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Objectives

e To clearly state what can be measured
e Focus on SOS measurements In cortical bone



What I1s needed?

e As opposed to empirical methods developed so far,
model-based methods are needed

|t requiressolving the direct problem,
l.e., predicting :

— the measured signal field when the bone material properties and
structure are known

— Predicting the outcome of the measured variables
* Expected result

— aclear identification of the different wavasdtheir exact
propagation patkhat contribute to the analyzed signals

— asolution to the inverse proble(ne., determining material or
structural properties from multiple measurements).



An example 1n vitro characterization
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At any level of measurement (i.e., at the soéle
the wavelength), we consider bone as a
continuous homogeneous medium. At each level,
there Is a specific organization that is contribgii
to the properties of what we are measuring as a
continuous medium.
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The degree of mineralization cannot explain the variabllity of the stiffness,
which is locally determined in addition to mineralization by HAP or collagen
fibers orientation
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What is required to make progress ?

 Experimental models (e.g., genetically modifiechm
animals) in which the organic and mineral phasesoea

controlled and assessed by independent means.

e Expected results

— multiscale QUS evaluation of bone stiffness (including SAM)
to gain deep insight into the role of each bone property on the
stiffness coefficientthat governsound speed values

— values of stiffness coefficients for computational models
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In Vivo Quantitative ultrasound

The situation is complex

— Much lower ultrasonic frequencies, typically in the range of
200 kHz to 2 MHz, must be used farvivo assessment of
cortical bone

— Whole bone I1s measured
— Irregularly shaped specimens
— Soft tissue

 Requirements
— Interaction ultrasound/whole bone needs to be fully elucidated

— To define measurements modes to probe independently relevant
material and/or structural properties



Axlal transmission

* Generic term that designates a
measurement configuration in which
emitters and receivers are placed on the
same side of the skeletal site, along the
bone axis.

e Several modes can be excited

 The sound speed of each mode is governed
by a specificcombination of stiffness
coefficientsandsensitivity to cortical
thickness

FAS velocity
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In the intermediate regime, the inverse problem cannot be easily solved.

Instead, the frequency can be tuned to excite subsequently the well-defined |
wave and “SO-like” guide wave mode

Proposal




Slow AO - Guided waves
P Moilanen, Ultrasound Med Biol 2006 May;32(5).709-19

e LF transmission 200 kHz —“ A0 mode” - whole cortical thickness
e Sensitivity to cortical thickness.

eCan be used to estimate cortical thickness
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Slow AO - Guided waves

Inversion scheme Ultrasonic estimation of cortical thickness
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Computational bone model
Finite-Difference Time-Domain method (FDTD)

Step 1: the microscopic bone modebtep 2: the macroscopic bone model

Input

Input «3D structure (CT)

*3D p-structure (SR-uCT)

*Material properties B CECE G geles

— Density, Stiffness tensor — [DEEY, SNeEs sy

—Generic values (literature) l ! Soft tissue

— Data from SAM

(Heterogeneous medium) Output

{ Sound speed (attenuation) of different wave type:

Output Function of porosity and intrinsic stiffness
Effective stiffness coef. l
function of porosity and intrinsic stiffness

The whole process permits to study the sensitivity of a selected wave to
multiscale bone material and structural properties and may be helpful as an
to devise a technique specific for the assessment of a given bone propert



Computational bone model : validation
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QUS : a look into the future

e Spine

— Non linear acoustics to detect microdamge at pinees
 Hip

— Combination of modes (transmission, backscatter,

guided waves) for measuring several bone strength
factors

« cancellous bone compartment : prediction of BMD with
transverse transmission, microstructure with scattering)

o cortical bone : cortical thickness, material properties)
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Conclusion

+ SOWUDVRXQG WHFKQLAMBUHG ZLWK ZLWK
VRSKLVWLFDWHG WKHRUHWLFDO RU FRPSXWDWL
KDV WKH SRWHQWLDO WR XQORFN WKH JDWHV RI
LQ YLYR ERQH VWUHQJIWK DVVHVVPHQW

I 2Q WKH EULIKW VLGH WKH GHYHORSPHQW RI QHZ
XOWUDVRXQG WHFKQRORJLHV FRXOG H[SDQG FXLU
ERXQGDULHV

+ OLFURVWUXFWXUH FRUWLFDO WKLFNQHVV YWLIIQHVV
UDWLR PLFURGDPDJH



Conclusions

¥ 7/KHUH DUH FDYHDWV DQG FKDOOHQJHV DKHDG IRU WKH
WHFKQLTXH KRZHYHU

¥ SHVHDUFKHUV QHHG WR OHDUQ WKH ERQH SURSHUWLHV V
PXVW EH PHDVXUHG

/KH\ DOVR PXVW GHYLVH V\VWHPV WKDW SURYLGHV
PHDVXUHPHQWY Rl WKHVH SURSHUWLHV

T 2QH RI WKH UHDO FKDOOHQJHV LV JRLQJ WR EH WUDQVOD?
WKH VXFFHVVHVY REWDLQHG LQ WKH ODERUDWRU\ LQWR F
VXFFHVV
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