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Introduction 

RT alone or, more frequently, given in association with surgery and medical 
treatments has been a major means of  fighting cancer since the discovery of  
X-rays by Röntgen in 1895 

 

      RT developed over four major eras:  

 

1. DISCOVERY ERA, from Rontgen’s discovery to about the late 1920s  

2. ORTHOVOLTAGE ERA, from the late 1920s throughWorld War II 

3. MEGAVOLTAGE ERA, which began with higher-energy linacs for therapy 
in the 1950s and, with refinements such as intensity-modulated X-ray 
therapy (IMXT), is still ongoing (with introduction of  special machine 
such as Tomotherapy and Cyberkife) 

4. The last phase of  PARTICLE THERAPY (proton and ion beams): actually, 
the roots of  PT fall into the third or MV phas, with the first treatment of  
humans in 1954; only in the mid 1980s did a firts hospital-based proton 
facility become feasible 

 



Introduction 
• Since the beginning of  RT the technology of  radiation production has been 

aimed towards ever higher photon and electron beam energies and intensities; 
since 1980’s towards computerization and intensity modulated beam delivery 

 

• 1900-1950: technological progress relatively slow and mainly based on X-ray 
tubes, van de Graaff  generators, betatrons; most of  external beam radiotherapy 
carried out with x-ray generated at voltages up to 300 kVp 

 

• 1950: introduction of  60Co-teletherapy, providing a first answer in the quest of  
higher energy, placed the cobalt unit at the forefront of  radiotherapy for several 
years 

 

• Concurrently devoleped medical LINACS (US and UK) soon eclipsed Cobalt Units: 
Linacs offered a major versatility in RT (providing either photons and electrons with a 
wide range of  energies) 

 

• However, even in the present era of  MV beams, conventional kV machines have not 
completely disappeared (expecially for superficial skin lesions)  

 

• Moreover, the RT-technology scenario includes special machines Co-based (Gamma 
knife and the most recent ViewRay) 

 

 



Timeline/1 

 

 



Timeline/2 

 

 



Cobalt-therapy is not dead 

Gamma knife surgery (Elekta) 

In the 1950s, Swedish professors Borje Larsson of  

the Gustaf  Werner Institute, University of  

Uppsala, and Lars Leksell at the Karolinska 

Institute in Stockholm, Sweden, began to 

investigate combining proton beams with 

stereotactic (guiding) devices capable of  

pinpointing targets within the brain. This approach 

was eventually abandoned because it was complex 

and costly.   

Instead, in 1967, the researchers arranged for 

construction of  the first Gamma Knife device 

using cobalt-60 as the energy source. Leksell 

termed this new surgical technique "stereotactic 

radiosurgery"  

 

 



Cobalt Therapy is not dead 

ViewRay 

 

 

ViewRay provides soft-tissue imaging during RT. 

Its design is the combination of  Co-60 with 0.35 

Tesla MRI and allows for MR-guided IMRT 

delivery with multiple beams 

Benchmark: 2014 



Physics of  X-rays production  

• Clinical X-rays machines can be classified in 

 1) kV Units: 10÷500 kV (and above) 

 2) MV Units: 1÷50 MV (60-Co included; although -emitter) 

• Clinical X-rays are produced when electrons (with kinetic energies 
between 10 keV to 50 meV) are decelerated in metallic targets 

• Mechanism of  production: Bremsstrhalung process, a 
radiative collision between a high-speed incident electron and the 
nuclei of  the target material; since produced photons may have 
any energy, from zero up to the initial kinetic energy of  the 
electron, the process results in a continuous Bremsstrahlung 
spectrum 

• The direction of  emission of  Bremsstrahlung photons depends on 
the electron energy, with a nearly isotropic emission at energies 
below about 100 keV, becoming extremely peaked in the forward 
direction as the electron energy is above several MeV 

 



Physics of  X-rays production  
• Transmission-type targets are used in MV X-rays tubes, while in low-

voltage is adavantageous to obtain the X-rays on the same side of  the 
target (at 90° with respect to the direction of  the electron beam) 

• The probability of  Bremsstrahlung production varies with Z2 of  target 
materail, so high-Z materials are preferred 

• The efficiency of  production (ratio of  x-rays emitted energy to 
electron kinetic energy deposited) varies linearly with Z and the kinetic 
energy of  incident electron: for energies of  100 keV, in a tungsten 
target, the efficiency is only 1%,with the rest of  deposited energy 
appearing as heat 

• Electrons incident on the target also produce Charateristic X-rays 
resulting from the EM interaction with orbital electrons of  the target 
material; the incident electron ejects an orbital electron from an inner 
shell (K, L) so creating an orbital vacancy, filled soon after by an eletrcon 
from outer shell (L, M; N); the energy difference between the two shells 
is generally radiated in the form of  Characteristic X-Rays 

• The Characteristic X-Rays have discrete energies (that are typical of  
the atom and the shells involved in that transition) 

 



X-rays SPECTRA 

• The relative contribute of  characteristic photons tototal spectrum 

decrease with energy:in W-target is  20%,at electron energy 100 

keV,but becomes negligible in the MV range 

• X-ray beams prouduced by X-ray machines are heterogeneous in 

energy (and their energy is designated in terms of  kV or MV 

unlike that of  the electrons) 

• A typical energy spectrum shows  

– a continuous distribution of  energies (Bremsstrahlung photons) 

superimposed by  

– characteristic radiation spectra of  discrete energies: the (theoretical) 

spectrum ranges from zero to Emax (i.e. kinetic energy of  incident 

electron) 



X-rays SPECTRA 



Kilovoltage Units 

According NCRP, National Council on radiation 

Protection & Measurements, Report #34 



Orthovoltage Units 

Main components 

X-rays tube (Coolidge tube) 

A ceiling or floor mount for 

the tube 

A target cooling system 

A control console 

An X-ray power generator 

X-rays production efficiency:  

1% (99% of  electron kinetic 

energy transformed in heat) 

Target material:  

high Z and high melting point (W) 



Orthovoltage Units 



MV UNITS 

Historical image showing Gordon Isaacs, the first patient treated with 

linac (electron beam) for retinoblastoma in 1957. Gordon's right eye 

was removed January 11, 1957, because the cancer had spread. His left 

eye, however, had only a localized tumor that prompted. Henry Kaplan 

to try to treat it with the electron beam 

The first patient to be treated with Cobalt-60 radiation 

was treated on October 27, 1951 at Victoria Hospital in 

London, Ontario 



GAMMA RAY UNITS or  

TELETHERAPY UNITS 



The cobalt source 

• Emission of   particle (Emax = 0.32 MeV) and 

2 photons per disintegration of  energy 1.17 and 

1.44 MeV 

• The emitted photons are clinically useful, while 

the particles are absorbed in cobalt metal or 

stainless-steel capsule resulting in negligible 

Bremstrahlung and characteristics X-rays 

• Lower-energy photons produced by primary 

component scattering in the source itself, 

surrounding capsule, source house and 

collimator contribute significantly (10%) to total 

intensity of  the beam. 

• Electron contamination is also present in the 

beam 

• Typical source activities: 185 ÷370TBq 

providing at 80 cm from the source (SAD) a 

dose rate of   100÷200 cGy/min 





Linear accelerators 

• Medical linacs are devices that accelerate electrons to high 

kinetic energies from 4 to 25 MeV through special 

evacuated linear structures(accelerating waveguide) using 

microwave RF fields at frequencies of  about 3000 MHz 

 

• Various types of  linac available for clinical use: some provide X-

rays only, in low mega-voltage range (4 or 6MV),others provide 

both X-rays and electrons at various energies. 

• Typical modern high energy linacs provide two photon energies 

(e.g. 6-18) and several electron energies from 4 to 22/25MeV.

  



LINAC – BLOCK DIAGRAM 

electron gun 

modulator 

Power supply - 

DC 



LINAC: how does it work 

• A Power supply provides AC power to the Modulator, consisting essentially of  a PFN 
(Pulse Forming Network)and a tube switch (HydrogenThyratron) 

• HV DC pulses from the Modulator are delivered to Magnetron or Klystron and 
simultaneously to the ElectronGun 

• Pulsed MWs produced in Magnetron/Klystron are injected into the accelerating structure 
through a waveguide system 

• At the proper instant electrons produced by the electron gun (thermionic emission) are also 
pulse injected into the accelerating structure (evacuated to high vacuum) 

• The injected electrons (initial energy of  50 keV) interact with the EM field of  the MWs nd 
gain energy from the sinusoidal electric field by an acceleration process similar to that of  a 
surf  rider 

• Electrons emerging from the exit window of  the accelerating waveguide are in form of  a 
pencil beam of  about 3 mm in diameter 

• In low energy linacs, with relatively short accelerating structure,they proceed straight on 
striking a target for X-rayproduction 

• In higher energy linacs(long and horizontal accelerating waveguide)they are bent through a 
suitable angle (90°or270°) before reaching the target,by the beam transport system 
consisting of  bending magnets, focussing coils and other components 

 

 



LINAC: components 

• They are mounted isocentrically the 5 major sections 

 

 1) GANTRY 

 2) GANTRY STAND OR SUPPORT 

 3) MODULATOR CABINET 

 4) PATIENT SUPPORT ASSEMBLY (TREATMENT TABLE) 

 5) CONTROL CONSOLE  

 

 



Design configurations 

• Significant variations in design from one commercial model to another 

depending on final electron kinetic energy 

 

  

 



DRIVE STAND 



Modulator component 



RF POWER: MAGNETRON 

High-power oscillator, generating MW pulses (several μs duration) and with a 

repetion rate or pulse repetiton frequency of  several hundred pulses per 

second. 

The frequency of  the MW within each pulse is≈3000 MHz (3 gHz).  

 
Has a cylindrical construction: a central cathode C and 

an outer anode A with resonant cavities machined out of  

a solid piece of  Cu. Space between A & C are evacuated 

C is heated by an inner filament and the electrons are 

generated by thermoionic emission 

A static MF is applied perpend. to the plane of  the 

cross-section of  the cavities and a pulsed DC EF is 

applied between A & C 

Electrons emitted from C are accelerated toward A by 

the action of  the DC-EF. Under the simultaneous 

influence of  MF, electrons move  in complex spirals 

toward the resonant cavities, radiating energy in the form 

of  MW. 

The generated MW pulses (typically 2 MW peak power) 

are led to the accelerator structure via the waveguide 
 

 



RF POWER: MAGNETRON 



RF POWER: KLYSTRON 



RF POWER: KLYSTRON 



RF POWER: KLYSTRON 



Transmission Waveguides 



Accelerating wave guide 



Accelerating wave guide 



Accelerating wave guide 



Accelerating wave guide 



Beam Transport Systems 



Beam Transport Systems 



Auxilliary Systems  
(Services not directly involved with electron acceleration, yet important 

for the functionality of  the machine) 



Treatment Head 



• Clinical photon beams are produced with an X-ray 
movable target and flattened with a flattening 
filter (one filter for each energy) since the x-ray 
production is peaked in the forward direction 

 

• At electron energy below 15MeV optimal targets 
have high atomic number Z (low Z at greater 
energies) while optimal flattening filters have low Z 
irrispective of  beam energy 

 

• The flattening filters (and the scattering foils for the 
clinical electron beams) are usually mounted on a 
rotating carousel just below the primary collimator 

 

Clinical photon beams 



Free Flattened Filters (FFF) linac 



Clinical photon beams: FF vs FFF 



• Collimation is obtained with 2 or 3 
collimation devices: primary collimator, 
secondary collimator, MLC (see below) 

 

• The primary collimator defines the largest 
available circular field: it consists in a conical 
opening shaped inside a tungsten shielding 
block, facing to the target on one end and to 
the flattening filter on the other end 

 

• The secondary beam defining collimators 
usually consist of  4 (independent) blocks, 2 
forming the upper and 2 the lower jaws of  
the collimator system, providing 
(asymmetric) rectangular or square fields 
with sides from few mm up to 40cm 

 

 

 

 

Clinical photon beams 



The energy spectra of the 6 MV and 10 MV beams of an 

Elekta SL15 linear accelerator 

 



Mean photon energy as a function of off-axis 

distance 



Clinical electron beams 
Electron mode operation: the x-ray target and the flattening filter are removed 

The electron beam currents required for the electron therapy are several hundreds lower than 

for clinical photon beams 

The electron pencil beam exiting the beam transport system is made to strike a single or dual 

scattering foil in order to spread the beam and get a uniform electron fluence across the field 
 



Clinical electron beams 



Beam monitoring system 

Electron MLC  

similar design of  the conventional photon MLC 

Collimators  

for e-IORT 



Beam monitoring system 



Beam monitoring system 



Beam monitoring system 

• The monitor chambers have 2 main monitoring aims are: 

– dosimetry of  the clinical beams (integrated dose and dose rate) 

– field uniformity and symmetry 

• They are located just below the FF or SF and ABOVE the secondary collimators 

• They can be sealed or not sealed 

• They can be used both for photons and electrons or not (depend on the design) 

 

• Their collecting plates are divided  in several collecting sectors providing signals related 

to delivered dose and uniformity (radial and transverse) of  the beam 

• The latter signals are used in automatic feedback circuits to steer the electron beam 

through the accelerating waveguide,beam transport system and on to the target or 

scattering foils in order to ensure beam flatness and symmetry 

• The 2 dose channels are completely independent, either can terminate the preset 

exposure,with the second lagging the first by a costant number (or percent) of  MU; in 

the event of  simultaneous failure a timer will turn off  the beam with minimal additional 

dose 

 





The new era of  linac: the digital generation 

• Digital linacs equipped with high dose rate FFF beams have been clinically 

implemented in a number of  hospitals. 

 

• Pitfalls of  current conventional practice: 

 Dose delivery and imaging are 2 disconnected events. 

 Fast delivery on digital linacs still takes minutes.  

 We are blind to patient anatomy during dose delivery 

  One solution: On-board imaging during dose delivery 

 Different names have been used: beam level imaging, on-treatment 

 imaging, intrafraction imaging…(GATED VMAT) 

• Features: 

 High dose rate FFF beams 

 HD-MLC with 2.5 mm leaf  width 

 Digital control systems: streamlined delivery 

 Allows for fast delivery of  radiation treatment 

 IGRT 

 



The new era of  linac: the digital generation 

Versa HD (Elekta) True Beam 2.0, True Beam STX 

E
D
G
E 



Beam Modifiers in Radiation Therapy  

 Beam modifiers produce a desirable change of  

the spatial distribution of  radiation by insertion 

of  any material in the beam path 



Why beam modification? 

 Beam modification increases the conformity  

allowing a higher dose delivery to the target 

while sparing more of  normal tissue 

simultaneously 

 

  It thus fulfils the basic aim of  radiotherapy 

 



 Beam modification devices: 

photon beams 



 Beam modification devices: 

electron beams 



4 main types of  beam modification 

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

 

 Compensation to allow normal dose distribution to be applied to 
the target zone, when the beam enters obliquely through the body 
or where the contour of  the body is not flat or where different 
types of  tissues are present 

 
Wedge filtration where a special tilt in isodose curves is useful 
for covering certain target volumes 

   

 Flattening filter where the spatial distribution of  the original 
photon beam is altered by reducing the central exposure rate 
relative to the peripheral (see lecture by Dr Foti) 
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Field blocking and shaping devices 

• Shielding blocks 

• Custom blocks 

• Asymmetrical jaws 

• Multileaf  collimators 

 



Shielding 

• The aims of  shielding are:  

 - to protect critical organs  

 - avoid unnecessary irradiation to surrounding 

normal tissue  

   - matching adjacent fields 

• Since radiation attenuation is exponential and 

because of  scattering, complete shielding can 

never be achieved.  

 



Ideal shielding material 

 Principal characteristics: 

  

  - high atomic number  

 - high density  

 - easily available  

 - inexpensive  

    - the choice of  the 
material also depends 
upon the type of  the 
radiation beam 

 The most commonly 

used shielding material 

for photons is lead 



Custom blocks (patient-specific) 

o Material used for custom blocking is known as the 

 Lipowitz’s alloy or by using brand names as Cerrobend, 

Bendalloy, Pewtalloy, MCP 152   

  

 

 

   

  

o The main advantage over lead is that its melting point is lower 

(for Pb: 327 °C); it is harder at room temperature 

50% Bi 

26.7% Pb 

13.3% Sn 

10% Cd 

 

Melting point 70°C 

Density 9.4 g cm-3 at 20°C  



Custom blocks 

• Blocks can be classified as: 

– positive blocks, where  the central area is blocked  

– negative blocks, where the peripheral area is blocked 

 

• The thickness used depends on the energy of  the radiation 

 

• The thickness which reduces beam transmission to 5% of  its 

original is considered acceptable 

 

• The optimal position of  blocks is obtained making them 

“focusing” or “divergent” i.e. the surfaces follow the 

geometric divergence of  the beam. This minimises the block 

transmission penumbra 

 



Custom blocks 

• The plastic transparent tray (SHADOW TRAY) where the 

blocks are placed attenuates the primary beam ( 10 % for 6 

MV, 8% for 10 MV, 6.5% for 15 MV) 

 

• It is necessary to consider it in the calculation of  dose (TPS)     

 

 

 

 

 

          tray 



Blocks: effects (1) 

o The use of  blocks changes the scatter component of  the 

beam:  

1. From the interaction with the tray, there is the production 

of  secondary radiation (other electrons and photons) 

 the electrons created in the tray increment the superficial 

dose to the patient 

 this effect strongly depends upon the distance between 

tray and surface patient  

 



Blocks: effects (2) 

 Schematic representation of  

contamination electron scatter 

produced in a polycarbonate 

accessory tray 



Blocks: effects (3) 

 Example of  clinical use of  the shielding 

technique to protect   from the tray scatter 

radiation in the cranio-cervical irradiation 



Blocks: effects (4) 

o The use of  blocks changes the scatter component of  the 

beam: 

  

2. Reducing the patient volume in which the scatter photons 

are generated 

 this effect changes the central axis dose  

 
3. Shielding partly the head scatter 

  

 



Blocks set-up 



Shielding with electron beams (1) 

• Electron field shaping can be done using lead alloy cut-outs 

 

• For a low-energy electrons (<10 MeV), sheets of  lead, less than 

6 mm thickness are used 

 

• The lead sheet can be placed directly on the skin where 

shielding of  structures against backscatter electrons is required 

 

• Design is easier, because the size is same as that of  the field on 

the patients skin surface (a tissue equivalent material is coated 

over the lead shield like wax/ dental acrylic/aluminum)  



Shielding with electron beams (2) 

• Cut-outs in Cerrobend are more frequently supported at the end of  

the treatment electron applicator 

• The required shielding thickness of  the cut-outs should be 

approximately equal to the maximum range of  the highest electron 

energy beam available in this alloy 

 



Independent jaws (1) 

o The x-rays collimators can be moved independently to allow 

asymmetric fields with fields centres positioned away from 

the true central axis  

o Used when we want to block off  part of  the field along the 

central axis without changing the position of  the isocenter 

o Independently movable jaws, allowing us to shield a part of  

the field, perform “beam splitting”  

o Beam is blocked off  at the central axis to remove the 

divergence 

o This feature is useful for matching adjacent fields 

o Of  course this modality has many advantages (compared to 

secondary blocking, beam splitters): reducing the setup time, 

sparing the technologist from handling heavy blocks (safety) 



Independent jaws (2) 

o Use of  independent jaws and other beam blocking devices 

results in the shift of  the isodose curves;  this is due to the 

attenuation of  photons and electrons scatter from the blocked 

part of  the field 

o When a field is collimated asymmetrically, one needs to take 

into account changes in the collimator scatter, phantom scatter 

and off-axis beam quality 

o This latter effect arises as a consequence of  using flattening 

filter which results in greater beam hardening close to the 

central axis compared with the periphery of  the beam 

o Independent jaws can be used to produce dynamic wedges 

also generated electronically by creating  wedged beam profiles 

through the dynamic motion of  an independent jaw within the 

treatment field 
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Beam spoiler 

• Special beam modification device where shadow trays made 

from Lucite are kept at a certain distance from the skin 

  

• Based on the principle that relative surface dose increases 

when the surface to tray distance is reduced.  

  

• First used to increase dose to superficial neck nodes in head 

and neck cancers using 10 MV photon beams 

 



Use of  spoiler in the TBI* technique 

 material: PMMA 

 thickness: 1 cm 

 energy: 6 MV 

  Superficial dose 

increments: ≈ 95% 

* Total body irradiation (TBI) is a form of  radiotherapy used primarily as part of  the preparative regimen for 

haematopoietic stem cell (or bone marrow) transplantation. It serves to destroy or suppress the recipient's immune system, 

preventing immunologic rejection of  transplanted donor bone marrow or blood stem cells.  



The concept of  compensation 

o A radiation beam incident on an irregular or sloping surface 

produces skewing of  the isodose curves 

 

o In certain treatment situation, the surface irregularities give 

rise to unacceptable non uniformity of  dose within the target 

volume or causes excessive irradiation of  sensitive structures 

such as spinal cord. 

 

o Many techniques have been devised to overcome this 

problem, including the use of  wedge fields or multiple 

fields, the addition of  bolus material or tissue compensator 

 



The concept of  compensation 

o The idea is to compensate for “missing tissue”, due to changes  

in anatomical outline of  the patient and internal tissue 

inhomogeneities [“The Physics of  Conformal Radiotherapy -

Advances in Technology” S. Webb, IOP, 1997] 

 

o They are no more than blocks of  metal alloy in which the local 

thickness varies with the position to achieve differential 

attenuation of  the beam 

 

o They are field/patient-specific (time consuming process) 

 

o They represented the only method to obtain this before the 

computer-controlled linac jaws and in particular before MLC 
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 BOLUS 

  



Bolus 

o Bolus is a tissue-equivalent material that is placed directly 

onto the skin of  patient to even out the irregular contours of  

a patient to present a flat surface normal to the beam 

    

o This use of  bolus should be distinguished from that of  a 

bolus layer, which is thick enough to provide adequate dose 

build-up over the skin surface (build-up bolus) 

 

o The use of  bolus brings the isodose lines closer to the 

surface of  the patient that means: to increment surface 

dose reducing the skin sparing effect (for linac photons 

beams) 

 

o In the calculation of  dose, bolus is part of  the patient  

 



Bolus layer 

Thickness 

Co60 : 2 - 3 mm 

6 MV : 5 -10 mm 

10 MV : 10 - 15 mm 

 



Bolus 



Bolus incorporated in TPS (CT-simulation) 



Bolus with electron beams 

 According to the Hogstrom definition  

 “a specifically shaped material, which is usually tissue equivalent, 

that is normally placed either in direct contact with the patient’ s 

skin surface, close to the patient’ s skin surface, or inside a body 

cavity  

 This material is designed to provide extra scattering or energy 

degradation of  the electron beam 

 Its purpose is usually to shape the dose distribution to conform 

to the target volume and/or to provide a more uniform dose 

inside the target volume” 



Bolus with electron beams 

Shaped bolus, which varies the penetration 

of  the electrons across the incident beam so 

that the 90% isodose surface conforms to the 

distal surface of  the PTV 



Outline 
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 COMPENSATOR 

  



Compensator 

o Placing bolus directly on the skin surface implies - for high 
energy beams (MV) – the loss of  skin sparing feature 

 

o It can an advantage if  the target is superficial (in this case we 
can employ electrons) 

 

o In the case of  the MV photon beams, a compensator filter 
was introduced to approximate the bolus function and, at the 
same time, to preserve the skin-sparing effect 

 

o The compensator is placed at a suitable distance away from 
the patient’s skin (15-20 cm)   



Bolus vs compensator 



Compensator 

 The dimension and shape of  a compensator must be adjusted 

to account for: 

  

 beam divergence 

 attenuation properties of  the filter material and soft tissue 

 reduction in scatter at various depths due to the compensating 

filters, when it is placed at the distance away from the skin 

  

 to compensate for these factors a tissue compensator always 

has an attenuation less than that required for primary 

radiation. 



Compensator 

The concept is mainly that we can change the beam 

intensity incident on a patient 

In the case of  a compensator the intensity is varied spatially 

by attenuating the beam differentially across the compensator 

with varying thicknesses of  lead.   

The result is that the isodose line can be shaped to conform to 

a particular clincial requirement,  e.g., the same dose along the 

spinal cord,  etc.  

2D Modulation of  Beam Intensity 



2D vs 3D Compensator 

2D compensator 

• Thickness varies along a 

single dimension only  

 

• Can be constructed using 

thin sheets of  lead, lucite or 

aluminum  

  

• This results in 

production of  a laminated 

filter 

3D compensator 

• Designed to compensate 
tissue deficit for both 
transverse and longitudinal 
body cross sections 

 

• Various devices are used to 
drive a pantographic cutting 
unit 

 

• Cavity is produced in the 
Styrofoam; blocks are then 
used to cast compensator 
filters. 
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 BEAM MODIFIER (PHOTONS, ELECTRONS) 

 IN CONVENTIONAL TREATMENT UNITS 

  

  

  

  

 WEDGE 

  



Wedge 

o Probably the most commonly used beam modifier in the story 

of  RT 

o It’s a wedge-shaped absorber that causes a progressive 

decrease in intensity across the beam, resulting in tilting the 

isodose curves from their normal positions  

 
o The tilt is toward the thin end and the degree of  the tilt 

depends upon the slope of  the wedge  

 

 



Wedge (isodose) angle 

The angle 
through which 

an isodose 
curve is tilted 
at the central 
ray of a beam 
at a specified 
(reference) 

depth 

The angle 
between the 

isodose curve 
and the normal 
to the central 

axis, at a 
specified 

(reference) 
depth 

As a consequence of the scatter the angle decreases with increasing the depth in the phantom 



A classical 

clinical 

application of  

the wedge 

filter: the breast 

planning  



Wedge: other typical clinical sites 
The choice of  the wedge angle also depends on 

the angle between the central rays of  the two beams  (“hinge angle”) 



Wedges systems 

• Physical or manual or external wedges 

• Universal or motorized or internal wedges 

• Dynamic or virtual wedges 



Physical (manual or external) wedges 

• It is an angled piece of  lead or steel or copper or tungsten that 
is placed in the beam to produce a gradient in radiation 
intensity (at a distance of  at least 15 cm from the skin)  

• Manual intervention is required to mount physical wedges on 
the gantry head’s collimator assembly (VARIAN, SIEMENS) 



Physical (manual or external) wedges 



Individualized Physical wedges 

 

• This technique (Cobalt 

units) requires a 

separate wedge for each 

beam width, in order to 

minimize the loss of  

output beam 

 

• It is designed to align 

the thin end of  the 

wedge with the border 

of  the light field 

individualized 

universal 



Universal (motorized or internal) wedges 

• A single wedge serves for all beam widths 

• On ELEKTA machines, a single wedge of  60° is 

permanently mounted inside the linac head and automatically 

inserted into the treatment beam during beam delivery.  

• Other wedge angles less than 60° can be obtained by 

combining the 60° wedge field and the open field with proper 

weights depending on the desired wedge angle. 



Universal wedges by ELEKTA 



Beam quality and physical  

(external or internal) wedges 

 It changes the beam quality by preferably attenuating the 

lower-energy photons (BEAM HARDENING) and, to a 

lesser extent, by Compton scattering, which produces energy 

degradation (BEAM SOFTENING)   



More advanced wedge systems 

• Physical wedge has some inherent undesirable features 

(beam hardening, field size  limited by size/weight of  the 

wedge)  

• For external wedges, it’s cumbersome to load and unload 

(safety) and there is a limited number of  wedge angles  

 

• For these reasons, it was introduced the 

  ‘dynamic’ (VARIAN) or ‘virtual’ wedge (SIEMENS)  

 

 DYNAMIC OR VIRTUAL WEDGE  

• The wedge shape is generated by moving one jaw (hot 

jaw) while the beam is on (the other is static: cold jaw) 

• The resultant wedged beam is clean, more flexible in 

terms of  field size and wedge angle, and does not require 

manual loading/unloading 

 



The Varian solution: Enhanced Dynamic Wedge, 

EDWTM 



The Varian solution: 

Enhanced Dynamic Wedge, EDWTM 

• EDW angles: 10, 15, 20, 25, 30, 45, 60° 

• Segmented Treatment Table (STT): Jaw position vs 
MU 

 

 

 



EDWTM (Varian) vs Virtual WedgeTM (Siemens) 

Complex delivery 



The Elekta solution: Omni WedgeTM 

• The objective of  the OmniWedgeTM is to 

provide greater wedge flexibility, beyond 

that of  a single plane motorized wedge and 

independent of  diaphragm rotation 

 

• OmniWedgeTM uses a combination of  a 

physical motorized wedge, an open field and 

a virtual wedge in the orthogonal direction. 

This virtual wedge utilizes a back-up 

diaphragm, which moves in a step-and-

shoot sequence 

 With VMAT …OMNIWEDGETM actually disappears 

(The Elekta solution: Omni WedgeTM) 
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 MLC 



MLC 

 MLC is THE protagonist of  the modern RT 

3DCRT, IMRT, IMAT, VMAT 



MLC – MULTILEAVES COLLIMATOR 

• Individually shaped irregular 

fields made by Cerrobend 

blocking turned out to be 

time-consuming and expensive 

 

• Great progress in CRT was 

achieved by the development 

of  MLC technology 

 

• The dose distributions 

obtained with MLCs resulted 

to be equivalent to blocks with 

enhanced flexibility 

 



 CRT was introduced in the 

early 1960s by radiation 

oncologist  Takahashi, who 

had the idea to concentrate the 

dose to the target volume using 

various forms of  axial 

transverse tomography and 

rotating multi-leaf  collimators 

(Takahashi 1965) 

 The founding ideas: the “birth” of  MLC, the “birth” of  CRT 

in its more complex form (VMAT) 

MLC 



 The MLCs are beam-shaping devices that consist 

of  two opposing banks of  attenuating leaves, 

each of  which can be positioned independently 

MLC = Multileaves Collimator 



MLC 

• The leaves can be driven by motors to such positions that, seen 

from the “BEV” of  the source, the collimator  corresponds to the 

shape of  the tumor (fitting the target) 

  

• Though already proposed by Takahashi in 1960, it took about 25 

years before the first commercial computer controlled MLCs 

appeared on the market 

 

• The fact is that MLCs are mechanical devices with high 

mechanical complexity, and they have to fulfill very rigid technical, 

dosimetric, and safety constraints 



MLC design - Manufactured model may differ in 

• Architecture head: number of  collimators and MLC position 

relative to other collimator(s) 

• Material 

• Number of  leaves 

• Leaf  width 

• Leaf  thickness 

• Leaf-end design 

• Leaf-side design 

• Single-focused & double focused  

• Restriction on position and motion 

• Leaf  speed 

• Field size 

• Isocenter clearance 

• MLC control feature (driving and verification mechanisms) 



MLC: basic information 



RPT_72 AAPM TG50 



RPT_72 AAPM TG50: terminology 

Leaf  width: small leaf  dimension 

perpendicular to the motion direction 

(and to propagation direction) 

Leaf  length: leaf  dimension  parallel to 

the motion direction (and to 

propagation direction) 

Leaf  end: the surface of  the leaf  

inserted into the field along this 

dimension 

Leaf  side: the surfaces in contact with 

adjacent leaves 

Height of  the leaf: the dimension of  

the leaf  along the direction of  

propagation of  the primary x-ray beam 

(from the top of  the leaf  near the x-ray 

source to the bottom of  the leaf  nearest 

the isocenter (attenuation properties) 

 



RPT_72 AAPM TG50: transmission 

Leaf  transmission: the reduction of  

dose through the full height of  the leaf   

Interleaf  transmission: the reduction of  

dose measured along a line passing 

between leaf  sides  

End transmission: the reduction of  

dose measured along a ray passing 

between the ends of  opposed leaves in 

their most closed position 

MLC transmission: the average of  leaf  

and interleaf  transmissions (should be 

less than 2%) TPS parameter 



MLC - leaf  end shape 



MLC – leaf  side 

The Tongue and Groove 

• To reduce the interleaf  leakage some MLCs are using a tongue-and-

groove design 

• If  a large field perpendicular to the leaf  motion direction is divided 

into two subfields, an underdosage at the matchline of  the two 

treatment fields is observed (IMRT, VMAT) 

  

Huq et al., PMB 47, 2002 



MLC - dosimetric characterization  



MLC – motion constraints 

 
Leaf over-travel: the maximum distance  
over the beam CAX to which an MLC leaf can travel 

Leaf span: the maximum distance from the tip of the 
most retracted leaf to the tip of the most extended leaf 



MLC - The Interdigitation 

• It is the ability of  leaves on one side of  a field to interdigitate with 

neighboring leaves on the opposing leaf  bank 

  

• The ends of  odd-numbered leaves from the right-hand bank are 

driven past the ends of  even- numbered leaves from the left-hand 

bank 

  

• The Varian collimator was the first commercial system that could 

perform it 

  



MLC configuration in the Treatment Head  



MLC – Varian configuration 

 Terziary, 3rd level (or Add-on) Collimator 



MLC – Varian configuration 

• It is positioned just below the level of  the standard upper and lower 

jaws  

• This is “ok” for maintenance actions 

• Disadvantage: the added bulk and the minor clearance to the 

mechanical isocenter 

• Moving the MLC farther from the x-ray target requires an increase in 

the size of  the leaves and a longer travel distance to move from one 

side of  the field to the other 

• The result is that such a tertiary system decreases the collision free 

zone 

• In IMRT, to cover large fields, it can become necessary to split the 

field in 2 or 3 sub-fields (different carriage positions) 

  



Clearance head 

MLC Largest Block tray Wedge 

Elekta 45 cm 35.3 cm 35.3 cm 

Siemens 43 cm 43 cm 43 cm 

Varian 42 cm 35 cm 35 cm 



MLC – Varian design 

• Rounded leaf-end 

• Single focused 

• No backup jaw moving with MLCs (not properly true: JAW 

TRACKING with TRUE BEAMTM)  



MLC – Varian Millenium120TM 

o The leaves travel on a carriage to extend their 

movement across the field 

o Leaf  interdigitation: yes  

o The distance between the most extended leaf  

and the most retracted leaf  on the same side 

(carriage) can be up to 15 cm 

o Max field length X-direction: 40 cm 

o Max leaf  retract position (from CAX): 20.1 cm 

o Max leaf  extend position (over CAX): -20 cm 

o Leaf  width in the central 20 cm of  field: 5 mm 

o Leaf  width in outer 20 cm of  field: 10 mm 

o Maximum speed: 2.5  cm/s 

o Leaf  height: 60 mm 

o Leaf  end radius: 80 mm 

o Leaf  tongue and groove offsets: 0.4 mm 

o W-alloy 

 

  

 

  



Leaf  motion constraints 

VARIAN Millenium120TM 

Extending the leaves out to the field center is not possible 

when large fields are used. This can be illustrated by a medium 

field size of  20-cm width that is symmetric relative to the field 

center. Here, the entire carriage can be moved so that the 

leaves can extend 5 cm (the 15 cm limit minus the 10 cm half  

field width) over the field center 



MLC – Varian 2.5 mm HD120TM 

• The width of  the central leaves is 2.5 mm 

• Each side of  the Varian collimator is configured with 60 leaves distributed in an 8 

cm wide central region with 32x2.5 mm leaves, flanked by two 7 cm wide outer 

regions with 14x5.0 mm leaves, for a total width of  22 cm 

• Maximum static field size: 40 x 22 cm2 

• MLC mounted on Varian True BeamTM  True BeamSTx
TM 

 

  

 

  



MLC – Siemens configuration 

 Lower Jaw replacement 



MLC – Siemens design 

• MLC replaces completely secondary collimator 

• The leaf  ends are straight and are focused on the x-ray source  

• The leaf  ends as well as the leaf  sides match the beam divergence, 

making the configuration double-focused 

• Y-jaw backups each MLC segment  

 



Siemens MLC leaf  ends 

Siemens linacs use MLCs that move in an arc 

such that the flat faces of  the leaf  ends are 

always in the same plane as the radiation focus 



Siemens 160 MLCTM 



MLC – Elekta configuration 

 Upper Jaw replacement 

MLC 



MLC – Elekta design (1) 

• MLC closest to source 

• Rounded leaf-end Single focused 

• The MLC leaves move in the y-direction  

 ………………………………………………………………………. 

• Backup collimator  moving with MLCs 

• A “back-up” collimator, located beneath the leaves and above the 

lower jaws, augments the attenuation provided by the individual leaves  

• The back-up is essentially a thin upper jaw that can be set to follow the 

leaves if  they are being ganged together to form a straight edge or else 

set to the position of  the outermost leaf  if  the leaves are forming a 

shape  

 



MLC – Elekta design (2) 

• The primary advantage of  the upper jaw replacement design is that the 

range of  motion of  the leaves required to traverse the collimated field 

width is smaller, allowing for a shorter leaf  length and therefore a 

more compact treatment head diameter 

 ……………………………………………………………………….. 

  

• The disadvantage of  having the MLC leaves so far from the 

accelerator isocenter is that the leaf  width must be somewhat smaller 

and the tolerances on the dimensions of  the leaves as well as the leaf  

travel must be tighter than for other configurations.  

 

 



The ELEKTA MLCs 

Agility™ Beam ModulatorTM 

MLCi2™ 

ApexTM 



MLci2TM 

MLCi2™ 

Width leaf (@iso) 10 mm 

Number of leaves 80 (40 pairs) 

Max field size (@iso) 40 cm x 40 cm 

Over-travel 12.5 cm 

Focalized single 

Thickness  8.2 cm 

Interdigitation yes 

Penumbra < 7 mm (5 cm x 5 
cm to 15 cm x 15 
cm) 

< 8 mm (> 15 cm x 
15 cm) 

RT delivery 3DCRT-IMRT-VMAT 



MLC Elekta Beam Modulator™ 

Beam 
Modulator™ 

Width leaf (@iso) 4 mm 

Number of leaves 80 (40 pairs) 

Max field size (@iso) 16 cm x 21 cm 

Over-travel full 

Focalized single 

Thickness  7.5 cm 

Interdigitation yes 

Back-up collimator no 

Penumbra < 4 mm (up to 5 cm 
x 5 cm) 

< 5 mm (up to 10 cm 
x 10 cm) 

< 6 mm (> 10 cm x 
10 cm) 

 

RT delivery 3DCRT-IMRT-VMAT 



µMLC Elekta Apex™ 

Apex™ (add-on) 

Width leaf (@iso) 2.5 mm 

Number of leaves 112 (56 pairs) 

Max field size (@iso) 12 cm x 14 cm 

Over-travel ¾ field size 

Focalized double 

Thickness  8 cm 

Interdigitation yes 

Junction Tongue and groove 

Penumbra < 3.5 mm 

 

RT delivery 3DCRT-IMRT-S&S  
no VMAT 



MLC – the new Elekta configuration: 

complete upper replacement 

(opposite of  Siemens design) 



The Elekta MLC AgilityTM 

• Number of  leaves: 160 

• Interdigitation: yes 

• Material: W-alloy leaves 

• Width (@ isocentre): 5 mm 

• The leaves are mounted on dynamic leaf  guides 

 that can move up to 15 cm; relative to the guide 

 the leaves can extend up to 20 cm 

• Leaf  sides: flat 

• The gaps between the leaves: tilted to reduce overall transmission 

• The single pair of  diaphragms are a novel, sculpted design to reduce 

their thickness where leaves will always provide additional shielding 

They move perpendicular to the MLC and can over-travel the central 

axis by up to 12 cm; both the leaf  and diaphragm ends are rounded.  



AgilityTM 



Elekta MLCs comparison  



Leaves shift towards the region 
 with minor leakage 

AgilityTM 



AgilityTM 



Outline 

 

 PATIENT SUPPORT 

 TREATMENT COUCH 



Patient-support 

• Patient support and positioning devices are designed to 

implement a given treatment technique 

 

• Important criteria include patient comfort, stability, and 

reproducibility of  set-up and treatment geometry that allows 

accurate calculation and delivery of  dose 

 



Treatment couch - movements 

 4 degrees of  movements: vertical, transversal, longitudinal, yaw 

 6 degrees movements: vertical, transversal, longitudinal, yaw, pitch, roll 

(with remote robotic control capability) 

 



Treatment couch - rotations 

• PITCH: rotation around 

the X-axis 

• ROLL: rotation around the 

Y-axis 

• YAW: rotation around the 

Z-axis 

 

 

 



Treatment couch - tabletop 
  

• Current linac couch has special top consisting in a carbon 

fiber table 

• The carbon fiber plates sandwiched with a plastic foam core 

• The carbon fiber construction ensures that no metal parts 

are used in the entire treatment area 

 

Seppala, Kulmala, J App Cl Med Phys 12(4), Fall 2011 



Elekta HexaPOD™ evo (6 DOF) 

baseboard 

Connexion Short Indexing Bar 

IGRT module 



Varian Exact™ IGRT 

(4 DOF) 

Varian PerfectPitchTM 

(6 DOF) 

Maximum pitch and roll is ± 3.0 degrees 



The impact of  treatment couch  

on the calculation of  dose 

  

• Many papers in literature 

recommend that the couch be 

included in the treatment planning 

for all treatments that involve 

posteriors beams (6 MV) 

• VMAT! 

• Modeling the couch in the TPS 

• There is also a loss of  skin sparing 

(increase in skin dose), the degree 

depending on the dose prescription, 

the amount of  the beam passing 

through the couch and the angle of  

incidence 



 



GRAZIE!... 

And …sorry for my “englishitalian” 


