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Outline of PresentationOutline of Presentation

Current dosimetry protocol for photon-emitting 
brachytherapy sources
• Dose-rate constant, Λ
• Air-kerma strength, SK

Spectroscopic methods for determining Λ and SK
Measurements of 125I and 103Pd sources
• UW REGe Spectrometer

Comparison of spectroscopic values to current 
standards
Monte Carlo calculations of emitted spectra
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Current Dosimetry ProtocolCurrent Dosimetry Protocol

product gives the 
dose-rate at the 
reference point 

(r0=1cm,θ0=90°)
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[1] Rivard et al., Update of AAPM Task Group No. 43 Report: A revised AAPM protocol for brachytherapy dose 
calculations, Medical Physics 31(3), 633-674 (2004)

AAPM Task Group 43 Updated Report No.1[1]

Dose-rate equation:
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DoseDose--Rate Constant, Rate Constant, ΛΛ

Defined as dose-rate to water at the reference 
point per unit air-kerma strength:

TG-43U1 consensus values determined with 
measurements & Monte Carlo calculations
• Measurements:

Usually with TLDs - uncertainties 8 – 9 % (1σ)
• Monte Carlo calculations:

Require accurate representation of source geometry
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AirAir--Kerma Strength, SKerma Strength, SKK

Defined as the air-kerma rate at a point in vacuo
along the transverse bisector of the source[1]

NIST Wide-Angle Free-Air Chamber (WAFAC)
7.8º half-angle

[2] Seltzer et al., New national air-kerma-strength standards for 125I and 103Pd brachytherapy seeds,
J. Res. Natl. Inst. Stand. Technol. 108, 337-357 (2003)
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Spectroscopic Spectroscopic 
DoseDose--Rate Constant, Rate Constant, ΛΛSpectSpect

Chen & Nath[3,4] introduced the method of 
calculating Λ from the source spectrum:
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[3] Z. Chen and R. Nath, Dose-rate constant and energy spectrum of interstitial brachytherapy sources, 
Medical Physics 28, 86-96 (2001)

[4] Z. Chen and R. Nath, Photon Spectrometry for the determination of the dose-rate constant of low energy photon-
emitting brachytherapy sources, Medical Physics 34(4), 1412-1430 (2007)
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Spectroscopic Spectroscopic 
AirAir--Kerma Strength, SKerma Strength, SK,K,SpectSpect

SK can be determined using a similar equation:

The absolute energy spectrum must be used for 
the fluence rate, not just the relative spectrum
• Detector efficiency must be known
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Germanium SpectroscopyGermanium Spectroscopy

Small amount of energy needed to produce a 
charge carrier: 3 eV/e-h pair
• High sensitivity
• Good energy resolution 

Low-energy response of the detector must be 
known
• Detector efficiency
• Ge fluorescence peaks ~ 10 & 11 keV
• Escape peaks ~ 10 & 11 keV below primary peak
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UW REGe SpectrometerUW REGe Spectrometer

Reverse-electrode coaxial Ge spectrometer 
(CANBERRA - GR2519)
Dr. Stephen Beach characterized the response 
of this detector
Deconvolution algorithm is used to remove the 
detector response function from the measured 
spectrum

[4] Beach et al., Deconvolution and reconstruction techniques of closely spaced low-energy spectra from high-purity 
germanium spectrometry, Nuclear Instruments and Methods in Physics Research A572 (2007)
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UW REGe SpectrometerUW REGe Spectrometer
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Measuring and Correcting SpectraMeasuring and Correcting Spectra

Measured spectra of Theragenics® Model 200 (103Pd) & Best®
Model 2301 (non-silver containing 125I) sources
Peak analysis performed using Genie 2000 software – interactive 
peak fitting 
Correct the peak areas to vacuum:

CFatt - photons removed from beam by air attenuation

CFscatt - photons that are scattered into the detector’s field of view
CFtrans - photons that are transmitted though the shielding
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Results: Results: ΛΛ ((cGycGy hh--11UU--11))

Overall combined uncertainties at 1σ (k=1)

[1] Rivard et al., Update of AAPM Task Group No. 43 Report: A revised AAPM protocol
for brachytherapy dose calculations, Medical Physics 31(3), 633-674 (2004)

[4] Z. Chen and R. Nath, Photon Spectrometry for the determination of the dose-rate constant of low energy photon-
emitting brachytherapy sources, Medical Physics 34(4), 1412-1430 (2007)
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Results: SResults: SKK

Overall combined uncertainties at 1σ (k=1)
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MCNP5 SimulationsMCNP5 Simulations

Used source 
geometries from 
TG-43U1[1]

f2 photon flux tally
• 0.1 keV bins

Calculated the 
relative emitted 
spectra

[1] Rivard et al., Update of AAPM Task Group No. 43 Report: A revised AAPM protocol
for brachytherapy dose calculations, Medical Physics 31(3), 633-674 (2004)
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Relative SpectraRelative Spectra

[2] Seltzer et al., New national air-kerma-strength standards for 125I and 103Pd brachytherapy seeds,
J. Res. Natl. Inst. Stand. Technol. 108, 337-357 (2003)

[4] Z. Chen and R. Nath, Photon Spectrometry for the determination of the dose-rate constant of low energy photon-
emitting brachytherapy sources, Medical Physics 34(4), 1412-1430 (2007)
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ConclusionsConclusions

ΛSpect of the Theragenics® Model 200 and 
Best Medical Model 2301 compare well with 
consensus values (within 1.3%)
SK can also be determined using spectroscopic 
methods 
MCNP5 simulations of the emitted spectra 
show good agreement with measured spectra
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Future WorkFuture Work

Extension of spectroscopic methods to 
additional source models
Measurements of spectra in liquid water to 
avoid air-to-water conversions for determining 
ΛSpect and other TG-43U1 parameters
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