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Goal: Verify that the CTLX1 phantom analysis values are correct

QIBA SLN CT Image Quality Metrics
1. Edge Enhancement
2. 3D Resolution
3. Resolution Aspect
4. HU Bias (Air & Acrylic)
5. Image Noise (Air & Acrylic)
6. Spatial Warping

Distance From Iso-Center
1. 0 mm
2. 100 mm
3. 200 mm (no other phantom can do this)



CTLX1 Phantom
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Goal: Verify that the CTLX1 phantom analysis values are correct

• Validation Study

• The CTLX1 was CT scanned on a Siemens SOMATOM Definition AS varying:
• Slice Thickness : 0.6 mm and 1.0 mm.
• Reconstruction Kernel : B30f, B40f, and B60f (highly edge enhancing).

• A CTLX1 scan from a 16 slice model known to exhibit spatial warping was obtained.

• Accumetra’s automated software was run on the main 6 scans and results distributed. 
Automated analysis of the scan known to exhibit spatial warping was done later due to an 
oversight. Accumetra in plane PSF sigma was converted to an MTF 50 for comparison.

• OHSU and Mount Sinai received the 7 scans and manually measured the QIBA SLN metrics 
used by the QIBA SLN Profile, the most challenging being in-plane spatial resolution.



Measurement Methods
For each of three modules in the CTLX1:

1. Edge Enhancement: 
• Pick a slice and manually measure.

2. 3D Resolution (in-plane):
• Pick a slice and manually measure MTF 50.

• Use a “standard” edge method to measure in-plane MTF 50. 
• Suggested use of AAPM TG 233 report – although not enough detail for perfect reproducibility.

• Verify expected behavior is present:
• B30f in-plane resolution is lower than B40f for all datasets and modules.
• Slice thickness does not significantly change resolution values.
• Lower resolution is observed as a function of distance from iso-center.

Inside (I)

Outside (O)

Peak (P)

EE = (P-O)/(I-O)



Measurement Methods

For each of three modules in the CTLX1:

2. Z Resolution (slice thickness)
• Report the requested slice thickness (passed).

3. Resolution Aspect
• Measurement not needed since aspect ratio is based on resolution measures.

4. HU Bias
• Measure the mean HU value within the air and acrylic cylinder.

5. Image Noise (HU SD)
• Measure the HU SD noise level within the air and acrylic cylinder.

6. Spatial Warping
• Visually grade whether spatial warping is present on a coronal view of the CTLX1 Delrin cylinder.



CTLX1 Scans

Scan Model Kernel Slice Thickness Pass/Fail & Reason

1 SOMATOM Def AS B30f 0.6 mm PASS

2 SOMATOM Def AS B30f 1.0 mm PASS

3 SOMATOM Def AS B40f 0.6 mm PASS

4 SOMATOM Def AS B40f 1.0 mm PASS

5 SOMATOM Def AS B60f 0.6 mm FAIL – EE

6 SOMATOM Def AS B60f 1.0 mm FAIL - EE

7 LightSpeed16 LUNG 1.25 mm FAIL – SW, EE



Multi-center Study Results



OHSU, Mount Sinai, and Accumetra : 
Edge Enhancement



Edge Enhancement



OHSU, Mount Sinai, and Accumetra : MTF 50



OHSU, Mount Sinai, and Accumetra : Air HU



OHSU, Mount Sinai, and Accumetra : Air HU SD



OHSU, Mount Sinai, and Accumetra : Acrylic HU



OHSU, Mount Sinai, and Accumetra : Acrylic HU SD



OHSU Results : Spatial Warping

Any value > 0.3 is considered positive for Z spatial warping

100% agreement on spatial warping (but no visual cutoff guidance was provided)



Mount Sinai Results : Spatial Warping

Any value > 0.3 is considered positive for Z spatial warping

90.5% agreement on spatial warping (but no visual cutoff guidance was provided)



Spatial Warping
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Mount Sinai Results



Mount Sinai Results : Edge Enhancement
- 0.041

83% (5/6) agreement on Failure Due To Edge Enhancement (EE <= 1.05) 



Mount Sinai Results : Edge Enhancement
B30f 0.6mm                                 B30f 1.0mm                                B40f 0.6mm                             B40f 1.0mm

B60f 0.6mm                             B60f 1.0mm                   LUNG 1.25mm Warped

Mount Sinai
Accumetra



Mount Sinai Results : Edge Enhancement



Mount Sinai Results : In Plane Resolution

ü Good levels of agreement on in-plane resolution
ü B30f resolution is lower than B40f.
ü Slice thickness does not significantly change resolution values.
ü Lower resolution is observed as a function of distance from iso-center.

-0.10



Mount Sinai Results : In-Plane Resolution

We expect differences due to high edge enhancement (x/y resolution not valid when EE is high) and warping.

B30f 0.6mm                                  B30f 1.0mm                              B40f 0.6mm                          B40f 1.0mm

B60f 0.6mm                         B60f 1.0mm                   LUNG 1.25mm Warped

IEC Longitudinal
Drift < 0.75 mm 

Mount Sinai
Accumetra

These
Scans All

Failed
EE



Mount Sinai Results :  Air & Acrylic HU Bias

-2.04

14.28



Mount Sinai Results : Air & Acrylic Bias
B30f 0.6mm                                 B30f 1.0mm                            B40f 0.6mm                        B40f 1.0mm B60f 0.6mm                            B60f 1.0mm              LUNG 1.25mm Warped

Mount Sinai
Accumetra



Mount Sinai Results : Air & Acrylic Image Noise (HU SD)

2.42

9.24



Mount Sinai Results : Air & Acrylic Image Noise (HU SD)

B30f 0.6mm                                 B30f 1.0mm                            B40f 0.6mm                        B40f 1.0mm B60f 0.6mm                            B60f 1.0mm               LUNG 1.25mm Warped

We expect differences due to high edge enhancement (noise impacted when EE is high) and warping.

Mount Sinai
Accumetra



Mount Sinai Results : Spatial Warping

Any value > 0.3 is considered positive for Z spatial warping

90.5% agreement on spatial warping (but no visual cutoff guidance was provided)



Mount Sinai Results : Spatial Warping



Preliminary Findings & Observations

• From OHSU Review on 10/1/21
• Remeasure using multiple slices.
• We should put SD on graphs (particularly acrylic).



OHSU Results



OHSU Results : Edge Enhancement
- 0.02

100% agreement on Failure Due To Edge Enhancement (EE <= 1.05) 



OHSU Results : Edge Enhancement
B30f 0.6mm                                  B30f 1.0mm                                B40f 0.6mm                             B40f 1.0mm

B60f 0.6mm                             B60f 1.0mm                   LUNG 1.25mm Warped

OHSU
Accumetra



OHSU Results : Edge Enhancement



OHSU Results : In Plane Resolution

ü High levels of agreement on in-plane resolution
ü B30f resolution is lower than B40f.
ü Slice thickness does not significantly change resolution values.
ü Lower resolution is observed as a function of distance from iso-center.

0.053



OHSU Results : In-Plane Resolution

We expect differences due to high edge enhancement (x/y resolution not valid when EE is high) and warping.

B30f 0.6mm                                  B30f 1.0mm                              B40f 0.6mm                          B40f 1.0mm

B60f 0.6mm                         B60f 1.0mm                   LUNG 1.25mm Warped

IEC Longitudinal
Drift < 0.75 mm 

OHSU
Accumetra

These
Scans All

Failed
EE



OHSU Results :  Air & Acrylic HU Bias

-4.406

12.83



OHSU Results : Air & Acrylic Bias
B30f 0.6mm                                 B30f 1.0mm                            B40f 0.6mm                        B40f 1.0mm B60f 0.6mm                            B60f 1.0mm              LUNG 1.25mm Warped

OHSU
Accumetra



OHSU Results : Air & Acrylic Image Noise (HU SD)

2.106

-8.955



OHSU Results : Air & Acrylic Image Noise (HU SD)

B30f 0.6mm                                 B30f 1.0mm                            B40f 0.6mm                        B40f 1.0mm B60f 0.6mm                            B60f 1.0mm               LUNG 1.25mm Warped

We expect differences due to high edge enhancement (noise impacted when EE is high) and warping.

OHSU
Accumetra



OHSU Results : Spatial Warping

Any value > 0.3 is considered positive for Z spatial warping

100% agreement on spatial warping (but no visual cutoff guidance was provided)



OHSU Results : Spatial Warping


