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Study Objectives

• Components and Work Flow of 

CyberKnife

• Motion Management of SRS Cases

• Dosimetry Characteristics

• New Development of CyberKnife

• QA



✓ CyberKnife Components 

❑ Motion management

❑ Dosimetry

❑ Quality Assurance
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Linear Accelerator
• 330 lbs.

• 6 MV X-ray

• 1000 MU/min ± 10% at 800 
mm SAD

• Three set collimators

– 5 – 60 mm circular collimators

– 5 – 60 mm dodecagonal (12-
sided) IRIS variable aperture 
collimators 

– 100 x 115 mm InciseTM 2 MLC



Robot Specifications

• 6 axis / joint motion

• 1,220 Kg 

• 300 Kg payload

• 208 VAC, 3 Phase (PDU)

• 0-45 ºC Operating Range

• <75% Relative Humidity

• 41 m3 Working Envelope 

• 2500 mm Maxium Reach

• 0.12 mm Repeatability

Made by KUKA of Germany



Robot Motion During Treatment

 Nodes assigned

 Approximately 130

 12 directions each node

 ~1500 beams total (Simplex)

 Up to 5000 beams (Sequential)

 Treatment path



Treatment Couch

Axum Couch

Accommodates up to 159 

Kg patient (350 lbs)

Motorized control with 5 

DOF (no YAW)

Repeatablity: 0.3mm/0.3º

RoboCouch ®

Accommodates up to 227 

Kg patient (500 lbs)

Motorized control with 6 

DOF)

Repeatablity: 0.1mm/0.1º



Image Tracking System

Two Diagnostic X-Ray 

sources 

Two ASi image detectors 

Patient imaged at 45°
orthogonal angles

Image Center: 920mm ±
5mm from floor

Real-time, live images 

compared against DRRs 

generated from CT

During treatment, Robot 

adjusts position based on 

the comparison 



Development of CyberKnife

G4 Analog M6 Digital

Fixed Collimator IRISTM Collimator InciseTM 2 MLC



InciseTM2  MLC

Number of Leaves: 52 leaf pair

Leaf Width(at 800 mm SAD): 3.85 mm

Max Treatment Field Size(at 800 mm SAD): 

:115 mm x 100 mm 

Leaf Position Accuracy(at 800 mm SAD): 

<±0.95 mm

Max Leaf Speed(at 800 mm SAD): 25mm/s

Leaf Height: 90.0 mm

Leaf Tip Design: Three Flat, Focused Edges

Leaf Side Design: Flat, Focused

Source to Collimator Distance: 400.0 mm

Transmission: <0.3% average(<0.5% Max) 

relative to 100mm x 100mm field at 800mm

Penumbra: <3.5 mm for 10mm x 10 mm

<12 mm(X)&20 mm(Y) for 100mm

x100 mm

MLC Weight: 54 Kg



❑ CyberKnife Components 

✓ Motion management

❑ Dosimetry

❑ Quality Assurance



Tracking Methodology

• DRR (Digitally Reconstructed Radiographs from 

planning CT) pairs used as references

• X-ray image pairs acquired in real time

• Registration between DRR and X-ray images  

• The patient’s rigid transformation calculated



Case Specific Tracking Modalities

✓ Skull Tracking  ----- Intracranial tumor

❑ XSight (spine) Tracking ----- Spine tumor

❑ Fiducial Tracking   ----- Soft tissue 

❑ Synchrony Tracking ----- Moving Soft tissue

❑ XSight Lung ----- Moving visible lung tumor

❑ Lung Optimization Treatment ----- a full set of 

tracking for lung tumor without fiducial



Skull Tracking and Correction

Accuracy - Overall translation error ~ 0.5mm, rotation error ~ 0.5 degree.

Image Tracking & Robotic Correction



Targeting Accuracy

• Mechanical accuracy

– 0.12 mm (Kuka Specification 2004)1

• Targeting accuracy for targets not affected by respiration

– 0.95 mm (Xsight® Specification)

– 0.52 +/- 0.22 mm (Muacevic et. Al. 2006)2

– 0.49 +/- 0.22 mm (Ho et. al. 2008)3

– 0.4 +- 0.2 mm (Antypas and Pantelis 2008)4

– 0.47 +- 0.24 mm (Drexler & Furweger 2009)5

• Targeting accuracy for targets that move with respiration

– 1.5 mm (Synchrony® Respiratory Tracking System

specification)

– 0.70 +/- 0.33 mm (Dieterich et. Al. 2004)6

– 0.47 +- 0.24 mm (Drexler and Furweger 2009)5



❑ CyberKnife Components

❑ Motion management

✓ Dosimetry

❑ Quality Assurance



Immobilization & Simulation

CT without contrast, ~ 1 mm slice 

thickness, contiguous scan from 2 

cm above the superior end of skull 

to 2 cm inferior to the chin. 

T1 weighted MRI scan with 

contrast, 1 - 2 mm slice 

thickness, covering the 

lesion(s), orbits and all 

ventricles

Thermoplastic Mask, Supine



Typical Prescription Doses (Ref Only)

• Brian Mets (Per RTOG 0320)

– <2.0cm   24 Gy x 1

– 2.1-3.0 cm 18 Gy x 1

– 3.1-4.0 cm  15 Gy x 1

• Surgical Bed:  7~9Gyx3, 4~6Gyx5

• Acoustic  Neuroma :  6~8Gy x3,   12~14Gy x1

• Trigeminal Neuralgia:  60~90GyX1 Max  

(Cone, Iris, MLC?)

• Meningioma: 6~8Gyx3, 12~18Gy x 1

• Typical PTV margin <=1mm except Surgical 

bed



Dosimetry: Various Beam Arrangements

• Isocentric plan
-- Fast dose fall-off

-- Limited confomality

• Non-isocentric

-- Excellent confomality 

-- Dose fall-off not as fast

single shot

Multi-shot



Isocentric Beam Weight Adjustment

Sphere Shape Dose
Equal MU per Beam

Isoconformal
Unequal MU per Beam

Limitedly Improved confomliaty

Height < Width

Oval Shape Dose

Height > Width

Oval Shape Dose



Isocentric Case: Brian mets



Multi-Isocentric Case: Brian mets



Non-Isocentric Case: Brian mets



Isocentric + Non-Isocentric Case



Dose Heterogeneity VS Dose Fall off 

in Isocentric plan
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Rx at Different isodose Lines

70% ≈ 60% > 50% > 80% >> 90%
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Dose Heterogeneity VS Dose Fall off 

in Non-Isocentric plan

Note: Max Dose = 100%
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❑ CyberKnife Components

❑ Motion management

❑ Dosimetry

✓ Quality Assurance



Absolute Output: TG 51

• 1MU = 1 cGy for 60 mm fixed cone at 800mm 

SAD with 15 mm Depth; 

• %dd(10)x measured at 1000 mm SSD with 

100 mm Depth;

• Calculated Equivalent Square; 

• Interpolate to 800 mm SAD using BJR data;



QA guidelines: TG 135 Quality assurance for 

robotic radiosurgery. 2011 (New Version coming)



Minimum QA guidelines: TG 277 AAPM-RSS Medical 

Physics Practice Guideline 9.a. for SRS – SBRT



Quality Assurance

• End 2 End test

• BB test

• AQA

• Beam analysis

• Plan Dose Verification

• Image system test

• Daily, Monthly, Quarterly and 

Annually QA



Morning QA - Output



Morning QA – AQA(W-L test)



Monthly QA- Output/Energy



Monthly QA – Symmetry and Flatness/ 

Laser Alignment





Monthly QA – IRIS Collimator Field Sizes



Monthly QA – E2E





Monthly QA – Imaging Center



Thanks


