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Refractive index:n=1-0+if
B = absorption term; & = phase shift term
B~10719; 8~107° in soft tissue @ 17 keV
doc A2, Boc A
Absorption radiology -> contrast generated by differences in the x-ray absorption ( 3 Az)
Phase Radiology —> contrast generated by phase shifts x-ray absorption (  Az)
(0 >> B —> phase contrast >> absorption contrast




synchrotron or
¥-ray tube

R.Fitzgerard, Physics Today, July 2000 Detector

incident absorption near Fresnel Fraunhofer
plane wave field region region
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Monochromator

R.Fitzgerard, Physics Today, July 2000
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DEI — images at two positions of the rocking curve
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Breast imaging
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Breast cancer is the most common cancer amongst women (incidence: 8%)
The success of treatment depends on early detection (asynthomatic women)
Main method for detecting early breast -> X-ray mammography

Screening programs for large population area above 50 years old

Sensitivity of conventional mammography: 85-90%, Specificity: 90%

False positive/true positive =5 -10%

High number of doubtful cases makes frequent the need of biopsies
Conventional mammography is not enough effective for dense breasts

Radiographs of breasts with increasing density: mainly adipose breast (left) up to high

fibro-glandularity breast (right)

Breast composition and its mammographic appearance.l

G. Tromba - Sincrotrone Trieste
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=

Thickness =4 cm
MGD = 1.5 mGy

ke - T Conventional X-ray generator I

30 kVp, 50 mAs
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Based on 4 high-performance diodes

v excellent charge collection efficiency due to high-purity processing
v’ stable operation in harsh radiation environment

v low light sensitivity

« On board read-out electronics
» Digital output by means of
optical fiber

G. Tromba - Sincrotrone Trieste a5
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Slightly compressed breast Ionization chamber
THICKNESS
PRE-SCAN SPEED

Exposimeter

Beam

ENERGY
FLUX

BREAST
landularity clas

I, I

%/—/ Selected

Attenuation coefficient Measured
GLANDULARITY Calculated

Film is removed from the beam
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Examination protocol: exposure Treste, Feb 12th- 16th, 2007
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Compressed breast

THICKNESS
GLANDULARITY

Beam
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FLUX

Selected
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Calculated )
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E=18 keV, E=20 keV, E=22 keV,

MGD,=1.1 mGy MGD,=0.49 mGy MGD=0.26 mGy
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Comparison of Mean Glandular Doses

O Hospital DGM
m SR DGM

MGD (mGy)

Comparison of Entrance doses
1 2 3 45 6 7 8 91011121314 1516 17

Patients
@ Hospital Entrance dose
m SR Entrance dose

Dose (mGy)

123 45 6 7 8 9 10111213 14 1516 17

Patients
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Imaging of a Brain Tumor using SR Trieste, Feb 12th- 16th , 2007
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Glioblastoma multiforme (GBM) is the most common and most aggressive primary brain tumor
in humans.

One reason for the high rate of recurrence is the invasive nature of the tumor into the
surrounding normal brain tissue or multifocal occurrence at sites remote from that of the
primary tumor. An imaging protocol that will allow to make visible the invasive nature of the
tumor as well as metastases has been developed.

An animal model is used to study malignant brain tumor. C6 glioma cells were cultured and
some of the cultures were exposed to colloidal gold for 22 hrs before harvest.

C6 glioma cells were implanted into the brain of adult male Wistar rats. The implantation was
performed with the animals under general anesthesia. The animals were allowed to recover
after the end of the implantation and were sacrificed two weeks after the tumor cell
implantation. We then employed SR PHC technique to image the tumor.

Section of rat brain
with C6 glioma 2
weeks after
implantation

Section of healthy
rat brain

G. Tromba - Sincrotrone Trieste C.Hall, E. Schultke et al.
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E =24 keV

Sample-to-detector dist. = 80 cm
Num. projections = 720

Ccd pixel size = 14um

3D rendering of a 4 mm thick
volume.

Legenda:

A1andA2:
Tumor without colloidal gold

B1andB 2:
Tumor developed after implantation
of 300,000 gold-loaded cells

NOTE:

In the skull segments (A2 and B2),
the hole created for cell implantation
is well visible (diameter 0.6 mm).

G. Tromba - Sincrotrone Trieste

C.Hall, E. Schultke et al.
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The potential of DEI technique is under evaluation in different contexts :

. cancer detection
J asthma
e  pulmonary emphysema

|

3 order bronchi

G. Tromba - Sincrotrone Trieste 44
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Apparent absorption
image

Transmission image
Refraction
image

Images at 17 keV

Daresbury, Elettra, University of Trieste
Collaboration within PHASY project: R. Lewis,
C. Hall, et Al.
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Fi n g e r J O i nt Trieste, Feb 12th- 16th , 2007

Conventional radiograph

Apparent absorption image @ 20 keV
at ELETTRA

. = Daresbury, Elettra, University of Trieste Collaboration within PHASY project: R. Lewis et al.
G. Tromba - Sincrotrone Trieste ¥ 4 proj 47



Index finger proximal interphalangeal joint
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Extensor
tendon

Apparent absorption Image

G. Tromba - Sincrotrone Trieste

Refraction Image
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Index finger proximal interphalangeal joint Trieste, Feb 12th- 16th , 2007
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Apparent absorption Image Refraction Image
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CCD camera

Scintillator Screen

Monochromatic incident
X-ray beam

Sample Stage

Planar Radiographs
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Absorption pu - CT: Trabecular bone structure Trieste, Feb 12th- 16th , 2007 M

Elastic properties of bones are
determined by: composition, density
and bone architecture.

E=26 keV
Absorption radiograph

E= 26 keV
Absorption tomograph

Samples by: D.Dreossi, F.Vittur, F.Cosmi
University of Trieste
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Reconstructed volume from a sample of pig trabecular bone

224 pixels voxel

100 pixels voxel

G. Tromba - Sincrotrone Trieste
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High resolution u-CT analysis of a proximal
human femur with an innovative linear detector

« Investigation of the performance of a EBCCD-based system with a nominal spatial
resolution of 22.5 um extended over a FOV of 130 mm x 1 mm.

 This system is obtained by using a distinctive fiberoptic ribbon (patented by the
University of Bologna) converting a linear geometry to a rectangular one.

« A scan of a 9 cm wide human proximal femur allowed to analyze the trabecular
structure of the bone in order to investigate changes caused by osteoporosis.

A. Pasini et al., Proceedings of IEEE NSS/MIC 2004 Annual meeting, Rome, Italy

G. Tromba - Sincrotrone Trieste 54
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A. Pasini et al., Proceedings of IEEE NSS/MIC 2004 Annual meeting, Rome, Italy

G. Tromba - Sincrotrone Trieste
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BVITV Th.Th Th.N Th.Sp
[%] [Lum] [mm'] [Lum]
Left ROI 21.4+0.3 167+2 [.28+0.03  610+£20
Right ROI 13.840.2 12041 117002 T740+10
BV/TY Th.Th Th.N Th.Sp
[%] [m] [mm™'] [Lm]
Big ROI 17.5+0.2 12242 1444002 57648

LEGENDA:

BV/TV — Bone Volume/Tissue Volume
Tb.Th — Trabecular thickness

Tb.N — Trabecular Number

Tb.Sp — Trabecular Space

G. Tromba - Sincrotrone Trieste
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E =34 keV
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3D volume
rendering

50 slices
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Study of the bone structure adjacent to oral implants

i

One of the most important aims about cortical and cancellous bone
researches is to understand the factors that determine their mechanical
properties, how these properties are maintained, and how bone reacts to
changes in its environment, such as the introduction of a Ti implant.

Trabecular morphometry has been traditionally assessed in 2D.
Particularly limiting is the destructive nature of this extremely time
consuming procedure. Synchrotron radiation X-ray microtomography
allows to investigate the 3D microstructure of bone.

b

s

Beam energies between 30 and 40 keV will provide a satisfactory signal-
to noise ratio and contrast for the bone, except for the parts falling in the
shadow of the Ti screw. Then, we investigated the effect of Al implants.

L. Tesei, F. Casseler, D. Dreossi, F. Zanini, L. Mancini, G. Tromba
G. Tromba - Sincrotrone Trieste 58
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E =50 keV

L. Tesei et al., NIM A, 548 (2005) 257-263

G. Tromba - Sincrotrone Trieste 59
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Comparison before and after the bone implant

ki E=29keV, d=17cm

L. Tesei et al., NIM A, 548 (2005) 257-263

G. Tromba - Sincrotrone Trieste
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Study of the bone damage around the implant et e o

Screw: J 3mm,
anchorage length 8.5 mm

1 mm

E=29keV,d=17cm

L. Tesei et al.,, NIM A, 548 (2005) 257-263

G. Tromba - Sincrotrone Trieste 61
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3D rendering of the implanted bone Trieste, Feb 12th- 16th, 2007

g

1 mm

E=29keV, d=17cm
L. Tesei et al., NIM A, 548 (2005) 257-263

G. Tromba - Sincrotrone Trieste
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