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Quality Assurance (QA) Program

In diagnostic radiology is an organized effort by the staff operating a 
facility to reach the correct diagnosis by

● performing the most appropriate examination 
● producing images of sufficiently high quality and consistency 
● using the lowest possible dose
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Advanced Medical Imaging  in Diagnosis

Computed Tomography

Magnetic Resonance Imaging
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CT QA &QC

E. Alavandar, et al. Principles and Available Hardware in DECT. Journal of Gastrointestinal and Abdominal Radiology ISGAR © 2022.
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CT Quality Control

Purpose

● Technology becoming more complicated, more oversight 
needed

● Field becoming more quantitative, more focus on 
numerical values in CT images

● Improved reliability may result in fewer repeat exams
● Overall improvement in quality
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CT QC: IAEA 47

For radiographers

● Daily startup procedure
● Computed tomography laser 

alignment beams 
● Scan projection radiograph accuracy
● Computed tomography number 

accuracy, image noise, image 
uniformity and image artefacts

● Accuracy of measured dimensions

For medical physicists

● Computed tomography number 
accuracy, image noise, image 
uniformity and image artefacts

● Linearity 
● Low contrast detail detectability
● X ray beam width
● Reconstructed image slice width
● Spatial resolution
● Computed tomography dosimetry
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Catphan phantoms
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Linearity

New Criteria:

- For water, the tolerance is ±4 HU compared to the baseline values; 

for other materials, it is −10 to 10 HU

- For radiotherapy applications, typical values are usually provided by the 

manufacturer of the linearity measurement phantom; with reference to 

these values, the tolerance is −20 to 20 HU.

Annually
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CT ACR 464 Phantom
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CT Acceptance testing

Basics (ACR QC Man.)
● Protocol review
● Rx & light alignment
● Image thickness
● Table travel accuracy
● Beam width
● Contrast resolution
● Spatial resolution
● CT number accuracy
● Artifact evaluation
● Dosimetry
● CT scanner monitor
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Prapa S. Role of Medical physicist in Diagnostic X-ray:PPT
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Quality assurance framework for rapid automatic analysis deployment in medical imaging. 
Juha I. Peltonen *, Ari-Pekka Honkanen, Mika Kortesniemi
Physica Medica 116 (2023) 103173

- The QA system was built using freely 

available open-source software libraries. 

- The included features were results 

database, database interface, interactive 

user interface, e-mail error dispatcher, data 

processing backend, and DICOM server.
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https://www.sunnuclear.com/products/
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Mercury phantom



Mercury 4.0 Phantom
● This phantom is designed to assess system noise, resolution, and 

detectability properties of the CT system as a function of patient 
size and detection task, and can be used for the following 
characterizations:

○ TCM (both size adaptation and continuous adaptation) using the phantom sections of 
varying size (section 3.1)

○ In-plane spatial resolution as a function of contrast, patient size, or image noise using 
the insert rods across variable size phantom sections (section 3.2.5.1)

○ Z-direction spatial resolution using the slanted edge interface (section 3.2.5.2) 
○ Noise magnitude and texture as a function of patient size using the uniform phantom 

sections of varying size (section 3.3)
○ Quasi-linear task-based performance as a function of patient size using the insert 

rods and the uniform sections of varying size (section 3.4)
28



Phantoms for TCM tests
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DECT analyzed data

● Iodine maps
● Virtual non-contrast (VNC) images with iodine subtracted
● Other material decomposition with specific applications

○ Calcium removal
○ Renal stone characterisation
○ Gout characterisation etc.

● CT numbers reconstructed at virtual monoenergetic X-ray energies 
(monoE+)

○ from 40 to 200 keV (manufacturer-dependent)
○ enhanced contrast at low monoE / improved metal artefacts at high monoE

● Electron density and effective Z maps (rho/Z)
○ Useful for radiotherapy applications
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Considerations for accurate quantification

● Multi-energy CT quantification requires the development of a quality control 
program to ensure accuracy and reproducibility.

● It is the responsibility of the user to ensure quantification accuracy and 
reproducibility; otherwise, significant caution is warranted regarding clinical 
conclusions and decisions.

● The development of a quality control program often requires a phantom with known 
standards.

● Acquisition techniques (tube potential and beam filter combinations), reconstruction, 
and post-processing can all have dramatic impact on quantitation, as exhibited by 
Krauss et al.

● Another important consideration with respect to quantitative CT is reproducibility 
from exam to exam, where variations in exams between different makes and models 
of scanners, and changes in patient size or table height can lead to erroneous results.
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Nute et al. Development of a dual-energy computed tomography quality control
program: Characterization of scanner response and definition of relevant
parameters for a fast-kVp switching dual-energy computed tomography
system. Medical Physics, 45 (4), April 2018



-Iodine quantification error was 

largely unaffected by any of the 

technique parameters investigated.

-Monoenergetic HU stability was 

found to be affected by mAs,



Dual energy CT image quality QC
What’s that all about then and what should we be doing
Laurence King – Principal Medical Physicist, RUH Bath, 2021

-Using three Siemens DECT: Dual Spiral, 

TwinBeam split filter, Dual Source

-Scanned it based on a default Siemens DE 

abdomen protocol

- generated MonoE+ images, rho/Z, Iodine 

maps

Gammex MECT phantom
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Dosimetric considerations

● CTDI-based dosimetry metrics quantify the radiation output of the CT 
scanner, which is important for standardization and performance 
assessment.

● Provided that there is increased value in the material-specific information 
or increased iodine contrast-to-noise ratio, an increase in dose for multi-
energy CT with respect to single-energy CT is justified.

● Development of multi-energy protocols therefore requires attention to the 
quality of the low-energy acquisitions, in addition to dosimetric
considerations.

Mccollough et al.: Principles and applications of MECT. Medical Physics, 47 (7), July 2020
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Status of computed tomography dosimetry 
for wide cone beam scanners’ (IAEA human 
health reports No.5)

𝐶𝑇𝐷𝐼100, 𝑁𝑥𝑇 >40 = 𝐶𝑇𝐷𝐼100,𝑟𝑒𝑓 × (
𝐶𝑇𝐷𝐼𝑓𝑟𝑒𝑒 𝑖𝑛 𝑎𝑖𝑟, 𝑁𝑥𝑇

𝐶𝑇𝐷𝐼𝑓𝑟𝑒𝑒 𝑖𝑛 𝑎𝑖𝑟,𝑟𝑒𝑓
)
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CTDIW : Comparing techniques

Beam 

Width
IC, step

CTDIw (mGy)
Percentage

Difference (%)

Brain Abdomen Brain
Abdome

n

80 mm

100 mm,

no-step
27.34 8.68 -17.06 -15.05

100 mm,

2-step
31.88 10.40 -3.29 1.88

calculated 

of 100 mm,

2-step

30.02 9.86 -8.94 -3.45

300 mm,

no-step
32.97 10.21 - -

Beam 

Width
IC, step

CTDIw (mGy)
Percentage

Difference (%)

Brain Abdomen Brain Abdomen

160 mm

100 mm,

no-step
19.07 6.46 -41.27 -36.38

100 mm,

2-step
31.13 10.09 -4.15 -0.58

100 mm,

3-step
32.99 10.36 1.58 2.05

calculated 

of 100 mm,

2-step

27.31 8.92 -15.90 -12.12

calculated 

of 100 mm,

3-step

27.35 8.94 -15.79 -11.93

300 mm,

no-step
32.48 10.15 - -S. Payothip. CTDI measurements in wide beam CT scanner: Thesis

Medical physics program, Ramathibodi Hospital



kV switching DECT

300 mm ionization chamber
GSI Techniques:
● 280 mA, 0.5 sec, pitch 0.984
● collimation 0.625*40 = 25 mm, scan range 80 mm
● Displayed CTDIvol 15.76 mGy, DLP 173.09 mGy.cm

Position Avg. 

reading 

(mGy)

CTDI100

(mGy)

CTDIvol

(mGy)

Center 158.75 19.84 18.95

Peripheral 148.11 18.51

% error = -14.8%
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- CTDI-based dosimetry metrics quantify the radiation out-put of the CT scanner, 
which is important for standardization and performance assessment.
- The effective dose is often desirable used to estimate the relative risk from a 
specific CT exam in comparison to other sources of ionizing radiation. 
- Two common methods used to determine effective dose from CT examinations 
are 

(a) Monte Carlo simulations that calculate organ-dose estimates and use 
tissue-weighting coefficients from the International Commission on Radiological 
Protection (ICRP),

(b) a method that converts the dose-length product (DLP) to effective dose 
using published conversion coefficients
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Advanced Medical Imaging  in Diagnosis

- High Magnetic Field strength
- Quantitative data
- AI analysis report

Magnetic Resonance Imaging

- MRI QC: Phantom
- Update: ACR MR safety 2023

QC problem
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MRI QC

50



51





52



Committee on ACR MRI QC program

Radiologist

Technologist

Physicist /Scientist

Nurses/ other physicians 
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Technologist’s role

◦weekly QC Test

Physicist’s role

◦Acceptance test

◦Setting up QC program

◦Annual QC

ACR MRI QC program
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Quality Control: Phantom 

AAPM phantom

Small                    Medium ACR MRI phantom

Large ACR MRI phantom

Old                                      New

mid-2021



Table 1: Large and Medium Phantom resolution patterns and internal (signal 
producing) dimensions.

Phantom Head Coil Resolution 
Pattern (mm) 

Internal Length 
(mm) 

Internal Diameter 
(mm) 

Large Head coils large 
enough to fit the 
large phantom 

1.1, 1.0, 0.9 148 190 

Medium Smaller phased-
array head coils 

1.1, 1.0, 0.9, 0.8 134 165 

 

Large/Medium Phantom Testing: MRI (Revised 9-27-23) Katie Albus Modified on: Wed, 27 Sep, 2023 at 1:32 PM

Note: - Now that both medium and large phantoms are approved for accreditation of MR scanners in the modular 

Magnetic Resonance Accreditation Program (MRAP), sites must submit phantom images acquired using a head 

coil that is routinely used for clinical brain imaging on the scanner and must use the largest phantom that fits inside 

that head coil.

- Facilities with scanners that do not have a head coil and/or do not routinely perform brain imaging should 

use the small phantom in the knee coil to obtain phantom images for accreditation review.
57



Additional recommendation

● It is not acceptable to cool the phantom before scanning, to improve SNR.
● Phased array head coils naturally produce images that are less uniform due 

to the smaller coil elements, as compared to quadrature coils. Be sure to 
apply the vendor’s intensity correction to the ACR T1 and T2 series if they 
were acquired using a multi-channel phased array coil. The correction goes 
by different names depending on vendor (SCIC, PURE, CLEAR, Normalize, 
Pre-scan normalize, and B1 Filter are some examples). 

● It is not acceptable to use deep learning or artificial intelligence (DL or AI) 
reconstruction options for phantom submissions.
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Small phantom for knee coil

- A horizontal line used for slice prescription 

should be parallel to the low contrast disks 

located at the top of phantom.

- 5 mm slice thickness, 3 mm gap, 12 cm FOV, 

192 × 152 matrix.

April of 2018

https://accreditationsupport.acr.org/support/solutions/articles/11000061036-

small-phantom-testing-mri-revised-3-6-23-

New-January of 2021
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Series
Pulse 

Sequence

TR/TE 

(ms)

FOV (mm) 

(frequency)

FOV 

(mm) 

(phase)

# 

Slices

Slice 

thicknes

s (mm)

Slice 

gap 

(mm)

#Avg

s

Matrix 

(frequency)

Matrix 

(phase)

Scan 

Time 

(min:sec)

*ACR 

Sag 

localizer

Spin echo

200/20 250 250 1 10* N/A 1 256 256 0:56

ACR 

Axial T1
Spin echo

500/20 250 250 11 5 5 1 256 256 2:16

ACR 

Axial T2
**Spin echo

2000/80 250 250 11 5 5 1 256 256 8:56

***Site 

Axial T1 

Brain

11

22†

5

5†

5

0†

***Site 

Axial T2 

Brain

11

22†

5

5†

5

0†

*For the ACR Sag localizer 10mm slice thickness is preferred, but 20 mm is acceptable.

**For the ACR T2 series single echo spin echo is preferred, but double echo spin echo (TR 2000, 

TE 20/80) is acceptable. Fast/Turbo spin echo must not be used.

***Blank fields indicate where to use the site’s clinical parameters from routine brain protocols.

†For 3DFT clinical sequences only
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Slice locations in Large and medium phantom

Figure 2: Sagittal localizers of the Large (left) and Medium (right) phantoms 

showing the 11 required axial slice locations and the paired 450 wedges. The 

words “CHIN” and “NOSE” indicate where those words are etched into the 

phantoms as an aid to orienting them for scanning as if they were a head. 63



3DFT site protocols 
● When replicating 3DFT site protocols 

in the phantom, the operator should 
prescribe 21 slices of 5mm thickness 
to ensure that Slice 1 is centered on 
the vertex of the angle formed by the 
crossed wedges at the inferior end of 
the phantom and slice 21 falls on the 
vertex at the superior end of the 
phantom. 

● In this case the images to be 
analyzed will be images 1, 3, 5, 7, 9, 
11,13, 15, 17, 19, and 21. The others 
are just “gap” slices.

https://mriquestions.com/slice-parameters.html

Slice 1

Slice 21
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Low-contrast object detectability: Update criteria

Limits apply to both the Large and Medium phantoms. 

Beginning mid-2021 the LCD limits for 1.5T - <3T scanners 
were raised. 
-The ACR T1 axial series must have a total LCD score of at least 
30 to pass and the ACR T2 series must score at least 25 to pass
If either ACR series fails, the site can pass if the site T1 series 
total LCD score is at least 30 and the site T2 score is at least 25. 
- For 3T scanners, both ACR axial series must have a total score 
of 37 spokes to pass. If the score for either ACR series fails, then 
evaluate the site series. If the score for both site series is at 
least 37, then the scanner passes this test. 
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Large field distortion phantom of MRI

MR Guided Radiation Therapy, 

Geometric Distortion

- Software features include the 

ability to separate distortions 

caused by main magnetic field 

inhomogeneities from those 

caused by gradient non-linearities.

Large Field MRI Distortion 

Phantom, Model 604-GS 

- used to assess magnetic 

resonance imaging distortion 

caused mainly by the nonlinearity 

of the magnetic gradients. 

Limitation: cannot separate the object 

induces distortion of phantom even though 

the small magnitude and considered 

negligible 
66



QUASAR MRID3D Geometric distortion phantom and 

software analysis

Calculate geometric distortion by software analysis

(Inverse gradient method ) separated:

- BG distortion 

- B0 distortion 67



Effects of systemic geometric distortion of MRI simulation on dosimetry accuracy. 
K. Chaknam’s Thesis, 2023 

To quantify the residual systemic geometric distortion of 1.5T MRI simulation 

and evaluate the effect on dosimetric accuracy of prostate cancer radiotherapy. 

-The results demonstrated that mean residual 

magnitudes of the systemic geometric distortion for all 

bandwidth and phase encoding directions agree with 

the criteria of ACR recommendation and AAPM TG-

284. 

- The effect of varying bandwidth showed that impact 

on the inhomogeneity of main magnetic field or B0 

distortion more than the GNL distortion. 

-The percentage dose error of all structures at all 

bandwidths and phase encoding directions were 

within 2% except rectum and bladder in some cases, 

but slightly. 68
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Update!!!

Location of 5 G or 0.5 mT line for MR system 
– Identify it clearly

0.5 T 1.0 T 1.5 T

Radial (x and y) 2.1 m 2.3 m 2.4 m

Axial (z) 2.8 m 3.3 m 3.8 m

Prior IEC standard: The 5 gauss (G) line (0.50 mT field contour) has been the standard 

threshold for risk.

Recent update!!!

A recent update to the IEC standard has revised the fringe field limit to 9 gauss (0.9 mT) (IEC 

60601-2-33:2022)
70



JOURNAL OF MAGNETIC RESONANCE IMAGING 37:501–530 (2013)

• MRI site divided in 4 zones:
– Zone I: This is a public access area with no 

restrictions.
• safe, freely accessible

– Zone II: This is a semi restricted area where patients 
and hospital staff can interact. 

• zone where patients are screened

– Zone III: This area is completely physically restricted 
from non MR personnel especially the general public.

• access strictly restricted, directly connected to zone IV, 
screening before entering

– Zone IV: Magnet room and associated projectile zone: 
• Access restricted, free access might result in serious injury
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Specific Absorption rate (SAR)

is the mass normalized rate of energy absorption. measured in watts/kg of tissue.

SAR is of the type:

with:

B0 = static magnetic field amplitude

B1 = RF pulse amplitude

α   = flip angle

D   = cyclic ratio (fraction of the duration of the sequence during   

which the RF waves are transmitted)

ρ   = density

73



Time-Varying Radiofrequency (RF) Magnetic Field(B1): SAR 
limits IEC 60601-2-33:2010: medical electric equipment

Note: Averaging time of 6 minutes.

(a) Local SAR is determined over the mass of 10 g.

(b) The limit scales dynamically with the ratio "exposed patient mass / patient mass":

Normal operating mode: Partial body SAR = 10 W/kg − (8 W/kg × exposed patient mass / patient mass).

1st level controlled: Partial body SAR = 10 W/kg − (6 W/kg × exposed patient mass / patient mass).

(c) In cases where the orbit is in the field of a small local RF transmit coil, care should be taken to ensure that the 

temperature rise is limited to 1 °C.
https://en.wikipedia.org/wiki/Specific_absorption_rate
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Specific Energy Dose (SED)

- SED is not a rate, but rather the total energy absorbed by a patient 

during an MRI scan. 

- It is usually measured in Joules/kg body weight. The two measures 

are related by the equation:

SED = SAR x total sequence acquisition time

- Unit is Joule/kg,  (SAR –W/kg, W=Joule/sec)

- The SED can be more meaningful than SAR because it reflects the 

total energy deposited during the entire scanning period.

75
https://mriquestions.com/sed-vs-sar.html



-The SED limit for the Siemens scanner is 14,400 J/Kg. 

-This is equivalent to scanning in normal operating mode (2W/kg) for 2 hours. 

-Siemens will display a warning threshold at 6,000 J/Kg. This will occur if 

scanning in normal mode (2W/Kg, continously for 50 mins).

SED & SAR



MRI for Pregnant Patient
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Thank you for your attention ☺☺☺
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