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Treatment Fields What is a Small Field?

i . +»+ Lack of charged particl
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40 em? 4 on? * Dependent on the range of secondary
electrons
Advance Therapy Fields * Photon energy
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Source Size Calculation of Fluence Map Elements

Components Critical for Small Fields

= Direct beam source size|
Open beam off axis distribution

Fluence modulation

Processes to
include

Monit ter

Collimator leakage, including
MLC interleaf leal

-l Beam spectra
so-intensity line Spectral
Electron contamination

Jaffray et al, Med Phys 20, 1417-1427 (1993) maols Courtesy Anders Ahnesjo

Definition of Small Fields Calculation of Fluence Map Elements

ate attenuation
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Small Field Dosimetry Problem
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Dosimetry

«» Absolute
*x Dose
« Relative

* Depth Dose
o [D(r,d)/D(r,dm)]
TMR
Profiles

Output, S, (total scatter fa
o [D(r)/D(ref)]

Dosimetric Variation with Detectors

Total scatter factor with various detectors

Pinpoint (par)
Pinpoint (per)

MC(1mm)
MC(5mm)

Profiles with different detectors

Distance (mm)

Hedrian, Hoban & Beddoe, PMB, 41, 93-110, 1996
s et al, J Radiosurg 3,17 0
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CPE & Electron Range

CPE, Charged Particle Equilibrium

Electron range=d,,, in forward direction
Electron range in lateral direction

* Nearly energy independent

* Nearly equal to penumbra (8-10 mm)
Field size needed for CPE

* Lateral range

*  16-20 mm
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Radiation Measurements

+¢ Charged particle equilibrium or electronic
equilibrium
e of secondary electrons
*  Medium (tissue, lu

is points like beamlets in IMRT
./p and S/p
+¢ Detector size
*  Volume
*  Signal to noise ratio

IAEA/AAPM proposed pathway
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2 /Alfonso, et al. Med Phys 35, 5179-5186 (2008)

Why So Much of Fuss?

Reference (ref) conditions cannot be achieved for most
SRS devices (cyberknife, gammaknife, tomotherapy etc)
Machine Specific reference (msr) needs to be linked to ref

Ratio of reading (PDD, TMR, Output etc) is not the same
as ratio of dose

T e ]
Quiin-Qner
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Field Size Limit for Detectors
Accurate Dose

Measurements with Detector Manufacturer  Type volume
Available Detectors SFD Scanditronix Photon diode  1.7x10-cm?
PFD Scanditronix Photon diode  1.9x10*cm?
15 MV; Central Avis Exradin A-16 Standard Imaging Ion chamber ~ 0.007cm?
Wellhofer-IC4 Scanditronix Ton chamber ~ 0.40 cm®
Pinpoint PTW Ton chamber ~ 0.015cm?
0.125¢cc PTW Ton chamber  0.125cm?
0.3cc PTW Ton chamber 0.3 cm?
0.6¢cc PTW Ion chamber 0.6 cm?
Diamond PTW Diamond 0.003cm?
Das et al, TG-106, Med Phys, P r Markus PTW Parallel plate  0.055cm?
35818612008 Edge Detector Sun Nuclear Diode 10cm?

Radiation Detectors . . . —_— PTW Choice

i) bl IJ.I}\‘ for small Fields

www.PTW.de

UDas (27)
AAPM-2013

Sensitivity vs Volume of Detectors

Understand Detector, Connector & Cable

Relative sensitivity

. Srivastava etal, §

1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00

Volume (cm3)
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Chamber Issues in Small Fields Spectra & Effective Energ

from SRS Cones (0

Volume averaging
Poor signal: signal to noise ratio
Pion: Ton recombination

* 300 volts may not be needed

30 40
E (MeV)

*  May be in proportional counter mode or g
multiplication

*  Two voltage method may not be applicable WATER, at ds

Average Energ,

5cm, primary

lume Ton chamber

2 3 4

Diameter of Cone (cm)
Large volume lon chamber

Verhaegen, Das, Palmans, PMB, 43, 2755-2768, 1998
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Joltag UDas (32) £ (MeV)
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. R 1 SUr ing
e R Errors in Measured Reading

Correction Factor depends on:
Field size
Source size (FWHM)
Detector ty

u_rxg /

0.4

e(d, 1 03cm

field diameter [em
=20
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——(0

1.0 1.5

lonizing cavity length / [em]

s o rancescon, et al Med Phys 35, 504, 2008 i i \niaikawachi et al, Med Phys, 35, 4591-4598. 2008

Detector Density Effect

Siemens; PTW diode 60012

PTW diode 60012 Diamond

Silicon diode
Pinpoint Chamber

e—e Water (diamond density)

=8 Water (silicon density)

a--a Water (air density)
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Correction Factor vs Ion Chambers kfdjn -

a-Onx Of Linear Accelerators (Varian)

Impl ing a newly prop d Monte Carlo based small field dosimetry
formalism for a comprehensive set of diode detectors

Exradin A12 NE25T1 Exradin A1SL  Exradin A4 PinPoint® 31006
lonization Chambaer

uDss @) Chung et al , Med Phys, 37, 2404-2413, 2010 . s 2 Med. Phys. 38 (12), 6992, 2011
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Jan:Jux of [ inear Accelerators

Qi:]in *Zmsr

Calculation of ké', for several small detectors and for two linear
accelerators using Monte Carlo simulations

5 mm 75 mm 10 mm

ctecto Sckn f \pfme
Detector Ml (MG

Ak | Nl
o

clin Ve Lotin ~ Yma

felin | ) ffomss
A ’U.h " ‘J‘UIM

Al6 0.626 (15) 1.089 (3) 0811 (10) 1018 (3) 0.866 (6) 1.010 (3)
PinPoint 0.620 (17) 1101 (3) 0.801 (7) 1.024 (3) 0.862 (5) 1015 (3)
Diode 60008 0.726 (1) 0,043 (3) 0.873 (1) 0.049 (3) 0.912 (1) 0.964 (3)
e Diode 60012 0,956 (3) 0847 (2) 0.066 (3) 0.891 (1) 0978 (3)
EDGE 0.726 (1) 0048 (3) 0.864 (1) 0.055 (3) 0.906 (1) 0.966 (3)
Rsll[il)lht‘l'.}|)_\c' and (‘)m-ulgg_\.n Alanine 0.544 (8) 1.249 (8) 0.785 (12) 1.059 (4) 0.855 (13) 1.019 (3)
TLD 0.668 (4) - 0.809 (6) 0.880 (8)

|ournal homapsge: www thagraaniournsl.com EBT films 0.659 0.811 (16) 0.853 (18)

Poly ] 0.702 0.872 27 0.929 (29)

Experimental small field 6 MV output ratio analysis for various diode detector
and accelerator combinations

Gavin Cranmer-Sargison *"*, Steve Weston ", Narinder P, Sidhu ", David L Thwaites™*

Radiotherapy and Oncology 100 (2011) 429435

Pantelis et al, Med Phy. 37, 2369-2379, 2010

Tomotherapy k.. Reference Dosimetry

msr

LO0O e

Reference: 5x10 cm?, 85 cm SSD, 10 cm b Ty . - | 0995

0.990 -
Chamber type ko.g, (TRS-398)  k/me-tot

vy g S
(] o, MC) kg

e ©.

(previous studies)

o - - < LT0985
Exradin AISL 0,99 1.001 0.997 0.997 (Refs. 5 and 10)

Exradin A12 Farmer 0.996 1.004 1.000 f ) . -
PTW 30006 Farmer 0993 1.004 0997 0.995 (Ref. 6) (o ] 0980 | o o CapinteP RSP mini
PTW 31010 Semiflex 0993 1.002 0.995 0.996 (Ref. 10) ! . - { e ishonta
PTW 31014 PinPoint 0994 0.997 0,993 0.992 (Ref. 10) E 2 | 0975 1 - X--NE25153

PTW 31018 microL.ion (parallel) N/A N/A 0993 Foo exble ! } P

NE 2571 Farmer 0994 1.003 0.997 0,995 (Ref. 6) - —_—— 09 U[" s e

2 3 4 s

Diameter of Field [cm]

Dbes (42) Sterpin et al, Med Phys, 39, 4066, 2012
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Depth Dose & Source Size Profile & Source Size
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Sham et al, Med

, 3317-3330,
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Effect of Inhomogeneity Electron range & inhomogeneity

RS

++ Range of secondary electrons
*  Simple scaling based on density
/00, and J. R. Cunnin, 8 ididty of density
i i port for photon and
ys. 17, 187-194 (1990
¢ Perturbations of the detector
* T.Mauceri, and K. R. Kase, “Effects of ionization chamber TOMV -
construction on dose measurements in heterogeneity," pencil beam |~
Medical Physics 14, 653-656 (1987)
R. K. Rice, J. L. Hansen, L. M. Chin, B. J. Mijnheer, and
B. E. Bjarngard, "The influence of ionization chamber and
phantom design on the measurement of lung dose in
photon beam," Medical Physics 15, 884-890 (1988).

Inhomogeneity Corrections TG-155 Recommendation

Dosimetric measurements should be carried out with more than one detector
Small volume detector should be used that has minimum energy, dose and dos

N — d denc - t No103 sho d.
S 0 d recommended for fi
> * cro cl e b ited for i ements for fiel
cm2 0 ell E ould be ate
The quali Ctr I} V /
need to be of h ali

- L
\
\\ fo irements in bea S
ectrum d i sucl| nd IMRT but these
~ ch i riation: g POW s when compared to

maller (~
1 field dosimetry should have an inde;
internal or external like Radiolog Ph

3 Jones & Das, Med. Phys. 30, 296, 2003 Jones & Das, Med. Phys. 32, 766, 2005

Summary -Summary

Small volume detector should be used that has

- Energy spectrum does vary in small fields such as
minimum energy, dose and dose rate dependence.

SRS, and IMRT, however, its impact is not
Micro-ion chambers are best suited for small field significant.

dosimetry; however, signal to noise should be Stopping power ratio in small fields for most ion
evaluated. chambers is relatively same as the reference field.
Stereotactic diode are ideally suited for radiosurgery

Spot check and verification of smaller fields should
beams.

be carried out with at least another independent
If field size is small compared to detector method (TLD, film, MC, etc).

measuremel.lts shoulq be performed at a greater source Stay tuned to newer data and IAEA and AAPM TG
to surface distance with proper correction. cuider
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