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precision ≠ accuracy
Precision is the closeness to a value –
reproducible instrument (very small value 
of standard deviations)
Accuracy is the closeness to the 
conventional true value. The conventional 
true value is the absolutely correct value 
although no one may know it.
No longer talk about error.
A precise instrument is desired.



Accurate but
not precise

Precise but
not accurate

Precise and
accurate

Accuracy and Precision





¡ Generally in Medical Physics the 
distribution is Guassian.
¡ This is the distribution for 

Brachytherapy measurements.

¡ Start from Primary measurements and 
will end with those in the clinic.
¡ Why do we worry about calibration?



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6

a.u.

fre
qu

en
cy

 o
f r

es
ul

t

conventional true 
value

primary standard
measurement

clinical 
measurement



Guide to Expression of Uncertainty in 
Measurement published by NIST
ISO GUM (2010)
Type A (statistical: standard deviation of 
results) Reproducibility or Repeatability 
Type B (non-Type A uncertainties) 
determined by scientific judgment or 
manufacturer specifications 
Coverage factor, k, (k=2 is 95%)

%UTotal = k (%uA
2 +%uB

2 )



¡TG-138 (AAPM and GEC-ESTRO) was 
formed to address sources and apply 
principles for expressing brachytherapy 
dosimetric uncertainties
¡Published in Med Phys. 38: 782-801 
(2011)



¡ There are two aspects to an HDR 192Ir calibration.
§ The Ionization chamber and its calibration
§ A multiple distance technique for the primary beam

¡ All primary calibrations for air kerma strength or reference air 
kerma rate are done similarly.

¡ A flat energy response chamber should be used for 
interpolation between beams to an average energy of 397 keV. 
NPL uses a known volume chamber

¡ Extrapolation to multiple distances is done. (University of 
Wisconsin introduced the “7-distance technique”

¡ Well chambers can then be calibrated.
¡ All afterloader types (sources) have the same calibration to 

within +1 % and when averaged agree with calibration of the 
past to 0.2%. Med Phys. 38: 6721- 6729 (2011)



• AAPM, ABS and FDA recognize need for 
accurate calibration in terms of well 
defined physical quantity.

• NRC issued document stating Medical 
Physicist independently measure source 
output.

• The Medical Physicist is responsible for 
the dose calculated for the patient. Output 
should be independently validated.

• Determination of an uncertainty estimate 
is important



Ý D (r,θ) = SK Λ
GL (r,θ)

GL (r0,θ0)
gL (r)F (r,θ)

Ý D (r,θ ) dose rate to water in water at point P(r,θ)
SK air kerma strength
Λ dose rate constant

gL(r) radial dose function
GL(r,θ) geometry function (line source approximation)
F(r,θ) 2D anisotropy function

There are many varieties of HDR sources but 
the general uncertainty determinations are 
the same



¡ The methodology for dose rate calculation 
for Brachytherapy sources is TG 43.

¡ The uncertainty of each parameter gives the 
total uncertainty in the dose, 

¡ Many parameters are determined by:
§ Measurement using TLDs
§ Calculation using Monte Carlo



¡ Measuring sources by the physicist 
gives a lower uncertainty
¡ Measure in a calibrated well chamber 

and correct the reading.

¡ Use the value of Sk in the TG 43 
equation with other quantities from 
consensus values of IROC-Houston

Sk = Mraw
wellNSK

kelectkTP



¡ For the clinical physicist, a calibrated 
well chamber should be used.
¡ Calibration point should be at the 

sweet spot.
¡ The clinic needs to monitor the output 

of the well chamber using QA 
techniques
¡ The ADCL will calibrate the well 

chamber



¡ The insert is part of the measurement. 
Attention needs to be paid to using the 
appropriate insert.

¡ For point like sources: HDR, and seeds, the 
chamber can have a sweet spot.

¡ For elongated sources, strands and wires, 
the insert and chamber need to have a long 
enough sweet length



• Use of calibrated well chamber 
allows easy calibration for sources.

• Inserts differ and are part of the 
calibration

• A calibration factor is necessary for 
each source type to be calibrated

• This results in measurement of air 
kerma strength or the calculation of 
dose in brachytherapy dosimetry





¡ A very important 
part of the well 
chamber is the 
insert.

¡ The calibration of 
the well chamber 
includes the insert 
- use the insert 
provided.





¡ Typically calibration of well chambers involve 
using a single seed at the axial maximum 
(sweet spot)

¡ Well chambers are very precise instruments
¡ Repeating measurements for an HDR 192Ir 

source result in measurements with a greatest 
deviation within 0.2 % or less. 

¡ LDR sources generally are <1%



¡ For the clinic it involves the uncertainty 
of the reading and calibration of the 
well chamber.
¡ Traceability to NIST has to be 

determined prior to the clinic well 
chamber. Remember the procedure for 
HDR sources
¡ The readout from the well chamber 

involves an electrometer which also 
has a calibration



ADCL Standard Electrometer

Parameter Type A Type B
Voltage 0.02 0.05
Charge Readout Error 0.05 0.01
Timing error 0.05 0.07
Quadratic Sum 0.073 0.087

Type A and B Quadratic Sum 0.11
NIST Capacitor Calibration 0.005

NIST-ADCL Electrometer Cal.(k=1) 0.11
or at k=2 level, 0.22%



¡ The uncertainty for the air-kerma 
coefficient using M250 and Cs-137 beams 
for our chamber as calibrated by NIST is

Quantity Type A Type B

NIST Air kerma calibration - 0.7 %

Chamber interpolation to 192Ir 0.25 % -

Calibration uncertainty 0.74 % (k=1)



Parameter Type A (%) Type B (%)

Charge Measurement 0.05 0.05

Air Density 0 0.2

Beam divergence 0 0.1

Air attenuation/scatter 0 0.04

NIST NK 0 0.74

Electrometer Cal Coeff 0 0.11

Timing error 0 0.005

Independent trials standard dev 0.43 0

Solution algorithm 0 0.2

Time (half life) 0 0.03

Quadratic Sum 0.433 0.81

AKS Uncertainty (k=1) 0.92



Parameter Uncertainty 
(%)

The ADCL chamber and response to 
Source model effects

0.96

Air kerma strength source calibration 0.92
Customer Well chamber 0.309

Customer Electrometer calibration 0.166
Overall Uncertainty (k=1) 1.37

Overall expanded uncertainty (k=2) 2.75



Step Measurement Quantity k=1 Combined 
Uncertainty (%)

1 ADCL –NIST traceable Sk 0.92

2 Customer Well chamber 
Calibration

1.37

3 Clinic Sk determination 1.45

Expanded Uncertainty (k=2) 2.90

DeWerd et al., Med. Phys 38:782-801 (2011)



¡ The procedure is to obtain an air kerma
strength (This has uncertainty from 
NIST to the clinic)
¡ The clinic source is calibrated in a well 

chamber(s) previously calibrated at an 
ADCL (with a NIST traceable source).
¡ The clinic applies consensus values 

with uncertainties in each 
measurement.



¡ The other parameters of the TG 43 
equation are loaded into the TPS 
¡ Generally these (dose rate constant, 

radial dose function and anisotropy) 
are based upon consensus values
¡ There are uncertainties associated with 

these values also.
¡ Each one is experimentally or Monte 

Carlo determined.



Rivard, Med. Phys. 34, 754-762 (2007)



Gearheart et al., Med. Phys. 27, 2278-2285 (2000)



¡ TLD measurements can easily be done at k=2 of 
5% or a k=1 of 2.5%

¡ The differences are 
§ Repetitive TLD measurements 1.5 % k=1
§ Dose calibration (cobalt) 1.0%
§ Energy dependence 0.5%
§ Performed in water 0%

¡ End result at k=1 is  2.3% - Traceable to NIST 
would add 0.5%. So at k=1 the measurement is 
2.4-2.5% versus 8 to 10% as in the past. 

¡ Therefore TLDs can be used at an uncertainty of 
5% at  k=2



Parameter Type A uncertainty Type B Uncertainty

TLD Reproducibility 1.5 %

Dose Calibration 1.0 %

Energy Dependence 
Correction

0.5% 0.5 %

Position 1.0%

PMT Linearity 0.50 %

Total Uncertainty k=1 2.3 %

Relative Expanded 
uncertainty k=2

4.6%



Step Uncertainty component Relative 
propagated 

uncertainty (%)
r=0.5 cm r=5.0 cm

1 Sk Measurements 1.45 1.45

2 Consensus Dosimetry Parameters 2 3

3 TPS Interpolation uncertainties 3 3

4 Total dose calculation uncertainty 3.9 4.5

Expanded Uncertainty 7.8 9.0



• Possible Clinical Measurement 
Problems Leading to a Larger 
Uncertainty Value

1. Improper measurement geometry
å Source not vertical in holder
å Source position in chamber not reproducible

2. Change of instrument response
å Keep adequate history records
å Send to ADCL for bi-annual calibration

3. Source non-uniformity (asymmetry)
4. Polar anisotropy -



¡ Now clinical practice to the patient enters 
and much greater uncertainties with 
placement, GTV, etc.

¡ Nath has estimated that brachytherapy
uncertainties for treatment can be as high as 
20%

¡ There is a group looking at these in Europe



¡ Your measurement has the best uncertainty
¡ Measure with a well chamber – all 

brachytherapy sources measured in this 
manner.

¡ The clinic can be certain of their traceability 
to NIST (primary lab) using their well 
chamber to less than 3%. The precision of 
their chambers are < 0.2%

¡ This uncertainty does not account for any 
additional contributions from other 
parameters of the protocol used nor for 
patient treatment.



Questions?


