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Talbot-Lau Interferometry Applied to the Imaging of Human Soft Tissue
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Abstract

The shifting of X-rays when penetrating materials makes
phase contrastimaging and its high sensitivity to human soft
tissues possible. But phase contrast imaging in medicine is
difficult since it requires a coherent X-ray source: a synchro-
tron or a micro-focus X-ray tube.

X-ray Talbot-Lau interferometry solves the problem by ob-
taining phase contrast imaging with a conventional medical
X-ray tube. It allows three different images: a conventional
attenuation contrast (ATT) image, a differential phase con-
trast (DPC) image, and an X-ray, small angle, scattering con-
trast (SAS) image.

We constructed experimental Talbot-Lau interferometers
to test their application to medical imaging. With the approv-
al of ethics committees of Saitama Medical University and of
Nagoya Medical Center, we obtained images of human soft
tissues such as tendons and cartilage clearly imaged in the
DPCimages of hands. Also, SAS images of mastectomy speci-
mens enhanced some pathological lesions.

We confirmed these results by comparing the images with
dissections and organ specimens where organ tissues and le-
sions, which were unable to be imaged with conventional
radiography, were detected. Further, we evaluated Talbot-
Lau interferometry with the limb joints of healthy volunteers,
and cartilage surfaces were clearly imaged with in vivo
imaging.

Itis assumed that cartilage deformation precedes joint de-
formation with rheumatoid arthritis or osteoarthritis. Our
Talbot-Lau interferometry system can aid in these diseases'
diagnoses by detecting cartilage deformation and treating it
as a precursor of joint deformation. Detecting lesions in the
early stage of breast cancer will also be possible due to the
system's high sensitivity. We are continuing to develop the
system to soon make it available for clinical use.
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Fig. 1 Schematic diagram of a Talbot-Lau interferometer. (FPD: flat panel
detector).
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Fig. 2 Experimental apparatus for testing the applicability of Talbot-Lau
interferometry to medical imaging.
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Fig. 3 Talbot-Lau interferometer for clinical evaluation of the imaging of
limb joints.
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Fig. 4 Images of human cadavers taken with the apparatus shown in
Fig. 2: (a) an attenuation contrast image of a right thumb aligned
in the upright position, and (b) a corresponding differential phase
contrast image. The tendons of the flexor pollicis longus muscle
(black arrows) and of the extensor pollicis muscle (white arrows)
are clearly imaged in image (b).

Fig. 5 Images of human cadavers taken with the apparatus shown in
Fig. 2: (a) an attenuation contrast image of metacarpophalangeal
joints of the second and third fingers, and (b) a corresponding dif-
ferential phase contrast image. The surface of the cartilage is im-
aged as indicated by the arrows.
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Fig. 6 Images of a mastectomy specimen after formalin fixation taken
with the apparatus shown in Fig. 2: (a) an attenuation contrast im-
age, and (b) a corresponding small angle, scattering contrast im-
age. Image (b) more clearly images an intraductal carcinoma than
image (a). The intraductal carcinoma well corresponds with that
shown in Fig. 7.
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Fig. 7 Pathological result of the surface of the specimen seen in Fig. 6.

4.3 EEIBFOERFRR
RIHEZHER T VT4 TRNRE L, BHRITLRE

Fiv>TFig. 5 & Kk 15 15 i B % 5y Ltﬁf%a%a
Fig. 8 12/ d, (a) 13N, (b) I35 hAHEHR < &
%, FREIEMAFRE, RN TS S e b RE O
W RO G 2 R L 72, BT 7 < F LR
FEICB VT, EEESESRICEE 2 L S ED
ZALE WIS 5 2 Ll En s,

Fig. 8 Images similar to those in Fig. 5 of a metacarrpophalangeal joint
of a finger of a healthy volunteer: (a) an attenuation contrast im-
age of the metacarrpophalangeal joint, and (b) a corresponding
differential phase contrast image. The surface of the cartilage is
imaged as indicated by the arrows in image (b) in the same way as
in the human cadavers in Fig. 5.
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