Institute of Micro- \UsACD S0CiEh, P
/l MN\GI;‘:SQ';?S"UC*U’Q ‘ E IM pa 12! ASEM Workshop for ASEM
‘ kc E N E M Materials Science and Technology Advanced Electron MiCrOSCOpy \ —=

Electron Tomography In a correlative approach to

multimodal characterization of human bone
Master Thesis of Tatiana Kormilina®:2*

Project co-authors: T. Kochetkova?3, S. Englischi, D. Drobek?!, J. Schwiedrzik?, E. Spiecker!

" Institute of Micro- and Nanostructure Research (IMN) and Center for Nanoanalysis and Electron Microscopy (CENEM), Erlangen, Germany
2Graz Centre for Electron Microscopy (ZFE) & Institute for Electron Microscopy and Nanoanalysis (FELMI), Graz, Austria
SEmpa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Mechanics of Materials & Nanostructures, Thun, Switzerland

Pursuing the task of creating a correlative Easy lift
: : : : transfer Choose region

e S o collagen fibri approach to quantitative characterization of - |

—Tinereieed Conasen IO MCF orientation, we combined the efforts — aPRs {5 um X L il .
qPRS — quantitative polarized Fot eyl bridaed® b | points . ET tip : : :

R ctroscOpY of tree techniques, bridge y clever oo ol B e pilar
nanoCT — nanoscale X-ray sample preparation, 3D data processing ooofe s o
- - g g oints
computed tomography  algorithms and intimate understanding of FIB cut —— -
ET — electron tomography the bone structure, provided by ET. ‘ A A
Bone micropillar &_)

qPRS Correlation Nano-CT

0 45 90 v,PO,

y | o » Phase contrast
> 5um b_elow _thg surface q P RS nano CT E =1 » ROI volume (16 pm)3
> Spot size elliptical ~ A > Resolution 50 nm
um diameter . . PHOTO BY ZEISS : > Energy 5.4 keV
> 7gE r o 8 Segmented objects in nano-CT are s 2 YT 9y
PHOTO BY I
T 200l matched  with gPRS  measurement
positions. Averaged angles from two
— i i 620 e Independent tomographies (indigo 1 and 2)

92

are compared with those from gPRS (pink) Feature segmentation with

machine learning Is used to
3 ) '”"”g‘”EE e X e a0 reveal canaliculi networks
2 + zzgégg%_ 180/ . P 9\0 and segments pointing the
£ | (a1 e —— FRioti ool co w O G R 150 0 150 - MCF orientation, which can
K e o0 2 w0 P be quantified.
400'91matchl -

T Pr——— T . T . T T T ’ 1 -
400 600 800 1000 1200 1400 1600 1800
Raman shift (cm ™)

Kochetkova T. et al. Acta biomaterialia 119 (2021): 390-404.

QPRS is a new method of MCF orientation from i
the ratio of orientation-dependent amide | and N
Independent amide |ll signal intensities In each y
spot of the 5x5 map.

Y

Mineral crystal clasters form bright
elliptical features cooriented with
MCF and visible in nanoCT.
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Virtual slices cut at different angles show both mineral crystals forming bright elliptical features and
d-spacing ‘zebra’ pattern, indicative for MCF. Inset shows change in the orientation of MCF.
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