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Calibration of GSR Units

 No current external beam protocols apply to 
certain devices

 Gamma Knife, Tomotherapy, Cyberknife and 
Viewray are “noncompliant” with TG-51 
Absorbed Dose in Water protocol

 What’s a poor physicist to do?

 Improvise!!



TG21 and TG 51:   Presumes Point Source 

Diverging to 10x10cm2 field at 100cm

 Cyberknife comes closest:  6cm diameter field 
size at 80cm.  New M6 gives up to 10 by 12cm2

at 80cm

 Tomotherapy:  up to 5 by 40cm2 at 85cm

 Viewray:  105cm isocenter (rotational) up to 
27.3cm2

 Gamma Knife Perfexion:  192 sources 
converging on 4, 8 or 16mm diameter field at 
roughly 40cm





Letter to the Editor Alfonso et al, Med Phys 

2008

 Authors laid out a path by which a unique geometry 
“noncompliant” w TG-51 Absorbed Dose Protocol 
could be adapted to comply

 Defined two fields:  ƒref and ƒfmsr

 The first field ƒref is “standard” field size:  10 by 
10cm2

 The second field ƒfmsr is a “machine-specific 
reference field” 



Background: Dose Calibration Protocols

IAEA TRS-398 
(2000)

AAPM TG-51 
(1999)

IAEA Working 
Group (Alfonso 

2008) *

Parameters Simple measured Simple measured Simple measured + 
Monte Carlo (MC) 
generated

Advantages • Simple to use
• Likely to achieve consistent results 

across different institutions

• Machine-specific
correction factor

• Accounts for 
different ionization 
chambers and 
phantom types

Disadvanta
ges

Designed for use with linear 
accelerators:
• 10 x 10 cm2 field
• Water phantom

MC parameters must 
be generated for each 
ionization chamber 
and phantom 
combination

Ionization chamber calibrated in water 

*Med. Phys. 35, 5179-5186 (2008)



Equipment and Measurements

Ionization
Chambers

Collecting
Volume

PTW 
TN31010 
(PTW)

0.125 cc

Standard
Imaging 
Exradin A16 
(Ex)

0.007 cc

Electrometer: Standard 
Imaging Max 
4000

Elekta (gray) ABS plastic 16cm 
diameter solid phantom

Phantom One:



Phantom Two:   Elekta Solid 
Water 16cm diameter 
phantom

Phantom Three:   Phantom 
Laboratories Liquid Water 
16cm diameter 
hemispherical phantom



Phantom Four:   Standard 
Imaging In-air phantom



Summary of Measurements



Results Averaged over all Institutions Sorted by Dosimetry 

Protocol/Formalism



*Johansson and Gorka, Elekta Physics Report: Reference No. SSM 2010/2201, 

Project nr 4017003-006)

Take a 
closer 
look…





From previous slide: Average values

for ionization chambers with collecting 
volume  0.05 cm3

Liquid Water:  1.000  0.0015

Solid Water:    1.004  0.0014

ABS Plastic:     1.012  0.0034



Drzymala et al, Med Phys 42 (11) November, 2015





Conclusions

 Four different procedures were carried out on four 
different phantoms, utilizing two small volume ion 
chambers and four protocols

 All results were quite consistent

 TG-51 modified by factors (announced but not yet 
published) following the formalism of Alfonso et al, 
yielded the overall best results 

 This procedure uses the Elekta ABS phantom 
supplied w every Elekta Gamma Knife in the world
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