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According with the World Health Organization:
- Breast cancer caused 670 000 deaths globally in 2022.

- Roughly half of all breast cancers occur in women with no specific risk factors other
than sex and age.

- Breast cancer was the most common cancer in women in 157 countries out of 185 in
2022.

- Breast cancer occurs in every country in the world.

- Approximately 0.5–1% of breast cancers occur in men.
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Motivation
Breast Cancer Nowadays
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Propagation-based imaging mammograms recorded at a synchrotron source and
clinical mamogram [2],[3].
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Motivation
Conventional detection
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Phase contrast images using CT [4],[5].
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Motivation
Phase contrast detection
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ψout(x, y, ω) = ψin(x, y, ω)eikze−
∫

kβ(x,y,z,ω)dze−
∫

ikδ(x,y,zω)dz (1)
n(x, y, z, ω) = 1 − δ(x, y, z, ω) + iβ(x, y, z, ω) (2)

schematic description of X-rays interacting with matter.
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Theoretical framework
X-rays through matter

6 C. Tibambre Detection of mammographic lesions



7 C. Tibambre Detection of mammographic lesions

Theoretical framework
Absorption and phase shift
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For soft materials at energies 5keV < E < 60keV:

δ

β
≈ 103 (3)
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Theoretical framework
β and δ ratio
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Experimental realization of In-line PCI X-ray imaging
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Phase-Contrast-Imaging PCI
In-line PCI
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From Transport Intensity Equation:

I(x, y, z = z1, ω)

I(x, y, z = z0, ω)
= 1 −

z1

k
∇2

⊥∆ϕ(x, y, z0, ω) (4)

Applying phase retrieval methods(Paganin Algorithm):

∆ϕ(x, y, z = z1, ω) =
γ

2
ln

F−1

F (f (x, y, z = z1, z0, ω))

1 +
z1γ

2ko
(u2 + v2)


 (5)
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Phase-Contrast-Imaging PCI
In-line PCI
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Experimental realization of the SBI method

Each speck works as a beam marker, depending on the method to retrieve the phase
signal the way to collect the sample and reference image would change.
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Speckle Based X-ray Imaging
How works this method?
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Construct a cost function:

f (x0.y0, δx, δy,T,DF) =
∫

[T(I0+DF∆Ir(x−δx, y−δy))−I(x, y)]2×w(x−x0, y−y0)dxdy

(6)
Minimizing over T and DF variables:

T =
Ī(w ∗∆I2

r )− (w ∗∆Ir)((wI)∗r)

Io((w ∗∆I2
r )− (w ∗∆Ir))2

(7)

DF =
1
T

(wI) ∗∆Ir − Ī(w ∗∆Ir)

(w ∗∆I2
r )− (w ∗∆Ir)2)

(8)

Where the convolution * can be written as:

w ∗∆Ir =

∫
w(x − xo, y − yo)∆Ir(x − δx, y − δy)dxdy (9)

Regarding that visibility (ν = 20%)
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SBI
UMPA method

12 C. Tibambre Detection of mammographic lesions



From the Fokker-Plank equation:

IR(r)− IS(r) =
z1

k
∇⊥ · [IR(r)∇⊥ϕobj]− z1∇2

⊥[Deff (r)IR(r)]. (10)

At least it is necessary to collect four samples and reference images.

Deff ,phase(r) = F−1[e−ρ(k2
x+k2

y)F (Deff (r)) +
1 − e−ρ(k2

x+k2
y)

ikx − ky
F (Dx

eff (r) + iDy
eff (r))] (11)

ϕobj = ∇−2
⊥ [

k
z1IR

(r)(IR(r)− IS(r) + z1∇2
⊥[Deff IR(r)]] (12)

Where:

∇−2
⊥ = −F−1 1

k2
x + k2

y
F , (13)
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SBI
MIST method
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Experimental setup for data acquisition in conventional mammography using 28kVp
and 50µA
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Mammography setup
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Experimental setup
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Timepix3 detector
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The structure of the pixel matrix.
source : DialingbacktimeonTimepix3,Msc.Thesis.RobbertGeertsema
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Timepix3 detector
Scheme of matrix pixels
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ToT and ToA detection. source : DialingbacktimeonTimepix3,Msc.Thesis.RobbertGeertsema
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Timepix3 detector
ToT and ToA
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Geant4 and PEPI project
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left: Visibility curve using one sandpaper. right: Visibility curve using four sandpapers

ν =
σI

I
(14)
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SBI Optimization
Visibility and magnification
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Cut-off optimization based in the best CNR value in the phase image
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Cut-off optimization
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Phase signal retrieved with Eeff = 17keV, γ = 344.8 and M=1.8. Left:Phase image using
SBI method CNR = 3.78. Rigth:Phase image using In-line method CNR=5.73
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Results
In-line and SBI phase image
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Contrast-to-Noise ratio at different frames and steps

CNR =
|IBGK − Isamp|

σBKG
(15)
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CNR Curves and Dose

23 C. Tibambre Detection of mammographic lesions



Phase images from SBI method using 6 and 8 franes
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Phase images using 6 and 8 frames
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Laplacian image using 6 and 8 frames.
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Laplacian image
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Dark-field image using 6 and 8 frames.
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Dark-field image
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- In-line method offers higher CNR respect to the SBI method, this because was used
low number of frames to be comparable one method respect to the other.

- SBI method can be used as a complementary method in the detection of breast lesions
due to the additional signals it offers, such as the laplacian and drak-field images.

- Using photon-counting detectors it is possible to estimate the dose received by a
sample and resolve an image using specific energies.
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Conclusions
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taken from [21],[22]
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