
The Siemens SOMATOM Definition Edge CT-Simulator, like many

other simulators, comes with a variety of scan reconstruction

capabilities. Some of these settings are proprietary algorithms 

that handle raw scan data in undisclosed manners or of  

minimal vendor description. 

The purpose of this project was to evaluate the impact of 

CT-simulator reconstruction settings on image quality, focusing 

on spatial resolution, contrast, noise and contrast to noise ratio.

Reconstruction settings that were varied included

Reconstruction kernel, slice thickness, and strength of the 

Sinogram Affirmed Iterative Reconstruction (SAFIRE) setting.

A secondary objective was to determine if the results of 

reconstruction settings would translate from a phantom image 

set onto patient image sets.  

A CatPhan 504 phantom was scanned on a Siemens SOMATOM

Definition Edge CT. The raw image data was reconstructed with

each unique combination of Slice Thickness [0.5, 1, 1.5, 2 mm], 

SAFIRE Strength [0, 1, 3, 5], and Reconstruction Kernel

[Br38, Bv66, Hr38, Hv49, Qr40,Qv43] (96 in total).

Image sets were evaluated with DoseLab Pro v6.80 for:
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II.  ROI Contrast     
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III.  ROI Noise          
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IV.  Contrast-Noise Ratio

The top three reconstruction combinations were then chosen to 

evaluate their impact on two anonymized clinical CTs, a pelvis 

and head/neck scan. Regions of interest (ROIs) were assessed  

in organs to quantify noise reduction and HU value changes 

relative to the current clinical protocol. That is, compare three

reconstructions of the best kernel to the currently-utilized Br38,

under matching SAFIRE strength and slice thickness settings. 

The Qr40 kernel provided the lowest noise levels in the CatPhan

study, with 32.1 - 43.6% reduction in noise over Br38 which is

currently used in the clinic. Negligible HU impact was observed 

based on CatPhan acceptable ranges. This was observed at 

SAFIRE Strength 5 with varying slice thickness. 

Across all 96 reconstruction combinations in the CatPhan 

(Kernel, SAFIRE Strength, Slice Thickness):

- Spatial Resolution ranged 0.34 - 0.62mm 

- CNR ranged 7.5 - 66.6 

- Contrast ranged 26.6 - 30.2% 

- Noise ranged 0.404 – 3.547% 

In the subsequent anatomy ROI study, parameters minimizing

noise in the CatPhan showed noise reduction of up to 20% in 

organs when utilizing Qr40 over Br38. Across all reconstruction 

settings translated to patient CTs for Br38 and Qr40 kernels: 

- Max difference, ∆𝑚𝑎𝑥 , for Mean HU value is 4.6 

- Max difference, ∆𝑚𝑎𝑥 , for Noise (Standard Deviation) is 21.

This work can serve as a framework for analysis of other 

kernels available on the Siemens Definition Edge CT-Simulator.

Additionally, other anatomical sites should be evaluated for 

mean HU and noise level impacts.  An inter-machine 

comparison of physical and clinical reconstruction image 

qualities is warranted to further support trend consistency and 

overall fidelity of this data set.
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Table 1. CatPhan 504 reconstruction image quality statistics for kernels Br38 (Left; Clinical Default) and Qr40 (Right; Best-Performing)  

Figure 2. [Top] Anatomical ROIs for head & neck anonymized CT reconstructions (Brain Stem, Spinal Cord, L Parotid, Larynx, Esophagus) 

[Bottom] Anatomical ROIs for female pelvis anonymized CT reconstructions (Bladder, Rectum, Small Bowel, Spinal Body, Sigmoid)

Table 2.  Reconstruction mean HU and noise values for anatomical ROIs. Red indicates max absolute difference in each between kernels.

**Values skewed due to ROI volume changes between reconstructions; Omitted from max |Δ| and ‘Results’ consideration 

Figure 1. [Left] CTP528 module for DoseLab spatial resolution evaluation

[Right] CTP404 module for DoseLab contrast and noise evaluation 
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Future Studies

Conclusions

For the CatPhan images, there were clear differences in the 

image quality parameters between the various reconstruction 

combinations.  Spatial resolution and contrast remained nearly

constant for reconstructions of the same kernel.  Slice thickness

and SAFIRE strength settings had minimal influence on these

image quality parameters.  The improvement in noise was also

reflected in the reconstructed clinical image sets supporting the 

idea that a phantom can serve as a surrogate to systematically

analyze reconstruction settings.


