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Which quantities are used?
General radiology / fluoroscopy

Frequency / %

Exposure time 92
HVL 90
Tube voltage 88
Dose per pulse 75
Total filtration 70
Frame rate 70
ppV 19

Tube current time product 18




Which quantities are used?

mammography
Exposure time 79
HVL 75
Tube voltage 75
Total filtration 44
Dose per pulse 25

ppV 15




KV related quantities
kVp and ppV
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Voltage (kVp)

» Definition -> Maximum high voltage applied across an X-ray tube during an
exposure to produce the X-rays (corresponds to the maximum photon energy)

» How it is determined -> High voltage waveform is obtained, and the maximum
peak voltage is taken as the kVp value

To be considered:
» Displayed above minimum dose and dose rate, only, e.g. 50 uGy and 10 pGy/s (peak)
» Displayed in specified voltage range only, e.g. 40 - 150 kVp

» Tube aging may influence the measurements



Voltage (kVp)

To be considered:
» Displayed above minimum dose and dose rate, only, e.g. 50 pGy and 10 pGy/s (peak)
» Displayed in specified voltage range only, e.g. 40 - 150 kVp
» Have a look at the time resolved voltage indication
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Time resolved data in general

» Time resolved data provide a lot of extra information in addition to humbers,
only
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Voltage (ppV)

» Definition / formula / idea-> Based on the contrast produced by 1 mm thick
aluminum on 10 cm PMMA phantom irradiated by “reference” X-ray tube

» PPV is the value of the high voltage of constant potential X-ray tube that would
produce the same contrast as the tube under consideration

» Suitable to compare image quality between different machines
» More information in IEC 61676

To be considered: D pU WU,
ﬁ _ =1

D pUWU,)
i=1

» Displayed from some vendors, only




time related quantities

Exposure time, pulse rate, dose per pulse




Exposure time

» Definition -> the time between the first and the last transitions through the 50 %
level of the peak tube voltage (or air kerma rate) during an exposure (May be
defined differently! E.g. at 70% level)

» Necessary to measure voltage waveform to determine exposure time
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Pulse rate

» Definition -> Number of pulses per second - relevant for pulsed generators




Pulse rate

Indicated values can only be valid, when real pulse forms reflect expectations
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120 : - 300 120
value: 12.5 p/s
100 250 100 % - M M m
80 200 80 M m
) k! % k!
* 60 150 o = 60 )
[} " [} "
> - > -
2 g 2 g
2 ) 2 )
40 100 40 100
20 50 20 50
0 T T 0 0 T T T T T T T 0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 100 200 300 400 500 600 700 800 900 1000
time [ms] time [ms]




When pulses cannot be clearly separated or show other strange features,

indications might fail

Pulse rate

XMM displayed

|

o o
< o~
i i

000000
00000

value: 0 p/s

ANk AR ‘ il

R0




Pulse rate

When pulses cannot be clearly separated or show other strange features,
indications might fail

selected frame rate: 4 p/s
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Dose per pulse

» Definition -> air kerma rate per single pulse

XMM displayed value: 415 nGy/pulse
20 - Calculated for pulses 4 and 5:
18 - 419.5 nGy and 417.3 nGy
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114,438
1145
114,563
114,625
114,688
114,75
114,813
114,875
114,938
115
115,063
116,125
115,188
115,25
115,313
115,375
115,438
118,45
116,563
116,625
115,688
115,75

1,163143635
1,166523218
1,178739667
1,202897306
1,229194522
1,256014466
1,2925982438
1,346913457
1.404478312
1,467030644
1,518705487

1,57452631
1,632871764
1,706841605
1,774522424
1,646001145
1,942040205
2,035079241
2125450134
2,231780767

2,35081625
2478262424

7.26965E-05
7,29077E-05
7,36712E-05
7.51811E-05
7,6824TE-05
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8.41821E-05
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9,49191E-04
9,84079E-05
0,000102061
0,000106684
0,000110908
0,000115375
0,000121378
0,000127192
0,000132841
0,000139486
0,000146926
0,000154891




Radiation quality related quantities

Half value layer and total filtration




Half value layer (HVL)

» How it is determined technically -> In ideal case, HVL is determined in narrow
beam geometry, using an ionization chamber with low energy dependence and
aluminum sheets with different thicknesses. Multi-detector XMMs can
determine HVL based on the ratio of signals on different detectors

Caution:

» With ionisation chambers use data from different exposures with Al-sheets of
different thickness

» With XMM this is a problem
» For HVL determination correct dose measurements are essential
» For correct dose measurements radiation quality must be known by the XMM

» When radiation quality is known HVL can be indicated from XMM directly



Half value layer (HVL)

» HVL as indicated from an XMM (uncertainty 10 %) and calculations from
spectral measurements

Voltage / kV | Added Indicated Calculated Deviation
filtration / HVL / mmAl |HVL/ mmAl |from average
mmCu HVL / %



Total filtration

» |EC standards and international protocols set minimum values for total filtration

» Definition -> Total effect of the combined inherent (permanent) and added
filtration

» Inherent filtration -> The filtration provided by permanent materials through
which the radiation beam must pass before emerging from the X ray tube.

» Total filtration is usually expressed in mm Al - so the inherent filtration must also
be expressed in the same way, i.e. as equivalent aluminum

» Aluminum equivalent thickness is a function of energy, different for different
materials - so it depends on tube voltage

» Tube voltage is in general case not constant




Total filtration

» For a given tube voltage, HVL is a function of total filtration - which can be
used to measure total filtration, e.g. by multi-detector XMMs

» |EC 60522 gives a method for determination of the permanent filtration of X-
ray tube assemblies

» 1S5S0 4037-1 gives a method for measuring of the inherent filtration based on
HVL measurement, but there is a lookup table only for 60 kV



Total filtration

» HVL and total filtration from an interventional unit / stated uncertainty 10%

Voltage / kV Added filtration / | HVL / mmAl Total filtration /
mmCu mmaAl
50 0.0

2.03
70 0.0 2.93 3.40
90 0.0 3.78 3.27
110 0.0 4.55 3.17
125 0.0 5.08
70 0.3 5.91 15.00
90 0.3 7.35 15.67
110 0.3 8.32 14.00
70 0.9 7.83 35.33
90 0.9 9.57 34.00

110 0.9 10.77 34.33



Tube current related quantities

Tube current time product




Tube current time product

» How it is measured ->
» It can be measured invasively, by connecting a meter to the generator
» It can be measured non-invasively by using clamp-on current probe utilizing the Hall effect

» Some XMMs indicate tube current (time product), but the indication depends on other
parameters related to the tube and the generator

» Resulting uncertainties -> Invasive method can yield uncertainties better than 1%; non-
invasive method should be used with caution

» There is no benefit from measuring this quantity with XMM




summary

XMM indicate multiple parameters beyond dose
Some parameters are indicated by selected vendors, only

Some parameters should be considered with caution

vV v v Vv

Time resolved indications clearly support users in interpreting indicated
values




Feedback needed

» TraMeXI project is still in progress, and we are still working towards producing
recommendations to the standardization bodies. If you have further

information about some of these quantities, if you spotted a mistake, or have
a good reference, please send contact us on:

milosz®@vinca.rs
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Thank you for your attention!
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