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ERRORS VS.
UNCERTAINTY

* Error: Difference between a measured or calculated
value of a quantity and the “true” value (unknowable)

* Uncertainty: An interval about the average value of a
series of measurements or calculations which, within a
certain level of confidence, is believed to contain the
“true” value of a quantity

* NOTE: A measurement or calculated result with a low
uncertainty is not necessarily a result of high quality.
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EXAMPLE OF REPORTING
LENGTH MEASUREMENT

MMost of cur measuring devices in this lab have

OUr EYES to tneasure.

For example in the figure above, we can definitely say that our result 1z somewhere
tween 46 4 cm and 46,6 cm. We assume as an ypper bound of our uncertainty, an am ount
equal to half this width (in this case 0. 1cm). The final result can be written

j= |._1,r'. 540 1| CITl.
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METHORD OF CLASSIFYING
UNCERTAINTIES

Type A Uncertainty = calculated by statistical methods

— Finite degree of freedom
— Normal (Gaussian) distribution

Type B Uncertainty = evaluated by other means
— Systematic
— Infinite degree of freedom
— Non-normal distribution

1981-CIPM (Comité International des Poids et Mesures)

1993, 2010 — GUM (Guide to the Expression of Uncertainty in
Measurement), ISO (International Organization for Standardization)

1994 — NIST (National Institute of Standards and Technology) Technical
Note 1297
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NORMAL DISTRIBUTION

Figure 4

The narmal, or Gaussian, probahilty distribution. This is obtained when a
number of distributions, of any form, are combined and the conditions of
the Central Limit Theorem are met. In practice, if three ar mare distributions
of similar magnitude are present, they will combine to form a reasonahle
approximation to the normal distribution. The size of the distribution is
described in terms of a standard deviahion. The shaded area represents 1
standard deviation fram the centre of the distribution. This carresponds to
approximately Ba % of the area under the curve.
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COVERAGE FACTOR

Coverage probability (p) Coverage factor (k)
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UNCERTAINTY BUDGET

* List of sources of uncertainty and their associated
standard uncertainties, compiled with a view to
evaluating a combined standard uncertainty associated
with a measurement (or calculation) result

* Consider every step and aspect of the measurement
and calculations
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D, =14.28 mGy / s

D.=(1428+0.12) mGy / s

Uncertainty Component Type A Type B
(%) (%)
Heat defect 0.30
Reproducibility of measurement groups 0.15
Beam attenuation from glass wall 0.10
Beam attenuation from calorimeter lid 0.05
Field size 0.23
Vessel positioning 0.02
Thermistor calibration 0.01
Water density 0.02
Quadratic sum 0.16 0.39
Relative combined standard uncertainty 0.42 %
Relative expanded uncertainty (k= 2) 0.84 % UCDAVIS
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AAPM Working Group on TG-51
e ——

» Formed November 2006

» Charge includes, “"The WG will thus present a review of
measured and calculated kQ data as well as a clarification
document for TG-51 that contains tables of kQ for chambers
currently not listed in the protocol.”

Comprises: Malcolm McEwen (Chair, National Research
Council Canada), David Rogers (Carleton University), Jan
Seuntjens (McGill University), Larry DeWerd (UWisc ADCL),
Geoff Ibbott (RPC), Steve Seltzer (NIST), Hugo Palmans
(NPL, UK)

Due to reportin 2011




TG-51 reminder

» TG-51is a procedure to give you a measurement of the
absorbed dose to water at a point in a water phantom

It's based on measurements with a calibrated ion chamber:

Np,, is obtained from an ADCL or primary standards
laboratory (e.g., in Canada)

Kk, is the factor that converts from the calibration beam (°°Co)
to the uses linac beam, defined by beam quality Q

» (@can represent a photon or electron beam




C. Uncertainties
—__————_—-\

1. TG-51 made the deliberate decision not to include
uncertainties.

2. Other protocols have included uncertainty budgets and/or
detailed reviews of uncertainty components.

3. It's time to give some guidance on:

i. How to develop an uncertainty budget

ii. Typical values for individual components.
4. The ISO GUM is the starting point

5. Improved, uniform uncertainty reporting in radiotherapy
dosimetry will lead to improved QA of treatment delivery and
allow better comparisons between cancer centres.




C. Uncertainty budget

Discussion of Type A and B
uncertainties (distinct from ‘random’
and 'systematic”)
Uncertainty budget broken down
into:
. Measurement
- Calibration data
. Influence quantities
Typical values discussed but

\asis on individual users
constructing site-specific uncertainty
budgets for their calibration
situations

Note - table is deliberately blank.
The important point is to identify
the components of uncertainty in
the realization of dose.

Nationsl Ressaech  Consel national
Courcil Cansds ge mcherches Caraca
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Component of Uncertainty
Measurement

SSD setting

Depth setting

Charge measurement

P; correction

Calibration data

Co-60 Np,,

k, factor

Assignment of k, factor

re-iradiation history

Preak

Calibration coefficient (chamber
stability)

Linac stability

OVERALL

Type A Type B




D.1 Chamber spec

—__—ﬂ
Based on objective assessment of chamber performance

Measurand Specification

Chamber seftling Must be less than a 0.5% change 1n reading from beam-on to stabilization

Pieak < 0.1 % of chamber reading

5 < 0.4 % correction
pol < 0.5 % maximum variation with energy (total range)

Correction must be linear with dose per pulse

Imitial recombination must be < 1.002 at 300 V

Correction follows Boag theory for chamber dimensions.

Difference 1n 1nitial recombination correction between opposite polarities
<0.1%

ko < 0.5% difference between measured and calculated (TG-51) factors

Note - the last point is clearly less objective as it assumes the calculation is correct. Useful, however, in the
absence of any other data.
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TG-138

UCDAVIS

Reference Standards: GUM and NIST TN 1297

The uncertainty propagation from the primary
calibration standard through transfer to the clinic for
air-kerma strength

Uncertainties in each of the brachytherapy dosimetry
parameters of the TG-43 formalism

Dosimetric uncertainties during treatment delivery
are considered breifly

Ristricted to the determination of dose to water in
water without consideration of material
heterogeneities, interseed attenuation, patient
scatter conditions.

=» combined dosimetric uncertainty < 5% (k =1)
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Measurement Traceability for Brachytherapy Sources — New Source

NIST

Sk

5 sources

ADCL

Clinic
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Measurement Traceability for Brachytherapy Sources — New Source

NIST

Sk

2 sources

3 sources

ADCLI-ADCL2~ADCL3 secondary standard

(Se /D, 8 /12

ADCL calibration date

Clinic
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Measurement Traceability for Brachytherapy Sources - Clinics

NIST

ADCL

well-ionization

chambers

(Sx/Dapcr Clinic
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Measurement Traceability for Brachytherapy Sources - Clinics

NIST

ADCL

verification for M
treatment planning sources (3 77)
(SK / I)ADCL Chmc SK &
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NST

S

sources sources

AD CL secondary standard

b verification for
treatment plannin SIS
chambers P 5
C].'I n 'I c SKChmc : DwChmc
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TG-138

TABLE IV. Propagation of best practice uncertainties (k=1 unless stated otherwise) associated with the transfer
of air-kerma strength from a traceable NIST coefficient from the ADCL to the clinic for HDR high-energy

brachytherapy sources.

Row Measurement descnption

ADCL calibration
ADCL well 1on chamber calibration
ADCL calibration of source from manufacturer
ADCL calibration of clinic well 1on chamber
Clinic measures source air-kerma strength
Expanded uncertainty (k=2)

UCDAVIS

Quantity (units)

Skt (U)
Skxast/ Iapcr. (UFA)
Skanc. (U)
SxanaMermac (U/A)
Skcimac (U)
Skcumac (U)

Relative propagated
uncertainty (%)
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TG-138 BRACHYTHERAPY SOURCE
DOSIMETRY DATA CHAIN (k=1)

| source manufacturer |

5 sources /

calibration intercomparison NIST S.. or
[
~ low-E (LDR) 1 year primary std. labs
high-E (LDR+HDR) 2 years
0.8% low-E, 1.0% high-E

Table | Table Il

design specs.
design specs. 5 sources
3 sources 2 sources '8-10 sources 5 dummy sources

\ 4
ADCLs or experimental Monte Carlo
secondary std. labs Investigator investigator

expl exe M exp9 (1) mcts mcfh ac9lr)
expF (18), expdanl?) wcF(8), 1acbunlr)
3.6% low-E, 3.0% high-E 1.7% low-E, 1.6% high-E

\ 4
| AAPM + ESTRO

conbconMeond(:
conF(1:8), copdan(r)
1.7% low-E, 1.6% high-E

sources ordered for [ medical physicist ]

patient treatment(s)

model-specific Ng_ conteonMeond(n.
1.2% low-E, 1.4% high-E conF(r.8), copfan®)
Table |  Table IV 1.7% low-E, 1.6% high-E

A 4 \ 4
—’| well chamber IT-,{ hospital TPS ]-—D.[pianningotreatmentl UCDAVIS

"
1.3% low-E, 1.5% high-E 4.4% low-E, 3.4% high-E COMPREHENSIVE
Table | Table IV Table V CANCER CENTER
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Uncertainty Budget, NIST S, Standard for 2°I seeds

1 {f ‘ d r !;1 BM.(EOTTE T @

€ \ p..:r o

Type A(%) TypeB (%)

Net current, M, (K.0) 0.06
Wie 3397J/C 0.15
Air density. p . 1.196 mg / cm?® 0.03
Aperture distance. d 0.24
Effective chamber volume. I ; 0.01
Decay comrection. K| I,,=5943d 0.02
Recombination. K, (K) < 1.004 0.05
Attenuation in filter. K,(Q) 1.0295 0.61
Air attenuation in WAFAC. K (O) 1.0042 0.08
Source-aperture attenuation. K.(Q) 1.0125 0.24
Inverse-square comrection. K 1.0089 0.01
Humidity. K(Q0) 0.9982 0.07
In-chamber photon scatter. K(Q) 0.9966 0.07
Source-holder scatter, K, 0.9985 0.05
Electron loss, K, , 1.0 0.05
Aperture penetration. X, ,(Q) 0.9999 0.02
Extemal photon scatter. K,,(QO) 1.0 0.17

Combined standard uncertainty, u, (s2+ 0.7622)\2
Expanded uncertainty, I~ 2u,
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SUMMARY

* Review basic statistics
* The applications of statistics
* Avoid misuse of statistics

* All factors that could possibly influence the result of a
measurement or calculation should be considered

* An uncertainty budget quantifies Type A and Type B
components

* Expanded uncertainties (k = 2) should be used in clinical
dosimetry ; (TG-138 uses k=1)
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