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1. Detectors for Small Field Dosimetry



1. Detectors for Small Field Dosimetry

Increased use of small field treatments has resulted in
the need for implementation of small field detectors

' ' : Std fields:
What is considered a small field? Sl

1- Photon beam source occlusion

Small fields: <3cm x 3¢m

2- Lateral electron disequilibrium

3- Volume average effect

Choose right detector to minimize small field effects
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1. Detectors for Small Field Dosimetry

Lateral electron disequilibrium Volume effect

e Edge of radiation field too close to e Detectorsize -> defines what is a
measurement volume “*small” field
e Loss of charged particle equilibrium e Dose changes within the detector
(CPE) (depends on range of sec. e-) —  Field size can be overestimated
— Detector material — Penumbra can be overestimated
— Volume

Small field

Scanning

/ chamber

Diode
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1. Detectors for Small Field Dosimetry

Energy spectrum changes

witber o =0 qgs:;.'cm’_ =78 aV) I -
e Beam hardening effect T e TR
(phantom scatter decreases with small fields) B I
4 — —
. o silican _/-/-) —
e Increase in average photon energy “ b P
u|.;->.|..»;.-rr|

- Changes in energy spectrum can :
. Electron kinetic enargy, E / MaV
affect response of certain detectors

201107

o
e 13 ]
- Variation in stopping power and g 1omo” 2 s
perturbation factors can be incorporated el
into a field dependent correction factor E s
0(?_01 - 11 —

P.hc'lon energy | MeV

P. Andreo, The Physics of small field megavoltage photon beam dosimetry, Radiotherapy and Oncology 126(2018) 205-213
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1. Detectors for Small Field Dosimetry

® Detectors perturb fluence in photon beams

Finite size of detector will perturb photon fluence
Detector volume - loss of charged particle equilibrium
Material different than medium (composition and density)

Perturbation of charged particle fluence (detector
geometry, beam energy, field size, etc)
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1. Detectors for Small Field Dosimetry

e Data measurements can vary depending upon the detector selected
e Animproper choice may lower the quality of the data measurement

Understand performance of the detector
Know the limits of the detector
Understand the measurement goals and range

\>$~
are geared to minimize the
effects of the detector. . \
\ B
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1. Detectors for Small Field Dosimetry

New developments to improve detectors for small fields

e Pinpoint chambers:
— Smaller volumes
— Reduced perturbation
— Improved chamber design

e Solid state detectors:

— Materials and construction to improve water equivalence
— High spatial resolution with smaller active area

— Minimal detector to detector variation

— Higher signal

— Lower angular dependence

Low dose per pulse dependence
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1. Detectors for Sma

Detector Selector

Find the best detector for your application
The smart online tool at ptwdosimetry.com

Use detector
selection option i

Praions

Elocioce,
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PTW website
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1. Detectors for Small Field Dosimetry

* PTW

® Solid-state detectors and pinpoint chamber options

® Several options for small field dosimetry

‘\ \ 5y | \

microDiamond microSilicon microSilicon X PinPoint 3D lon Chamber
Ultra small-sized therapy chamber with 3D
characteristics for dosimetry inhigh-energy

ic Diamond Detector for High- Silicon detector for small photon and all Shielded Silicon Detector for all Photon Fields
elect photon beams

ctron fields
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1. Detectors for Small Field Dosimetry

Microdiamond

Nearly water equivalent for all beam energies

Very small sensitive volume (0.004 mm?) - perfect choice for
small field dosimetry

N

microDiamond

Suitable for all field sizes up to 40 cm x40 cm

p Precise, accura
fields

m photon, electron and proton

Synthetic Diamond Detector for High-
Precision Dosimetry

p Excellent radiation hardness, minimal energy, temperature and
directional dependence

p No high voltage required. Suitable for all connecting systems
(BNT, TNC, M)
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1. Detectors for Small Field Dosimetry

® New detectors for small field dosimetry

microSilicon
Silicon Detector for Small Photon and all Electron b THE silicon detector for small photon fields
Fields b Unshielded diode, perfectly suited for electrons
OVERVIEW p Excellent dose stability (@6MV only 0.1%/ kGy)
o ) small detector to detector variation
Very low dose per pulse dependence

Very small sensitivity variation with temperature

Improved water equivalence

microSilicon

Silicon detector for small photon and all
electron fields
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,\
L
PinPoint 3D lon Chamber
Ultra small-sized therapy chamber with 3D

characteristics for dosimetry inhigh-snergy
photon beams

1. Detectors for Small Field Dosimetry

® New detectors for small field dosimetry

Small-sized cylindrical ion chamber with
vented sensitive volume of only 0.016
cm?

Small polarity effect
Minimal cable irradiation effect
Minimized directional response

Short ion collection time, low pre
irradiation dose

uitable for field sizes from 2 cm X 2 cm
to 40 cm x 40 cm

Medical Physics Services LLC®



2. New Detectors Implementation



2. New Detectors Implementation

TRS-483

Protocol formalizes the use of correction
factors for small field dosimetry

/\ TECHNICAL REPORTS SERIES NO. L‘EH

j'- f JHé:Iin . ; Dosimetry of Small Static
. linfmsr () din mer  — clin T Y j— Fields Used in. External
Dw-rclin - Dw-’rm- Qgélingmsrs - f—:lin' ‘Jrrur ﬂrffm k .-'dm.i;}m Beam Radiotherapy
2 clin Omsr ) An International Code of Practice for
= Mmsr Reference and Relative Dose Determination
Spol d by the Illl;w;\lilg

chlimfmsr Ratio of dose delivered to water in clinical \/

T Q¢inCms field to dose delivered in reference field

Output factor requires a correction factor applied to the detector reading ratio
e Field size definition, energy, linac type, detector type => J/ciin fmsr

clin, Y msyr

Medical Physics Services LL.C°



2. New Detectors Implementation

Small field correction factors

* Volume averaging effect
» Density difference between detector material and water

-'Fclin_ -f.msr —_ fclin.fmh'r f-:lin_ -fmr-;r 116
'F(chin. Omsr [kvﬂl]gclln. Omsr ['F(d] Outin, Omsr i e

1.14 - —=— Sun Nuclear Dedge
—=—1BA SFD

—@—Exradin D1V
==& -Exradin A16
—8—PTW PinPoint 31014
—&—PTW MicroLion
—% —Exmadin W1PSD

K4: density perturbation

K,o: Volume effect Los
* For smallfields:
* lon-chambers under-respond a3
* Diodes over-respond
Correction factors:

'Ta bUlatEd data Ta TRS-483 e 0s 1o 15 20 25 3.0

Square field size (cm)

- Recent publications

Das et. al, Medical Physics, 2021; 48 (10): e886-e921

- Manufacturers data
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2. New Detectors Implementation

TRS 483FIELD OUTPUT CORRECTION FACTORS kfd'" ‘o= FOR FIELDS COLLIMATED BY AN MLC OR SRS
CONE AT 6 MV WFF AND FFF MACHINES, AS A FUNCTION OF THE EQUIVALENT SQUARE FIELD SIZE

Equivalent square field size, S, (cm)

Detector —
8.0 6.0 4.0 3.0 2.5 2.0 1.5

PTW 31002 Flexible 1.000 1.000 1.001 1.004 1.009 1.023 —

PTW 31010 Semiflex 1.000 1.000 1.000 1.001 1.002 1.008 1.025

PTW 31014 PinPoint 1.000 1.000 1.000 1.002 1.004 1.009 1.023 1.

PTW 31016 PinPoint 3D 1.000 1.000 1.000 1.001 1.001 1.004 1.013 1

PTW 60016 shielded diode 1.000 1.000 0.999 0.995 0.991 0984 0.970 0.

PTW 60017 unshielded diode 1.004 1.007 1.010 1.011 1.011 1.008 1.002 0.9 0.986 0.976 0961 0.952

PTW 60018 unshielded diode (stereotactic)  1.004 1.007 1.010 1.011 1.009 1.006 0.998 0.990 \).983 0.973 0.960 0952

PTW 60019 CVD diamond 1.000 1.000 1.000 1.000 0.999 0997 0.993 0.989 0.977 0968 0.962
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2. New Detectors Implementation

f clin =f msr
inlin 'Qmsr

New detectors and correction factors

* New detectors are not included in TRS-483 protocol correction factors tables

» Revised publications of correction factors

* Manufacturer may provide information regarding correction factors including
reference publications or studies

» Other methods for clinical implementation have suggested experimental
methods by comparing measurements with detectors from the protocol.
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2. New Detectors Implementation

PTW documentation
PinPoint 3D (31022)

m Beam quality: 6 MV

Field size defined by FWHM

Measured in water

SSD: 90 cm

Depth: 10 cm

Detector orientation: radial (stem perpendicular to beam)

Eqg. sq. square field size [em] |10 8 6 & 3 2.5 2 1.5 1.2/
PinPoint 3D, type 31022 1.000(1.000|1.000|1.000(1.000|1.001|1.002|1.005 1.0%9\

Data has been compiled from [Looe2018], [Poppinga2018] and [Casar2020]. Correction factor for 0.7 cm field
size is 1.049

microSilicon (60023) - classical linac 6 MV

m Detector orientation: axial (stem parallel to beam)

Eq. sqg. square field size [cm] |10 8 6 4 3 2.5 2 1.5 1.2 1 (
microSilicon, type 60023 1.000|1.004|1.007(1.011|1.013|1.014(1.014|1.012 |1.009 1.00)\

Data is fit through the following three data sets: [Weber2020] experimetnal, [Weber2020] Monte Carlo and
[Schoenfeld2019] experimental. For [Weber2020], we have used the experimental data from 4 cm x 4 cm to
10 cm x 10 cm also for the Monte Carlo data. For [Schoenfeld2019] we have used SIEMENS Artiste data to
compare 4x4 cm?2 with 10x10 cm=2. Data for field sizes below 0.55 cm has been extrapolated using the
[TRS483] fitting curve.
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2. New Detectors Implementation

felin'f ax4 cm?
Q¢lin' Q 4x4 cm?

k

1.020

1.000

0.980

0.960

0.940

Small field output correction factors of the predecessor Dosimetry Diode E (T60017),
the ionization chamber PinPoint 3D (T31016) and the new microSilicon (T60023).

0.0 1.5 2.0 2.5 3.0 3.5 4.0

Equivalent square field size [cm]

= MicroSilicon === Diode E === PinPoint 3D (old)

4.5

Graph PTW website
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2. New Detectors Implementation

Comparisons with other detectors

SNC Edge in blue
PTW Microsilicon in green

Data and graphs provided by TrueNorth
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2. New Detectors Implementation

Comparisons

1.002 ~1.00

1 <_999\m9%\7 1

9 \'993\0‘.986
0.966\

0.951

3cm 2Cm 1.5Ccm icm 0.8cm 0.6cm

- -Edge - -microSilicon

MicroSilicon factors from PTW documentation

Edge factors from TRS-483

Data and graphs provided by TrueNorth
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Difference in response from
small field detectors show
the need for applying
correction factors.

PTW Microdiamond used to
determine experimental
correction factor values for
two new detectors

ESTRO 2020, Vienna, Austria

2. New Detectors Implementation

Evaluation of IAEA small field correction factors

using different detectors for FF and FFF energies

Gloria P. Beyer!, Ghirmay Kidane?, Raquel Paiva', Vasu Ganesan?, Liz Crees?

Uncorrec bed OFs - 10FFF

£e0d, Mdiam, PinPt, Edge
Feld 5ize |  AVE 5T DEV
4l 0519 .2%
323 b.&82 0.1%
Ix2 0836 | 0E%
1xl ore | ar

l

Cormected OFs - 10FFF

CC04, Mdiam, PinPt, Edge

FeldSize| AWE | 5TDEV
r pola | 0%
1 Dz | 0i%
Ix2 D85 | oa
1al D24 | osm

|

DERIVED CORR, FACTORS

10FFF 184 Razor || BA Mano
4w 0997 | 0898
Iu 1000 | 1003
1uz o7 | 1m
1x1 1021 | 102

IMPSi Medical Physics Services International Ltd., Cork, Ireland
2Radiotherapy Department, Queen’s Hospital, Romford, UK

10FFF OFs S0cm SAD - UnCorrected
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2. New Detectors Implementation

« Study used the corrected output factors for five detectors included in IAEA
protocol for determining the correction factor for two new detectors

1.020

1.02

1.010 | 1.01 |-
1.000 |- % % 1 b %
go.sso H % £ 099 |
' 0.980 ¢ Foos |
goom - So97
50960 |- 8096 -
0.950 | 8oss
0.940 | 094
0.930 . . . . . A 093 |
0 05 1 15 2 25 3 3.5
0.92
seff (cm) 0 0.5 1 15 2 25 3 35
OThis work A Schonfeld et al. 2019 seff (cm)
CWeb: 1. 2019 M Carl Web 1. 2019 E: i 1
ebereta onte Carlo. x Weber et Hperimenta OThiswork A Casaretal. 2018 TrueBeam [ Casar et al. 2018 Elekta
FIGURE 9 Correction factors for the microSilicon detector in this ] . .
FIGURE 8 Correction factors for the Razor detector in this work

work compared to the literature for 6-MV compared to the literature for 10-FFF

The microSilicon correction fac-
tors for 6-MV show a maximum difference of 1.6% for
a 0.5 x 0.5 cm? field size to Schonfeld et al® and less
than 0.7% to all field sizes of Weber et al®

McGrath et. al. J App Clin Med Phys. 2022
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2. New Detectors Implementation

Applying IAEA (PTW microdiamond) and vendor
compiled (PTW31022) correction factors

6X OFs Comparisons - 90 cm SSD, d=10cm 10FFF OFs Comparisons - 90 cm SSD, d=10cm

1.050
1.000
0.950
0.900
0.850
0.800

= «@= = OFs Ppoint PTW31022 0.750
0.700
0.650 —— OFs PTW MicroDiamon d

== === OFs Ppoint PTW31022
—#— OFs PTW MicroDiamond

0.600
40 60 80 100 120 0 20 40 60 80 100 120

Field size (mm) Field size (mm)
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2. New Detectors Implementation

Applying IAEA (PTW microdiamond) and vendor
compiled (PTW Microsilicon) correction factors

Output Factors w/o correction factors

1.000

0.900

0.800

0.700

0.600 Output Factors w correction factors applied

0.500 1000

0.400 0.900

0.30001234567891011 0-800

Nominal square field size [cm] 0.700

0.600 —@— microSilicon
0.500 —@— microDiamond
0.400
0.300

0 1 2 3 4 5 6 7 8 9 10 11

Nominal square field size [cm]

Data and graphs
provided by PTW
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3. Small Field Measurements and QA



3. Small Field Measurements and QA

Increase accuracy in small field dosimetry:

Select the appropriate detector

Use of correction factors for small field dosimetry

Understand the detector limitations (field size, energy, reponse, etc)
Use of multiple detectors to measure data

orrect positioning of the detector
orrect alignment of the detector

1
2
3
4
5
6




3. Small Field Measurements and QA

Positional accuracy for small fields:

- Position of detector off central axis can lead to errors due to the beam shape

Ex: Errors in positioning can result in smaller OFs and incorrect PDDS and profiles

Medical Physics Services LLC®



3. Small Field Measurements and QA

Measurement of OQutput and PDD for SRS Cones with
Semiconductor and Microdiamond Detectors
E. Lief!, G. Dawson!, J. Restrepol, G. Beyer2, P. Jeffe!, A. Cheuk!

AAPM ZUIBJULZ‘F- AUG 2

BEYOND THE FUTURE!

BO™ ANNUAL MEETING £ EXHIBITION NASHVILLE, TN
1.J.J. Peters VA Medical Center, Bronx, NY
2.Medical Physics Services, LLC, Miami, FL

1t . PDDs With 1mm Off Axis Shifts
Positional accuracy:
100
s (C d
PDDs measured % i
. + 80 e IMmM Inline
at central axis _
) " % 70 we 1M Crossline
and off axis * 3 &0 _
9- s -1 M Inline
+ :l:» : e -1mim Crossline
1]
® 30 |
20 E —
10 F
0
0 10 20
Depth (cm)
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3. Small Field Measurements and QA

Small field setup with PTW BeamScan
e Center detector positioning
(Auto Alignment)
e Aligned with beam axis

(Beam Inclination correction)

Tilted beam Tilted beam
1 - L -/
» N ‘
L4 2 J .
- 5P kL
& /
PTWBEAMSCAN - —— BEAMSCAN measurement direction before correction
BEAMSCAN measurement direction after correc tion
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3. Small Field Measurements and QA

# PTW-WaterTankScans - *
i

le Edit Measurement View Graphics Tools Window I

B % [ x Z I o o @& @ @2

Save ||AutoSetup | Clear  Zero  Start Discrete  Continuous | Zoom 1:1 Size | Contents

Auto Setup mode active

Auto Setup | Linac )l
Adjust Parameters. Edi.
Field Size 10.00 x 10.00 cm®
Depth 30.0mm

™ Reference Fun

LLLE v

I~ Leveling g

—@o

Inclination & 0.032

Inclination € []

[ User Shift

o
=o=> Zero Shift A fmm] 27
I:l Q’ Zero Shift C [mm] 07

v Beam Center Adjustment

7 Auto Field Alignment

u o

« Rotation & -C [ 0115

Reset Load Download

[rm]

Ready ] Set=LMP L 4

H L Type here to search

PTWBEAMSCAN

Centering can be rerun for
different fields or setups
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. Small Field Measurements and QA

m

le Edit Measurement View Graphics Tools Window 2

B & | X Z D & R M € M| 4 B @ @ | ¢

Open  Save | AuloSetup | Clear  Zero  Start Analyze Process || Profiles lsodoses 30 Discrete  Continuous | Zoom  1:1Size | Contents

I

vettical | [ Max DoseRater) To s
& hoiizortal | |30 Gwiminl| | oo e =

Field Semiflex 3D Profiles| 10.00 ~

W with Reference

Reference 31013 Sen, _EPOM Manual
[Beam Incination |  Defauits

Profiles

F
- 10m Inclination Angle[*] [-0.06

200 F
Inclination Angle("] [-0.08

- Set Bean Inciination

300

Depths [mm]

T 16.0 3000
Estimated time [min:s] 2:26 Medium | W ater -

Comment: |

Ready Q[ [»eomv  [10.00x1000 o [X@300.0 mm Offaxis 0.0mm  |Open |Raw Data [2021-01-23 |Set=LMP

A Type here to search

PTWBEAMSCAN
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3. Small Field Measurements and QA

Reference chamber:

reduces noise artifacts and dose
rate variation in the scans

Difficult to place in small fields

In-Field Reference chamber:
Small field measurements
Reduction in measuring time

Less noise in signal

PTW T-Ref (<10x10cm?)
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3. Small Field Measurements and QA

In-Field reference chamber comparisons

10FFF PDD for 2x2 with pinpoint: 10FFF PDD for 2x2 with pinpoint:
PTW TRef as reference (brown) - PTW TRef as reference (brown t=0.5 sec)
No reference (green) - Noreference (green, t=1.0 sec)
Same scanning time (t=0.5 sec)
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Profile measurements:

* Accuracy in determination of
FWHM important for accuracy
in field size definition and for
applying the correction factors

* (Considerations:
* Detector positioning
e Detector choice

* Volume average effect from
detector a consideration

* Penumbra measurement

* Field size measurement

3. Small Field Measurements and QA

Doz [3)

110 4
100 |
g0
a0 |
70
6O |
a0 |
40 |
30
20
10 |

0

== Mlicrodiamaond
= Diode
lon chamber

FWHM

Penumkbra

40

=30 20 10 0 10 20 30 40

Position [mm)
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3. Small Field Measurements and QA

Scan mode can affect penumbra and scan noise:

* Step-by-step vs continuous
* Smaller steps can improve scan quality
* Lengthen sample time

Data provided by TrueNorth
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3. Small Field Measurements and QA

® Definition of field size in complex dynamic treatment deliveries

® No clear consensus -> detectors with small correction factors preferred
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Ruby Head Phantom - 3 Target HyperArc Results

* Small field detectors used for QA measurements in phantom

3. Small Field Measurements and QA

] Target Size Eclipse MicroDiamond .
Location (cm) (cGy) (cGy) % Diff.
Targetl 1.0 1029.09 1002.96 -2.5%
Target2 1.0 931.2 917.89 -1.4%
Target3 1.0 825.45 831.02 0.7%
Targetl 2.0 993.74 975.80 -1.8%
Target2 2.0 894.52 888.55 -0.7%
Target3 2.0 794.06 797.17 0.4%

Data provided by TrueNorth
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4. Summary

® New small field detectors have improved to provide smaller
measurement volumes and improved materials to minimize volume
effect and perturbation in the field

® Toimplement small field detectors, it is important to know the
detector characteristics, the specific measurement goals, and the
small field size range to be measured.

® Correction factors can be used to help select the appropriate detector
and to understand the magnitude of the detector effect for the field
sizes to be measured

® The choice of detector and its measurement implementation can
affect the accuracy in small field data measurements
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