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Background 
High soft-tissue contrast in three dimensions in biomedical specimens in fluid environment 
is hardly attainable with x-ray imaging methods based on the attenuation. All the excellent 
results reported so far on biological specimens were achieved after certain sample 
preparation (e.g. drying, embedding in resin, using contrast agents) and after choosing an 
x-ray energy below 20 keV to enhance the attenuation contrast [1,2]. In many cases, these 
kinds of sample preparation would destroy the specimen morphology, which is of special 
interest in non-destructive tomographic analysis.  

The recently installed x-ray interferometer, consisting of optical gratings at the HZG 
beamline W2 at DORIS III can help to overcome the problem of low contrast for 
biomedical soft tissue in wet environment. This phase-contrast modality is demonstrated 
to enhance significantly the soft-tissue contrast and at the same time to allow quantitative 
determination of the complex refractive index of the object [3,4]. Here, we present the 
quantitative results of a tomographic reconstruction of a mouse heart in absorption and 
phase contrast measured in formalin using the grating-based setup at the beamline W2.  

Methodology 
The grating interferometer at the beamline W2 consists of three optical gratings: an 
absorbing source grating G0 (period: 22.3 µm, fabricated by PSI), a phase grating G1 
(period: 4.33 µm, fabricated by PSI), and an absorbing analyzer grating G2 (period: 2.4 
µm, fabricated by KIT). The measurement was carried out at 7th fractional Talbot order 
and 22 keV. 

The specimen was embedded in a formalin solution (4 % formalin as used in medicine) in 
a polyethylene Eppendorf tube of 12 mm outer diameter. The formalin solution was 
degassed for two days under a low-pressure cap to avoid gas bubble formation produced 
by radiation damage during the scan. The Eppendorf tube with the specimen was glued to 
a sample holder and mounted on the CT-rotation axis hanging from above into a 25 mm 
thick water container filled with demineralized water. The water serves as background for 
the measurement to match the complex refractive index of the specimen to that of the 
background to avoid ’phase-wrapping’ at the edges of the sample container in the phase-
contrast signal. 

For the tomography scan 451 projections over 360 degrees were recorded with 8 phase 
steps over two periods of the analyzer grating G2 for each projection. The exposure time 
was in the range of 5 seconds per image, changing during the scan to correct for the 
decreasing ring current of DORIS. The images were taken with a binning factor of two. 
After every projection a reference projection was recorded by moving the sample vertically 
out of the water tank. The reference projections were used to correct for beam instabilities. 
The effective pixel size was determined by an automated focusing procedure to be 6.3 
µm, the spatial resolution is estimated to 15-20 µm (limited by the source size and the 
sample-to-detector distance). The reconstruction was performed using the filtered back 
projection. The reconstructed slices were stored as floating point data and windowed to 
the given gray values before image export. To obtain absolute values of measured data, 
the reconstructed values had to be corrected for the reduced sensitivity of the grating 
interferometer. Thus, the recorded phase projections were renormalized by multiplication 



with the factor (distance (G0-sample)/distance (G0-G1)) - 1 = [(3.0 m - 0.055 m)/(3.0 m)] - 
1 = 1.01868 prior to reconstruction. 

Results and discussion 
In Figure 1 the tomographic reconstructions of the mouse heart are shown. The part (a) 
shows the attenuation coefficient µ, and (b) the real part of the complex refractive index 
decrement δ measured relatively to water. Whereas the attenuation (a) shows almost no 
structures, the phase-contrast provides detailed information about the inner structure of 
the sample. In the heart tissue even different structures can be distinguished. 

Especially the results of the phase-contrast tomography demonstrate high contrast for 
weakly absorbing soft tissue in fluid environment, while no information of this specimen 
could be gained from the absorption contrast. 

Using the grating-based imaging method at the beamline W2 centimeter-sized soft tissue 
specimens can be measured without complicated and time-consuming sample preparation 
procedures. Even imaging of unique and very valuable samples can be done by this 
method without destroying or changing its structure. In future tasks, soft tissue can be 
analyzed in sodium-chloride solution (NaCl) to avoid changes through the formalin or 
alcohol in the tissue. 

 

 

 

 

 

 

 

 

 

 
 
Fig. 1. Tomographic reconstructions of a mouse heart in 4% formalin solution scanned in 
small Eppendorf container. (a) Attenuation coefficient, (b) real part of the complex 
refractive index decrement δ, measured in water bath at 7th fractional Talbot order and 22 
keV, binning factor 2, spatial resolution 15-20 µm. 
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