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PD, sagittal, 

50 yr, male,

thin, pathological

heterogeneity

PD, axial, 

28 yr, female, 

chondromalacia

3D-reconstruction

56 yr, female, 

OA

M. Nieminen, BBC 2005

OA Diagnostics
MRI
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ACT operation, male 34 y, OCD FMC

I. Kiviranta,  2005

Cartilage Repair
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OSTEOPOROSIS
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IntegrityIntegrity of of cartilagecartilage dependsdepends on the on the tissuetissue

•• structurestructure ((e.g. e.g. MRI, MRI, ultrasoundultrasound, , opticsoptics))

•• compositioncomposition ((e.g.e.g. biochemistrybiochemistry, FTIR), FTIR)

•• mechanicalmechanical propertiesproperties ((e.g.e.g. indentationindentation, , 

ultrasoundultrasound))

Tissue (e.g. Cartilage) Quality
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CHARACTERIZATION OF NORMAL CARTILAGE/BONE PROPERTIES
DIAGNOSIS OF OSTEOARTHROSIS/OSTEOPOROSIS

MONITORING OF CARTILAGE REPAIR

Cartilage/bone structure

-QUANTITATIVE MICROSCOPY

Cartilage/bone mechanical properties

- MATERIAL TESTING
- THEORETICAL MODELLING

REFERENCE METHODS: NEW METHODS:

Cartilage/bone magnetic properties

- MAGNETIC RESONANCE IMAGING

Cartilage/bone acoustic properties

- ULTRASOUND

New ultrasound and MRI techniques are developed and applied for the 
characterization of normal articular cartilage and bone, diagnosis of osteoarthritis
and osteoporosis as well as for  monitoring of cartilage repair. Microscopic and 
biomechanical methods provide well-established reference techniques for the 
validation of ultrasound/MRI techniques
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Normal Bone Osteoporotic Bone

Mineral

content

Collagen

content

Fourier Transform Infrared
Spectroscopy
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J. Rieppo,  BBC 2006



Cartilage and Bone Ultrasound
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Quantitative MRI of articular cartilage
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• Cartilage water strongly interacts with collagen

directly/indirectly→→→→ T2 relaxation time of tissue water

may be reflective of collagen integrity1)

T2 mapping

T2: 0 150 ms
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Quantitative MRI of articular cartilage
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Cartilage Mechanics
Modelling
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Cartilage Mechanics
Modelling



Avg. attenuation (dB/cm)
numerical

r  = 0.89
n = 6
p < 0.05
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Bone Ultrasound
Modelling



Qualitative technique

Quantitative technique

(non-invasive?)

In In VivoVivo DiagnosticsDiagnostics
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FF
INDENTER FORCE INDENTER FORCE (F)(F) INDICATES CARTILAGE STIFFNESSINDICATES CARTILAGE STIFFNESS

Lyyra et al.; Lyyra et al.; MedMed. Eng. . Eng. PhysPhys..

17:39517:395--399, 1995399, 1995
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Mechanical Indentation

In In VivoVivo DiagnosticsDiagnostics



SAT2006, September 7th - 9th, 2006

In In VivoVivo DiagnosticsDiagnostics
Ultrasound Indentation
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Cartilage Mechanics
Modelling
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Ultrasound Imaging

SAT2006, September 7th - 9th, 2006

In In VivoVivo DiagnosticsDiagnostics



Rc
dB(f) = energy reflection coefficient 

of the interface (dB scale)
∆f = frequency range

• Ultrasound Reflection coefficient (R) and Integrated 

Reflection Coefficient (IRC)1 can be calculated for both 

cartilage surface and cartilage-bone interface

1Cherin et al.. Ultrasound Med Biol 24:341-354, 1998
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Quantitative Ultrasound
Analysis
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m = number of scan lines 
Ai  = amplitude from the interface
Airef= reference amplitude from 

PBS-air interface
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High resolution ultrasound imaging
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T1-imaging T1-map

T1: 0 500 ms
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In In VivoVivo DiagnosticsDiagnostics

Quantitative MRI



dGEMRIC T2

• in ACT graft dGEMRIC shows PG concentrations

comparable to adjacent hyaline cartilage

• T2 in graft has higher T2 as compared to surrounding

tissue. This is anticipated to relate to a collagen network

different from normal cartilage

dGEMRIC and T2 in ACT patient
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ACT ACT repairrepair in in humanhuman kneeknee
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Osteoporotic Fracture Risk (OFR) Study

Quadriceps Oy

Artscan Oy Quadriceps Oy

Ultrasound

technology

Ultrasound

prototype testing

Validation of risk

assessment tools

Image analysis system

Risk assessment tools

Clinical fracture risk study

Ultrasound devices for 

diagnosis and therapy

Ultrasound technology

Bone biophysics
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BASIC SCIENCE RESEARCH -> 
NEW IDEA AND MEASUREMENT PRINCIPLE

THEORETICAL/COMPUTATIONAL  AND 
EXPERIMENTAL VALIDATION

CLINICAL APPLICATION
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From innovation to FDA 
approved product…
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