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ABSTRACT 

The human brain contains 86 billion cells, but so far only a part could be visualized. The task corresponds to the acquisition 
and treatment of a petabyte-size dataset – analogous to plotting every star in the Milky Way. We demonstrated the 
feasibility of cellular-resolution full-brain imaging for ethanol-immersed and paraffin-embedded human brain using the 
tomography setup at the beamline P07 (PETRA III, DESY, Hamburg, Germany), which is operated by the Helmholtz-
Zentrum Hereon. Because the beam size and the number of detector pixels limit the field-of-view to 6 mm, we decided to 
stitch these radiographs to projections 90,000 pixels wide. The reconstructed slices allow for the detection of cells, although 
they contain severe artefacts. The next challenge is the optimization of the data acquisition, so that an entire brain can be 
made visible using typical beamtime applications. Reconstruction, artefact removal, and dissemination of such a human 
brain atlas is a task we are faced to. It will create a paradigm for investigating other human organs, high-performance 
engineering devices, and unique cultural heritage objects related to data of terabyte or even petabyte size. 

Keywords: Computed tomography, microtomography, synchrotron radiation, radiograph stitching, murine and human 
brain, dissemination of big data, human brain embedding, ethanol-immersed tissue. 

1. INTRODUCTION
The human brain coordinates essential human abilities such as memory, vision, respiration, and body temperature 
regulation. Its diameter is on the order of 10 cm. The brain’s cells are on the order of micrometers, the synaptic connections 
can be thinner than 100 nm, and the morphological changes on the order of a few nanometers can affect brain circuit 
function. Thus, comprehensive brain mapping requires a multi-modal approach for imaging length scales across eight or 
more orders of magnitude in each dimension. Currently, the visualization of the anatomical features on the micrometer or 
even nanometer level is only obtained after physical sectioning that leads to preparation artefacts and, generally, a reduction 
of spatial resolution in at least one direction. Murine brains, 3,000 times smaller than those of humans, however, have been 
successfully visualized with isotropic sub-micrometer voxels by means of synchrotron radiation-based micro computed 
tomography [1]. This approach takes advantage of the penetration power of almost parallel, hard X rays to circumvent 
physical sectioning of tissue. We push the current limits of this imaging technique toward subcellular resolution of an 
entire human brain for basic science and future medical applications. For this purpose, we prepare human brains immersed 
in pure ethanol and embedded in paraffin advancing the established histology protocols. Currently, paraffin-embedded 
human brains contain numerous voids and cracks caused by the 10% shrinkage during paraffin solidification. These 
defects, to be circumvented, compromise phase tomography imaging using hard X rays. The radiographic projections of 
the human brain can be acquired and stitched at the tomography setup of the beamline P07, PETRA III, DESY, Hamburg, 
Germany, with an effective pixel size close to 1 μm. Very recently, we demonstrated feasibility for cross-sections of entire 
human brains immersed in ethanol and embedded in paraffin [2]. We developed software tools to reconstruct the big phase 
tomography data [2]. Note the data of a single slice have a size of nearly 20 GB, which gives rise to about 1,000 TB for 
the whole human brain to be stored and treated. This approach also includes removing ring artefacts arising from prominent 
features such as highly X-ray absorbing components and detector inhomogeneity.  

*bert.mueller@unibas.ch; phone +41 61 207 5430; fax 41 61 207 5499; www.bmc.unibas.ch

Plenary Paper

Developments in X-Ray Tomography XV, edited by Bert Müller, Ge Wang,
Proc. of SPIE Vol. 13152, 1315202 · © 2024 SPIE

0277-786X · doi: 10.1117/12.3032298

Proc. of SPIE Vol. 13152  1315202-1



 
 

 
 

 
 

It is planned to make the generated atlas of the entire human brain publicly available, starting with creating an efficient 
data processing and storage pipeline for the available 3.6 TB data of the human brain slice with isotropic 1.3 μm voxels 
[2]. The three-dimensional representation of the entire brain with true micrometer resolution will be non-rigidly registered 
to the EBRAINS’ human brain atlases to allow usage of their atlas services. The registered image will be disseminated via 
EBRAINS after conversion to shared Neuroglancer format for efficient data handling. Such a comprehensive imaging 
dataset of the entire human brain will have impact for teaching purposes. The gained knowledge in brain preparation as 
well as acquisition and handling of such big imaging data should be applied to any human organ in health and disease so 
that related diagnosis and treatment planning will include microanatomical features on the level of individual cells. In 
future, the envisioned imaging should be applied to other unique objects, such as in materials and museum sciences. 

2. NEUROIMAGING ACROSS LENGTH SCALES COVERING NINE ORDERS OF 
MAGNITUDE IN EACH DIMENSION 

For conventional neuroimaging techniques, one finds a trade-off between imaged volume and spatial resolution [3]. High-
resolution techniques, such as electron microscopy and histology, suffer from limited penetration depth thus require 
physical sectioning, while full brain clinical imaging with magnetic resonance imaging (MRI) and computed tomography 
(CT) can only reach sub-millimeter resolution. Figure 1 shows that virtual histology based on hard X-ray tomography can 
extend conventional histology for volumetric neuroimaging, potentially unlocking both high resolution and large imaged 
volume, though data sizes will soon reach the petabyte scale. 

 
Figure 1. Neuroimaging of the entire human brain with cellular resolution is challenging because data of petabyte size 

must be recorded, reconstructed, and analyzed. The dissemination of the acquired information is also a challenge, 
because the specialists only need a small part of the available data, as we know from platforms as Google Earth. 
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3. MAGNETIC RESONANCE IMAGING OF THE BRAIN 
For the in vivo visualization of the human brain on the macroscopic scale, magnetic resonance imaging (MRI) is the gold 
standard, as it provides excellent contrast and avoids ionizing radiation. This method is based on the relaxation of nuclear 
spins of hydrogen atoms. In vivo and in situ volumetric datasets can be obtained with voxel sizes down to a fraction of a 
millimeter [4]. Numerous acquisition sequences have been used to obtain appropriate contrast for clinical diagnostics [4] 
as well as related scientific studies. Specialized sequences for diffusion-weighted MRI, give access to microanatomical 
features including fiber trajectories or axon diameters [5]. Despite their voxel sizes hardly better than a cubic millimeter, 
MRI has been used as reference for aligning and correcting histological slices for preparing brain atlases, see, for example, 
the BigBrain project [6]. 

Specific scanners such as those employed for small animal imaging and human brain segments, can reach magnetic 
fields of 9 T and above. Imaging with these high-field-strength scanners is frequently termed magnetic resonance 
microscopy (µMRI) and can reach voxel lengths of several tens of micrometers [4]. For cubic centimeter-sized volumes, 
the acquisition time is on the order of ten hours. This method was applied on murine brains to understand and characterize 
the effects of genotype on anatomy, physiology, and behavior and, ultimately, the role of genotype in disease development 
[7]. It also served as imaging technique to establish a three-dimensional neuroanatomical atlas of the entire mouse brain 
[8]. Combining active MRI stains and optimized tissue preparation with µMRI can allow for correlating the volumetric 
data to a series of histology slides, giving insights onto the cytoarchitecture and cellular distribution of active stains [9]. 
Although the cytoarchitecture of a human cerebral cortex can be investigated with sub-100 µm voxel width [10] true 
cellular resolution is generally inaccessible. The current state of the art is characterized by recently published data of an 
ex vivo mouse brain with 20 µm voxels acquired with a scan time of 27 hours using a 15 T MRI scanner [11]. µMRI also 
permitted the identification of iron-laden oligodendrocytes in human cortical gray matter and cortical lesion segments [12]. 
Thus, such ex vivo studies allow for the visualization of the largest cells of the brain including the Purkinje cells. 

4. CLASSICAL HISTOLOGY FOR BRAIN MAPPING 
Histology is the gold standard for histopathological analysis and validation of neural tissue imaging. It has been employed 
for the identification of tissue, e.g. grey and white matter [13], for automated cell counting [14] and to map the brain’s 
cytoarchitecture [15]. Currently available human brain reference atlases with cellular or nearly cellular resolution, such as 
the ALLEN Human Brain Reference Atlas [16] or the BigBrain model [6], consist of histological sections combined with 
non-invasive three-dimensional imaging. The ALLEN Human Brain Reference atlas, for instance, comprises three-
dimensional MRI and diffusion-weighted imaging datasets, combined with histological slices with micrometer resolution. 

The construction of three-dimensional data from two-dimensional histological sections is usually achieved by 
registration to a reference dataset such as from MRI. Several pipelines have been proposed, for instance registering MRI 
volumes and histological slices directly [17], or taking photographs of blocks during slicing to be used as an intermediate 
modality [18]. Distortions in the histological sections such as folds and tears pose challenges for registration, which have 
been addressed, e.g., by introducing a probabilistic model for the deformations [19]. 

5. VIRTUAL HISTOLOGY AS A NEUROIMAGING TOOL 
The visualization of the brain cytoarchitecture with X-ray microtomography (μCT) has conventionally relied on heavy-
metal staining [20, 21]. Many stains have been suggested, such as osmium-based [22, 23], iodine-based [24, 25], and 
Golgi-Cox mercury-based impregnation [26, 27]. Unfortunately, selection and usage of X-ray contrast agents is sample- 
and target-specific, hence presenting a barrier for non-experts. Nevertheless, the first successful µCT cell imaging 
post mortem was also based on osmium staining [28]. 

Phase-contrast X-ray imaging offers higher density resolution than absorption contrast [29], allowing for imaging of 
the minute native density differences in brain tissue without staining [30, 31]. This has enabled label-free imaging of cyto- 
and angioarchitecture of whole rodent brains [32, 33]. It has also been used for the quantitative analysis of cytoarchitecture 
within neuronal volumes up to tens of cubic millimeters in size for mice and humans [34-36]. Such cellular-resolution 
neuroimaging has even been demonstrated with laboratory-based systems [36-38]. Unique possibilities such as capillary-
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level visualization of amyloid-angiopathy were demonstrated in a mouse brain model of ALZHEIMER’s disease [39]. Hard 
X-ray nano-tomography has also shown promise for neuroimaging, with isotropic spatial resolution down to and even 
below the optical limit [40, 41]. 

Thus, virtual histology based on hard X-ray μCT [42], also called three-dimensional X-ray histology, is an emerging 
neuroimaging technique that can reveal the brain’s cellular structure in three dimensions [34-38] and complement MRI 
and conventional histology as part of a multi-modal imaging strategy [43, 44]. For example, in a study on ALZHEIMER’s 
disease, a correlation of classical histology and X-ray phase-contrast tomography showed that some hallmarks of the 
disease, such as an accumulation of microglia, are directly visible with X-ray tomography, while others, such as senile 
plaques, can only be observed indirectly [37]. 

6. LARGE VOLUME BRAIN MAPPING WITH MICROTOMOGRAPHY 
While hard X-ray penetration of soft tissues theoretically allows for μCT of entire centimeter-sized brains, the field-of-
view (FOV) for micrometer resolution imaging is usually limited by detector array size. Standard detectors for X-ray μCT 
are based on CMOS cameras coupled to a scintillator via light microscope objectives, thus consisting of a few thousand 
pixels in each of the two directions. For spatial resolution of 1 µm, i.e. a pixel size below 0.5 µm, a single detector FOV 
provides tomographic reconstruction of only a few cubic millimeters. The volume of a mouse brain is about 500 mm3 and 
that of a human brain is about 106 mm3, therefore the FOV must be significantly extended for brain mapping applications. 

Translation of the sample along the axis of rotation allows for extension of FOV via helical scans or, more commonly, 
stitched reconstructions from several height steps. Approaches for extending the FOV orthogonal to the rotation axis 
generally fall into three categories: (i) stitching reconstructions from a grid of local scans, hereafter denoted as 
reconstruction stitching, (ii) stitching projections taken with a common center-of-rotation, hereafter referred to as 
projection stitching, or (iii) a combination of the two, hereafter hybrid stitching [45-48]. Reconstruction stitching allows 
for standard reconstruction provided by most μCT beamline facilities, though corrections are needed for well-known local 
tomography artefacts from truncated sinograms [49-51]. For long measurements of dose-sensitive samples, dedicated 
correction of deformations with non-rigid stitching is beneficial [52, 53]. Projection stitching is more dose- and time-
efficient [45], though it requires a higher precision in alignment of the rotation axis and a dedicated pipeline for mosaic 
stitching of projections and reconstruction of huge datasets [47, 48]. 

These mosaic-style acquisitions have been gaining traction in the virtual histology community. Microtomography of 
a mouse brain with 1.17 µm pixel size was used to validate fiber orientations in diffusion MRI [54]. Similar imaging was 
shown as a critical link from full-brain MRI to large-volume serial electron microscopy to visualize mouse brain structures 
covering five orders of magnitude in length [55]. For human brain imaging, hierarchical phase contrast imaging was 
demonstrated for large organs at the European Synchrotron Radiation Facility [56]. An entire human brain was imaged at 
25 µm voxel size, with local tomography providing magnified views at 6 and 2.5 µm voxels [56]. Exploration, registration 
with existing atlases, e.g. the ALLEN Mouse Brain Common Coordinate Framework [57] or the BigBrain project for the 
human brain [6], and public availability remain challenges for such teravoxel datasets. 

7. DISSEMINATION OF LARGE BRAIN VOLUME DATA 
Interactive platforms have recently been developed for visualizing and annotating volumes of mega- to teravoxel size, 
including the Siibra-explorer and Neuroglancer. The Siibra-explorer, whose rendering capabilities build on the open-source 
project Neuroglancer, is a browser-based viewer of brain atlases, which allows seamless querying of semantically and 
spatially anchored datasets thanks to tight integration with the Human Brain Project Knowledge Graph. Currently, it 
contains four reference atlases and their associated images, namely the ALLEN Mouse Common Coordinate Framework 
[57], the Waxholm Space atlas of the Sprague Dawley rat brain [58], the Julich-Leuven Multilevel Macaque Brain [59], 
and the EBRAINS multilevel human brain atlas including the Julich-Brain Cytoarchitectonic Atlas [60]. The multi-
resolution Neuroglancer format allows displaying tera- to petavoxel large datasets and their segmentations fast enough to 
be practical. It enables easy collaboration, as any view can be shared by copying the URL from the web browser. Its 
usefulness for collaborative brain studies has been demonstrated, for example, for segmenting the full adult fly brain dataset 
at 4 nm × 4 nm × 40 nm voxels, resulting in 115 TB of image data [61, 62], and lately for a connectomic microscopy study 
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of a 1 mm3 volume of human cerebral cortex at 4 nm × 4 nm × 33 nm voxels, amounting to 1.4 PB of image data [63, 64]. 
Images in Neuroglancer format can be processed by several open software packages, including igneous [65]. In the open 
research platform EBRAINS, they are connected via the Siibra toolbox to various modeling and simulation cloud services 
for collaborative brain research [66]. 

8. BEING ON THE TRACK TO IMAGE THE ENTIRE HUMAN BRAIN WITH ONE 
MICROMETER RESOLUTION 

8.1 Important milestones 

More than a decade ago, our team demonstrated that bivariate histograms of registered µMRI and phase tomography data 
of human brain tissue permitted a direct comparison of complementary imaging techniques [67]. Recently, we extended 
the approach toward tri-variate histograms built from μCT-data of a distracted rat jaw before and after decalcification as 
well as a selected histology slide [68]. After applying k-means clustering, we could identify five tissue classes, a result 
which led to the hypothesis that the combination of modalities enable the discrimination of collagen types [68]. 

The complementarity of post mortem μCT and conventional histology has been demonstrated for human 
atherosclerotic artery segments [69] and entire mouse kidneys [70]. This analysis provided unique structural parameters 
on treatment-induced local shrinkage, which are essential for flow studies in vessels affected by constrictions [69] and in 
renal physiology [70]. Ethanol dehydration also supported the nanoscale imaging of zebrafish embryos using synchrotron 
radiation facilities [71]. Paraffin embedding, well established in histology, gives rise to a remarkable contrast increase in 
hard X-ray imaging of human brain tissue [38], which was demonstrated for isotropic spatial resolution beyond the optical 
limit [40] and μCT of porcine nerve using cutting-edge laboratory systems [72]. It also allowed identifying the onset of 
hippocampal sclerosis in a mouse model with induced temporal lobe epilepsy pathogenesis [73]. The abundance and 
orientation of periodic nanostructures including the myelin sheaths was quantified by means of hard X rays as well [74]. 

We quantitatively compared phase tomography using synchrotron radiation-based μCT (SRμCT) double-grating 
interferometry and conventional SRμCT in the context of paraffin-embedded human brain segments [75] and demonstrated 
that the contrast-to-noise ratio in phase modality was almost two times higher than the photon-energy optimized and spatial 
resolution-matched absorption measurements [75]. We proposed GAUSSIAN filtering of projections as alternative to 
PAGANIN’s widespread single-distance phase retrieval filter, and proved that a GAUSSIAN filter provided a larger contrast-
to-noise ratio at high spatial resolution with interpretable density measurements for brain tissue [76]. 

More important for the micrometer imaging of the entire brain is the detailed hard X-ray virtual histology study of the 
entire mouse brain over the course of standard histological preparation, i.e. from formalin fixation to paraffin embedding 
[77, 78]. By means of non-rigid registration, we quantified the embedding-dependent local microanatomy shrinkage [78]. 
Ethanol dehydration increased the fiber tract contrast by a factor of 15 [78]. Quantification of tissue deformations required 
locally adaptive transformation models with many degrees of freedom (DOFs) [78]. Further, regularization was needed to 
avoid overfitting and unrealistic deformations. This is of particular importance in cases, where analyzing tissue 
deformations is a goal of registration [78, 79]. Regularization can take the form of reduced DOFs, e.g. increasing spacing 
in the grid of control points, or adding a penalty term for large local deformations [80]. We proposed an unsupervised 
approach to determine the more suitable regularization approach and amount of regularization. This procedure was based 
on determining the image dissimilarity measures for a series of test registrations as regularization has been decreased, 
fitting an exponential decaying function and finding the optimum, i.e. closest point to [0,0] after min-max normalization 
[1]. This procedure was used to quantify strain fields during histological tissue preparation [57, 78]. 

Registration of large volumetric datasets, such as those produced from virtual histology, often leads to challenges, 
because the images and their spatial transformation exceed memory limits and/or cause excessive runtimes. We, therefore, 
developed a distributed multi-resolution approach, in the spirit of image and transformation multi-resolution pyramids, 
where registrations of image sub-regions are distributed to independent tasks to avoid violating memory limitations [1]. 
This pipeline was used to register the full-resolution mouse brain dataset to the ALLEN Mouse Brain Common Coordinate 
Framework [57, 81]. 
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Automatic segmentation of anatomical regions could be challenging in label-free virtual histology, hence manual 
approaches were used frequently. Manual treatment, however, is infeasible for datasets of terabyte size. Improved contrast 
might allow for semi-automated segmentation, as validated for ethanol immersion of brain tissue to segment fiber tracts 
by region growing from a handful manually defined seed points in a mouse brain [82]. Machine-learning-based approaches 
showed success for terabyte-scale μCT of 30,000 glomeruli in a murine kidney [83]. Recently, we successfully employed 
a deep neural network to automatically segment the molecular, granular, and polymorph layers of the dentate gyrus on 
label-free μCT data with 1.6 μm-wide voxels on paraffin-embedded brain hemispheres from mice induced with temporal 
lobe epilepsy pathogenes [73]. We currently employ a similar segmentation strategy to automatically segment the 
ventricles, the choroid plexus and stroma of mouse brains from sparse slice-wise manually segmentations of sub-micron 
virtual histology [1]. Segmenting the single layer of choroid epithelial cells benefitted from sub-micron image resolution 
as well as the acquisition of the entire brain, as the choroid plexuses are present in the lateral, third and fourth ventricles. 

Comprehensive brain mapping requires imaging length scales across many orders of magnitude. The human brain has 
a width on the order of 10 cm, the size of cells is typically on the order of micrometers, synaptic connections can be thinner 
than 100 nm, and morphological changes on the order of a few nanometers can affect brain circuit function. Therefore, a 
combination of imaging techniques is required to visualize the three-dimensional cyto-architecture of the brain. Among 
these, virtual histology based on μCT holds promise as a post mortem modality that can provide volumetric brain imaging 
with isotropic micrometer resolution. However, current μCT results mostly explore brain sub-volumes on the order of a 
few tens of cubic millimeters, while the volume of the human brain is around 1.2× 106 mm3. Our group has recently 
demonstrated imaging of an entire mouse brain with 0.65 µm-wide voxels through projection stitching, extending the 
imaged volume by a factor of 400 and developing a pipeline for processing these tera-voxel-sized datasets spanning the 
450 mm3 volume of the mouse brain [1, 81]. This pipeline was designed to take advantage of parallelization and run as 
batch jobs on either standard workstations or scientific computing infrastructure, e.g. with sciCORE [84] at the University 
of Basel, Switzerland, thus allowing for scaling to larger imaged volumes as needed for the human brain. 

8.2 Preliminary results of 10 cm-wide human brain in ethanol and paraffin 

In a pilot tomography study at the P07 beamline at PETRA III, Hamburg, Germany, we employed the setup, operated by 
the Helmholtz-Zentrum Hereon, with a monochromatic beam of 67 keV and the 80 cm sample–detector distance. We 
acquired radiographs with isotropic 1.27 µm-wide pixels along 1 cm-thick slices of human brain in paraffin and ethanol, 
cut along the coronal plane, as well as one height step acquired from an entire human brain immersed in ethanol. We 
extended the FOV by a factor of 20 applying projection stitching. Following the brain diameter, up to ten laterally offset 
scans over 360 degrees were recorded per specimen, with 48,000 partial projections each. Projections 180 degrees apart 
were stitched, resulting in a total of 24,000 stitched projections over 180 degrees, each 90,000 pixel wide. The ring current 
of the synchrotron radiation source was used for the flat-field correction. 

Step and fly scan strategies were tested on centimeter-thick ethanol-dehydrated brain slices. The step scans can be 
combined with a random lateral movement of the specimen, which can significantly reduce the frequently observed ring 
artefacts in the reconstructed data, although at the cost of substantially increased scan-time overhead. For future studies, 
we, therefore, opt for the fly-scan acquisition strategy. Fly scans were successfully acquired for the brain slices in ethanol 
and paraffin as well as for the cross-sectional imaging of the entire brain. Figure 2 exemplarily shows a reconstructed slice 
of a 1 cm-thick brain section embedded in paraffin. The exposure time per projection was 30 ms, and eight laterally offset 
scans were required to span the 9.4 cm-wide FOV, resulting in a total scan time of about 3.5 hours. Figure 3 shows a 
selected reconstructed slice of an entire human brain immersed in 100% ethanol, imaged under identical conditions, but 
with ten offset scans to span 11.5 cm, resulting in about four hours scan duration. 
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Figure 2. Virtual slice through a 1 cm-thick and more than 9 cm-wide paraffin-embedded section of the human brain. The 

projections were stitched from eight rings, each consisting of 48’000 images acquired over 360° with 30 ms exposure 
time. After 2×2 binning of the projections, the resulting isotropic voxel length was about 2.5 µm. a Overview over 
the entire section in the coronal plane. b and c Enlarged views showing the edge of a ventricle and elements of the 
vasculature. The intensity values span [A, B] a [3.3, 4.8]×10-4, b [4.0, 6.1]×10-4, c [2.1, 4.3]×10-4 in arbitrary units. 
The scale bar marks a 9.8 mm, b 1.6 mm, c 0.2 mm. 

 
Figure 3. Virtual slice through an entire human brain immersed in 100% ethanol. The projections were stitched from ten 

rings, each consisting of 48’000 images acquired over 360° with 30 ms exposure time. After 2×2 binning of the 
projections, the resulting isotropic voxel length is 2.5 µm. a Overview over the entire section in the coronal plane. 
b Enlarged view showing the molecular and granular layer, white matter in the cerebellum. c Further enlarged view 
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at full spatial resolution illustrating individual Purkinje cells. The intensity values span [A, B] a [1.2, 4.0]×10-4, b 
[1.3, 4.1]×10-4, c [1.9, 4.9]×10-4 in arbitrary units. The scale bar marks a 12.5 mm, b 1.6 mm, c 0.2 mm. 

Before reconstruction, the projection data were binned by a factor of two in order to increase the photon statistics, 
resulting in a total projection width of 36,940 and 45,082 pixels for the brain in paraffin and ethanol, respectively. Phase 
retrieval was applied to the projections [85]. Although the number of projections was substantially smaller than usually 
recorded for such a tomographic dataset, reasonable data quality was achieved. We could speculate that 48,000 projections 
would be sufficient for a 90,000 pixel-wide FOV. 

9. CHALLENGES IN X-RAY IMAGING OF THE ENTIRE HUMAN BRAIN WITH ONE 
MICROMETER VOXEL SIZE 

A human brain can be obtained from donated bodies provided that an approval of the responsible Ethical Committee is 
given. A professional can carefully extract the brain from the skull for formalin fixation. It takes several months to 
dehydrate the entire brain using an ethanol series. It is an art to embed the entire brain into paraffin. This embedding 
process is critical for phase tomography, because air inclusions lead to substantial artefacts. 

For the SRµCT-data recording at a synchrotron radiation facility, the ethanol-immersed and paraffin-embedded brains 
must be suitably fixed on the rotation/translation stage. A brain-specific shape can be realized, for example, by a 3D-
printed polymer container. For an efficient recording, a detector with fast data transfer capabilities is fully illuminated by 
a beam stable for many shifts of beamtime. The same applies to the mechanical stability of the tomography setup, which 
should reach sub-pixel level to avoid time-consuming post-processing. 

Another challenge is the handling of big data. First, a fast accessible memory is a prerequisite. After artefact removal, 
normalization, and stitching, the individual slices must be reconstructed. Finally, the reconstructed data have to be 
registered to the related atlas with the aim to disseminate the information within the scientific community. 

It is expected that the challenges can be addressed within the next four years, so that a very few datasets of the human 
brain will become publicly available with about 1 µm voxel size and about 2 µm spatial resolution for imaging the 1011 
biological cells of the human brain; see https://data.snf.ch/grants/person/97306. 
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