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S 1. Introduction: Osteoporosis signs in cortical bone

June 13-17

Intracortical
porosity
SoS = Cppc = UPV
Cortical * =
thickness - e
Material quality:
: At Advanced development:
m!nerallzatlon, 1. Modal analysis of guided waves (GW)
microstructure, collagen 2. Ultrasound backscattering

defects, microcracks



https://www.google.lv/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiLj4iQkL7UAhWiBZoKHeNhD7IQjRwIBw&url=https://www.pinterest.com/explore/human-tissue/&psig=AFQjCNFZYmX31rJmWvsTZ43iavhmFnOg1Q&ust=1497556813001295
https://www.google.lv/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiLj4iQkL7UAhWiBZoKHeNhD7IQjRwIBw&url=https://www.pinterest.com/explore/human-tissue/&psig=AFQjCNFZYmX31rJmWvsTZ43iavhmFnOg1Q&ust=1497556813001295

QMSK]
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2. Aim of the study

Using synthetic phantoms of cortical bone simulating changes
of the cortical thickness and the progressing of intracortical
porosity, to test experimentally the hypothesis that the
differential assessment of the both factors is possible by means
of axial ultrasonic testing and application of pattern recognition
approaches to the acquired ultrasonic signals.

To show that it can be done through the covering layers of soft
tissues of different thickness.
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3. Materials and Methods: phantoms of cortical bone
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Ultrasonic aquisition:
Excitation: train of 2 tone-bursts at 300 and 100 kHz

Digitizing: 30 Msps

Surface profiling
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3. Materials and Methods: Data processing
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Pattern recognition. Creation of decision rules.

‘ Phantoms grid
P%
Two factors of interests:
* Overall cortical thickness CTh (range 2-6 mm) ; o
* Expansion of porosity P% (range 0 — 100% (at . —
volumetric porosity ~20%); | J
50% -
[Soft tissues layer = constant, cases 0, 2, 4 mm] G G S—
0% - P Py
Evaluation procedure: ST=const - |
2 4 5

* Bilinear interpolation of the used criteria, creation of decision
rules for training set

* Determination of the area of probabilistic solution within the
set interval of criteria for testing set

* Alternation of specimens in training and testing sets

P%
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Data processing
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Pattern recognition. Criteria.
Approach 1:

Discrete Fourier Transform (DFT) Approach 2:
Calculation of statistical criteria Measurable physical parameters
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Ultrasonic waveform profiles as source data.

Effect of CTh Effect of P% Effect of soft tissues
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Recognition by DFT criteria: bilinear interpolation

Test object: CTh =4 mm, P% = 25%, ST=4 mm
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Recognition by DFT criteria: bilinear interpolation

Test object: CTh =5 mm, P% = 20%, ST =2 mm

P% P%

c=5% CTh, mm ¢ =25% CTh, mm
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Recognition by DFT criteria: bilinear interpolation

Test object: CTh =5 mm, P% = 40%, ST =2 mm
P% P%

CTh, mm CTh, mm
e=5% €=25%
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Recognition physical criteria (velocities, attenuation): bilinear interpolation

Test object: CTh =4 mm, P% = 50%, ST =2 mm
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Recognition physical criteria (velocities, attenuation): bilinear interpolation

Test object: CTh =5 mm, P% = 80%, ST =2 mm
P% P%

CTh, mm CTh, mm
€=5% €=25%
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Evaluation of criteria and decision rules: biquadratic approximation
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Evaluation of physical criteria and decision rules:
biquadratic approximation
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Evaluation of decision rules:
biquadratic approximation

Intersection of decision rules for 9 points within the approximation area for the case of soft tissues 4 mm
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Conclusions:

 GW: potential to discriminate cortical thickness and intracortical porosity
e Pattern recognition can be effective tool. Optimization of decision rules

e Soft tissues should be accounted. Direct measurements or 3-factor model
* Better detection relates to a thinner cortical bone. Metaphyses

 Mathematical simulations: prediction changes of ultrasonic waveforms and
diagnostic features
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