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1 History and Background of performing in air 
measurements in CT

Dose measurements are more than just Computed Tomography Dose Index 
variants

Tube Potential accuracy
Dose output with tube potential
Dose output linearity with mAs
Dose reproducibility
HVL

Both major AAPM Reports on CT testing have in Air measurements

ICRU report 87 contains extensive chapter on characterizing beam and dose in 
air
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AAPM Report 39 (1993)

Included tube potential accuracy measurement (non-invasive) 
in air

Specified measurement of dose linearity (with mAs) in air 
using ionization chamber



8

AAPM Report 233 (2019)

Includes multiple output dose measurements to be made in 
air:

HVL
Output Reproducibility
Output Exposure Linearity
Exposure time accuracy
Tube potential accuracy
Dose profile
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What about DOSE in air?

IEC 60601-2-44 (Safety and Performance)defined CTDIfree,air

Includes requirement of 10% reproducibility
CTDIfree,air values shall be included in accompanying 
documents
Defined for: All beam collimations, All Tube Potential settings, 
all typical head conditions, and for all additional flat filters
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What about DOSE in air?

IEC 60601-2-44 updated with measurement procedure in 2016
Dose profile to be measured over at least 100 mm
Can be measured integrating profile with small dosimeter 
(meeting IEC 61674) or with long chamber stepped through 
isocenter
IAEA report referenced with details on testing
Includes CTDIfree,air as part of definition of CTDI100
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What about DOSE in air?

IEC 61233-3-5 Ed. 2 (2019) Acceptancy and Constancy
Further expansion of details for in air dose measurements
Acceptance testing shall include CTDIfree,air at all nominal 
collimations and kVp settings
Constancy not to differ by more than 20%
Small detector, uniformly translated through radiation beam 
gives dose profile
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Example of CTDIfree,air measurements
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What about DOSE in air?

AAPM Report 111 introduced another dose in air index �𝑫𝑫eq,air

Defined as: Equilibrium dose-pitch product (mGy), p*Deq,air, 
where Deq,air is the equilibrium dose evaluated at pitch p in air.

Deq,air is inversely proportional to p, the product p* Deq,air is 
independent of p
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CT Output Characteristics Measured in Air

Options for measuring air kerma as function of z

Measurements of air kerma across field of view
Helpful for Monte Carlo Simulations
Understand differences in bow ties

Planar measurements of beam profile
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So why DO we need those phantoms?

RULES!
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2 Measuring and Using CTDIfree,air

How do I measure CTDIfree,air?

How do I use it?

How do I find these “accompanying documents?!?!”
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Flavors of CTDI

D(z) is dose profile and nT is detector configuration

CTDI∞

CTDI100

CTDI100,w

CTDIfree,air

CTDI100,nT>40mm
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Measuring CTDIfree,air

Bujila et al. examined 3 different dosimeters and methods for 
measuring CTDIfree,air for use when NT > 40 mm

Liquid ionization chamber and step and shoot method

100mm Pencil chamber at contiguous locations (also 
described in IAEA Report #5)

Small real time dosimeter with continuous translation 
Move dosimeter with stationary table
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Measuring CTDIfree,air

Integrate Results to determine CTDIfree,air
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Measuring CTDIfree,air

Contiguous measurements with ion chamber
Sum measurements to get CTDIfree,air
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Small dosimeter translated through beam

Measuring CTDIfree,air

Integrate results to determine CTDIfree,air
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Must use CTDIfree,air if NT > 40 mm to determine CTDI100

Measure with continuous translation and integrate profile using small 
dosimeter

Measure using pencil chamber placed at contiguous positions and sum 
values

CTDIfree,air values can be compared directly to Technical Reference Manual or 
accompanying documents (no CTDI phantom needed) IF not required by 
regulatory/accrediting body

Non-diagnostic scanner where allowed by state

Bi-annual constancy checks

After major service (if not ACR accredited)

Using CTDIfree,air
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Med. Phys. 37 (6), June 2010

Using CTDIfree,air

CTDI∞free,air gives variation of penumbra with changes in nT

Measure one beam width a for a given nT

Measure CTDI∞free,air for same nT

Repeat free in air measurements at different nT with all other 
conditions the same
Changes in CTDI∞free,air at different nT are due to variation in 
contribution of the penumbra (or the total beam width, a)
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What about those Accompanying Documents?



39

What about those Accompanying Documents?



40

3 Measuring and Using �𝑫𝑫eq,air

�𝐷𝐷eq,air defined in AAPM Report 111 as the equilibrium dose-
pitch product (free in air)
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CTDI∞free,air = 𝟏𝟏
𝒏𝒏𝒏𝒏 ∫−∞

∞ 𝑫𝑫𝒂𝒂𝒂𝒂𝒂𝒂(z)dz

D(z) and fair(z’) are both dose profiles
IEC only defines CTDI variants for axial acquisitions
�𝑫𝑫eq,air is defined for acquisitions table motion and can be 
measured with table motion (rather than moving detector)

�𝑫𝑫eq,air and CTDI∞free,air what’s the difference?



42

Image from AAPM Report 111

Measuring �𝐷𝐷eq,air

Position real time, small dosimeter so passes through 
isocenter

Set and record conditions of operations

Start dosimeter at least 15 mm outside useable beam

Acquire scan with table motion

Deq,air is total air kerma collected during scan (integral of dose 
profile)

�𝑫𝑫eq,air is simply Deq,air multiplied by the pitch used

�𝑫𝑫eq,air can also be measured at radial locations corresponding 
to phantom dose bore locations 
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Measuring �𝐷𝐷eq,air
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Measuring �𝐷𝐷eq,air
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Using �𝐷𝐷eq,air

Like CTDI∞free,air , �𝑫𝑫eq,air provides a dose proportional to the 

overbeaming factor

�𝑫𝑫eq,air is a simple and quick constancy value to check without 

needing to move dosimeter

�𝐷𝐷eq,air is a near direct measurement of the primary radiation 

component of the beam (very little scatter)

�𝐷𝐷eq,air can be used with initial in phantom measurements of 

�𝐷𝐷eq to establish phantom factors to potentially eliminate need 

for constancy tests with phantoms
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4 Advantages and Limitations of Dose in Air
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Limitations

Doesn’t provide information on scatter contribution to dose

Doesn’t approximate patient attenuation or dose deposited

Regulatory and accrediting bodies require phantom 
measurements

100 mm pencil chamber requires contiguous positioning and 
can’t be used with table translation
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Advantages

Eliminates need for constancy testing with phantoms

Can be performed with axial or helical acquisitions

Comparable results for multiple measurement approaches

Most accompanying documents/technical reference manuals already 
contain reference values

Direct measurement of variation of penumbra contribution to dose for 
different detector configurations

Direct measurement of air kerma for conditions of operation

Can be used to fully map dose profile



Thank You!
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