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Courtesy of KY Cheung.
All RT users should be familiar with the use of divergent blocks that are manufactured
based on a simulation film which is marked according to where the clinician wants to
shield anatomy within the treatment field. Similarly, blocks can be used to shape fields
such that they are no longer rectangular. Simpler non‐divergent blocks are often used for
urgent or emergency patients who are marked up clinically based on surface anatomy
using the shadow of the block projected by the light field on the treatment unit onto the
patient’s skin. More complicated blocks can be manufactured from digitally
reconstructed radiographs that are produced in the beam’s eye view on a 3D planning
system.
This picture shows a relatively complicated block shape. Standard quality control should
be performed on all devices to ensure that they are correctly positioned relative to the
field and relative to the anatomy. For plans using several gantry angles, blocks could be
used on all fields, e.g. a 6 field conformal prostate plan. The orientation of the block
relative to the field important, as well as the field relative to the anatomy – a 2 step
process.
Correct use of beam blocks can be additionally verified using a coding system, which
ensures that the correct block is used for the correct field and patient. The code is
normally integrated into the shadow tray and the reader is part of the accessory holder.
This kind of system also checks that the tray is correctly inserted into the holder.

This is a picture of an automatic block cutter, which can be networked to a treatment
planning system. The system will then mill the low‐density polystyrene according to the
block shape. Normally such a system is capable of producing de‐magnified printouts
which guide a mould room technician in the precise placement of the blocks onto the
tray and this also ensures that the orientation of the block is correct. In addition, such
systems are often provided with digitisers so that blocks can be cut automatically from
simulation images. The consumables necessary to run such a system are the same as a
manual system.

This shows a typical double exposure method of doing a final verification of the field and
block shape and position with the patient in place at the treatment machine. The first
exposure is taken with the block in place and the field size is set according to the
treatment plan. The second exposure is taken by removing the block (so that the
anatomy under the block is also imaged) and widening the field to show surrounding
anatomy. This is a typical megavoltage film taken at 6 MV – the anatomy necessary to
ensure that all critical tissues are shielded is clearly visible on this film. The film is
standard X‐ray film and the cassette is also standard with additional copper and lead
screen. It is possible to get better definition with oncology films but these are more
expensive, although they provide slightly better contrast in some anatomical regions like
the pelvis.

Courtesy of KY Cheung
Here is a comparison of conformal field shapes achieved using a conventional 1 cm
multi‐leaf collimator (MLC) as opposed to a shielding block. What is immediately
apparent is that fine shaping to a precise margin around the red target with the blocks is
better than with the MLC. The individual leaf position in the MLC would change if the
centre of the field was moved – sometimes this produces better conformality. When
trying to adhere to a strict CTV – PTV margin, the planner should review the position of
the leaves to ensure that there is enough or not too much margin, e.g. the superior and
inferior margins of the field are uniform whereas the lateral margins are variable in the
MLC collimated field. In transitioning to 3D a lot of thought should be given to the value
of blocks even though they seem cumbersome – centres who do a lot of treatment with
critically complex field shapes should consider retaining their block system or purchasing
an MLC which has leaves of less than 1 cm.

Courtesy of BrainLab http://www.kaikou.or.jp/koudo/nrc/english/index.html
This slide shows a demounted mini‐ or micro‐MLC system as well as a closer view of the
leaves, which are add‐on units that are used for stereotactic work. They can be mounted
onto any conventional teletherapy machine. This is a different alternative from
conventional MLC in that it allows a centre to work with very small leaves and therefore
small radii of curvature in beam shape are possible. A limitation of this system is that the
biggest possible field size is around a 12 cm x 12 cm. Clearly this can be used for non‐
stereotactic work however, often a separate TPS is dedicated to these units and the
system is often not integrated into the record and verify system to the same degree as a
conventional MLC.

This slide emphasizes the impact of finite leaf size on a complicated curved field shape.
Although this is a highly magnified simplified view, the leaf positions would look
different if no leaf was allowed to intersect the turquoise circle (target) in the middle.
Likewise, if a critical structure was immediately adjacent to the target, a compromise
would need to be made and a leaf may indeed need to extend across the target.

Courtesy of KY Cheung.
If 3D CRT were to be delivered with a MLC on a LINAC and/or a cobalt teletherapy unit, it
is not enough to simply add a conventional MLC to the unit. In order to use an MLC
efficiently, one needs to ensure that the ability exists for offline manipulation and
automatic download of complicated field shapes. Clearly manual adjustment of single
leaves on a daily basis is not going to impress the RTT team!
As a result, it is necessary to have connectivity between treatment planning (where field
shapes are decided) and treatment delivery (where the fields are delivered). This is
possible with a local area networked record and verify system, which includes a RTP link,
i.e. the final MLC positions are downloaded from the 3D TPS to the record and verify and
then uploaded everyday for treatment. Minor changes following portal imaging signoff
can then be made offline on the record and verify system directly. Major changes clearly
would require re‐planning and re‐downloading.
Optimisation of actual leaf positions and the best possible leaf placement according to
the field centre needs to be accomplished in treatment planning. For TPS calculations
with conformal blocks, it is normally necessary to enter information about the block and
tray material and thickness in order to achieve an accurate calculation taking into
account beam attenuation. With a MLC, the same information is necessary and a
rigorous check needs to be made to ensure that the download of individual leaf
positions is correct because systematic mirroring or inverting of fields can occur if
different nomenclature is assigned to the leaves.

Courtesy of Siemens and Varian.
This slide shows 2 different MLC designs and if you look carefully one (left) has dual
divergence whereas the other (right) is focussed along the primary beam divergence
only in one direction. In the other direction it is curved. The first MLC therefore can be
assumed to behave like a conformal block whereas an additional calculation is needed
to correctly model a system that is not double‐focussed. This also has an implication
then, on the complexity of the TPS algorithms required. The projection of the shadow
from a curved MLC leaf will then also not provide a guide to where the 50% relative
dose level is either – care should be taken when matching fields using the light field
markings on the patient’s skin.

This slide shows a comparison of the dose from a beam profile under the leaves, taken
perpendicular to their direction of motion. Traditionally conformal block thickness is
determined such that the material provides less than 5% beam transmission at the
energy. In other words, MLCs provide adequate shielding compared to standard blocks
but the transmission is variable because of leakage and scatter within the patient.

Courtesy of Siemens.
Not all MLC systems have leaves that are capable of completely independent movement,
i.e. the extension or retraction of one leaf is linked to that of the adjacent leaf. One
needs to have a solid working knowledge of this kind of MLC design feature, as this
limitation has an impact on field matching.

In summary, 3D CRT can be implemented with a manual or automatic block cutting
system on a conventional treatment unit. When upgrading to MLC‐based 3D CRT, the
networking of systems and the limitations and performance specifications of the MLC
are important to ensure effective and safe use.

This slide shows how to create an “Island” block using an MLC. Due to the stepped‐edge
leaf design (tongue‐and‐groove effect) there will be an underdosage in the match area
of the two open MLC fields. In these situations it might be worthwhile to use a shielding
block (or an IMRT technique).

We now move onto other beam modifying devices that become more important and/or
critical when transitioning from 2D to 3D CRT. One is the wedge and most of you are
probably familiar with a suite of wedges of different angles that are placed into an
accessory holder positioned below the secondary collimators. Sometimes the wedge is
embedded in the head of the machine above the secondary collimators, and then it is
known as a motorised or universal wedge. This is common on Elekta LINACs and in
cobalt teletherapy. Wedges are often used as simplified compensators (tangential breast
treatments) or to prevent hot and cold volumes within a target when treatment is given
with non‐parallel opposed fields. The wedge direction is very important and requires
RTT vigilance if the angle, position and orientation of the wedge is not individually coded
and verified using a record and verify system.

description of the construction of the head of three linear accelerators is given. Note the
difference in position of the leaf banks and of the physical wedge.

Courtesy of Siemens.
Trade names for soft or digital wedges are dynamic and enhanced dynamic for Varian
and virtual wedge for Siemens.
If you can imagine that during radiation, one of the collimator jaws moves across the
field, then a wedge shaped fluence will be produced. If the dose rate is varied as well as
the jaw speed, then different wedge angles and shapes can be created.
In the picture, the upper jaw has moved from being against the lower jaw to where it is
on the picture and the light blue shows where the ‘thin side’ of the wedge is as a result
of this movement.
For those of you who are familiar with motorised wedges, it may be easier to
understand because one ‘universal’ physical wedge is used to create all other wedge
angles by using a combination of a wedged field with an open field. When using a soft
wedge, a small wedge angle is created in a similar manner because the jaw movement
occurs over a smaller percentage of the beam‐on time. Most of the dose is then
delivered using the open field.
The advantage of soft wedges is that they are named according to the individual jaws
and hence recognising wedge orientation can easily be linked to the jaw naming
convention. Also, because the jaws are being used, normally the limitations on the field
size are less restrictive that they are for hard wedges. It is also possible to easily create
half beam wedges (or offset) because one utilises the asymmetric collimation feature of

the jaws. For virtual wedges, one of the big advantages is that for all field sizes and wedge
angles, the transmission factor is unity. Where this is not so, one needs to ensure that
there is a table giving wedge transmission as a function of angle, field size and energy (or
that this is input in the TPS).
The downside of soft wedging is that it is not always intuitive to imagine the wedge angle
as one would if you were physically placing a wedge into an accessory holder. If there is a
beam interruption or termination during the delivery of a soft wedge, one needs to
carefully document the time/MU given as well as the jaw position at the time of
interruption in order to resume treatment.

Courtesy Siemens.
This slide shows the fluence from a conformal (shaped) field that is also modulated. This
means that the field has a variable transmission or is non‐uniform.
Historically, such fields were treated using shaped blocks together with compensators,
which were compensating for missing tissue or dose. Typical missing tissue
compensators were used for correcting for the variation in body contour in head and
neck treatment or for tangential breast treatment. Dose compensators, on the other
hand, were used to deliberately change the uniformity of the field to shape the isodoses,
e.g. spinal axis treatment.

http://www.dotdecimal.com/products/IMRT
This slide graphically shows how a compensator works. The smaller dots represent less
beam reaching the patient and conversely for the larger dots. As a result more dose is
delivered to the red volume in the patient compared to the adjacent blue structures.

This slide shows how a dose compensator is used. We have a sagittal reconstruction of a
patient at the level of mid‐plane. We have a posterior field which covers almost the
entire spinal axis. Note how the 100% dose level follows the anterior border of the spine
(shown in red). This can be achieved using a dose compensator (or an intensity‐
modulated field but that will be discussed elsewhere).

A compensator is similar to a shielding block in that it is placed between the source and
the patient and it is normally mounted on a tray, which is preferable coded to uniquely
identify it with the field and patient as shown on the left.
All compensators can be manufactured out of any material as long as one corrects for
the attenuation (and the energy). The right shows a compensator made out of tin balls
mounted onto the perspex tray. The compensator itself is suspended into low density
polystyrene, which has been milled into the required shape.
It is not uncommon to use water‐equivalent material for missing tissue compensators in
resource constrained environments because then the material deficit is simply measured
off the patient.

Simple missing tissue compensators that correct for irregular patient contours, can be
milled manually using a positive cast of the patient surface anatomy that has the field
and laser setup markings on it. The cast is then mounted onto a base plate using a
typical set of room lasers. The pivot of the drill system represents the source and the
setup of the whole system enables milling according to the beams‐eye view of the field.
Alternatively, it is possible to use an automatic compensator milling machine (shown on
the right), which is either networked to a 3D TPS (or at least with the ability to have
transverse contours digitised as input). The TPS is in principle simply exporting an
attenuation matrix to the system for each field. A compensator can also be constructed
manually from such a map after each element of the matrix is translated into the
compensator material thickness.

http://www.dotdecimal.com/products/missing‐tissue
http://www.dotdecimal.com/products/IMRT
As said before, compensators can be made out of any material – both of these use
metals.
Here we can see a missing tissue compensator on the left. If you look carefully, you can
see it covers the head and neck area and is probably for a typical lateral field. The
compensation around the back of the neck is therefore very thick because there is no
tissue there.
The other compensators shown on the right are far more complicated and are probably
dose compensators from a multiple field plan. What is clear is that they include both the
conformal shape as well as the non‐uniformities to modulate the dose within the field.

http://www.dotdecimal.com/products/protons
These are compensators used for charged particle treatment. In this case, the non‐
uniformities change the range of beam but the same principles apply to manufacture
and use.

The picture on the left shows the fluence created by a compensator within a conformal
shaped field. What is shown on the right is the equivalent fluence but created using
finite levels of intensity. This is typical of a compensator created by a MLC. In the one
direction, the finite steps are determined by the width of the leaves and in the other, by
the number of different levels of intensity chosen by the user (something like Lego ™
blocks). This is the basic principle behind IMRT and the delivery techniques are covered
in more detail in another section.

