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Beam modification?

ADefined as desirable modification in the
spatial distribution of radiation - within the
patient - by insertion of any material in the
beam path.




Types of bean modification

A Four types of beam modification:

i Shielding:

To eliminate radiation dose to some special parts of the zone at
which the beam is directed.

i Compensation:

To allow normal dose distribution data to be applied to the treated

zone, when the beam enters a or obliquely through the body or
where different types of tissues are present.

i Wedge filtration:
Where a special tilt in isodose curves is obtained.

i Bolus:
Used to increase the dose to the skin



Other modification devices

i Beam flattening filter
i Multi-leaf collimator

i Beam spollers

i Breast cone

i Penumbra trimmers

i Electron beam cone



Shielding

To protect the critical structures around
by using various devices

AThe aims of shielding are:
To protect critical organs
Avoid unnecessary irradiation to surrounding normal tissue
Matching adjacent fields

AlS should have following characteristics
High atomic number
High density
Easily available
Inexpensive



Beam blocking and shaping devices

Ashielding (Standard) blocks \\‘ [ 4.
/¢

ACustom (Divergent) blocks
AAsymmetricaI Jaws

AmMuttileaf collimators”



Shielding

Lead as a shielding material

* Choice of shielding is also dictated

of beam being used.
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Need to use shielding blocks

ACompIex fields shapes including the following restrictions

i Target volume with adequate margin
i Presumed occult spread
i Avolid normal tissue outside this volume / Shielding OAR

i A rational system of field shaping Is necessary

A Characteristics :

i High atomic No & density, available, Inexpensive
i lead (commonly)

i Acceptable transmission is 5%



Block Thickness

" It’s thickness depends on

* Attenuation of shielding material

— Half-value layer is defined as the thickness of an
absorber required to attenuate the intensity of beam
to half its original value.

* For practical purposes, the shielding material
which reduces beam transmission to 5% of its
original is considered acceptable

e The number of HVL (n)
1/2"=5% or 0.05
Thus, 2" =1/0.05 =20 .OR, nlog 2 = log 20.

n=4.32




Block Thickness

i Recommended of block thickness =4.57 5 HVL
i Relationship holds for mono energetic x-ray beams

i Further increase of block thickness is not significant

» The predominance of scattered radiation from the adjoining
open areas of the field



Recommended Minimum Thickness of Lead for

Shielding
Beam Quality Required Lead Thickness
1.0 mm Al HVL 0.2 mm
2.0 mm Al HVL 0.3 mm
3.0 mm Al HVL 0.4 mm
1.0 mm Cu HVL 1.0 mm
2.0 mm Cu HVL 2.0 mm
3.0 mm Cu HVL 2.5 mm
137 Cs 3.0cm :
60Co 5.0 cm
4 MV 6.0 cm
6 MV 6.5 cm
10 MV 7.0cm
25 MV 7.0 cm

Approximate values to givie5% primary transmission



Shadow tray

BLOCK ROOM PRODUCTS AND ACCESSORIES

Hole and Slot Pattern (CC)

Hole Diameters available in 1/4", 3/8", or custom. Slot Widths available in 1/4", 7/32", or custom. Hole patterns available in 44 holes, 88 holes, 96

holes, or custom)

.
‘e
.

N
71

— —

16 - 44 Holes
1/4" Dia.
17 - 44 Holes
3/8" Dia.

18 - 88 Holes
1/4" Dia.
19 - 88 Holes
3/8" Dia.

20 - 96 Holes
1/4" Dia.
21 - 96 Holes
3/8" Dia.

40 - 9 Slots 7/32" W
41 -9 Slots 1/4" W

44 - 16 Slots 7/32" W
45 - 16 Slots 1/4" W

Block Tray Material and Thickness (D)

1/4" and 3/8" thick trays are most common. For very heavy blocks you
may want to use 3/8" or 1/2" thick trays. Thicker trays are machined along
the edges to fit the slots of the tray holder.

Acrylic
Acrylic is more rigid and scratch resistant than Lexan, however, it will break

if dropped. Acrylic block trays will discolor from large amounts of radiation
and may become brittle. Cracked trays should be removed from patient
use, however, they could be used in the block room as set-up trays.

Acrylic Density: 1.17 to 1.20 g/cm’®

Polycarbonate (Lexan)

Polycarbonate (Lexan) is virtually unbreakable, scratches easily and will
flex more under a heavy load.

Polycarbonate (Lexan) Density: 1.2 g/cm?

Thickness 1/4" 3/8" 172"

Acrylic

Polycarbonate (Lexan)




Challenges with shielding blocks

ARadiation reaching any point A
primary & scattered photons

AThe phenomena scattering
results I n an n
effect of the beam modification

AScattering IS more In kilovoltage
radiation than in megavoltage
radiation therapy




Challenges with shielding blocks

ARadiation reaching any point A
primary & scattered photons

AThe phenomena scattering
results I n an n
effect of the beam modification

AScattering IS more In kilovoltage
radiation than in megavoltage
radiation therapy

The higher scatter
contribution to the overall
dose results in lower
dosage adjacent to the
shielded area in kilovoltage

radiation.

Lesser amount of
scattered radiation with
megavoltage radiation
means that the
attenuation produced by
shielding is also more.




Shielding blocks: Standard vs Divergent

i Minimized the block
transmission penumbra

i Little advantage for 60Co
beams > geometric penumbra

i Beams A small focal spots
(Linac)




Advantage of Custom / Divergent

A Standard blocks are used to shield
corners / OAR (penumbr a
as a function of OCR

A Custom blocks used for customized
shielding (OAR)

A Ability to shape conformal beams

A Advantage is that the penumbra is uniform
as a function of OCR and customized




Custom Block (Divergent)

ALipowitz metal (Cerrobend®)
i A low melting point alloy
u Density: 9.4g / cm?3 at 203 (83% of lead)

i Consist of : u bismuth (50%), v lead (26.7%), w tin (13.3%), X
cadmium (10%)

A Main advantage
i Melting point: 703 (c.f. 3273 of lead)
i Harder than lead in room temperature

ACommon thickness of block (Cerrobend®) used in 4 MV
photon

i Density ratio relative to lead ( lead thickness x 1.21)

i 7.5cm (Equivalent to 6 cm of pure lead)



Field Shaping : Custom blocks

A Shielding blocks can be of two types
i Positive blocks

Create blocks to shield A align w.r.t field
center

i Negative blocks

Create opening for beam with shielding
around w.r.t field center




Construction of Cerrobend block

Outline of the
treatment field
being traced on
radiograph using a
Styrofoam cutting
device.

Electrically heated wire
pivoting around a point
(simulating the source)
cutting the styrofoam
block

Cavities in the
styrofoam block
being used to cast
the Cerrobend
blocks.




Independent Jaws

ABIocking off a part of the field
without changing the position of
the isocenter
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Asymmetric vs symmetric Jaws
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Asymmetric vs symmetric Jaws




Multileaf Collimators

A MLC is a or beam-limiting device
that is made of individual "leaves" of a high
atomic numbered material, usually :
that can move independently in and out of the
path of a _in order to shape
it and vary its intensity.

A Provide conformal shaping of beams is place of custom blocks
A Cost effective solution for implementation of conformal RT
A Allows to match the borders of the target tumour

A IMRT treatments the leaves of a MLC can be moved across the
field to create non-uniform fluence modulation


https://en.wikipedia.org/wiki/Collimator
https://en.wikipedia.org/wiki/Tungsten
https://en.wikipedia.org/wiki/External_beam_radiotherapy

Multileaf Collimators

1 Primary x-ray transmission:

i 40 pairs of leaves or more having a width of 1 cm on less (projected
at the isocenter)

i 60 pairs / 120 millennium MLC / 160 pairs Agility MLC

Thickness =61 7.5cm
i Made of a tungsten alloy
i Density of 17 - 18.5 g/cm3

Through the leaves < 2%
Interleaf transmission < 3%
For jaws 1%

Cerrobend blocks 3.5%




Types : Multileaf Collimators

AMLC systems may have single or double focus leaves

ASingIe focus: Moves In a trajectory of provide beam
divergence or uniform penumbra

ADoubIe focus: Shaped to match the radiation beam along
the Y axis only as the upper end is narrower than the lower




Multileaf Collimators

A Single focus leaves are also rounded
at the ends.

A This can lead to significant beam
transmission (20%) when the leaves
abut each other

A Both designs are to ensure a sharp
beam cut off at the edge

A In order to allow fast interleaf
movement, while reducing radiation
transmission a tongue and groove
design is often used




Leaf resolution : MLC

AWhat IS ideal leaf resolution for beam shaping ?
AOutbound, Inbound and cross-bound

10mm MLC 5mm MLC Divergent Block



MLC vs Divergent Block : Penumbra
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U Field boundary is continuous whereas jagged stepwise boundary i MLC
U Degree of conformity A only depends of projected leaf width, but also
Shape, Target volume and Optimization of MLC fitting and rotation




Benefits : Multileaf Collimators

APotentiaI applications of the MLC systems
i Replacement of custom Cerrobend blocking
i Automatic beam shaping for multiple fields
i Dynamic conformal RT (beam shaping during rotation of the gantry)

i Modifying dose distributions within the field (computer-controlled

dwell time of the individual leaves)

29



Tissue compensators

ABeam modifying device which evens
out the skin surface contours, while
retaining the skin-sparing advantage

A It allows normal depth dose data to be used
for such irregular surfaces

ACompensators can also be used for
i To compensate for tissue heterogeneity

i To compensate for dose irregularities
arising due to reduced scatter near the
field edges

Notice the reduction in
the hot spot




Tissue compensators

AThe dimension and shape of a
compensator must be adjusted to
account for :

i Beam divergence.

i Linear attenuation coefficients of the
filter material and soft tissue.

i Reduction in scatter at various depths
due to the compensating filters, when it is
placed at the distance away from the skin.

A To compensate for these factors a tissue
compensator is always has an attenuation
less than that required for primary radiation.

A As the distance between the skin and
compensator increases the thickness ratio
(hé/ h) decreases.

v




Tissue compensators

A The thickness ratio depends on:
Compensator to surface distance
Thickness of the missing tissue
Field size

Depth

Beam quality

(en-E e e e

AOfthese,thedistanceis the most 1 mportant

A Therefore, a fixed value of thickness ratio (U is used for most
compensator work (~ 0.7).

A The formula used for calculation of compensator thickness is given by:
TD x (U} ), where TD is the tissue deficit and | . is the density of the
compensator.

A The term U} . can be directly measured by using phantoms.

A The term compensator ratio is the inverse of the thickness ratio. (J . /0).

f



2-D compensators

Two-dimensional compensators

A Thickness varies, along a single dimension
only.

A Can be constructed using thin sheets of
lead, lucite or aluminum. This results in
production of a laminated filter.




3-D compensators

ASD compensators are designed to
measure tissue deficits in both
transverse and longitudinal cross
sections

ACavity produced in the Styrofoam block
IS used to cast compensator filters




