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EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscripts). The views expressed do not necessarily reflect those of the IAEA, the
governments of the nominating Member States or the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed as
an endorsement or recommendation on the part of the IAEA.
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1. DEVELOPMENTS IN BRACHYTHERAPY ISOTOPES

1.1. Natural Isotopes

The identification of radiation emanating from natural materials was first reported by Henri
Bequerel "des radiations invisibles emises par l'uranium" in 1896. The isolation of radium by
Marie Slodowska-Curie and Pierre Curie in 1898 set the foundation for initial treatments with
226Ra in the first decade of the 20th century. Surface applicators using rigid encapsulated 226Ra
needles and gynaecological applicators by the Stockholm (1914), Paris (1919) and later
Manchester method (1934) came into use.

Interstitial brachytherapy systems based on 226Ra alone were developed in Scandinavia,
France, Belgium and the UK.

1.2. Reactor Isotopes

As early as 1934, the daughter of the Curies, again as a husband and wife team Irene and
Frederic Joliot-Curie identified that radioactive isotopes could be produced artificially from
stable atoms. This can be achieved using particle accelerators and reactors, either as by-
products or by irradiation in the neutron flux. Current isotopes available and in use for
brachytherapy include 192Ir, 137Cs, 1251,103Pa, 148Au, 106Ru,90 Sr and 60Co. For a more detailed
description of the properties of these isotopes, refer to section 7.

Soon after the beginnings of brachytherapy, it became evident that frequent exposure of the
operator could cause adverse radiation effects. Sievert in 1937 developed the concept of
afterloading the applicators after insertion of these into the patient to reduce personnel
exposure.

Gynaecology afterloading applicators, developed initially for radium usage, were adapted
for the new reactor isotopes. The best-known is the Fletcher - Suit - Delclos applicator for
cervical cancer.

"Schools" of radiotherapy in France, Sweden, UK and later in the USA emerged which
included adaptation of Ra techniques for 192Ir and 137Cs which had by then become
available.

1.3. High specific activity isotopes

With the advent of small, high specific activity 192Ir sources, many procedures using low
dose rate techniques have, over the last two decades, been adapted to micro High Dose Rate
(mHDR) brachytherapy systems.

2. CURRENT ISSUES REGARDING LDR

Factors governing the continued use of the existing LDR brachytherapy techniques are
examined under the headings of:

1. Efficacy (clinical considerations)
2. Ease of application (skills and time)
3. Economy
4. Radiation and waste safety and protection
5. Public image: the perceptions regarding LDR held by practitioners, nursing staff and

the patients.



3. TECHNIQUES OF LDR BRACHYTHERAPY

A large variety of applications have been developed over one century of use of LDR
brachytherapy. Some have been widely accepted, used, refined and results documented under
specific clinical situations. Others have remained personal innovations of individual
oncologists or medical physicists. In hospitals where LDR brachytherapy is extensively
practised, it is customary that only a limited number of the techniques are used. A broad
schema of the insertion methods that can be employed is shown in Fig 1
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Those techniques adopted and used extensively in a hospital are influenced by radiation
oncologists, medical physicists and nursing staff and determined by:
~ hospital facilities and infrastructure
~ funding constraints
~ the spectrum of tumour sites commonly treated
~ alternative treatment modalities available
~ personal preferences
~ constraints on time available for the procedures.



4. CLINICAL APPLICATIONS

There has been an increase of interest in the use of brachytherapy over the last decade
predominantly owing to the introduction of the high dose rate systems as a wider range of
clinical situations can be managed using a single machine. The reduction in the LDR
component of brachytherapy is a result of the changing epidemiology of cancer as well as the
advent of new competing modalities such as mHDR, electrons, radiosurgery, improved
conformal therapy and even proton therapy making inroads into the treatment of conditions
previously considered to be the domain of traditional brachytherapists. Improved surgical
techniques with better cosmetic results and shorter treatment time coupled with an increase in
the number of surgeons relative to radiation oncologists further reduces referrals to
brachytherapy practice.

4.1. Gynaecology

Treatment of invasive cancer of the cervix has traditionally been the mainstay of
intracavitary LDR brachytherapy services using 137Cs afterloaded applicators. The incidence
of this cancer has reduced in developed countries in overall numbers. Furthermore, a
reduction in advanced stages has increased the number of cases amenable for surgical
management. In contrast, increased numbers of patients, usually with advanced stages, are
prepared to present to major hospitals and accept treatment in developing countries. The
institutions in those developing countries which have the capability of brachytherapy
treatment are faced with literally hundreds of patients. Debate may continue on small
differences in control and the possibility of slightly increased morbidity with the use of
mHDR but many institutions have moved to the use of fractionated [3 to 7 fractions] mHDR
treatment. Cost considerations [refer section 8] favour the use of mHDR brachytherapy in
developed countries for a modest numbers of patients. A model for determining costs in all
countries which may result in a conclusion in favour of LDR for developing countries is also
provided in section 8.

Endometrial cancer: The use of Heymans packs and other hot-loaded techniques has
virtually disappeared. Equivalent applicators are available for mHDR but, in general,
improved gynaecology surgery has removed these cases to the surgical theatre. Postoperative
vaginal vault brachytherapy irradiation is sometimes required (vide infra).

Vaginal cancer: There is a strong body of opinion that LDR brachytherapy still results in
better function and tumour control than any other technique.

4.2. Breast Cancer

Techniques of boosting the tumour bed by electrons or by interstitial implants using LDR
or mHDR systems remain a component of breast conservation with similar local control and
good cosmetic results if the implanted volume is small.

4.3. Soft Tissue sarcoma

The technique currently favoured for the prevention of tumour bed recurrence after limb-
sparing surgery remains in the domain of perioperative brachytherapy. While smaller bed
volumes can be treated by fractionated mHDR brachytherapy, LDR is the treatment of choice
for large volumes and definitely preferred in children.



4.4. Head and Neck Cancer

After skin tumours, this was once the second most common site for the use of LDR
brachytherapy in referral institutions. Tumours of the oral cavity [tongue, floor of mouth,
buccal mucosa] and oropharynx were formerly treated by low dose rate techniques using 192Ir
wires.

These sites now account for only a very small part of the workload in major radiation
oncology centres. Two participants in the AGM reported a reduction from over 250 cases per
year formerly to only 30 cases per year in recent years. The reduction is attributed to
increased aggressive surgery reducing the referrals for brachytherapy.

Nasopharyngeal tumours are currently treated by external beam and brachytherapy with
low or high dose rate machines.

4.5. Skin Cancer

Skin cancer was formerly the most common indication for LDR brachytherapy. The
numbers have fallen dramatically. In one institution over the past 30 years, the number of skin
cancers has reduced from between 600 and 800 cases annually in the past to 5 or 10 per year
now. Good surgery results in an acceptable or even a better cosmetic outcome and is usually
quicker and cheaper to perform.

A case can be made for the continued use of LDR brachytherapy in tumours of the lip,
nose, eyelid, pinna and external auditory meatus but alternative techniques are available using
improved surgery or electron beam therapy.

4.6. Penis

The penis is a special case where a skilled LDR interstitial brachytherapist can preserve
good function when the tumour is confined to the glans penis and sulcus. Care must be taken
to ensure that there is no tumour involvement of the urethra before embarking on this
procedure.

4.7. Prostate

Prostatic cancer treatment by interstitial brachytherapy is one of the few areas where an
increase in the use of LDR brachytherapy is recorded. Older techniques requiring open
operative procedures for the insertion of Ir wire implants have been replaced by permanent
seed implants using 125I or 103Pa through the perineal area. This technique competes against a
plethora of other modalities achieving similar control and morbidity rates; mHDR, protons
and conformal external beam therapy amongst them.

4.8. Oesophagus

Intraluminal brachytherapy with mHDR systems is indicated for palliation of advanced
tumours with good symptomatic response. The use of LDR oesophageal irradiation has
almost disappeared from practice.
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4.9. Orbit

The use of brachytherapy for malignant melanoma of the choroid where residual vision can
be spared requires specialised and individualised applicators using 125I or 60Co loaded plaques.
Considerable skill is required for this technique. A competing technology is the growing
modality of proton therapy.

Lesions of the conjunctiva, particularly recurrent pterygion and squamous carcinoma may
be easily treated to prevent further recurrence after surgery by means of a Sr or Ru eye
plaque. Technically speaking this is a HDR procedure as the prescribed superficial dose of 15
to 20 Gy. is administered in under one hour. This is repeated (fractionated) in squamous
carcinoma to a final dose of about 60 Gy.

5. SKILLS REQUIRED

The skills required from the clinician for the successful accomplishments of brachytherapy
procedures differ from conventional teletherapy. Manual dexterity, surgical skills and the
necessity to innovate are required. These skills are only acquired by practice. An illustrative
example of a series of breast implants by one of the participants illustrates this statement.

Table 1

Radiotherapy in Breast Conservation 1980-1996 (498 patients)

Years

1980-85
1986-90
1991-96

Patient
number.

100
190
208

Local
control %
76
90
96

Cosmesis %

69
84
86

Late
sequelae %

24
6
5

From this, it can be concluded that a brachytherapist, without a continuous demand for a
specific technique, is unlikely to achieve the "best reported" results even though nominally
using the same technique.

With more complex flexible interstitial implants, the interpretation of X-ray films of the
implant and speed of calculation by the medical physicist may also be expected to improve as
familiarity with the technique increases.

6. TIME REQUIRED

The most common LDR procedure performed by the radiation oncologist is the insertion of
a gynaecological brachytherapy applicator. This is usually, but not invariably, done under
general anaesthesia. Allowing for induction of anaesthesia, insertion, packing and early
recovery, this requires about 30 minutes at best. An average is accepted as 1 hour. This time
may be inadequate when the vagina is narrow or the cervical os is difficult to locate (residual
tumour or altered anatomy) or the uterus is difficult to sound or friable. The positioning or
packing may require revision after check films are returned - as films should be taken as a
clinical QA procedure and for determination of doses to critical organs. This time is typical of
the shortest LDR brachytherapy procedure.

The opposite extreme may be the insertion of plastic guide tubes (to be used later for
insertion of 192Ir wire) for the treatment of the tumour bed after resection of a soft tissue
sarcoma. In these cases, it is good clinical practice for the brachytherapist to accompany the
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surgeon to theatre, follow the resection noting the surgical margins, supervise the attachment
of metal clips delineating the tumour bed before proceeding with the insertion of the tubes.
Further attention needs to be paid to closure to ensure that the array remains satisfactorily
positioned and even final bandaging can influence the outcome. Two to four hours would not
be unexpected. Further, it is significant that the time required in theatre is not always
predictable.

The time required by the medical physicist will also increase with the complexity of the
procedure. In the soft tissue sarcoma, example above, the time required to optimise the dose
distribution using computerised optimisation planning for mHDR, will be considerably shorter
than the time required to plan a LDR implant, especially if a choice needs to be made between
192Ir wire stocks of differing linear activity. Using different linear activity stocks, however,
may introduce a further risk of errors.

In general, these time constraints act as a disincentive for the clinical use of brachytherapy
and LDR in particular. This is more pronounced in understaffed radiation oncology
departments or private radiotherapy practices.

7. MEDICAL PHYSICS CONSIDERATIONS

Isotopes used in brachytherapy and their pertinent characteristics are listed in the following
Table 2

Table 2

Element

Cobalt

Strontium
Yttrium
Iodine
Caesium

Iridium

Radium

Ruthenium
Gold
Paladium

Isotope

Co-60

Sr - 90/
Y-90
1-125
Cs -137

Ir -192

Ra - 226

Ru -106
Au -198
Pa - 103

Useful
Emission

gamma

beta

gamma
gamma

gamma

gamma

beta
gamma
gamma

Mean
Energy

keV
1250

600/
2270*
28
662

380

800

39*
412
21

Half-life

5,25 Y

28 Y

59.7 D
30 Y

73.8 D

1600 Y

368 D
2.7 D
17 D

Availability

Sealed
sources

Eye Plaque

Seeds
Needles
Sealed

sources
Wire
mHDR

sources
Needles
Sealed

sources
Eye plaque
Seeds
Seeds

* Maximum beta energy (keV)
[Modified from 'The Modern Technology of Radiation Oncology'; Ed. J Van Dyk: Pub.
Medial Physics Publishing - 1999]
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The medical physicist is usually responsible for the requisition of sources. He has the
responsibility for confirming the source activity on delivery and should not accept the source
certificate at face value.

Treatment planning of brachytherapy requires a separate Brachytherapy Planning System
[BPS] and cannot be performed on a standard teletherapy planner unless included at the time
of purchase. The recommendations for this system are given in TECDOC 1040

8. ECONOMIC CONSIDERATIONS

A background to financing and economic analysis of medical intervention and a series of
cost minimisation analyses [CMA] case studies regarding the use of different brachytherapy
devices and clinical use are presented on the ARBR website. These are accompanied by
spreadsheets for deriving the CMA for each case and the suggested solution for a typical
developing country.

Case Al: LDR brachytherapy in Cervical Cancer: Manual Afterloading - Remote
Afterloading with limited sources - Remote Afterloading when dose distribution can be
optimised.

Case A2: Optimisable LDR and mHDR in Cervical Cancer: The relationship between total
number of patients treated per year and costs.

Case A3: The effect of "case mix" on mHDR costs.

9. SAFETY CONSIDERATIONS

9.1. Radiation Protection

Comprehensive recommendations are included in the Agency publication 'International
Basic Safety Standards for Protection against Ionising Radiation and for the Safety of
Radiation Sources' SAFETY SERIES No. 115,1996.

9.2. Waste management

Brachytherapy uses sealed radioactive sources, either enclosed in a capsule or closely
bonded in a solid form. Risks from spent radiation sources exist in both developed and
developing countries. These risks are especially high as regards sources imported before
proper national legislation and control were introduced. This risk is increased in countries
where expertise and infrastructure are limited. However, because of the large number of
sources in developed countries, the possibility of loss is also high - the European Commission
estimates a loss of up to 70 sources per year in the EU!

The purchase of radioactive sources should be viewed against the entire source life cycle:
production, manufacturing, distribution to users, medical application period and the
management of discarded or spent sources. The highest risk of source loss occurs in the last
phase, during transportation or storage while temporally out of use or waiting for a new
application or taken out of service and not declared as waste. In the medical setting, spent
sources are at highest risk of loss when discontinued use is a result of replacement by
alternative technology or changes in priority.
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Risk factors to consider further are the half-life (refer section 7), the activity (LDR sources
range from a few mCi. to under 1 Ci. while mHDR use higher activity - 10 Ci being typical)
and source characteristics. The latter requires an intimate knowledge of the form of the
source; its geometry (smaller sources are easier to lose), if encapsulated (attendant risk of
damage and spill), chemical form (is it water soluble?), physical form (is it a powder?) and its
decay products (are they gaseous?). An illustrative example, which explains the rationale for
the opposition to the continued use of the isotope, is 226Ra; the half-life is extremely long ~
1600 years, activities are typically in the range of 10 to 50 mCi., it is an encapsulated (hence
vulnerable), water soluble salt in powder form with gaseous decay products - helium (alpha
particle) and radon which is also radioactive. The Agency has had extensive projects for the
management of these sources. It is interesting to note that 137Cs sources include water-soluble
chlorides or nitrates. In modern sources the caesium salt is bound in a polymer to reduce the
risk of dissolving if exposed to water.

The disposition of the sources from the user - the brachytherapist and medical physicist -
should be achieved in the minimal time with little or no storage. If temporary storage is
required, this must be well secured. The source should preferably be returned to the supplier,
failing which it should be expeditiously delivered to a authorised waste management
organisation.

The distinction according to half-life for waste management differs from medical practice.
Long half-life isotopes are defined as >30 years but exclude Caesium. These require disposal
in a deep geological formation. Two groups of short half-life isotopes are identified. Properly
regulated surface waste disposal sites should be used for isotopes with a half-life between 100
days and 30 years. Sources with a half-life of under 100 days may be kept in a decay store as
these would reach exempted activity in the period of a few years.

10. THE IMAGE OF LDR

Decision making on the selection of new equipment for acquisition usually rests in the
hands of the operators, the radiation oncologist and medical physicists. The description of the
clinical purpose and treatment times required is then prepared by the radiation oncologist; the
detailed specifications of the apparatus and auxiliary equipment related to dosimetry, planning
and radiation protection, by the medical physicist. Nominally, however, the item(s) are
usually purchased by the hospital administration. Perceptions regarding the treatment
modality have a particularly high impact on the selection or rejection of brachytherapy
equipment.

10.1. Practitioners:

10.1.1. Radiation Oncologists

The participants in the meeting indicated that, given the need for new brachytherapy
equipment and sufficient funds, a high percentage of practitioners would select mHDR as the
sole means of administering brachytherapy.

In developed countries mHDR is perceived as the community standard. This 'community
standard' is set by Teaching Hospitals. As these appear to be shifting towards mHDR, it may
be expected that the call for LDR equipment in local practices will fall. A further effect of the
decline in use of LDR in Teaching Hospitals is that newer graduates will have little (and
progressively less) familiarity with the use of LDR.

LDR is perceived as old-fashioned.

14



mHDR is perceived as a single piece of equipment which can treat a wide variety of
clinical conditions while LDR requires many different sets of equipment to cover a smaller
range of clinical indications for brachytherapy.

There is also a perception that the use of the older technology may disadvantage the
practitioner in the event of litigation.

10.1.2. Medical physicists

Medical physics is technology oriented hence a preference is usually expressed for "the
best" and "most modern" equipment. LDR perceived as old-fashioned.

10.1.3. Other specialists:

The surgeons consider that their surgical techniques have improved and are now superior to
radiotherapy. As the surgeon is the gatekeeper to referrals to radiation oncology, this reduces
patients referred especially for the smaller tumours in the head & neck region and of the skin,
classically treated by brachytherapy. Again, the perception of modernity of the mHDR
appears to influence the decision to refer patients.

10.2. Nursing perceptions:

There is a strong preference for mHDR as no ongoing nursing is required.
A perception that even well controlled radiation is dangerous is evident. In Malaysia

nurses are given two weeks extra leave as an incentive for working in the field of radiation
oncology. As a large number of nurses are in the reproductive age group, the absence of
personal radiation exposure is valued.

10.3. Patient perceptions:

In the USA and Latin America, public perception would be paramount while in Canada,
South Africa and countries in transition the public would not exercise much influence on
equipment selection.

The influence of the Internet on patient opinion is increasing in the USA and Europe. This,
too, shows a bias towards newer technologies.

The necessity of hospitalisation for most LDR procedures is a deterrent for many patients
who prefer to continue work or domestic duties during treatment. In situations such as using a
flexible planar implant without a template, the patient must be informed that the duration of
hospitalisation may be 'between 3 and 5 days' as this time is dependant on the quality
(regularity) of the implant achieved - causing some patient concern. The absence of
hospitalisation in teletherapy (as opposed to major surgery) is perceived as an advantage.

10.4. Protection authority perceptions:

There is a perception that loose medical sources have a high risk of loss from regulatory
control i.e. being lost in the cycle from manufacture to disposal. This includes iridium wire,
caesium rods and needles, loose cobalt seeds used in eye plaques and seeds containing 125I,
103Pa and 192Ir used for plaques or before insertion as permanent implants.
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11. CURRENT MARKET INDICATORS.

This segment of the market is relatively unimportant to commercial companies involved in
production of isotopes or brachytherapy equipment.

There is a continued demand for rigid gynaecological applicators and the 137Cs sources.
These LDR manual brachytherapy sets are purchased by developing countries to replace older
radium systems while developed countries mainly purchase these as a backup for remote
afterloading equipment.

There is little demand for the 137Cs source trains for use with the flexible disposable
applicators. Source trains are no longer produced but the flexible applicators will continue to
be available for the useful life of the source trains in use.

Other 137Cs sources are still purchased but predominantly as markers for nuclear medical
investigations.

192Ir wire is sold as 'made to order' packs as well as rolls of wire.
125I seeds are available in a broad range of activities from 0.7 mCi. seeds inserted at regular

intervals in a biodegradable thread for prostatic implants to loose seeds of up to 40 mCi. used
for mould loading. Other than for 125I and 103Pa, used for prostatic implants, a growing field,
the demand for the traditional LDR sources has reduced significantly.

12. CONCLUSIONS & RECOMMENDATIONS.

Brachytherapy is a growing activity in the management of cancer. Where indications exist
for brachytherapy, LDR still retains a significant but decreasingly important role in the overall
management. It remains the preferred form of brachytherapy in a few sites such as the nose,
lip, vagina and penis. It is well tested in the paediatric population where long-term sequelae
are highly significant and have not yet been evaluated for mHDR.

Prostatic cancer permanent seed implant boosts is currently the only application where
LDR is receiving increasing clinical support.

LDR still can play an equally effective role when brachytherapy is required in
gynaecological, breast and head & neck cancer and soft tissue sarcomas.

The meeting recognised the growing role of mHDR as the major modality in brachytherapy
administration. It is further noted that changing circumstances and opinions regarding mHDR
may exert a major influence on the continued future of LDR as a treatment modality.

LDR brachytherapy special techniques are becoming less widely distributed and less
frequently performed. Only a few centres remain where sufficient procedures are performed
to give adequate training in a period of a few months. The meeting recommended that the
Agency should promote the creation of regional training centres of excellence where the
practice of LDR brachytherapy should be available.

The meeting recommended that the Member States should continue support for LDR
brachytherapy techniques beyond gynaecological techniques until such time as clear evidence
is presented for discontinuation.
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13. APPENDIX ON CLINICAL TECHNIQUES AND PRODUCTS USED IN LDR
BRACHYTHERAPY

13.1. Gynaecology

13.1.1. Cervix

Disposable cervical applicators of flexible material (Delouche type) continue to be made.
However, 137Cs source trains for these applicators are no longer produced.

The stainless steel applicators following the Fletcher-Suit-Delclos pattern continue to be
the most popular. Some copies have inappropriate lead shields and an X ray verification of
shielding is mandatory before procurement. Other patterns include the Henschke, Hilaris-Nori
and Kumar cervical applicators differing primarily in the manner in which spacing between
the three components [tandem and 2 ovoids] is maintained.

13.1.2. Vagina

Standard vaginal applicators are available as sets fabricated totally from stainless steel or as
steel introducers surrounded by nylon spacers to obtain diameters from about 15 to 50 mm.

Vaginal moulds individualised to the patient may be made using Zelgan®. Sources of 192Ir
wire or 137Cs sources may be placed to obtain a localised dose distribution within the vagina.

13.2. Interstitial

13.2.1. Rigid needles

The use of stainless steel needles, usually used in conjunction with a template, is a
favoured method of achieving a regular single or multi-plane 192Ir wire implant especially in
breast tumour bed boosts.

13.2.2. Hairpins

These U-shaped devices holding 192Ir wire are a simplified method of achieving a regular
array in the tongue and the floor of the mouth.

13.2.3. Flexible wires or chains

Plastic tubing is introduced intraoperatively into sarcoma tumour beds. These can deform
during surgical closure. They are subsequently loaded with 192Ir wire or 125I strands or chains
(125I seeds set at intervals along a plastic inner tube) after a few days of healing .

13.2.4. Silk threads

Seeds are set at intervals within a plaited silk thread. The entire thread with seeds is drawn
into position by a needle which is removed leaving the thread in place. Removal is by
withdrawing the thread and seeds as a unit.

13.2.5. Permanent seed or biodegradable threads

Loose seeds may be introduced into the prostate typically by means of a 'gold gun' for
198Au seeds or by introducing a thread with seeds, similar to 13.2.4 but in a biodegradable
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material which after absorbtion, leaves the seeds in place. Stereotactic introducing devices are
also available to predetermine placement positions to optimise the seed geometry.

13.3. Intraluminal

Oesophageal bougies remain available for the remote introduction of 137Cs sources for
local boosts.

13.4. Plaques and moulds

13.4.1. Surface of the eye

These have been commercially available with the beta emitter 90Sr on the surface. 196Ru
plaques are also produced. These are placed onto the ocular conjunctiva with minimal ocular
anaesthetic.

13.4.2. Retro-orbital

Individually made shields for the retro-orbital contents are fabricated of gold or silver and
loaded with 92Ir, 125I or 60Co seeds in an array according to the dimensions of ocular
melanomas. These are introduced into the retro-orbit and sutured to the eyeball for the
duration of treatment. Removal requires a second operative procedure.

13.4.3. Skin surface

An impression is made of the surgace of the tumour plus a generous margin to ensure
accurate repositioning. A number of techniques are used to prepare the treatment mould with
radioactive sources positioned with some standoff to ensure a homogeneous dose distribution
confined to the target volume.
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