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Supplemental

Additional dataset: PCA-guided flat field correction and phase retrieval in SR-CB2 Configuration
Dust or scratches on components, beam inhomogeneity or variations in the detector induce a fixed-pattern noise in the acquired
projection images (pi) that degrades the image quality and leads to challenges in the phase retrieval and artifacts in the
subsequent tomographic reconstruction. For a flat field correction, additional images are acquired. Flat field images ( fi) are
usually acquired before and after the tomographic scan. They are acquired with X-ray illumination, but without the sample
in the beam. Dark images (di) are usually acquired after each scan with the X-ray source being switched off or blocked by a
shutter. This signal contains the dark current of the detector. Flat fields and dark fields are acquired with the same acquisition
time as the projection images. The validity and error estimation of flat field correction for the imaging regimes used are shown
e. g. in1–4.

For the conventional flat field correction, the median or mean of the flat field images f̄ and dark images d̄ are calculated,

Figure 1. Flatfield correction and phase retrieval for SR-CB2-Setup, corresponding to the scan presented in Fig. 7(C) in
manuscript. (A) Typical flatfield image. (B) XPCT projection image after division by flatfield. (C-D) XPCT projection images
after PCA-aided flatfield correction. (E) Phase retrieval of (D) with CTF-scheme.



yielding the normalized (corrected) projections p′:

p′i =
pi − d̄
f̄ − d̄

. (1)

If the illumination changes linear over time, e. g. by drift of the source spot, another simple approach is to calculate a flat field
for each projection by linear interpolation of the two sets of flatfield acquired before ( f̄1) and after ( f̄2) the acquisition of the
projections

fi = (1− i
N −1

) f̄1 +
i

N −1
f̄2, (2)

with the total number of projections N and i ∈ [0,N −1].
For varying flat fields an efficient method is PCA-aided flat field correction where an eigen flat field is found by a linear

combination of distributions obtained by principal component analysis (PCA)5, 6:

fi ≈ f̄ +
K−1

∑
k=0

wikuk, (3)

with K eigen flat fields uk, K ≪ N. Each projection is normalized by a flat field that is a linear combination of those eigen flat
fields which fits the projection best. To this end, the weights wn

ik are calculated by projecting the image pi on the basis given
by the eigen flat fields5. Fig. 1 shows the empty beam correction for a structured flatfield (A). In (B) projection image after
conventional division by the mean of flatfield images is presented. With the PCA-aided approach presented in (C) the artefacts
from the structured illumination are reduced.

Additional dataset: murine OoC, unstained in methanol, scanned in the SR-CB1 Configuration

Figure 2. Flatfield correction and phase retrieval for SR-CB2-setup, corresponding to the scan presented in Fig. 3 in
manuscript. (A) Typical flatfield image. (B) Virtual slice through reconstruction volume of mouse apical cochlear turn,
recorded at E = 8keV, dxeff = 127nm. Although low frequency artefacts are prevalent in the volume, single cells, such as the
OHCs are resolved.
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Additional dataset: custom-built instrument µ-CT1 and phase retrieval

Figure 3. Setup and phase retrieval for µ-CT1 setup, corresponding to Fig. 7(A-B) in manuscript. The sample is an optically
cleared marmoset cochlea (sample Ma3) that was mounted in an Eppendorf tube with Agarose and immersed in DBE. (A)
µ-CT1-Setup with liquid metal jet source, motorized sample stage, flighttube to reduce absorption by air and flat panel detector
on detector stage. (B) Typical XPCT projection image. (C) Phase retrieval of (B) with BAC scheme.
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Additional dataset: Rat Head with eCI, scanned at µCT-1

Figure 4. Imaging the rat head (sample WR2) for eCI implant positioning and defect finding with µ-CT1 at dxeff = 16.4µm.
(A) Flatfield corrected projection. (B) Phase reconstruction of (A) with BAC scheme. (C) Virtual slice through reconstruction
volume at the position of the left cochlea. (D) Volume rendering of the whole unsegmented rat head with eCI, note the metal
streak artifacts at the top of the head where the implant connector sits. (E) Rendering of segmented eCI, cochleae and ossicles.
(F) Zoom into (E). (G) Different orientation of the left cochlea to visualize implant positioning. (C+E+F) Share the same
orientation. (A-B) Scalebars 2 mm. (C-G) Scalebars 1 mm
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Additional dataset: Rat head with oCI, scanned at µCT-1

Figure 5. Imaging the rat temporal bone (sample WR1) for oCI implant positioning. (A) Typical XPCT projection image. (B)
Phase retrieval of (A) with BAC scheme. (C) Virtual slice through reconstruction volume. The cochlear turns and the implant
are visible. The implant causes metal streak artefacts. (D) Volume rendering of the bone (grey) and implant (red).
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