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Two important reports came out in 2017

AAPM, San Antonio 2019

Dosimetry of nonstandard and small fields

• Characteristics that lead to 
dosimetric issues of two kinds:
• Reference dose calibration

• Reference fields are not 10 x 10 cm2, 
SSD/SAD is not 100 cm, etc; they are 
called “machine-specific reference 
fields” (msr)

• Flattening filter-free beams, beam 
quality specification

• Output factors
• Small fields
• Detector correction factors

• Problem put on the backburner: 
calibration of composite fields

AAPM, San Antonio 2019

Physics of small fields

Small field conditions

Source occlusion
LCPE

Detector correction factors

Repercussions in when we call a field a 
reference field

Repercussions on how we determine 
dose in a small field

AAPM, San Antonio 2019
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Lateral charged particle loss 

In small fields there is no depth at which D ≈ Kcol

volume

Note: rLCPE estimates using this method are 
inaccurate for FFF beamsAAPM, San Antonio 2019

Reference calibration fields

Concept of the msr field
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Detector size relative to field size

• Small field conditions exist when one of the edges of the sensitive 
volume of a detector is less then a lateral charged particle equilibrium 
range (rLCPE) away from the edge of the field

fmsr < 6 x 6 cm2

r
LCPE

[cm] = 8.369 ×TPR
20,10

(10)-4.382

r
LCPE

[cm] = 0.07797 ×%dd(10)
x
-4.112

AAPM, San Antonio 2019

Example: 

• %ddX(10) = 67.2  rLCPE = 11.2 mm. 
• An IBA CC08 ion chamber has a cavity length l = 4 mm, a cavity radius r = 3 

mm and a wall thickness twall = 0.07 g/cm2; with ρ(C-552) = 1.76 g/cm3, twall
= 0.40 mm. 
 dl= l+twall=4.4 mm
 dr=2(r+twall)=6.8 mm

• dr > dl,  d = dr = 6.8 mm
• FWHM should be at least 2 × 11.2 mm + 6.8 mm = 29.3 mm at a depth of 

10 cm in water. 

 The “equivalent square field size” should exceed 3 cm for the field to be 
an msr!

AAPM, San Antonio 2019

Equivalent square fields msr

6 MV FFF

WFFWFF beams: 
BJR 25 - equivalent field size is energy 
independent

FFF beams: 
equivalent field size is energy 
dependent; Tables are provided for 6 
MV and 10 MV

Make the scattering component equivalent!

AAPM, San Antonio 2019
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Getting the beam quality in nonstandard 
reference fields

for TPR20,10 10 = TPR20,10

TPR20,10 10 =
TPR20,10 𝑆 +𝑐(10−𝑆)

1+𝑐(10−𝑆)

for %𝑑𝑑 10,10 = %𝑑𝑑 10,10 X = %𝑑𝑑 10 X

%𝑑𝑑 10,10 =
%𝑑𝑑 10,𝑆 +80𝑐(10−𝑆)

1+𝑐(10−𝑆)
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Note!: FFF beams  use the Pb filter and equations in TG-51 to get 
%dd(10,10)X

AAPM, San Antonio 2019
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Practical implementation msr dosimetry –
beam quality index 

Note!: FFF beams  use the Pb filter and 
equations in TG-51 to get %dd(10,10)X

AAPM, San Antonio 2019
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What is included in          ?
• FFF beams  sw,air

• Volume averaging in generic FFF fields (Prp

is included!)

𝑘𝑣𝑜𝑙 𝑄𝐹𝐹𝐹
𝑓𝑟𝑒𝑓 =

𝐴׭
𝑤 𝑥, 𝑦 𝑑𝑥𝑑𝑦

𝐴׭
OAR 𝑥, 𝑦 𝑤(𝑥,𝑦)𝑑𝑥𝑑𝑦

𝑘𝑣𝑜𝑙 𝑄

𝑓𝑟𝑒𝑓 = 1 + 0.000059 ∙ %dd 10,10 𝑋 − 0.00338 ∙
100

𝑆𝐷𝐷

2

∙ 𝐿2
AAPM, San Antonio 2019
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Data consistent with TG51-Addendum data
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In summary

Get ND,w, Q0(Co)

For the beam of interest: 
• Get equivalent square S
• Measure the %dd(10,S) (if FFF: use 

lead filter!) 
• use conversion formula for SSD, Pb, S

to get %ddX(10,10)
• Look up                    or  

AAPM, San Antonio 2019

What to do when largest field size is not msr?

RefleXion
• Reference dosimetry field 

size (10 x 2 cm2)

• SDD = 85 cm

• 2rLCPE+d > FWHM

• Two approaches
• Direct MC calculation
•

Mirzakhanian et al 2019 (submitted)
AAPM, San Antonio 2019

Small fields and detectors
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Source occlusion

Das et al. 2008 Med Phys 35: 206-15

FWHM > geometric 
field size

Overlapping of beam penumbras

Small field dosimetry-
related parameters 
must be specified as a 
function of FWHM

AAPM, San Antonio 2019

Field size specification Sclin

AAPM, San Antonio 2019
Casar et al Med. Phys. (2019) 46 (2), 944 

Spectral changes
• The photon fluence spectrum is modified as a function of field size
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Benmakhlouf  Sempau Andreo Med. 
Phys. 41 (2014)

Eklund and Ahnesjö, Phys Med Biol
53:4231 (2008)

0.5% effect

Spectral hardening does not lead to large changes in stopping 
power ratio!

AAPM, San Antonio 2019
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Magnitude of p correction factors on- and off-axis
080915

8 mm x 8 mm field, 10 cm depth (0.6 mm, 2 mm spot sizes)

Very large effects!

Very large effects!

Relatively small effects!

 Small field output measurements need to be corrected for these effects!

Crop et al., Phys Med Biol 54:2951 (2009)

PP31006 and PP31016 chambers

AAPM, San Antonio 2019

Concept of field output correction factors

• Field output factor relative to reference field (ref stands here for a 
conventional reference or msr field)

• Field output factor relative to reference field using intermediate field or 
‘daisy chaining’ method

where
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Output factors are 
DOSE RATIOS not 
reading ratios!!
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Small field output correction factors

• There are large corrections to reading of 
virtually any type of detector

• For air-filled chambers: large upwards 
correction factors in small fields

• For solid state detectors: correction 
factors depend on the construction, 
density, Z and size of the sensitive volume

AAPM, San Antonio 2019

ICRU 91 Report (2017)
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Detector suitability criteria for small fields

• There is no ideal detector

• Suitability in general is tied to

• the sensitive region of the detector is close to water equivalent in 
terms of radiation absorption characteristics; 

• the density of the sensitive region is close to the density of water; 

• the size of the sensitive region can be made small compared to the 
field size while keeping noise levels under control. 

AAPM, San Antonio 2019

Diodes for small field dosimetry

Sauer and Wilbert 2007 
Med Phys 34:1983-8

SI Symposium AAPM - July 30, 2018 29

Shielded and unshielded diodes

Benmahklouf and Andreo (2013)AAPM, San Antonio 2019
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Microdiamond detector

AAPM, San Antonio 2019

De Coste et al 2017 Phys. Med. Biol. 62 7036

Small field correction factor issues

• The correction factors are likely 
energy dependent

• Detailed geometry is critical for 
MC simulations

• SN EDGE detector below 2 cm in 
10 MV FFF beam significantly 
different from IAEA-AAPM 483

• See left panel for similar 
differences with PTW 
microdiamond

AAPM, San Antonio 2019

Casar et al Med. Phys. (2019) 46 (2), 944 

Scintillators W1 and W2

AAPM, San Antonio 2019

Galavis et al Med Phys, 46 (5) 2019

W2 scintillator: 1 mm x 3 mm (l) or 1 
mm x 1 mm (l)

Papaconstadopoulos et al Med Phys 44 (2), 654, 2017
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Field output factor (TrueBeam STx)

34
Huq et al Med Phys  (in press) 2018

Field output factor (CyberKnife)

35
Huq et al Med Phys in press 2018

Conclusion

• IAEA-AAPM TRS-483 has significantly improved consistency in small 
field dosimetry
• The use of more than a single detector to quantify small field output factors is 

recommended

• Accelerators are getting increasingly reproducible. It makes therefore sense to 
compare output factors of a given machine with those of a similar machine 

• Post IAEA-AAPM  TRS483
• New machines will come to the market that invalidate nonstandard field 

conditions

• The last word about so-called promising detectors has not yet been said

• Small field dosimetry for field sizes below 1 x 1 cm2 remains challenging

AAPM, San Antonio 2019


