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Technique

Applications

Absorption

Bones, teeth studies

Contrast agent-based imaging
(tracking studies using heavy

| elements, K or L edge imaging)

Angiography, bronchography,
brain studies(”)

Phase Contrast imaging (PHC)

Mammography, lungs

Diffraction Enhanced Imaging

(DEI)

Cartilages, joints, lungs, etc

(A) in combination with PHC imaging




Image modality: micro-CT
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GNP are taken up by phagocytosis stored in lysosomes
and are not released by exocytosis
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A 1 and A 2: Tumor without colloidal gold

3D rendering of a
4 mm thick
volume

E =24 keV
Num. proj. =720
Pixel size =14um
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Breast imaging

» 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

Breast composition and its mammographic appearance.
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. - Conventional X-ray generator I

30 kVp, 50 mAs




Il Phase: low-dose tomography with custom Si microstrit detector.

Clinical trial started on March 13, 2006




Methods used for comparing SR vs. conventiona

Better lesions characterization
Enhanced visibility of microcalcifications

Detectability of new lesions
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Detector

Beam preparation beam control Patientroom  Radiologist
room
Safety systems:
 Beamline access control system (for personnel)
* Dose control system (for patient)
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Antiscattering shield

Sereen-film
cassette
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Exam initialization

e Input of patient parameters,

* Choice of X-ray energy (according to the breast thickness
and on an estimate of breast glandularity class (i.e. low,
medium, high)),

 Beam optimization.

Prescan
[t is a scan over a small breast portion in a range selected by
radiologist.

e It aims to measure the breast absorption properties and to =
evaluate the real breast glandularity.

* The results of prescan are used to confirm the choice of the M
X-ray energy and to calculate the scan speed. r- '

* The delivered dose is 5-10 % the examination dose. | =

Exam
e The exam is a simultaneous scan of breast and detector in a
range selected by radiologist. 7 B
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Examination protocol: pre-exposure e

Slightly compressed breast Ionization chamber
THICKNESS

Beam

ENERGY
FLUX

BREAST
landularity clas

Selected

Measured
Calculated

T

Film is removed from the beam
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Examination protocol: exposure e

Compressed breast

THICKNESS
GLANDULARITY

ENERGY

Selected
SCAN SPEED Measured
Calculated ]

Film in the beam
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Detector

Monochromator (
L

R Fitzgerard, Physics Today, July 2000

are rejected
* Small misalignements -> investigation of phase shift effects
 With greater misalignements the primary beam is almost totally rejected and pure

refraction images are obtained
* Sensitive to VO(x,y)
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positives: 20-40%.

Need to monitorate: soft articular tissues, cartilages, early
changes in the adjoining subchondral and trabecular bone.
Articular cartilage and subchondral bone act in concert with

regards to the mechanical loading of the joint.




Subchondral Bone Plate (Important for diagnostic purposes ln osteoarthritis)
~ Tidemark (Border between normal and mineralized cartilage)

Transitional and Deep Layer (round cells, collagen fiber switches from
horizontal to vertical orientation, increasing stiffness and material density)

Aim: detect the architectural arrangement of collagen within cartilage and

evaluate how the cartilage degeneration affects the underlying subchondral
and trabecular bone.

Muehleman C, Majumdar S. et al.
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Trabecular bone

Muehleman C, Majumdar S, Issever AS, Arfelli F, Menk RH, Rigon L, Heitner G, Reime B, Metge ], Wagner A, Kuettner KE,
Mollenhauer J, Osteoarthritis and Cartilage 12 (2): 97-105 FEB 2004
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A Wagner, M Aurich, N Sieber, M Stoessel, WD Wetzel, K Schmuck , M Lohmann, B Reime,
J Metge, P Coan, A Bravin, F Arfelli, L Rigon, RH Menk, G Heitner, T Irving, Z Zhong, C Muehleman, J A Mollenhauer sumbitted to
NIM A




Finger Joint Lo

Conventional radiograph

Apparent absorption image @ 20 keV
at ELETTRA
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Extensor

tendon




Flexor tendon

Joint capsule ; : s
Joint capsule Articular surfaces

Apparent absorption Image




Technique:PHC

Image modality: planar
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Separatlon of the pulmonary and
systemic circulations

10 fold increase in pulmonary blood
flow

Large increase in blood oxygenation
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Animal model: rabbit pups
Imaged pups with PHC at SPring-8, Japan (Beamline 20B2).
— Either before the first breath (fetus) or at fixed intervals after
birth (up to 2h)
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Imaging the terminal airways
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interventions such as balloon angioplasty.

At present hrMR images are used but tissue differentiation is
poor. Can we improve it using SR?







CCD Camera
(water cooled
12/16 bit camera
4008 x 2672 pixels,

pixel size = 5 um)




Lipocytes
(fat cells)

Courtesy of
F.Schmid
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Fibrous structure

of the adventjtia




Adventitia
Media
Intima

\

Micro AR TR E L St Bl e N (N

calcifications

Highly fibrotic

tissue
Courtesy of

F.Schmid




Courtesy of
F.Schmid
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3D-Reconstruction of the calcification il

Courtesy of
F.Schmid
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Comparison Between MR Imaging and u-CT RE-

MR image SR image (phase contrast)
100x100x400um 12x12x12um

Courtesy of

- F.Schmid
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