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External Beam Irradiation



OAR

Why we need a PTV margin

• Margins are needed to account for uncertainties such as

– Motion during treatment
– Daily variations of motion
– Volume changes (growth, shrinkage)
– Heart, beating, GI-motion,...

– Patient setup errors (3-5 mm)

CTV



First Human Stereotacic frame(1946)

Henry Wycis
Ernest Spiegel

First Human Stereotacic frame 1946



Laksel invented the Gammaknife 
(1958)

Lars Leksell



First Gamma Knife (1968)

-1968, SophiahemmetHospiatl in 
Stockholm , Sweden.
- 197 sources CO-60 



Linac Radiosurgery  (1988)



Linac Invasive Frame



The Cyberknife was invented in 1990 
by John R. Adler





First Patient: June 6, 1994 
(Stanford University)



Cyberknife

• It provides pain-free, non-surgical option for 
patients who have inoperable or surgically 
complex tumors.

• No anesthesia or hospitalization needed

• Greater comfort (patient can breathe normally 
during treatment, No breath hold)

• Little or no recovery time

• Immediate return to normal activities



Full body Radiosurgery (SRS) and SBRT

6D Skull Tracking



Synchrony™
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CyberKnife system can give a homogeneous dose 
distribution using fractionated image-guided 

radiotherapy, resulting in noninvasive fixation even for 
other than cranial lesions



Cyberknife Components

• Manipulator.

• Linac.

• Collimator.

• Imaging System

• Couches.

• Treatment Planning System.





Robot

- Allows for 6 degrees of freedom (x, y, z, r, p, w)

- Non-coplanar beams

- Compensate for patient movement

- High degree of precision  ± 0.06 mm.



6 Degree of freedom

2121آذار، 13



This insure:



Cyber-linac

• 6 MV X- ray (1.5 cm Dmax)

• Straight wave guide.

• No flattening filter (FFF)

• Up to 1000 cGy/min.

• Sealed ion chamber.

• 800 mm SSD
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CyberKnife Collimator Options

1. Fixed Collimator System
2. Iris Variable Aperture
3. Multileaf Collimator (MLC)



Fixed Collimator System

– 5 mm
– 7.5 mm
– 10 mm
– 12.5 mm
– 15 mm
– 20 mm
– 25 mm
– 30 mm
– 35 mm
– 40 mm
– 50 mm
– 60 mm 

Twelve secondary collimators providing the 
following field sizes at 800 mm SAD:



Iris Variable Aperture Collimator

-Tungsten segments rapidly manipulate beam 
geometry

-Two stacked banks of 6 tungsten segments 
creates  12-sided variable aperture

-Reduces treatment time by dynamically changing 
multiple aperture sizes in a single path

-Automatically changes size of variable aperture 
without re-entering treatment suite

-The mechanical accuracy of the Iris aperture is  
0.2mm



Multileaf Collimator (MLC)

- Maximum clinical field size approximately
115 mm x 100 mm at 800 mm SAD

- Distal plane of leaves to LINAC source 
distance: 400 mm

- 2 banks of 26 leaves

– Minimum 2 leafs open

– 3.85 mm thickness

- 100% over-travel

- Full inter-digitation
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Real- time images every 5 -150 sec

X-ray Sources

X-ray Detectors

Target Locating System (TLS)



Safety Zones



3 Couches

• Standard

• RoboCouch

• Seated Load



Treatment Couch

®

• Standard Treatment Couch: 

Maximum Patient Load = 159 Kg 
• RoboCouch: 

Maximum Patient Load 
= 227 Kg 
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How is the technology different?

• Advanced interactive robotics (Linac & Couch).

• Real-time imaging.

• Dynamic automated motion tracking.

• Flexible and accurate linac multiple-beam 
radiation delivery.

• Robotic couch for more automated and 
accurate radiation dose delivery.



Tracking Types

• Skull Tracking

• XSight Spine

• Xsight Lung

• Fiducials

• Synchrony



Tracking algorithms



Methods for tracking motion

• Skull tracking: bony landmarks are 6 D tracking

• spine tracking: bony landmarks are tracked

• Fiducial tracking: radio-opaque marker are 
placed near soft tissue targets and tracked

• Respiratory tracking (Synchrony): with 
respiration, LED’s on the exterior of the 
patient are correlated with the movement of 
the target/tumor and fiducials
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CyberKnife System Treatment Automation

System 
automatically 
correlates 
images

Images 
taken at 
user-set 
interval     
(5-150 
seconds)

•Values applied 
directly by robot
•System always 
corrects for 
residual offsets
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How it works: model 
generation
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Indications for Cyberknife
• Intracranial lesions: single fraction, or fractionated

• Head and neck:
– Nasopharynx & base of skull, primary or recurrent

– Other sites, as boost following conventional RT, or 
recurrent

• Spine: where surgery indicated but not feasible, and 
conventional RT less effective or not possible

• Lung: where surgery indicated but not feasible

• Liver: where surgery indicated but not feasible

• Pancreas: unresectable but localized tumors

• Kidney: where surgery indicated but not feasible

• Previously irradiated tumors







Limitations of Cyberknife

• No posterior (under couch) shooting.

• More complex planning

• Long treatment time.

• Significant QA required prior to treatment to ensure 
that the robotic arm acts as expected.



Thank you
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