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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,
mammography 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

2



What is 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.
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𝑁𝐾 =
𝑋𝑟𝑒𝑓
𝑀𝑐𝑜𝑟𝑟

Conventional true value

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).

Calibration factor



Traceability
• 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
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Radiation qualities
• 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

• 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 kermа

• 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

𝑁K =
𝑄ref𝑁K,refς𝑘ref,𝑖

𝑀ς𝑘u,𝑖

• 𝑁𝐾 - user instrument calibration coefficient

• 𝑁𝐾,𝑟𝑒𝑓 - reference instrument calibration coefficient

• 𝑄𝑟𝑒𝑓 - the charge collected by the reference instrument

• 𝑀 – indication of the user instrument

• 𝑘𝑢,𝑖 - user instrument correction factors

• 𝑘𝑟𝑒𝑓,𝑖 -reference instrument correction factors
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most commonly used correction 

factors are 𝑘𝑑, for air density, and 

𝑘𝑄, for radiation quality, and 𝑘𝑒𝑙𝑒𝑐, 

for the electrometer



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.

𝑁K =
𝑄ref𝑁K,refς𝑘𝑟𝑒𝑓,𝑖

𝑀ς𝑘𝑢,𝑖

𝑄M,uς𝑘M,u,𝑖
𝑄M,refς𝑘M,ref,𝑖

• 𝑄𝑀,𝑢 - the charge collected by the monitor chamber during user instrument irradiation

• 𝑄𝑀,𝑟𝑒𝑓 - 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

𝑁K =
𝑄ref𝑁K,refς𝑘ref,𝑖

𝑀ς𝑘u,𝑖
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Geometry and positioning
• Source to Detector Distance - SSD= 100 cm 

- SSD= 60 cm

• 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
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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
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General calibration procedure in terms of HVL

• The reference Half Value Layer (HVL) should be obtained using a reference
class ionization 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
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Special considerations for XMMs
• 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.
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Calibration certificate
• A calibration (test) certificate should at least include:

• Date and place of calibration (test)

• Identification 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).
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Date of calibration

Identification of 

dosimeter and its type

End-user (owner)

of the dosimeter

reference test

conditions

Name of person carrying 

out the calibration (test)
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Details of reference 

sources and reference 

instruments used

Calibration coefficient + 

uncertainty

Results
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The expanded combined 

measurement uncertainty 

with k=2 coverage factor



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