
Supplementary material 1: Explanations and formulas of texture parameters. 

 

Texture parameters from Histogram-based matrix (HISTO): 

 

𝐸: the total number of voxels in the Volume of Interest; 𝐻𝐼𝑆𝑇𝑂(𝑖): the number of voxels with intensity I;  𝐻𝐼𝑆𝑇𝑂: the average of grey-levels in 

the histogram;  𝑝(𝑖): the probability of occurrence of voxels with intensity I; 𝜀 =  2𝑒 − 16; 𝑉𝑖: the volume of voxel i of the Volume Of 

Interest. 

Parameter  Description Formula 

HISTO-Skewness Asymmetry of the grey-level distribution in the histogram 𝐻𝐼𝑆𝑇𝑂_𝑆𝑘𝑒𝑤𝑛𝑒𝑠𝑠 =

1
𝐸

∑𝑖 (𝐻𝐼𝑆𝑇𝑂(𝑖) − 𝐻𝐼𝑆𝑇𝑂)3

(√1
𝐸

∑𝑖 (𝐻𝐼𝑆𝑇𝑂(𝑖) − 𝐻𝐼𝑆𝑇𝑂)2)3

 

HISTO-Kurtosis 
Shape of the grey-level distribution relative to a normal 

distribution 
𝐻𝐼𝑆𝑇𝑂_𝐾𝑢𝑟𝑡𝑜𝑠𝑖𝑠 =

1
𝐸

∑𝑖 (𝐻𝐼𝑆𝑇𝑂(𝑖) − 𝐻𝐼𝑆𝑇𝑂)4

(
1
𝐸

∑𝑖 (𝐻𝐼𝑆𝑇𝑂(𝑖) − 𝐻𝐼𝑆𝑇𝑂)2)2
 

HISTO-Entropy Randomness of the distribution 𝐻𝐼𝑆𝑇𝑂_𝐸𝑛𝑡𝑟𝑜𝑝𝑦𝑙𝑜𝑔10 = − ∑

𝑖

𝑝(𝑖) ⋅ 𝑙𝑜𝑔10(𝑝(𝑖) + 𝜀) 

HISTO-Energy Uniformity of the distribution 𝐻𝐼𝑆𝑇𝑂_𝐸𝑛𝑒𝑟𝑔𝑦 = ∑

𝑖

𝑝(𝑖)2 



Texture parameters from grey level co-occurrence matrix (GLCM): 

 

𝐼(𝑝, 𝑞) corresponds to voxel(𝑝, 𝑞) in an image (I) of size N∗M; 𝑃𝑎𝑖𝑟𝑠𝑅𝑂𝐼 corresponds to the number of all voxel pairs belonging to the region of interest 

(ROI); 𝜇𝑖: the average on row i; 𝜇𝑗: the average on column j; 𝜎𝑖: the variance on row i; 𝜎𝑗: the variance on column j; 𝜀 =  2𝑒 − 16. 

𝐺𝐿𝐶𝑀Δ𝑥,Δ𝑦(𝑖, 𝑗) =
1

𝑃𝑎𝑖𝑟𝑠𝑅𝑂𝐼
∑

𝑁−Δ𝑥

𝑝=1

∑{
1 if (𝐼(𝑝, 𝑞) = 𝑖, 𝐼(𝑝 + Δ𝑥, 𝑞 + Δ𝑦) = 𝑗) 
 and 𝐼(𝑝, 𝑞), 𝐼(𝑝 + Δ𝑥, 𝑞 + Δ𝑦) ∈ 𝑅𝑂𝐼

0 otherwise

𝑀−Δ𝑦

𝑞=1

 

Parameter Description Formula 

GLCM-Homogeneity 
Homogeneity of grey-level 

voxel pairs 
𝐺𝐿𝐶𝑀𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 13 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠(∑

𝑖

∑

𝑗

𝐺𝐿𝐶𝑀(𝑖, 𝑗)

1 + |𝑖 − 𝑗|
) 

GLCM-Energy 
Uniformity of grey-level 

voxel pairs 
𝐺𝐿𝐶𝑀𝐸𝑛𝑒𝑟𝑔𝑦 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 13 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠(∑

𝑖

∑

𝑗

𝐺𝐿𝐶𝑀(𝑖, 𝑗)2) 

GLCM-Contrast 
Local variations in the 

GLCM 
𝐺𝐿𝐶𝑀𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 13 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠(∑

𝑖

∑

𝑗

(𝑖 − 𝑗)2 ⋅ 𝐺𝐿𝐶𝑀(𝑖, 𝑗)) 

GLCM-Correlation 
Linear dependency of 

grey-levels in GLCM 
𝐺𝐿𝐶𝑀𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 13 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠(∑

𝑖

∑

𝑗

(𝑖 − 𝜇𝑖) ⋅ (𝑗 − 𝜇𝑗) ⋅ 𝐺𝐿𝐶𝑀(𝑖, 𝑗)

𝜎𝑖 ⋅ 𝜎𝑗
) 

GLCM-Entropy 
Randomness of grey-level 

voxel pairs 
𝐺𝐿𝐶𝑀𝐸𝑛𝑡𝑟𝑜𝑝𝑦𝑙𝑜𝑔10

= 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 13 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠(− ∑

𝑖

∑

𝑗

𝐺𝐿𝐶𝑀(𝑖, 𝑗) ⋅ 𝑙𝑜𝑔10(𝐺𝐿𝐶𝑀(𝑖, 𝑗) + 𝜖)) 

GLCM-Dissimilarity 
Variation of grey-level 

voxel pairs 
𝐺𝐿𝐶𝑀𝐷𝑖𝑠𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑣𝑒𝑟 13 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛𝑠(∑

𝑖

∑ |

𝑗

𝑖 − 𝑗| ⋅ 𝐺𝐿𝐶𝑀(𝑖, 𝑗)) 


