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Experiment Report Form

The double page inside this form isto befilled in by all users or groups of userswho have
had access to beam time for measurements at the ESRF-.

Once completed, the report should be submittedrelacally to the User Office via the User
Portal:

https://mwwws.esrf.fr/mi sapps/ SM I SWebClient/pr otected/wel come.do

Reports supporting requests for additional beam time

Reports can be submitted independently of new malge- it is necessary simply to indicate
the number of the report(s) supporting a new prapas the proposal form.

The Review Committees reserve the right to rajegt proposals from groups who have not
reported on the use of beam time allocated prelyious

Reports on experiments relating to long term projects

Proposers awarded beam time for a long term prajectequired to submit an interim report
at the end of each year, irrespective of the nurabshifts of beam time they have used.

Published papers

All users must give proper credit to ESRF staff rhems and proper mention to ESRF facilities
which were essential for the results describedny ensuing publication. Further, they are
obliged to send to the Joint ESRF/ ILL library twmplete reference and the abstract of all
papers appearing in print, and resulting from tbe of the ESRF.

Should you wish to make more general comments @mxtperiment, please note them on the User
Evaluation Form, and send both the Report and taéugtion Form to the User Office.

Deadlines for submission of Experimental Reports

- 1st March for experiments carried out up uniitd of the previous year,
- 1st September for experiments carried out up damuary of the same year.

Instructionsfor preparing your Report

« fill in a separate form for each project or senémeasurements.

» type your report, in English.

* include the reference number of the proposal tackvthe report refers.
* make sure that the text, tables and figures fit the space available.

 if your work is published or is in press, you magfpr to paste in the abstract, and add full
reference details. If the abstract is in a languattper than English, please include an English
translation.
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Q Grimal*, X Cai*, L Peralta*, P Laugier, Sorbonne Université, UPMC Univ Paris 06,
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Report:

The aim of this experiment was to use Synchrotradi&ion uCT to assess bone porosity
and bone mineralization in complement to resonlrdsound spectroscopy (RUS) to
analyze the relationships between elastic stiffifjess/ided by RUS) and porosity and
mineralization (provided by SRuCT).

57 cuboid femur cortical bone specimens were hggdest the mid-diaphysis site from 26
donors. All 57 specimens were first measured uBiegpnant ultrasound spectroscopy at LIB
to asses elasticity estimati@R-uCT was performed at beamline ID19, with a pskat of
6.5um, and an energy of 26 keV. Ideally, a monatiaitic energy of 26keV was requested.
However, due to limited time, we could scan 26 spens using monochromatic beam (1
hour/specimen) and 31 using pink beam (15 minsisE).

Figure 1: A typical 3D bone microstructure recortdgdSR-uCT



After SR-uCT scanning, the 3D bone microstructuegenreconstructed and the porosity and
Degree of mineralized bone content (DMB) were daled for all the specimens. The results
show significant correlations between porosity aldhe elastic coefficients were found
(0.46<R2<0.80). Figure 2 demonstrates an exampdeatf relationship between porosity and
the elastic coefficient C1Eor the 26 specimens scanned by monochromatic beam,
significant correlations between DMB and the etastiefficients (C11, C33 and C44) were
found (0.23<R2<0.29). Figure 3 demonstrated theticeiship between DMB and C11.
However such correlations were not observed ospeeimens scanned by pink beam, since
pink beam may be not pure enough to accuratelytgquy&¥MB. However, we expect to
critically improve the investigation by scanning tlemaining specimens with
monochromatic beam in a future experiment if pdssib
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Figure 2: The relationship between porosity and thd=igure 3: The relationship between DMB and the
elastic coefficient C11 elastic coefficient C11

The work was presented at several conferences? gntllications are on-going :
Conferences :

— Cai X, Peralta L, Peyrin F, Helfen L, Oliver CritBal Q and Laugier P. Will the
anisotropic elasticity of human cortical bone terald by defatting and SIR=T scanning?
22nd Congress of European Society of Biomecharid$ 2abstract)

— Cai X, Peralta L, Peyrin F, Oliver C, Laugierdriarimal Q. On the relationship between
cortical bone anisotropic elastic properties, pityand mineral content. 22nd Congress of
European Society of Biomechanics 2016 (abstract)

— Cai X, Peralta L, Peyrin F, Helfen L, LaugierdrliaGrimal Q. Defatting and synchrotron
X-ray imaging of the vascular network do not atiene elasticity measured by resonant
ultrasound spectroscopy. International UltrasoBgsiposium 2016 (abstract)

Papers to be submitted:

— Cai X, et al., Cortical bone elasticity measusgdResonant Ultrasound Spectroscopy is not
altered by defatting and synchrotron X-ray imag2@l.6 (to be submitted)

— Cai X, et al., Influence of imperfect rectanguarallelepiped sample geometry on the
elasticity measured by resonant ultrasound spextpys 2016 (to be submitted).



