Tomographic imaging using
synchrotron light:
Benefit for orthopedic research
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SRuCT-based FEM
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SRUCT for structural biology
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SRUCT for soft tissue imaging
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SRUCT In tissue engineering

Microsc. Microanal. 12, 97-105, 2006
DO 10.1017/51431927606060168

Microscopy ..
Microanalysis

Three-Dimensional Characterization of Cell Clusters
Using Synchrotron-Radiation-Based
Micro-Computed Tomography @y
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Biomaterial research using SRuCT

* Field of application
— Structural bone analysis
— Bone-Implant-Interface
— Determination of degradation rates

* Mainly used modes
— SRUCT: attenuation mode
— SRUCT: element-specific mode




Limitation of hard-tissue histology

1. Limitation of biomaterial-tissue interface analysis
 ,Wrong angle” phenomena
 limitation of cutting-grinding technique
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,Wrong angle” — Phenomena

Plane of Histological Appearence of
sections Bone-Implant-Interphase
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Advantage of SRuUCT
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SRUCT Interface Analysis

Influence of extracellular matrix coatings on implant stability and osseointegration:

An animal study
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SRUCT Interface Analysis

Available online at www.sciencedirect.com
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Witte et al., HASYLAB Ann. Reports, 2004
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Mg + 2 H,O0 —-Mg(OH), + H,

Mg(OH), + 2CI- — MgCl, + 20H-

For analysis of in-vivo corrosion
= ¢ of magnesium, microtomography
/ is mandatory.

“Drop-outs” from cutting-grinding technique
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Current biomaterials

density Young's tensile breaking
modulus strength elongation

material [g/cm?®] [GPa] [Mpal] [%]
surgical steel
(X2CrNiMo18164) 8,0 193 585 55
surgical titanium
(TiAl6V4) 4,43 100 — 110 930-1140 [8-15
cortical bone 1,7-2,0 3-30 80 — 150 3-4
DL-PLA
(DL-polylactide) 1,24 1,9 29 5,0
magnesium
AZ91 1,81 45 240 3
magnesium
MgCa (0,8 wt% Ca) [1,75 n/a 290 - 300 2-6

Laboratory for Biomechanic and Biomaterials,
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Pathophysiology
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Implantation of Magnesium-Rods

In vivo corrosion of four magnesium alloys and the associated
bone response Biomaterials

F. Witte®*, V. Kaese®, H. Haferkamp®, E. Switzer®, A. Meyer-Lindenberg®.
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Follow-up post-OP:

Magnesium alloy:

AZ31 6 weeks

AZ91D
18 weeks
WE43

LAE442

Control:
SR-PLA
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SR-PLA96 Magnesium

| = Implantat residual; E = endostal new bone formation;
P = periostal new bone formation; Bar = 1.5 mm Witte et al., Biomaterials 26, 2005
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Histomorphometry of Mg-implants
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Physiological bone formation is

Bone area per total area (B AT Ar) of implanted magnesium alloys
and degradable polymer (SR-PLAYS) in guinea pig femura at 6 and 18

Mook postoperainely enhanced by magnesium implants.

6 weeks p-value 18 weeks p-value
AZ3IL91 1000 0.578
WE43/A X331 0847 O_B0G
WE43/A 791 0.924 0995
WE43/LAE442 [ T 1O
LAE442/ A 731 0996 0730
LAE442/A 791 098D 0999
SR-PLASA/ A X2 0909 010
SRE-PLAYG/AFI] 0963 0828
SR-PLAY9G/WEA43 1000 0605
SR-PLAYS/LAE442 0.738 Doa90

Mo siginificant differences were found between groups.

Witte et al., Biomaterials 26, 2005
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Corrosion layer in-vivo

Intensity fau. —

d
30 35 40 45 50 55 a0 45 Y0 75 B0 85 90
2 theta (degr.
(degr) Witte et al.,
) _ Biomaterials 26, 2005

a) magnesium residual i
b) corrosion layer ST TR
c) bone . .
d)) embedding media a) BSC; b) magnesium; ¢) neodymium;

9 d) calcium; e) phosphorus
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AT
v

1 g magnesium >> 1.08 | hydrogen gas
Witte et al., Biomaterials 26, 2005
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MMC - Novel biodegradable metals

Available online at www.sciencedirect.com
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Corrosion layer

HASYLAB at DESY
beamline HARWI (W2)
photon energy: 31 keV

angular range 0-180°

stepwise 0.25°
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HASYLAB at DESY
beamline HARWI (W2)
photon energy: 31 keV
angular range 0-180°

stepwise 0.25°
voxel edge length: 10 um

stack of 5 datasets

Witte et al,
AZ91D LAE442 Biomaterials 27, 2006
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/4

- 7 (Eq. 1)
ABD

CR

CR is the corrosion rate (a) -

Reference: ASTM G31-72, 2004
W s the weight loss

A is the original surface area
JAN exposed to the corrosive media
I— (Eq. 2)

A4 m t is the time of immersion

CR

p is the standard density

Witte et al., Biomaterials 27, 2006
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Element-specific SRuCT

mass absorption coefficient vs. photon energy
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LAE442
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Summary

SRUCT:

* became a great imaging tool
* has potential for quantitative analysis

* for structural biology and
* for interface analysis of biomaterials.
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