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X-Ray History

7. Nachdem ich die Durchlissigkeit verschiedener Kérper von re-
lativ groBer Dicke erkannt hatte, beeilte ich mich, zu erfahren, wie
sich die X-Strahlen beim Durchgang durch ein Prisma verhalten,
ob sie darin abgelenkt werden oder nicht. Versuche mit Wasser und

15. Nach Interferenzerscheinungen der X-Strahlen habe ich viel
gesucht, aber leider, vielleicht nur in Folge der geringen Intensitit

derselben, ohne Erfolg,
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Conventional X-Ray Radiography: Attenuation Contrast
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New ‘Wave-Optical’ X-ray Radiography: Phase Contrast

1012913p
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Phase-Contrast Imaging with Visible Light

fibroblast
cells
Frits Zernike, 1953
Nobel Prize for
Phase Contrast Microscopy
Conventional Phase
Bright Field Contrast
Zeiss microscope
www.zeiss.de
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Phase-Contrast Imaging using X-Ray Optical Gratings

reference grating analyzer grating

J0]o3lap

Momose et al | Optics Express | 2003
Weitkamp et al | Optics Express| 2005
Pfeiffer et al | Physical Review Letters | 2005
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X-Ray Optical Transmission Gratings

(PSI/ CH) (KIT/ DE)
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Lehrstuhl fiir Biomedizinische Physik | Franz Pfeiffer um



Lehrstuhl fiir Biomedizinische Physik | Franz Pfeiffer

First Results

October 2004, polystyrene spheres, 35 kVp
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absorption

Pfeiffer et al
X-ray tube Nature Physics
40 kVp 2006

absorption phase contrast

Pfeiffer et al
X-ray tube Nature Physics
40 kVp 2006




absorption phase contrast

Pfeiffer et al
X-ray tube Nature Physics
40 kVp 2006




Differential Phase-Contrast CT

Tomographic reconstruction from
absorption projections:
Filtered backprojection with Ramlak filter

g(x,y) = / ]-‘Tﬁl[g(z".w') X Z‘(l'l)](l.t
0

Tomographic reconstruction from
phase contrast projections:
Filtered backprojection with Hilbert filter

g(z.y) = / FT D, w) x h(v))dw
JO

Faris et al | Appl. Opt. | 1988
Pfeiffer et al| Phys. Rev. Lett. | 2007
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Pfeiffer et al | Phys. Rev. Lett. | 2007 & NIMA | 2007



projections projections

human hand, in-vitro, 360 projections, x-ray tube, 40 kVp

phase-contrast CT

absorption CT Donath et al | Investigative Radiology | 2010
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(aep) abductor pollicis longus and
extensor pollicis brevis muscles

(cl)  collateral ligaments of the
metacarpo-phalangeal joints

(dp) dorsal plate

(ecr) extensor carpi radialis longus
and brevis, extensor pollicis
longus tendons

(ecu) extensor carpi ulnaris tendon

(edi) extensor digitorum and
extensor indicis tendons

(edm) extensor digiti minimi tendon

(fcr)  flexor carpi radialis tendon

(fcu) flexor carpi ulnaris tendon

(fp)  flexor digitorum profundus
tendons

(fpl)  flexor pollicis longus tendon

(fsp) flexor digitorum superficialis
and profundus tendons

(hh)  hamulus of the hamate bone

(Im)  lumbricales muscles

(pl)  palmaris longus tendon

(r) radius

(u) ulna

(vp) volar plate

Donath et al | Investigative Radiology | 2010

Hounsfield units

Hounsfield units

Donath et al | Investigative Radiology | 2010



Hounsfield Phase Units to improve Tissue Segmentation ?
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What is better: Absorption or Phase Contrast ?
absorption CT phase-contrast CT
Liquid phantom, X-ray tube, 40 kVp Herzen et al | Optics Express | 2009
Franz Pfeiffer Tlm

12



]
]

Weitkamp et al | Eur. Radiology | 2008
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Pfeiffer et al
Phys. Med. Biol
2007
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