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Outline

üPhysical Parameters in External Beam 
Photon Therapy
Ç Immobilization
ÇSimulation 
ÇPlanning & Evaluation 
ÇPre-treatment Verification (Imaging, QA etc)
ÇDelivery

üSummary
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IMMOBILIZATION & BEAM 
DEFINING DEVICES



Rubber Traction

Rubbertraction isusedto extendthe armstowardsfeet so
that primarybeamirradiateheadandnecktumour directly
without givingunwanteddoseto the shoulders.



Plaster Of Paris Mould (CaSO4)2 H2O

ÅUsed forPortal demarcation & immobilization 
in head & neck cancers

Materials required:
Å POP Bandages
ÅAluminum wire
Å Base plate
ÅRubber traction
Å Head rest
ÅVaseline



Plaster of Paris Mould

Maintenance & Repair
Å It should be handled carefully & stored properly during 

treatment. Chances of becoming loose after prolonged use.

Advantages
ÅMaterials are easily available.
ÅRelatively inexpensive.
ÅCan be easily modified.

Disadvantages
ÅNot very rigidly immobilized.
ÅCannot be reused.
ÅGets damaged very soon & requires frequent reinforcement



ACRYLIC MOULD /COBEX CAST

Materials
Å POP bandages
Å Self curing acrylic resin (cold cure)
Å Monomer (liquid),  Polymer 

(powder)
Å Dental Stone,  Vaseline
Å Base plate,  Water
Å Head rest,  Rubber traction

24 Hr

It can be made from a self 
polymerizing acrylic resin which 
comes in two parts 

(a) Liquid (b) Powder.

Use

Å Immobilization & beam direction 
in head & neck region 

Å Carrier for surface mould
brachytherapy.



Maintenance & Repair
Å Relatively delicate 
Å Fracture can be fixed using self curing resin paste 

Advantages
Å Effective fixation
Å Close conformity between mould& body surface
Å Portals can be marked on the mould
Å Windows may be cut
Å Wax bolus can be fixed
Å Can be used for CT scan / MRI without causing any distortion   

of images

Disadvantages
Å Difficult & time consuming to make
Å Expensive
Å Cannot be reused 

(ACRYLIC MOULD /COBEX CAST)



THERMOPLASTIC 

(Cellulose acetate / Polyvinyl Chloride).

×Heat sensitive material 
×available in the form of sheets in different 

size, shape & thickness. 
×Heated to a temperature of 70 degree 

Celsius ,
× it becomes soft and elastic. 
×When spread on a surface & allowed to cool 

it takes the shape of the surface & retains it.

Materials 
Å Thermoplastic sheets (orfit)
Å Immobilization and positioning devices.
Å Water bath with thermostat



THERMOPLASTIC (cellulose acetate /polyvinyl chloride)

Advantages 
ÅSuitable for all sites.
ÅClose conformity with body surface
ÅEasy to make & less time consuming
ÅPortals can be marked on the surface
ÅWindows can be cut 
ÅWax bolus can be fixed 
ÅCan be used for CT / MRI without distortion of 

image
ÅVery effective fixation
ÅCan be modified easily
ÅSturdy & no damage in routine use
ÅReusable

ÅDisadvantages ςdisposal (environmental!!!)



VACUUM IMMOBILIZATION CUSHION/VACLOC

Components 
ÅVacuum cushions of 

appropriate size

ÅVacuum pump with 
pressure guage



VACUUM IMMOBILIZATION CUSHION/VACLOC

ÅShell of tough urethane 
plastic material filled with 
tiny polystyrene beads.

ÅWhen air is removed from 
the cushion by a vacuum 
pump the micro spheres are 
pulled together tightly & 
become rigid. 

Å It retains exact shape of any 
object in contact . 

ÅWhen used along with a 
sterotacticbody frame (SBF),  
high reproducibility of 
patient position is achieved. 

Advantages
ÅEasy to use & requires 

very little time to prepare

ÅAccurate  Immobilization

ÅComfortable for patient

ÅCan be reused

Disadvantages
Å Shape may change with 

handling & use

ÅStorage

Å Expensive  



IMMOBILIZATION MASK FOR SRT
Å Stereotactic conformal radiotherapy is a 

specialized form of high
precision radiotherapy which delivers highly 

focused conformal 
radiation beam to a perfectly immobilized target 

. 
Å Target volume is very small and the margin are 

tight.
Å Important that immobilization is perfect.

Components  
Å Special thermoplastic sheets
Å Clips & spacers , Klin-foil 
Å U frame, Couch mounts
Å Water bath

Maintenance

Å Generally no maintenance is required 

Advantages

Å Very rigid,  Accurate immobilization, Relocatable.

Disadvantages

Å Cannot be reused,    Expensive



BEAM MODIFYING DEVICES

TISSUE COMPENSATORS

Å It is a beam modification device 
which compensates for missing 
tissues so that the standard depth 
dose data can be used for sites like 
head and neck, thorax etc.            

Components 

Å Special jig for measurement

Å Recording sheet

Å Base plate for fixing mould

Å Head rest

Å Compensator material [Al/Pb]

Å Thin perpex sheet for mounting

Å Fevicol 



CONFORMAL  BLOCKS (photon & Electron

ÅUsed for irregularly shaped photon & 
electron radiation fields

Materials
ÅSimulator radiograph with    

target volume
Å Immobilization device
ÅThermocole/ Styrofoam sheet
ÅStyrofoam cutting device
ÅCerrobendmaterial [oestalloy,  

Density 9.4 gm/cc], Melting point 70 
degcelcius

ÅComposition as Bismuth 50%, Lead 
25%, Cadmium 13% & Tin 12%

ÅCardboard box
ÅPerspex tray for fixing



BOLUS (Wax or paraffin etc)
variable thickness



Imaging



IMAGING MODALITIES

ÅNo single imaging modality produce all the
information needed for the accurate identification
and delineation of the target volume and critical
organs.

ÅVarious imaging modalities used are :

ïComputed Tomography (CT)

ïMagnetic Resonance Imaging (MRI) 

ïPositron Emission Tomography (PET)-CT



Computed Tomography (CT)

Advantages of CT:

ÅGives quantitative data in 
form of CT no. (electron 
density) to account for 
tissue heterogeneities while 
computing dose 
distribution.

ÅGives detailed information 
of bony structures

ÅPotential for rapid scanning

Å4 -D imaging can be done.

ÅWidely available; 



CT SIMULATOR

ÅImagesare acquiredon a dedicatedCTmachinecalled
CTsimulatorwith followingfeatures
ïA large bore (75-85cm) to accommodatevarious

treatment positions along with treatment
accessories.
ïA flat couch insert to simulate treatment machine

couch.
ïA lasersystemconsistingof
ÅInner laser
ÅExternal moving laser to position patients for

imaging& for marking
ÅA graphicwork station



MRI

ÅAdvantages of MRI
ïNoradiation
ïUnparalleled soft tissue

delineation
ïscans directly in axial,

sagittal, coronal or
obliqueplanes
ïVascular imaging with

contrastagents



PET scan (functional imaging)

To inspect blood flow,  oxygen intake, or the 
metabolism of  organs and tissues. 
To identify the problems at the cellular level, giving 
the best view of complex systemic diseases.

PET scans are most commonly used to detect:
1. Cancer
2. Heart problems
3. Brain disorders, including problems with theCNS .



PET-PRINCIPLE

Å Positron emitting radionuclide,produced by bombardment of stable nuclide
with proton from a cyclotron,areattachedto biologicalmarkers

Å Most commonlyusedbiologicalmarker in cancerdiagnosisis - 18F radionuclide
attachedto 2-fluoro-2 deoxy- D-glucose(FDG).

Å Cancercellsmetabolizeradiolabelledglucoseat much higher rate than normal
cells.

Å PETdetectsphotonsliberated at 180° by annihilationreactionof positron with
electron

Å Simultaneousdetectionof this pair andsubsequentmappingof the eventof originallows
spatiallocalization

Å Thedetectors/ scintillators(BGO)are arrangedin an circulararrayaroundthe patient &
convert -ɹ energyinto visiblephotonsdetectedby PMTs

Å Disadv. of PET 

ï poor resolution

ï cannot pinpoint exactsize& locationof tumors to the precisionrequiredfor optimal
diagnosis& treatment planning

ï SeparatePET& CTimagesaredifficult to fuse



PET/CT

ÅRecently introduced PET/CT
machines, integrating PET&
CTtechnologies, enablesthe
collection of both anatomical
& biological information
simultaneously

ÅADV. of PET/CT:
ïEarlierdiagnosisof tumour
ïPreciselocalization
ïAccuratestaging
ïPrecisetreatment
ïMonitoring of responseto

treatment



ULTRASOUND
ü Ultrasound is safe and painless. 

ü It produces pictures of the inside of the 
body using sound waves. 

ü Ultrasound imaging is also called 
ultrasound scanning orsonography.

ü

ü It uses a small probe called a transducer 
and gel placed directly on the skin. 

ü High-frequency sound waves travel from 
the probe through the gel into the body. 

ü The probe collects the sounds that 
bounce back. 

ü A computer uses those sound waves to 
create an image. 

ü do not useradiation(as used in X-Rays). 

ü Because images are captured in real-
time, they can show the structure and 
movement of the body's internal organs. 

ü They can also show blood flowing 
through blood vessels.

ü Ultrasound imaging is a noninvasive 
medical test that helps physicians 
diagnose and treat medical conditions.

ü Conventional ultrasound displays the 
images in thin, flat sections of the body. 

ü Advancements in ultrasound technology 
include three-dimensional (3-D) 
ultrasound that formats the sound wave 
data into 3-D images.
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Before simulation

Å Ensure safety ( identity , rule out 
pregnancy)

Å Fitness for simulation 

Å Coaching and biofeedback

Å Ensure availability of materials 
needed 

Å Proper alignment and setup 

Å Bad immobilization and 
alignment  not likely to be 
compensated for by fancy 
planning and delivery 

Å Reproducible organ filling 
protocols 

Å Organ Motion

Things to remember 
at Simulation



Imaging format..DICOM

ÅTreatment planning systems (TPSs) are used to 
generate beam shapes and dose distributions

ÅTPS is interfaced to imaging modality & treatment 
delivery unit.

ÅFor this interfacing all systems should be DICOM 
compatible

Å5L/ha ǎǘŀƴŘǎ ŦƻǊ ά5ƛƎƛǘŀƭ LƳŀƎƛƴƎ ŀƴŘ 
/ƻƳƳǳƴƛŎŀǘƛƻƴǎ ƛƴ aŜŘƛŎƛƴŜέΦ

ÅDICOM & DICOM-RT are data exchange interface 
applications that support electronic transfer, print & 
storage of images, images related data & RT related 
data b/w DICOM compliant systems.



RELATIVE EFFICACIES


