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Incident air

Entrance -surface
air kerma

Air-kerma area
product

Air-kerma length
product

symbol unit Equaton 8
Ki Gy 1

Ke

K, =K, -B
Gy

Gym?> P, = 'f K(x,y)dxdy

A

Pa :IKair(z)dz
L

Gy/As Y(d)=K,(d)/P,




focal spot-
to-surface
distance
]

focal spot-
to-image receptor
distance
O

——X-ray tube
focal spot

position

collimator

ir kerma area product P, meter ]

[— incident air kerma K, (no badiscatbr]]

- entrance surface air kerma K,
(including backscatter)

v

/

image receptor

absorbed dose to tissue at a point in the patient D,










Important note for effective dose
ICRP 103

u

u

ICRU 74 11
J “...effective dose should not be used for the assessment of risk from |
medical exposures.” B |

“_..Effective dose is calculated for a Reference Person and not for an
individual.”

“Effective dose Is intended for use as a protection quantity. The main uses
of effective dose are the prospective dose assessment for planning and
optimisation in radiological protection, and demonstration of compliance with
dose limits for regulatory purposes. Effective dose is not recommended for
epidemiological evaluations, nor should it be used for detailed specific |
retrospective investigations of individual exposure and risk.” |
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etric quantity for radiography

Radiography K

a,e

Py (KAP meter)



Incident air kerma, K, .
Ka,e - Ka,i B

B — Backscatter factor (1.2 —1.4)

11 Unit: Gy

Direct measurement

-] Calculation from the tube
= output




Air kerma-area product (P, ,)

Pi,= K-A
K — air kerma
A —area

Unit: Gy-:m?, mGy-cm?,
cGy-cm?, uGy-m?, Gy-cm? ...




Air kerma-area product (P,,)

P, Values recorded by meters, calculated by the equipment, or given by the
manufacturers and reported in the DICOM header should be reasonably

accurate. Arrangement should be in place to check the calibration of P,, meters
and the accuracy of P, values calculated and displayed by the X ray equipment
and recorded in the DICOM header.




osimetric quan

Diagnostic fluoroscopy Py, mGy cm?
~ and interventional
~ procedures K

Gy

a.r

Fluoroscopy time S

Number of images in cine or Number
digital subtraction

angiography




P« Values recorded by meters, calculated by the equipment, or given by the
manufacturers and reported in the DICOM header should be reasonably

accurate. Arrangement should be in place to check the calibration of Py,
meters and the accuracy of Py, values calculated and displayed by the X ray
equipment and recorded in the DICOM header.
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TABLE 4. COMPARISON OF IAEA AND INTERNATIONAL
ELECTROTECHNICAL COMMISSION DOSIMETRY TERMINOLOGY
USED IN COMPUTED TOMOGRAPHY

International
Quantity Electrotechnical
Conumission

Measured free-in-air:

Computed tomography 1 +50
air kerma index Ca.100 ZWJ’A_ED K(z) dz

[ Tk (d
N . K E

Measured in standard phantom:

Weighted computed 1 CTDI, = 1/3CTDI
tomography air kerma  Cyy = 3 (Cpmmaiooc +2Cpvmacioop) +2/3CTDL,
mndex

100, c

ory

Normalized weighted
computed tomography
air kerma index

Cur CTDI,

o n

Volume computed Cuor
tomography air kerma
mndex

Vinca Institute of Nuclear Sciences\
Radiation and Environmental Protection Lal

Computed tomography Pyt o = Crorn 1% DLP=CTDI, L
air kerma length product ’ ZJ: " R




Displayed dose quantities in CT

CTDIvol

* Calculated from measurements at the centre and
periphery of a standard PMMA CT head or body
phantom

* Phantom size is displayed on the CT

* Represents the average dose within a slice
* Does not represent the actual patient dose
DLP

* Calculated from the CTDIvol

* Represents dose over the entire scan area

* Does not represent the actual patient dose

See: S. Edyvean, DRLs and exposure monitoring in CT N




st-scan dose disp

* Dose information
» Different for differ
* Image capture of _

e DICOM Radlatlon Dose Sier:ucture
* In downloadable format




bration of dose

Calibrations of displays should be verified, preferably at intervals of no more
than 1-2 years. Calibration of instruments used to confirm the accuracy CT
scanner displays of volume CTDI and DLP should be performed regularly and
should be traceable to a national or international standard.

‘.‘."." [

¥} The difference between displayed and measured: <J_r20/o

If any of the values be outside the tolerances, service is
required.

nmental Protection T

Quality Ass
Programm, ’Cp ted

It is important to verify if the CTDI displayed for paediatric and Tty et
use are based on a 32 cm, 16 cm or other diameter dose
phantom

on and Enviro

Radiat
www.vinca.rs

(5)14Ea

Vinca Institute of Nuclear




Modality DRL quantity m

: Mammography K

a,e




X ray tube
focal spot
position

Dosimeter

Focal-spot to
dosimeter
distance (FDD)

Focal-spot to
breast

support
distance

Breast

/ support

457
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Measurement Measured

R {
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Comments

: Incident air
Dosimetry in Diagnostic
e Radiology: An International

Code of Practice

radiography

Methodology for using chest and
abdomen/lumbar spine phantoms is
described.

Incident air

Entrance surface
air kerma

Air kerma-area

Calculated from exposure parameters and

measured tube output.

Measurements on patient’s skin.

Methodology same as for fluoroscopy.

Entrance surface
air kerma rate

Fluoroscopy

Measured directly on a phantom or

lences

e

calculated from the incident air kerma rat

using backscatter factors.

Air kerma-area

stitutejof Nuclear

Maximum skin dose is also measured. As
the methods are not standardized they ar
not included in this Code of Practice.

Radiation and Environmental Protection Laboratory

; Wiea In:
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Mammography

Phantom Incident air Mean glandular dose is the primary
kerma quantity of interest. It is calculated from
measured incident air kerma.
Entrance surface When this is measured (using TLDs) the
air kerma backscatter factors are used to calculate
the incident air kerma.
Patient Incident air Mean glandular dose is the primary
kerma quantity of interest. It is calculated from
the incident air kerma estimated from i IS E
measurements of tube output by using the |- |-
exposure parameters for the examination.
Phantom CT air kerma Measurements in air or in PMMA head
indices and body phantoms.
Patient CT air kerma— Direct measurements on patients are not |-
length product  described in this Code of Practice. Instead, | £
a CT air kerma-length product is
calculated from patient exposure
parameters and results of phantom
measurements.
~-{Dental Patient Incident air Calculated from exposure parameters and §3°.

radiography

kerma

Air kerma—
length product

measured tube output for bitewing
projection.

Used for calculation of the air kerma-area -\
product for a panoramic projection. %
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- * Framework for dosimetry in diagnostic radiology
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Tube voltage 20-150 keV, various A/F combinations,
various modalities

lonization chambers Semiconductor dosimeters | Others

Accurate Compact TLD

Good energy dependence | Energy dependant OSL

Design for different Film (radiochromic)
application (cylindrical,
parallel-plate, different

Scintillation

volumes..) (kVp meters)
















| Intrinsic §
| Encertaintyf
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Diagnostic detector

l Styrofoam
[ Couch

(] \
I \

Diagnostic detector

Couch

FIG. IX 1. Set-up for KAP merer calibrations: (a) is an over couch installarion, Stvrofoarn
being used ro supporr the derecror ar a distance sufficient ro avoid the effecr of backscartered

radiatiorn, (D) is arnt vunder cowuckh insrallarior.
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RTI. Moldalin. MPD.
Sweden Barrcuda

RTI. Moldaln. R100.
Sweden Barrcuda

RTI. Moldalin. Black
Sweden Piranha

RaySafe. RTI. Xi R/F
Moldaln. Sweden Classic

Exradin A3 A3.
.Standard Unidos.
Imaging. PTW 3.6 cc

35-155kV

Not specified

15 nGy — 1000 Gy

2 nGy — 10 kGy

50-150 kVp. 1-90 0.1 nGy-1500 Gy

mm Al or 2 mm Cu

35— 160 kV/kVp
(for up to 0.5 mm
Cu or equivalent)

10 nGy — 9999 Gy

o X-ray tube voltage | Dose range Dose rate range
RERS or energy

15 nGy/s — 450
mGy/s

0.04 uGy/s — 160
mGy/s

1 nGy/s—320
mGy/s

10 nGy/s — 1000
mGy/s

Multidetector
elements.
reference point at
center of marked
area

Single detector.
reference point at
center of marked
area
Multidetector
elements.
reference point at
center of marked
area
Multidetector
elements.
reference point a
center of marked
area

Dosimetry
standard

—+
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Beam quality X-ray tube voltage (kV) First HVL (mm Al)
e 70

L 2.58
flraRe 80 3.01
B RQR 8 100 3.97
E;@ RQR 9 120 5.00




Beam quality X-ray tube Inherent Added First HVL
voltage (kV) | filtration (mm | filtration (mm Al)
Al) (mm Cu)




In air comparison Substitution FDD =100 cm

Angular response Clockwise rotation of RQR8 and frequently used
detector (positive) and non-standard R80 09. D =100 |
opposite (negative) cm. angles: 0, +15, +30, 45, |
using protractor +60, +90, all measurements |

normalized to zero angulation |

In air comparison for Substitution, al F DD = 100 cm, alll-

energy response standard and  non- measurements normalized,
standard beam qualities RQRS8 P

Response linearity Substitution RQR8 and frequently used

non-standard R80 09, FDD *"--
100 cm, dose rates generateglgfgjf
using tube current in the range: «
(3-25) mA, 5 (7) dose rate. ;-







Relative response, r (HVL)

&~ MPD
v R100B
¢ Piranha
—=— Unfors Xi

" Laboratoire National

Henri Becquerel

e of Nuclear Sciences .-
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Relative response, r (I)
Relative response, r (1)
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Piranha

2,77

2,78

0,00

Piranha

2.56

2.58
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Angle of incidence, Q [°]
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