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Diagnostic radiology calibrations

 Diagnostic radiology procedures are the largest contributor to the total population dose
from artificial sources of radiation

Diagnostic radiology imaging modalities include:
general radiography procedures

general fluoroscopy procedures,

mammaography and

computed tomography.

* Regular quality control (QC) checks are perfomed in order to ensure that sufficient
diagnostic information is gained, while keeping the patient dose as low as reasonably
achievable

» Regular dosimeter calibration ensures acquisition of realiable and accurate measurements
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What i1s calibration?

 Calibration represents the quantitative determination of the dosimeter indication as a
function of the value of the quantity the dosimeter is intended to measure, under a
set of controlled reference/standard test conditions.

 Calibration coefficient/factor is defined as the ratio of the reference (conventional
true) value and the indicated (measured) value, with respective measurement
uncertainty.

Conventional true value
Calibration factor

Measured (indicated) value

» The conventional true value is the best estimate of the value of the quantity, determined
by a reference standard instrument (which has established traceability to the primary
standard).
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» Traceability is defined as a property of a measurement result, where the result can be
related to a reference through a documented unbroken chain of calibrations, each
contributing to the measurement uncertainty

» Metrological traceability chain — sequence of measurement standards and calibrations
that relates the measurement result to a reference.

» The reference (instrument) — represents the definition of a unit through its practical
realization

» Reference instruments: primary standard, secondary standard, tertiary (working) standard

Tertlz?\ry End-user
—_— (working) — .
] tandard instrument
Primary S
standard
End-user

instrument



. EUROPEAN Co-dunded by
M x PARTNERSHIP the European Unicn
raivie ~

Radiation qualities

PARTNERSHIP EURA@
 Calibrations are performed in standard radiation qualitites established according to IEC
61267:2005: Medical diagnostic X-ray equipment — Radiation conditions for use in the
determination of characteristics — Definition and establishment of reference radiation
qualities

e A standard radiation quality is a radiation beam with standardized and know properties:
target material, practical peak voltage (PPV), total filtration, first and second Half Value
Layer (HVL)

* RQR radiation quality series - beams emerging from X-ray generator assembly
- W target material, Al filtration

» RQT radiation quality series - CT applications
- W target material, Al + Cu filtration

* RQR-M radiation quality series - mammography applications
- Mo target material and filtration
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General calibration procedures in terms of air kerma

» Three basic possibilities for calibration procedures for dosimeter calibrations:

1. Calibration by substitution
2. Calibration by substitution with a monitor chamber

3. Calibration using a calibrated monitor chamber
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Calibration by substitution

Used when the stability of the X-ray tube is expected to be very high during the
measurements needed for calibration

The reference chamber and user instrument are positioned in the radiation field
sequentially, at the same point of test

. QrefNK,ref H kref,i

N
K M H ku,i

N - user instrument calibration coefficient
N re - reference instrument calibration coefficient
Qref - the charge collected by the reference instrument
M — indication of the user instrument
k., ; - user instrument correction factors

: : factors are k4, for air density, and
ke s i -reference instrument correction factors

kq, for radiation quality, and k.,
for the electrometer

} most commonly used correction
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Calibration by substitution with a monitor chamber

Used when the stability of the monitor chamber is expected to be better than the
stability of the X-ray unit

The monitor chamber normalizes the indication of the reference and user instruments,
therefore improving the accuracy of the calibration and lowering the measurement
uncertainty

Useful if the X-ray tube current and high voltage are set manually, which can cause
small differences in tube output between subsequent irradiations.

_ QrefNK,ref H kref,i QM,u H kM,u,i
M H ku,i QM,ref H kM,ref,i

Nk

Qu « - the charge collected by the monitor chamber during user instrument irradiation
Qum res - the charge collected by the monitor chamber during reference instrument
irradiation
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Calibration using a calibrated monitor chamber

* |In this case, the monitor chamber is used as the reference instrument

« The monitor chamber is not a reference class instrument — has a more pronounced
energy dependence than reference class ionization chambers

* In this manner the monitor chamber operates as a KAP-meter

- it shouldn’t be moved between calibrations
- same source to detector distance and field size should be used for all calibrations

_ QrefNK,ref H kref,i
M H ku,i

Nk
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Geometry and positioning

e Source to Detector Distance - SSD= 100 cm
- SSD=60cm

 All irradiations are performed free in air

* Any support that is used should be made out of low Z materials, to reduce the scatter
component

» The field size should be sufficient to homogenously irradiate different types of reference
dosimeters and user dosimeters, but small enough to minize the scatter component

« Dosimeters should always be positioned in the reference orientation and with the reference
point positioned at the point of test

10
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General calibration procedure in terms of PPV

« The Practical Peak Voltage can be measured in three ways:
1. invasively — using a voltage divider — golden standard
2. non-invasively by analysing wave function

3. non-invasively by using a X-ray MultiMeter

» The basic principle of calibration stays the same — the reference value is
divided by the user instrumentation indication in order to obtain the calibration
coefficient

11
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General calibration procedure in terms of HVL

« The reference Half Value Layer (HVL) should be obtained using a reference
class i1onization chamber, which exhibits low energy dependence accross the
measurement range

 HVL should be measured in narrow X-ray beam geometry, to reduce the
scatter component

« The calibration with XMMs in terms of HVL should be conducted with the
same manner that in terms of air kerma (rate)

« The basic principle of calibration stays the same — the reference value is
divided by the user instrumentation indication in order to obtain the calibration
coefficient

12
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Special considerations for XMMSs

X-ray MultiMeters (XMMs) can measure different parameters and use complex software to
produce the output quantities

Some software packages allow the user to select special measurement modes or parameters
that may influence the measurement result.

In case of XMMs, it is very important to specify in the calibration certificate all the
relevant settings in the software, as well as the software name and version.

XMM indications are not corrected for air density, as opposed to the ionization chambers.

13
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Calibration certificate

A calibration (test) certificate should at least include:

« Date and place of calibration (test)

» ldentification of the dosimeter and its type

« End-user (owner) of the dosimeter

« Details of reference sources and reference instruments used
« Standard test conditions, reference conditions

* Results

« Calibration: Calibration coefficient + uncertainty

» Name of person carrying out the calibration (test)

* Any special observations

« NOTE: Depending on legislation, a calibration certificate may include elements of routine
metrological examination (and vice versa).

14
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YEEPEHWE O ETANOHWUPABY

PPo) 236/23 End-user (owner)

Ly .
MogHocknay .. ) B / Of the dOSlmeter
IaxTesa X-ray Kosutic - Ekoteh dozimetrija d.o.0., ConyHcka 7/7, beorpag
KopucHuk R . -
ypebaja X-ray Kosutic - Ekoteh dozimetrija d.o.o., ConyHcka 777, beorpag
Bpcra ypehaja Paauonowxu MynTHMETap

13 H Mpomnasolau, Tun  Radcal AGT-RG (s/b 55-2797)
Identlfl Catl On Of <4 H cepHjcKH b:poj ca AGMS-DM+ DIAG-MAM getexTopom (s/b 43-1918)

dosimeter and its type Mepuw oncer e npumerowao

Meroga
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Pa3zynTar eTanoHMpara Je oiequs Ao MelyH3poawHor eTanoHa Koj
Merponowsa MPencTas/ba pEaTMIaLN]Y JequMAMUe KepMe Yy Basgyxy |y ckaagy ca
cregueocT MeRyHapogHMM CHCTEMOM MEDHMX jequunua (SI).
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Out the Callbratlon (test) |~ | Wsana Komatuna, rnasku meTponer J'Iac’:opampmjzvaznpﬂgizfaaul-:mﬂa MEpera
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Tenadon: +381 11 6308 438; darxc: +381 11 6308 438; e-mail: zastita@vinca.rs
Aapera: Muke Merpoeuha Anaca 12-14, 11351 Buuua, Beorpag
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Details of reference
sources and reference
instruments used
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Onmuwma nogawm

EtanoHwpare je obaemedo y Jlabopatopuijn 3a eTanonvpares KopvwherseM MOHWMTOPCKE
KCoMOpe, ¥ CKnagy ca cradgapaom JTAEA TRS 457:2007. EtanodHuparbe je obaBmeeHo y
BEMWYKMHW KEpPMA Y BasgyXy, Ka KopucHu4KW ypeha) je nocTaeed cnoboiHo y BA3OyXy.

PedrepexdTHe BpeoHOCTM Cy OCTBAapeHe pagHWM eTanoxom, PTW 34014 /6 118. PagHw
eTancH je eTanoHWpad HauuoHanHuM etanoHoM Penybnwke CpbBuje 3a kepMmy y Baszgyxy,
ljormMzayMoHoM koMopoM Exradin A3 of6 XR171102, koju MMa METPONOWEKY CAEOMBOCT NPEKO
IAEA Dosimetry Laboratory v Bewy oo npumMapHor etancxa v PTE, Hemauka.

Mo3anuynoHnpatbe

HOpMCHHUKOT ypehaja eTpaHi,

Mpegksa CTPaHa AeTeKTopa je OKPeHYTa NPeMa HIBoRY 3paqera;
AETEKTOP j& GEHTRHPAaH NPEMa 03IHAKAMA HA NPegHo) W oY)

PacTojamse doryc —

perextop 100 em

MNopewasarwe KopucHuukor | Diagnostic W-Al; Trigger mede: Auto; Trigger level: Std; Dental
ypehaja mode: off; End delay: Min

BenwunHa noma y
pedepeHTHoj TaukK

KpysHo nofe, npeddmea 13,4 ¢m

PesyTaTi eTancHMpana | — -

Kanubpaunonw dakTop, Nk j& M3padyHaT W3 W3pasa:

_ Karer

N
]

rae je Karef pelhepedTHa BPEAHOCT KEpME y Bazayxy, a M cpenrka BpPEOHOCT NOKa3WBarba

KopucHHYKOr ypehaja.

x:::;::'m (I::.f} ntl::-. :T;L Korst N«
RQR2 40 1,42 2,10 mGy | 2,11 mGy| 0,995 + 0,023
RQR3 50 1,78 376 mGy | 3,77 mGy| 0,996 + 0,023
RQR4 50 2,19 501 mGy | 504 mGy| 0,994 * 0,023
RQRS 70 2,58 640 mGy | 6540 mGy| 0,999 + 0,023
RQRS 80 3,01 769 mGy | 7,71 mGy| 0,998 = 0,023
RQR7 50 3,48 5,08 mGy | 9,14 mGy| 0,993 = 0,023
RQRE 100 3,97 10,75 mGy | 10,84 mGy || 0,892 + 0,023
RQRS 120 5,00 13,20 mGy | 13,20 mGy || 1,000 + 0,023
RQR10 150 6,57 18,44 mGy | 1843 mGy | 1,001 + 0,023

L3 100,26, Bep. 2.1

. » Results

T~

Calibration coefficient +
uncertainty
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KannGpauHoH 1 chakTop

1,2

1,1

0,9

0,8

EHepreTcka 3aBqCcHOCT KanwbpauwoHor dakTopa

L2 N Jun S S S + 4

2 3 4 s [
Npeu HVL {mm Al)

MepHa HECHryPHOET j& MCKAZaHa KAo KOMEHHOBAHA W NPOWWPEHA MEDHE MECUIYPHOCT ca daKTopoMm
NpekpuBaksa k = 2, KOjH 33 HOPMANHY PACNOLeny GATOBADA HWBOY NOBEPEH-A Of NpMEAWEHD 95 %,
PeaynTaTi ETANOHHPAH:E BAME 33 HABEAEHE PedepeHTHE yCNOBE M CAMO 33 eTAN0KHUPaHK ypehaj.

Kpaj yeepersa o atanoHdparsy

Bez noceGuor opobpeisa JNIPM, 0BO yBEpEH:E C& CME YMHOMABATH MCK/LYUHBO Y LIENDCTH.

W13 100.26, Bep. 2.1

\

The expanded combined
measurement uncertainty
with k=2 coverage factor

17
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Where to get more information?

IEC 61267:2005: Medical diagnostic X-ray equipment - Radiation conditions for use in the
determination of characteristics - Definition and establishment of reference radiation
qualities

IAEA TRS 457:2007: Dosimetry in diagnostic radiology : an international code of practice
- Code of practice for calibrations of diagnostic radiology equipment
https://www.iaea.org/publications/7638/dosimetry-in-diagnostic-radiology-an-
international-code-of-practice

IEC 61674:2012: Medical electrical equipment - Dosimeters with ionization chambers
and/or semiconductor detectors as used in X-ray diagnostic imaging

IEC 61676:2002: Medical electrical equipment - Dosimetric instruments used for non-
Invasive measurement of X-ray tube voltage in diagnostic radiology

18


https://www.iaea.org/publications/7638/dosimetry-in-diagnostic-radiology-an-international-code-of-practice

EUROFEAN Co-funded by
PARTNERSHIP - the European Union
~~
METROLOGY .
PARTNERsHIP EURAMET

Thank you for your attention!
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