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Introduction-Motivation 

 Radiomics- holds promise in radiation oncology. 
 Major processes- Image acquisition and reconstruction, 

segmentation of ROIs, feature extraction and data analysis 
for subsequent model building. 
 Impact of Imaging parameters- not well established in 

radiomics. 
 Computed tomography (CT)- useful imaging modality to 

study heterogeneity of cancerous tumors. 
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Introduction-Texture Phantoms 
Promising for the characterization of CT radiomic features 

for three major reasons. 
1) Study design feasibility-radiation dose constraints in case of 

patients. 
2) Inter-scanner, intra-scanner variability and manufacturer 

dependencies. 
3) Validation of phantom studies in multiple centers. 
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Introduction-CT imaging parameters 

 Imaging CT parameters affect the image quality and 
subsequently any quantitative information extracted 
from these CT images. 
 Hence, qualification of a future imaging biomarker- 

highly depends on its reproducibility with these CT 
parameters.  
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Introduction- Acquisition Parameters 
 Tube current (mA)- number of electrons accelerated across 

an x-ray tube per unit time. 
 mAs ( tube current- exposure time product)-directly related 

to the radiation dose. 
 kVp (Tube potential)- The electric potential applied across an 

x-ray tube to accelerate electrons towards a target material. 
 Pitch- table travel (mm) per gantry rotation divided by total 

nominal beam width (mm). 
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Introduction-Reconstruction parameters 

 Reconstructed Field Of View (FOV): FOV is the width 
of the square region mapped to the reconstructed 
image matrix. 
 Pixel size – Field Of View (FOV)/matrix size  
 Slice thickness- Nominal width of reconstructed 

image along the z-axis. 
 Reconstruction kernel: Reconstruction property that 

determines sharpness or smoothness of image in the 
axial plane. 
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Introduction-Voxel Size 

 Voxel size can be changed by  
          Changing in-plane pixel spacing 
                              Pixel size = FOV/matrix size 
          OR by changing the reconstructed slice thickness along  
          longitudinal axis. 
 
 No. of voxels in ROI. 
 Voxel size- tumor volume. 
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Introduction-radiomic features 
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Introduction-Texture Features 

 Gray Level Co-occurrence Matrices (GLCM) 
 Gray Level Run Length Matrices (GLRLM) 
 Gray Level Size Zone Matrices (GLSZM) 
 Neighborhood Gray Tone Difference Matrices (NGTDM) 
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Purpose 

The purpose of this work was to 
 
 Assess the variability in CT radiomic features due to 

variation in voxel size.  
To develop methods to reduce this variability. 
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Methods-texture phantom 
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Credence Cartridge Radiomic (CCR) Phantom 

Mackin_Investigative Radiology_50_8(2015) 

Acrylonitrile 
butadiene styrene 
(ABS) plastic 

Shredded Rubber 



Methods- CT scanners 
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C) Siemens Healthcare 
 
 Definition AS (S1) 
 Sensation 64 (S2) 
 Sensation 40 (S3) 
 Sensation 16 (S4) 

A) GE Healthcare   
 

Discovery STE (GE1) 
Lightspeed 32 Pro (GE2) 

 

B) Philips Healthcare 
 
Big Bore (P1)       
Brilliance 64 (P2) 



 A-Acquisition & Reconstruction 
 A systematic scanning  approach  
 Develop a relationship between specific CT parameter 

and radiomic features. 
 For inter-scanner variability, similar set of acquisition 

and reconstruction parameters were used across all 
scanners. 
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A- Acquisition & Reconstruction 

 Slice thickness-1.5, 2.0 and 3.0 mm for Siemens and Philips 
scanners  
 Slice thickness- 1.25, 2.5 and 3.75mm for GE scanners. 
 For each slice thickness, reconstructed FOV range from 200 

to 500mm. 
 Matrix size 512x512 for all CT data sets. 
 Corresponding pixel sizes range from 0.39 to 0.98mm. 
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A-Acquisition & Reconstruction 
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B-Contouring and feature extraction 
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 Rubber cartridge and ABS20 
within CCR phantom 
 An automatic contouring tool  
in Mirada (RTx) medical software  
Fixed and Volume-wise varying 
ROI’s were contoured 



B-Contouring and feature extraction 

 Radiomic features were extracted using an in-house 
program.  
 Feature categories' include Shape, intensity histogram, 

texture(GLCM,GLRLM etc.) and first order wavelets. 
Total 213 features were extracted from different sized 

ROI’s for voxel size analysis. 
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C-Voxel-size resampling 
 Phantom scans were resampled to 1x1x2 mm3 voxel size 

using linear interpolation. 
 Images were either up-sampled or down-sampled to the 

standard voxel size. 
 The intensity in each voxel in a resampled image dataset 

was calculated as the partial-voxel-volume weighted sum of 
the contributing voxels from the original image set. 
 Absolute %COV = |(S.D/Mean)*100| was calculated for 

each feature for both original and resampled datasets. 
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C-Voxel-size resampling 
 All features were classified in 3 groups based on the value 

of %COV 
Group 1- Features that had large %COV originally and that 
improved after resampling marginally. 
Group 2 Features that had large %COV originally and that 
improved significantly after resampling. 
Group 3- Features that were mostly reproducible and were 
negligibly effected by resampling. 
 Voxel size resampling was also investigated for smaller 

number of gray levels Ng=8,16,32 and 64. 

20 



Initial Approach 
Basic approach in this work was 
 Plotting-Features having high variability % COV were 

plotted as function of pixel and slice thickness. 
 Determine- if feature was following a certain trend or 

random with voxel size. 
 Set trend-  established a mathematical relationship b/w 

CT parameter and radiomic feature. 
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Initial Plotting  
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size(mm) 



Voxel size normalization 
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 D) Feature normalization by voxel size 
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 𝑓𝑓𝑚𝑚 𝑃𝑃,𝑇𝑇 = 𝑓𝑓 𝑃𝑃,𝑇𝑇 ∗ 𝑉𝑉 𝑃𝑃,𝑇𝑇           (1)  

𝑓𝑓𝑚𝑚 𝑃𝑃,𝑇𝑇 = 𝑓𝑓(𝑃𝑃,𝑇𝑇)
𝑉𝑉(𝑃𝑃,𝑇𝑇)

                                (2) 

 𝑓𝑓𝑚𝑚 𝑃𝑃,𝑇𝑇 =  𝑓𝑓(𝑃𝑃.𝑇𝑇)
𝑙𝑙𝑙𝑙𝑙𝑙 [ 𝑛𝑛 𝑃𝑃,𝑇𝑇 ]

                      (3)        
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Results-Voxel size resampling- Ng=64 
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Variation in some feature values reduced after voxel-size resampling  
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Voxel size sampling- Ng=64 
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Voxel size resampling- Comparison- Ng=8,16,32,64 

27 



Voxel-size normalization  
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Normalized features are robust across different voxel sizes 
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Box plot (median 
+/- one quartile) 



 
Normalized features are robust across different voxel sizes 
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Voxel size normalization 
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Radiomics features from different feature groups normalized by voxel volume.  
Feature Description                  Original Feature formula 

              
Modified Feature 
formula         

First order features based on Intensity Histogram 
  
 Energy 

Measures homogeneity of 
intensity histogram ���[𝑇𝑇(𝑥𝑥, 𝑦𝑦, 𝑧𝑧)]2

𝑍𝑍

𝑧𝑧=1

𝑌𝑌

𝑦𝑦=1

𝑋𝑋

𝑥𝑥=1

 
        1

𝑉𝑉(𝑃𝑃,𝑇𝑇)
   *  f(P,T) 

  
 Entropy 

  
Measure of disorder −�𝑇𝑇(𝑖𝑖) log2 𝑇𝑇(𝑖𝑖)

𝑁𝑁

𝑖𝑖=1

 
   1
log [𝑛𝑛 𝑃𝑃,𝑇𝑇 ]

  * f(P,T) 

Grey level run length matrix (RLM) features 
  
GLNU 

Measures the non-
uniformity of the grey levels 

                              1
𝑛𝑛
∑ ∑ 𝑅𝑅(𝑖𝑖, 𝑗𝑗)𝑁𝑁

𝑗𝑗=1
2𝑀𝑀

𝑖𝑖=1  
  

             
        V(P,T)  *   f(P,T) 

 RLNU Measure the non-uniformity 
of the run lengths 
  

1
𝑛𝑛
� �𝑅𝑅(𝑖𝑖, 𝑗𝑗)

𝑀𝑀

𝑗𝑗=1

2𝑁𝑁

𝑖𝑖=1

 

  

  
         V(P,T)  *  f(P,T) 

Grey level Neighborhood Difference Matrix (NGTDM) 
  
Coarseness 

Measure of texture 
uniformity Ɛ + � 𝑝𝑝𝑖𝑖

𝑁𝑁𝑁

𝑖𝑖=0
𝑀𝑀(𝑖𝑖)

−1

 

  

    

        
1

𝑉𝑉(𝑃𝑃,𝑇𝑇)
   *   f(P,T) 

Texture strength Measure of distinguishability 
between clusters of different 
intensities. 

∑ ∑ (𝑝𝑝𝑖𝑖 + 𝑝𝑝𝑗𝑗
𝑁𝑁ℎ
𝑗𝑗=0

𝑁𝑁ℎ
𝑖𝑖=0 𝑖𝑖 − 𝑗𝑗)2

Ɛ + ∑ 𝑀𝑀(𝑖𝑖)𝑁𝑁ℎ
𝑖𝑖=0

  

𝑝𝑝𝑖𝑖 ≠ 0,𝑝𝑝𝑗𝑗 ≠ 0 

  

        1
𝑉𝑉(𝑃𝑃,𝑇𝑇)

   *  f(P,T) 
  



Voxel size normalization 
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Normalized features are robust across different scanners 
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Normalized features are robust across different scanners 



In-plane Vs 3D Resampling 
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Z 

X 

X 

X 

X 

Z 

VS 

l  Voxel size resampling is needed in all three directions 



Results-Fixed and Varying ROI 
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Normalized by  
ROI volume and  
# of voxels in ROI 

Normalized by 
voxel size and # 
of voxels in ROI 



Validation in patient group  
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 Spearman rank correlation coefficient for 4 features with Tumor volume. rs  > 0.90 
 After normalization with number of voxels in ROI, rs < 0.50  



Conclusions & Significance  
 Voxel-size resampling is an appropriate preprocessing step 

for image data sets acquired with variable voxel sizes.  
 Voxel size normalization is effective method to remove 

intrinsic dependencies of some CT radiomic features. 
 Some radiomic features namely, Intensity-energy, Intensity-

entropy, GLRLM-GLNU, GLRLM-RLNU and NGTDM-
coarseness were suggested potential biomarkers in recent 
radiomics research. 
 However, all these features are voxel size dependent. 
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Conclusions & Significance  

 Without normalization or voxel size resampling, these 
features convey information related to the volume of ROI 
predominantly and not to texture or other inter-voxel 
relationship. 
 We suggest voxel size normalization for voxel-size 

dependent features and resampling for all features.  
 This study highlight the importance of investigating the 

robustness of radiomic features with CT imaging parameters 
and exploring methods to fix this variability. 
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Future research plan 

 Design & fabricate texture phantoms for CT radiomic 
studies. 
 Impact of reconstruction kernels on CT texture features. 
 Effect of KVp, pitch and mAs on CT radiomic feature. 
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Thank you for your attention 
& Questions?? 
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Why to perform number of voxel/ voxel size normalization.  
(Drawback of voxel size resampling)  

• Scans were acquired with different voxel sizes, One with 0.5 x 0.5 x 1.5mm3 
and volume 10 cc and Second scan with V = 32 cc and voxel size of  0.9x 0.9 x 
1.5mm3. 

• After voxel size resampling to 1x1x2 mm3, both ROIs  have same voxel size 
but different number of voxels because 2nd ROI has a bigger volume, so we 
need to do normalization with number of voxels in ROI [include N(P,T)in 
feature definitions in this case]. 
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ROI, V = 10 cc 
N (P,T) = 26000  ROI, V = 32 cc 

N (P, T) = 26000  After voxel 
size 
resampling  

V = 10 cc 
N (P,T) = 5000 
  

V = 32 cc 
N (P,T) = 16000 
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