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Objectives

Introduction

Current status on dCBCT recommendations, 
where are they coming from and what do they 
really cover?

Quality control testing and methodology.

Dose indices, what can one measure and track.

Phantoms and setup for testing.

What works and what does not in dCBCT
testing.
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Introduction

 CBCT for dental and maxillofacial (dCBCT) applications 
have a large number of different vendors and 
geometries.

Most of these scanners are not “similar” to each other.

Most of these scanners are “closed systems” with 
vendor-specific testing equipment and procedures.

 In most cases, these scanners have been installed as 
“upgrade” or “replacement” of panoramic imaging units, 
especially in the US.

Most States do not have dedicated testing guidelines 
for dCBCT systems.

 There is limited guidance worldwide for “comprehensive” 
testing that exclusively applies to dCBCT and fits all 
models and vendors.
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 Available guidelines regarding QC procedures dCBCT:

• UK Health Protection Agency (HPA, 2010)

• European Commission, Radiation Protection 172 
(SEDENTEXCT guidelines) (EC, 2012)

• German DIN 6868-161 / DIN 6868-15  (2013)

• Unified protocol for CBCT (not exclusive for dental) 
(EFOMP-ESTRO-IAEA, 2017)

• AAPM task group 261 (in preparation)

Current status of dCBCT testing recommendations 

• Standard tests: Refer to manufacturer’s specifications, recent 
guidelines, national regulations

• X ray tube potential, tube leakage, total filtration or HVL, 
repeatability/reproducibility, beam collimation, slice thickness, 
display performance, visual inspection of image artefacts, dose to 
operator
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QC testing for dCBCT

 Simple description

 How to test

 What to use for your testing

 How to set the tolerances

It is important to set a baseline for all testing 
during initial acceptance evaluation of the unit
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What image quality is acceptable?

• Variations of technical parameters over time can indicate an issue, 
but imaging performance should be verified based on clinical 
image quality

Pauwels et al. (2014)

Difficult to relate 
technical 
parameters (MTF, 
CNR) to clinical 
acceptability

Reference image provided by 
manufacturer or acquired 
during acceptance testing (skull 
phantom)
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MDCT vs dCBCT: Density estimation using CBCT

 In MDCT: grey value calibrated as Hounsfield units (HU), according to 
their X ray attenuation (µ)

 HU are also referred to as CT numbers

 In dCBCT: 
• Depending on manufacturer, grey values (or Pixel Value-PV) may or may 

not be calibrated according to a (pseudo-) HU scale

• Even when calibrated, several issues related to grey value stability are 
inherent to the CBCT technique

• Uniformity issues due to beam hardening (and improper correction 
thereof) + asymmetrical FOV position (with mass irregularly distributed 
outside the FOV) can lead to A-P, L-R or central-peripheral ‘shading’
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Uniformity for dCBCT
• Uniformity: stability of grey values

– Conventionally: compare grey value for different regions in 
the FOV for a homogeneous object (intra-scan uniformity)

– In CBCT, if grey values are to be used as HU, grey values 
for scans with central/peripheral test object position should 
be assessed as well (inter-scan uniformity)

QC testing: Uniformity

R. Pauwels
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Uniformity test example

Mihailidis, 2018
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QC testing: Noise & Contrast resolution

• Noise: standard deviation of grey values in a homogeneous test 
object
– Can be combined with contrast (contrast-to-noise ratio, CNR) 

and/or measured using the same region of interest as that used for 
uniformity

• Contrast resolution: contrast-to-noise ratio and/or visual / computer 
assisted evaluation of contrast-detail

❑ CNR should be tested for Small, Medium 
and Large FOV for commonly used 
protocols. The physicist has to make 
sure that the same protocol and the 
same operation mode is employed each 
time the CNR is checked (for 
constancy).

❑ The CNR is calculated for each different 
material and for each selected protocol. 
A baseline for each case is derived. The 
phantom and insert should have the same 
position each time. 

R. Pauwels
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Noise test example

PV=Pixel Value (same as Grey Value)
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• Grey Value (GV) stability: reproducibility of grey values for a 
number of materials over time

• Hounsfield Unit (HU) accuracy (only for machines which claim to 
yield HU): compare GV for different materials with 
corresponding nominal HU, check stability under varying 
exposure geometries (FOV, position of test object)

QC testing: Gray Value (Pixel Value) stability
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PV stability test example
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• Spatial resolution

• Modulation transfer function (MTF)
– Evaluates decrease in contrast at increasing resolution

– Limit for visual perception at ~10% MTF

R. Pauwels

QC testing: Spatial Resolution
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QC testing: Low contrast ?
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Challenges QC testing and QC phantoms

 Challenges with dosimetry testing

 Challenges with IQ testing

 QC phantoms

It is important to use the manufacturer-provided 
phantom for IQ testing and set a baseline, first,  
before a third party phantom is introduced.
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 There are variety of issues with both CTDI and DAP 
when it comes to dCBCT systems.

QC testing challenges: Dosimetry
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 CTDI-like for limited FOVs  DAP in practice

QC testing challenges: Dosimetry



19

 CONSIDER:

QC testing challenges: Dosimetry
 Suggestion: Air-kerma at the 

detector and CTDI (when possible) 

 Tolerance level: Comparison with 
baseline output, output 
reproducibility < 5%

 Frequency of testing: Air-Kerma at 
the detector surface or DAP 
annually, CTDI at acceptance 
testing, if possible

very unstable support



20

 Large dimensions

 No mounting support

 Costly phantom

 Need special 
software to analyze-
cost

 Potential 
incompatibility with 
the vendor provided 
phantom

QC testing: Challenges with testing phantoms

unstable
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QC testing: Phantoms for testing

 Today, all vendors provide a QC 
phantom with a directions manual of 
how to run the QC tests.

 Today, all vendors provide automated 
image analysis software to analyze 
the phantom images as per their 
expected tolerances.

Another vendor 
provided 
phantom and 
support stand
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 Use vendor provided phantom 
and mounting stand

 Use vendors provided testing 
software routine

 Use vendor provided test 
tolerances

 Establish baseline values

 Establish your own tolerances 
from baseline

 You can choose to benchmark 
with an independent phantom 
system at time of initial 
evaluation

 Document all your testing 
results and comparisons

 Weekly or daily QC
• CT number accuracy (water only)

• Uniformity

• Noise or CNR

• Artifact evaluation

 Annual QC
• Assembly and facility evaluation

• Laser alignment

• Radiation field size

• kVp and HVL

• Radiation dosimetry

• CT number accuracy and linearity

• Image uniformity

• Noise/CNR

• Spatial resolution

• Geometric distortion

• Image artifact evaluation

• Display monitor

QC testing: So what to test for IQ?
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THANK YOU


