
Practical issues for Medical Applications

General problems for MC calculations on CT scans

⚫ How to assign realistic human tissue parameters

(= materials) for MC Calculation?

⚫ How to find a good compromise between the number 

of different HU values (~ 3000-5000) and the materials 

to be considered in the MC? 

    (issues on memory and computation speed when 

attempting to treat each HU number as a different 

material !!!)

⚫ How to preserve continuous, HU-dependent 

information when segmenting the HU numbers into 

intervals sharing the same “tissue” material ?

    (critical for ion range calculation in hadron therapy !!!)



CT stoichiometric calibration (I)

   
CT segmentation into 27 materials of defined elemental 
composition (from analysis of 71 human CT scans)

Soft tissue

Air, Lung,
Adipose tissue

Skeletal tissue

Schneider et al PMB 45, 2000



CT stoichiometric calibration (II)

Assign to each material a “nominal mean density”, e.g. using the 
density at the center of each HU interval (Jiang et al, MP 2004) 

Schneider et al

 PMB 45, 2000

But “real density” (and related physical quantities) 
varies continuously with HU value !!!



Caricamento di una immagine Dicom 
e produzione di una geometria a 
voxel

cd FLUKA_Exercises

cd Dicom
flair

Selezionare New input di tipo voxel



Selezionare Dicom



Selezionare Add



Selezionare 
directory 
CT
e poi  Open

La directory CT 
contiene tutti i files di 
una dicom 
(anonimizzata) di un 
paziente



Selezionare
e poi  Ok





Accesso alle informazioni

Visualizzazione



Lista delle 
slices

Cursore per 
scorrimento slices



From CT to FLUKA Voxel Geometry
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We will use loosely the word “organ” to indicate a group o fvoxels (or 

even more than one group) made of the same “tissue” material (same HU 

value or in a given HU interval)

1.Assign an organ index to each voxel. In many practical cases, the 

user will have a continuum of CT values (HU), and may have to 

group these values in intervals

2.Each organ is identified by a unique integer≤32767. The organ 

numbering does not need to be contiguous i.e. “holes” in the 
numbering sequence a are allowed.

3.One of the organs must have number 0 and plays the role of the 
medium surrounding the voxels (usually vacuum or air).

4.Assign to each NON ZERO organ a voxel-region number. The voxel-
region numbering has to be contiguous and starts from1 .



The FLUKA voxel geometry

⚫ All CT information can be given as input to FLUKA through a special file *vxl 
containing: 

◼ The number of voxels in each coordinate

◼ The number of voxel-regions, and the maximum organ number

◼ The voxel dimension in each coordinate

◼ A list of the organ corresponding to each voxel

◼ A list of the voxel-region number corresponding to each organ

◼ Definition of Regions of Interests (ROI) A list of the ROIs for each voxel

⚫ The code handles each organ as a Comb Geo region, possibly in addition to 

other conventional “non-voxel”r egions defined by the user

⚫ The voxel structure can be complemented by parts written in the standard 

Combinatorial geometry

⚫ The code assumes that the voxel structure is contained in a parallelepiped. 

This RPP is automatically generated from the voxel information.
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Selezionare 
Voxel



Occorre 
caricare la 
conversione 
da numeri 
HU a 
materiali
(2 files)







Selezionare 
Voxel per 
generare il 
file di 
geometria e 
caricarlo 
nell’input

E’ possibile 
introdurre angoli 
di rotazione
e coordinate di 
traslazione



⚫ <= Unit: specify the upper limit of the range. Every entry will 
correspond to a range from the previous upper limit+1 until the current 
upper limit.  

⚫ Material: select any of the predefined FLUKA materials defined 
previously.

Optionally you can specify correction factors for the density and dE/dx

⚫ Crho_min/Chro_max: density correction factors to be applied on the 
lower/upper limit of the unit range (see next slides).

⚫ CdEdx_rel_min/CdEdx_rel_max: relative correction factors on dE/dx for 
minimum/maximum unit in the range (see next slides)



Salvare il file 
con un nome
(per es. ct.vxl)



Selezionare 
Card per 
aggiungere in 
input 
l’istruzione di 
caricare il file 
voxel appena 
generato





Visualizzazione nel tab Geometry di Flair

Utilizzare i layers Lattice o 3D

A questo punto si potrà 
definire in input:
- Fascio e sua 

direzione/posizione
- Energia
- Scoring
- ecc. ecc.
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