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Tomographic imaging using Tomographic imaging using 
synchrotron light:synchrotron light:

Benefit for orthopedic researchBenefit for orthopedic research

Frank WitteFrank Witte
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Synchrotron-radiation based
computed micro-tomography

Hamburger Synchrotronstrahlungslabor

HASYLAB

• DORIS storage ring

• E=4.450 GeV Positrons

• 22 Beamlines
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HARWI II
Felix Beckmann
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The beginning of SRµCT in biology

Microcallus (www.roche.com)

Prof. Ulrich Bonse
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SRµCT-based FEM
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SRµCT for structural biology

Scherf H., Fischer J., Beckmann F.,
Witte F. SPIE 5535, 2004
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SRµCT for soft tissue imaging
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SRµCT in tissue engineering
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• Field of application
– Structural bone analysis
– Bone-Implant-Interface
– Determination of degradation rates

• Mainly used modes
– SRµCT: attenuation mode
– SRµCT: element-specific mode

Biomaterial research using SRµCT
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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

Bone

Plane of Histological 
sections

Implant

(An and Friedman, 1999)

Gap

Appearence of
Bone-Implant-Interphase

„wrong-angle“-phenomena is dependent on:
1.   thickness of the histological section
2.   the plane of the section

Implant

Bone
Gap

Implant

Bone
No Gap!

Implant

Bone
No Gap!

„Observer angle“

tissue silde
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Advantage of SRµCT
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SRµCT Interface Analysis

Influence of extracellular matrix coatings on implant stability and osseointegration: 
An animal study
Bernd Stadlinger 1 *, Eckart Pilling 1, Matthias Huhle 1, Ronald Mai 1, Susanne Bierbaum 2, Ricardo Bernhardt 2, Dieter Scharnweber 2, Eberhard 
Kuhlisch 3, Ute Hempel 4, Uwe Eckelt 1
1Faculty of Medicine, Department of Maxillofacial Surgery, University of Technology Dresden, Fetscherstr. 74,D-01307 Dresden, Germany

2Max-Bergmann-Center of Biomaterials, University of Technology, Budapester Str. 27, D-01062 Dresden, Germany

3Faculty of Medicine, Institute for Medical Informatics and Biometry, University of Technology Dresden, Fetscherstr. 74, D-01307 Dresden, Germany

4Faculty of Medicine, Institute of Physiological Chemistry, University of Technology Dresden, Fetscherstr. 74, D-01307 Dresden, Germany

email: Bernd Stadlinger (stadlinger@gmx.de)

Journal of Biomedical Materials Research Part B: Applied Biomaterials; Epub 22.Feb.2007
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SRµCT Interface Analysis
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Biodegradable magnesium alloys

1.5 mm 1.5 mm

Witte et al.,HASYLAB Ann. Reports, 2004
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Limitation of cutting-grinding techniqueLimitation of cutting-grinding technique

“Drop-outs” from cutting-grinding technique

Mg(OH)2 + 2Cl- → MgCl2 + 2OH-

Mg + 2 H2O →Mg(OH)2 + H2

For analysis of in-vivo corrosion
of magnesium, microtomography

is mandatory.

Mg-Implant

Bone
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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

 
 

Current biomaterialsCurrent biomaterials

Staiger et al., Biomaterials 27 2006
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PathophysiologyPathophysiology
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Implantation of Magnesium-RodsImplantation of Magnesium-Rods

20 mm

Magnesium alloy:

AZ31
AZ91D

WE43
LAE442

Control:
SR-PLA

Follow-up post-OP:

6 weeks

18 weeks
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New Bone FormationNew Bone Formation

SR-PLA96SR-PLA96 MagnesiumMagnesium
I = Implantat residual; E = endostal new bone formation;I = Implantat residual; E = endostal new bone formation;
P = periostal new bone formation; Bar = 1.5 mmP = periostal new bone formation; Bar = 1.5 mm Witte et al., Biomaterials 26, 2005
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Histomorphometry of Mg-implants

Md.Ar. MAR

B.Ar./T.Ar
Physiological bone formation is
enhanced by magnesium implants.

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

a) magnesium residuala) magnesium residual
b) corrosion layerb) corrosion layer
c) bonec) bone
d) embedding mediad) embedding media a) BSC; b) magnesium; c) neodymium;a) BSC; b) magnesium; c) neodymium;

d) calcium; e) phosphorusd) calcium; e) phosphorus

Witte et al.,
Biomaterials 26, 2005
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Subcutaneous gas cavitiesSubcutaneous gas cavities

1 g magnesium >> 1.08 l hydrogen gas1 g magnesium >> 1.08 l hydrogen gas
Witte et al., Biomaterials 26, 2005

Mg + 2 H2O → Mg(OH)2 + H2
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MMC - Novel biodegradable metalsMMC - Novel biodegradable metals

0h 20h

0h 20h
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SRµCT in attenuation mode

Cancellous bone

Metallic magnesium alloy

Corrosion layer

0.5 mm

HASYLAB at DESY

beamline HARWI (W2)

photon energy: 31 keV

angular range 0-180°

stepwise 0.25°
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Witte et al,
Biomaterials 27, 2006AZ91D LAE442

Analysis of the total specimensAnalysis of the total specimens

1.5 mm

HASYLAB at DESY

beamline HARWI (W2)

photon energy: 31 keV

angular range 0-180°

stepwise 0.25°

voxel edge length: 10 µm

stack of 5 datasets
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In vivo corrosion rate by SRµCTIn vivo corrosion rate by SRµCT

ρ⋅⋅
=

tA
WCR

Reference: ASTM G31-72, 2004

tA
VCR
⋅

∆=

(Eq. 1)

(Eq. 2)

CR   is the corrosion rate

W     is the weight loss

A      is the original surface area
        exposed to the corrosive media

t       is the time of immersion

ρ      is the standard density 

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

K edge: 40.443

K edge: 43.5689
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Element-specific SRµCT

Cerium Neodymium
LAE442 WE43

Ce    EDX Nd    EDX
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Spatial distribution of cerium (LAE442)
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Summary

SRµCT:
 

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

• for structural biology and
• for interface analysis of biomaterials.
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Thank you very much !!!

Excellent laboratory staff
Heike Ullrich

Sophie Müller

Elmar Willbold

MD-doctorate students
Janin Reifenrath Bettina Wilhelm

Christiane Palm Carla Janning

Oliver Palm Maren Klement

Inken Abeln Bettina Michael

Grants:
German Research Society, Colloabarative Research Project, SFB 599

Bundesministerium für Bildung und Forschung, BMBF

Hannover Medical School

GKSS Tomography Group at HASYLAB
Felix Beckmann, Jens Fischer, Julia Herzen, Tilman Donath

LQW, University of Dortmund
Jens Nellesen, H-A Crostack

GKSS Research Center
Frank Feyerabend, Norbert Hort, Hajo Deringa, Petra Meier, Carsten Blawert, Wolfgang Dietzel
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Laboratory for Biomechanics and
Biomaterials
http://www.lbb-mhh.vu.de; f.witte@web.de


