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Current recommendations

• Specify the sources in units of reference air 
kerma rate, traceable to ADCL 

• Documentation (standard sources and 
calibration factors of measuring systems),

• Manufacturer certificates
• Treatment planning system
• Prescription and reporting

(ICRU 1985, AAPM 1987, ICRU 1997).



Specify the sources in units of 
reference air kerma rate, traceable to 

ADCL

• The reference air kerma rate is obtained at 
the reference distance of 1 meter

• units are µGy.h -1,
• A µGy.h -1 is numerically equivalent to a 

cGy.h -1 at 1 cm.
• AAPM recommends that sources be 

specified in terms of air kerma strength - S k



Sk = the product of the air
kerma rate and the square of the calibration 

distance.

Sk (µG•h-1•m2) = K (µG•h-1) • r2 (m) 

Sk is numerically equal to R with the same 
units and conditions, i.e. corrected for air

attenuation and scatter.

• To simplify equations, a new unit has been 
defined and is now widely accepted 

1 U = 1 µGy.h -1.m2



Source Certificates
• Before accepting a source, the user must study 

carefully the certificate(s) and specifications tha t 
accompany the sources

• This should be independent of the necessary 
dosimetric verification or calibration by the user.

• Caution! Manufacturers are still using one or more of 
the old units in their documentation

• Specifications may include
– Nominal exposure rate, 
– Activity
– Apparent activity (which include an estimate of the  source capsule

absorption effects).



When the classical specifications are 
maintained, there is a high probability of 

errors in clinical dosimetry, where 
conversion factors from/to “activity” or 

“apparent activity” are used for different 
isotopes and across systems



Exposure rate constant values reported 
for different source models:

• 0.3 to 0.331 mR.h -1.m2 for 137-Cs (10% variation)
• 0.4 to 0.5 mR.h -1.m2 for 192-Ir. (20% variation !!)

• Jayaraman et al (1983) 

• Variations for lower energy isotopes are more sensi tive to 
source design and will be larger.



In the physicist does not obtain an 
independent measurement, and instead 

uses the manufacturer’s value, specified in 
terms of source activity, significant errors 
can be made due to the different values of 

exposure rate constant (or kerma) available 

from literature.



• AAPM TG-56 (1997): “Every institution practicing 
brachytherapy shall have a system for measuring 
source strength with secondary traceability for all  
source types used in its practice.”

• “The institution should compare the manufacturer’s 
stated value with the institution’s standard.”

• AAPM TG-64 (1999): “In whatever form the seeds 
are procured, the manufacturer’s assay must be 
independently confirmed.”

• For those using a third party calibration service, a 
prudent approach would be to develop and 
implement an in-house system for checking the 
validity of third party calibrations on a routine b asis.



The constant used for the TPS calculations
may be different from that used by the 

manufacturer to obtain activity



The input of source strength into the
treatment planning system

• Should be exclusively in terms of reference air kerma rat e. 
AAPM (1987) 

• This is not the current status of all TPS’s.
• If the required input is activity, it is important to  know whether 

this is apparent, equivalent or contained activity ( i.e., without 
correction for self absorption and filtration). 

• The user should also be aware as to how the source ce rtificate 
is specified and how the TPS handles the input refere nce air 
kerma rate, source activity, etc.

• The points above should all be considered:
– Prior to acceptance and commissioning of the treatm ent planning 

system. 
– Any time that a new model source is introduced. 
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Dosimetric Prerequisites 

I25.S06I-Seed I-125Theragenics Corporation®

STM1251

125 Implant 
Seeds Bard Urological Division
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Mills Biopharmaceuticals, 
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1251LIntersource125IBt
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Theragenics
Corporation
®2301

Best® I-125 
SourceBest Industries 

Med 3633 Prospera Pd -103
North American 

Scientific I25.S06IsoSeed®I-125BEBIG GmbH 

IAPd-103AAdvantage Pd-103IsoAid, LLC 6733EchoSeed

2335Best Palladium - 103 

Best Medical 
International 
Inc 6711OncoSeedAmersham

ModelSourcesManufacturer Model SourcesManufacturer 

103 Pd Sources125 I Sources

Seeds registered with the RPC as of November 2007











Geometry function



Parameter fit to g(r) is often used in TP systems



F(r,ө):
• Is 1 in the transverse plane
• Decreases

– As “r” decreases
– As ө goes to 0 or 180
– As  the encapsulation thickness increases

– As the energy decreases















Use this data to test RTP calculations for a single  source



Source calibration traceability

• ‘‘Direct traceability is established when either a source 
or a transfer instrument ~e.g., well chamber is calibrated 
against a national standard at an ADCL or at NIST 
itself.’’

• ‘‘Secondary traceability is established when the source is 
calibrated by comparison with the same radionuclide and 
design that has a directly traceable calibration or by a 
transfer instrument that bears a directly traceable 
calibration.’’

• ‘‘Secondary traceability by statistical inference is 
established when a source is one of a group of sources 
of which a suitable random sample has direct or 
secondary traceability.’’



New seeds



REDUNDANT SYSTEM FOR REDUNDANT SYSTEM FOR 
SOURCE CHECKSSOURCE CHECKS

• Two component system
– Calibrator and long half life standard source
– Calibrator and manufacturer’s specification

• Three component system
– Calibrator and two different standard sources
– Two different calibrators and one standard 

source
– calibrator, standard source and 

manufacturer’s specification



Calibration of an HDR source: 
A TRUE  half LIFE STORY



A(t) = A re-t/ττττ

or
A(t) = A r(0.5)t/T

or
A(t)=A re-t/(1.443xT)
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The Moral of the Story
Tolerances are important. Training 

and experience. 
Two checks are better than one.

Investigate discrepancies until you 
can explain them away.


