme of Radium, in the form of needles and tubes of different values was packed.
On those occasions when needles or tubes were required for surface applicators
or interstitial treatment, the appropriate ones were removed and treatment con-
tinued with the depleted bomb. The whole apparatus was mounted on a moveable
stand and could be taken from ward to ward. This bomb, even though bordering
on the primitive in design, is still in use and has done much yeoman service.

In I932 a second one gramme bomb, of a different type, was acquired and
this has very recently been replaced by an apparatus of exceptionally modern and
intricate design. Since I936 an apparatus similar to that designed by the Radium
Beam Therapy Research and containing five gramme of Radium has been in use.
It is an extremely well protected unit, embodying the principle of pneumatic trans-
ference, whereby the Radium is transferred from a lead safe to the bomb by means
of air pressure, and when the treatment is finished the Radium is sucked back
from the bomb to the safe, thus enabling the operator to adjust the patient for
treatment without being exposed to the radiation.

Depending on the situation of the disease to be treated, certain areas on the
patient's skin are marked out, an innocuous organic stain such as carbolfuchsin
being used for this purpose. The areas so delineated are termed fields or ports of
entry and in order to treat the patient the bomb head is placed in contact with
these particular areas and the beam of radiation emitted directed as required by
turning the controls of the apparatus. In order to obtain both an accurate directing
of the beam of radiation through a deep seated tumour, and also exact repetition
of this degree of accuracy at each treatment, a special directional caliper is
employed. By this means the central axis of the beam can always be indicated
in relation to any desired fixed anatomical point, the situation of the latter
depending, of course, on the position of the diseased area.

Dosage Measurement.
The question of the measurement and recording of the dosage given in Radium

treatment was, until quite recently, both vexing and debatable. From the earliest
days it has been customary to express dosage in terms of milligramme hours, i.e.
the number of milligrammes of Radium multiplied by the number of hours of
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use. Mathematically, of course, Ioo mg. of Radium applied for one hour gives
the same dose as one milligramme applied for one hundred hours, i.e. Ioo milli-
gramme hours: but the biological effects are by no means the same and, moreover,
this method of dosage has no relation to the effects produced at various levels
in the tissues. Some more satisfactory means of dosage measurement had there-
fore to be devised. The use of the "r6ntgen," or so-called " r unit," has miti-
gated many of the difficulties encountered in the past. I am indebted to Dr. W. V.
Mayneord, Physicist to the Royal Cancer Hospital, for the following brief account
of the considerations underlying the adoption of the r6ntgen as the unit of dosage
for gamma and x-radiation.

"When gamma rays fall upon tissues or any other materials they cause the
emission of high speed electric charges, known as 'recoil' electrons and these
charges are the physical agent causing the biological effects of the radiation. These
electrons, or corpuscles, also have the power of 'ionising' gases in which they
are absorbed, that is, setting free more electric charges, thus making the gas
an electrical conductor. It has been found that the most exact and. simple way
of measuring the gamma radiation is to measure this electrical conductivity pro-
duced by it in air. The 'r unit' or 'r6ntgen ' as it should be called, is thus
based upon a measurement of the electric charges set free by the recoil electrons in
air. It is defined as follows: 'The r6ntgen shall be that quantity of X or gamma
radiation such that the associated corpuscular emission per 0.0OI293 gramme of
air produces, in air, ions carrying one electrostatic unit of quantity of electricity
of either sign.' (0.00I293 gramme of air occupies one cubic centimetre at normal
temperature and pressure.) There is one other very important consideration.
Since, from an atomic point of view, air and soft tissues are very similar sub-
stances, it is also true that the dose at a point measured in r6ntgens is a measure
of the energy absorbed from the radiation at that point, and this quantity is well
recognised physically to be the quantity of greatest importance in determining the
biological effects of the radiation."

There is reason to believe that dosages of the order of 6,000 r are capable
of bringing about the disappearance of a large number of epithelial growths, so
that to-day most therapists aim at giving a dose of this order both to the tumour
and its glandular drainage areas. It must be emphasized, however, that there are
no hard and fast rules governing the amount of radiation (i.e. dosage) given. Each
case has to be judged and treated on its own merits.

Technique of Bomb Treatment.
The evolution of the technique of treatment by Radium bomb has been a very

gradual process. Most of the early pioneer work was done in Sweden and France
and the clinical methods employed to-day owe their inception in the main to
workers in those countries. The more recent physical developments in relation to
dosage may, however, be largely claimed for this country.

At first it was customary in dealing with cancer of the mouth, for example,
to insert Radium needles into the primary disease and treat the gland areas by
surgery, X-rays, surface applicator or bomb when available. Later on, however,
by giving certain daily doses of radiation and increasing the length of time taken
fot the complete course of treatment (thereby allowing the tissues to tolerate much
highel total dosages) it was found that the primary disease and glandular areas
could be treated en bloc, and that it was unnecessary to deal with the primary
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disease first and the glandular areas subsequently. The advantages of treatment
by such a method are:

(1) The primary lesion is irradiated through the gland areas, so that all lines of spread
between them are dealt with;

(2) Owing to the fact that a patient can only tolerate a certain amount of radiation,
in those cases where, because of the site, resistant nature or extensive character
of the disease, complete disappearance of the primary lesion and gland masses
(if present) cannot be obtained, other methods of attack are still available.
Thus for the residual primary disease diathermy excision or coagulation, Radium
implantation or application can be used. In the case of a residual gland mass,
a second treatment can be given at a later date, the mass can be removed
surgically if operable and its bed implanted with needles, or, finally, an
implantation alone can be employed.

In view of this limitation of the quantity of radiation it is possible to give to
any patient, it is sometimes advisable to concentrate the major portion of this
quantity in an attempt to treat radically either the primary disease or the gland
masses, and subsequently complete the treatment with a second course of teleradium
or appropriate accessory methods.

Preparation and Care of the Patient.
Although every case presenting itself for teleradium treatment should be con-

sidered in the light of an individual problem, certain preliminary measures in the
preparation of the patient can be performed as a routine.

The patient is examined by a physician and his ability to stand the course of
treatment is assessed on general grounds. Thus the discovery of a serious cardio-
vascular, pulmonary or renal lesion might influence greatly the amount, and possibly
the method of administration, of the treatment. A blood count and W.R. are
done on all cases and in certain of them X-ray pictures are taken to
investigate possible local or metastatic spread of the disease. Biopsies are
performed, after three to four days of irradiation, on all lesions that are ulcerative
in character. Where an intact epithelium exists over a tumour, it is held to be
unwise to incise the normal tissue in order to obtain a biopsy, since there are
definite risks of fungation, or occurrence of infection, and possibly dissemination
of the disease. Where a biopsy is essential for a certain diagnosis, a punch method
can be employed.

An important preliminary to the treatment of cancer of the mouth or pharynx
is tlhe ensuring of complete eradication of any dental sepsis. Although this does
not involve rendering the patient edentulous by the indiscriminate removal of
both healthy and diseased teeth, all frankly septic teeth should be removed, and
where doubt exists it is best to err in the direction of extraction, since, with the
teeth present, keeping the mouth clean becomes a more difficult matter during
treatment. Also, should extraction at a later date become necessary, there is a
definite risk of the development of an osteo-necrosis of the jaw. After an extrac-
tion of septic teeth has been performed, a suitable interval of time should be
allowed to elapse before instituting treatment, thus giving the gums time to heal
and allowing any sepsis to subside.

' When treating cancer of the head and neck by the Radium bomb, patients
exhibit certain symptoms that call for relief. Of these symptoms the most
important are those due to the mucous membrane and skin reactions. The
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reaction on a mucous surface manifests itself in the formation of yellowish
membrane over the diseased area and the region in its neighbourhood, and in
appearance is not unlike that occurring as a result of a diphtheritic infection. This
membrane formation appears commonly at about the beginning of the second week
of treatment, and is preceded by a stage of redness, congestion and dryness,
associated with viscidity of the salivary and mucous secretions.

As can be well imagined, these changes occurring in the mouth or pharynx
are a source of pain and discomfort, and interfere with the processes of chewing
and swallowing food. Although no direct attempt should be made to interfere with
this reaction a sodium bicarbonate mouthwash, followed by one of Glycothymoline
or Percaine (I:I,ooo) will do much to remove the sticky secretions and relieve
the pain. As a routine the mouth should be washed out several times daily, using
either a Higginson's syringe or a compressed air spray if possible. In addition
the patient should be encouraged to gargle frequently. Glycothymoline, Dettolin,
Aspirin, and warm saline (weak) are suitable as gargles.

When the reaction from the treatment is superadded to any organic interference
with mastication and deglutition, the problem of feeding becomes one of the utmost
difficulty. It is surprising to find, however, how much can be achieved with the
aid of suitable diet, local anaesthetics and encouragement of the patient. The diet
is of necessity fluid in nature and is so chosen as to give a minimum of 2,000 C.
per day. The local anasthetics that have been found most useful are Euphagin
or Decicaine tablets given just before the meal, a : I,000 percaine gargle, or better
still an emulsion of paraffin and Benzocaine.

In spite of the co-operation and encouragement of the patient and the perse-
verance of his attendants, there occasionally comes a time, usually towards the
latter part of the course of treatment, when these measures fail. In such instances
feeding by means of a tube inserted via either the nose or mouth will often help to
maintain a patient in a sufficiently satisfactory state of nutrition until the treatment
is finished. The average intelligent patient can be taught to pass the tube himself.
When loss of weight continues and all else fails, a gastrostomy should be performed
before the general condition of the patient shows marked deterioration.

In all cases undergoing Radium bomb treatment, the skin has of necessity
to be irradiated and, since the changes shown by it are of importance as a guide
to the amount of treatment that can be given, no effort should be spared in the
attempt to conserve it against the depredations wrought by the radiation. It is
customary for purposes of classification to consider these changes or reactions as
acute or chronic. Three degrees of acute reaction (which alone will be considered
here) are described:

First: Consists of an erythema or redness of the skin, which subsides and is usually
followed by bronzing and sometimes peeling.

Second: In addition to the erythema, there is cutaneous cedema with very superficial
urceration, often preceded by blistering. Healing after such a reaction is
usually more prolonged and there may be permanent loss of hair.

Third: This is a second degree reaction in which the ulceration has involved not only
the superficial layers of the skin, but also the dermis. In this instance there is
well marked exudation and crusting. Healing is very prolonged and some-
times may not occur; in this event a very painful, indolent ulcer remains. Such
an ulcer is termed radio-necrotic, or, more colloquially, a Radium "Burn".
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It can readily be seen that these three degrees of reaction are similar to the first
three types of ordinary burn; and this is not surprising when it is remembered
that gamma and X-rays are physically akin to heat waves; differing from them
only in wave-length.

The degree of reaction occurring after a Radium or X-ray treatment depends
mainly on the total amount of irradiation and the rate and manner in which it
is given, and to some extent on the individual patient. Thus a severe reaction
is much more likely to occur after a large quantity given in a short time than vice
versa, and in actual practice in order to avoid severe reactions and at the same time
deliver a large total dose it is customary, to spread the treatment out over a long
period of time, e.g. four to six weeks, and deliver it in relatively small doses.

With these precautions it is unusual to obtain a brisk acute reaction, instead
the normal course of development is gradual and is as follows: First a faint
erythema appears, this then deepens in hue and is sometimes associated with a
certain amount of pigmentation. Thereafter dry desquamation (i.e. peeling)
occurs and when further radiation is given exudation takes place and crusts are
formed, beneath which superficial ulceration occurs, this process extending deeper
as the radiation is continued. If the radiation be given rather more quickly, the
stage of dry desquamation is missed.

The practice with regard to choice of dressings for use on the reacting skin
varies enormously and in the main seems to depend on the individual preference
of the therapist. Since the earliest days some form of ointment or oily dressing
has been used with the idea of soothing the skin and protecting it. There are
countless proprietary preparations and formulae for such ointments, lotions and
oils and these find much application. Chief among such substances are zinc oint-
ment, containing the oxide or stearate, to which may be added a mild antiseptic
and antipruritic, such as phenol, Friar's Balsam or camphor: vaseline, castor oil,
cod liver oil, emulsions of lanoline and paraffin, or *flavine and paraffin, and
Lotio calamine are other much used dressings.

Ointments and oily solutions have, however, several disadvantages, e.g. if
the skin is broken an ointment tends to obstruct drainage and if infection ensues
it is likely to increase its spread. Furthermore, it is held in some quarters that
greasy or oily preparations increase the severity of any reactions that may occur.
It has thus come about that many therapists have given up the routine use of
oily substances and instead employ methods such as the following: The skin is
kept as dry as possible, using starch and boric powder or Venetian talc if the
patient sweats a great deal, otherwise no application is used until there is redness
accompanied by soreness and discomfort. When this occurs aqueous flavine
(I: I,ooo) is applied to the skin daily in liberal quantities and no covering dressing
is used. The flavine acts as an antiseptic and soothes and hardens the skin. If
and when moist desquamation occurs, tannafax jelly is applied until a firm crust
forms over the surface. This forms its own dressing and requires the minimum
of attention and when it separates off new epithelium is usually present beneath.
In those instances where tannafax cannot be used, e.g. idiosyncrasy on the part
of the patient, or owing to the undue mobility of the skin of the area treated (thus
preventing proper crust formation), resort has to be made to a non-adhering
antiseptic, oily dressing of which an emulsion of flavine and lanoline is perhaps
the best. *i.e., acriflavine.
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General Measures.
The discernible effects of irradiation are not limited to changes in the diseased

tissues and the normal tissue in its immediate neighbourhood. Certain general
or systemic effects are also observed and these can often interfere with the course
of the treatment.

Thus loss of appetite and lassitude are almost the rule, and in a certain number
of patients nausea and vomiting may occur. Thus so-called radiation sickness
may be only slight, but sometimes it proves almost intractable, and unfortunately
there is no specific remedy short of stopping the treatment. The alleged causes of
the sickness are almost as numerous as the different drugs that have from time to
time found favour in its treatment. Of the various drugs, the following are of
use:-Chloretone capsules, gr. V., liver extract, Nembutal capsules, gr. j, liquor
adrenalin, m. X in half an ounce of water, and many bismuth mixtures. Recently
Vitamin B1 has been suggested. On the whole Nembutal capsules are usually the
most efficacious, but as often no two patients respond alike, if not successful from
the outset their administration should not be persisted in but some alternative drug
tried. The general resistance of the patient should be strengthened both during
and after treatment by the use of medicines such as Metatone, Adexolin,
Radiostoleum or syrup Minadex.
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