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Abstract:
Biological tissues dielectric properties are important parameter in development of EM medical devices. Novel
EM medical device for diagnostics requires non-invasive measurement of dielectric properties of subcutaneous
tissue to determine the sodium ion concentration in that tissue. Open coaxial probe measurement of dielectric
parameters is well defined when material under test (MUT) is homogeneous. In this case the MUT is
heterogeneous and consists of two layers, first one being the skin and second one being the region of interest –
subcutaneous tissue. In this STSM the work is done to characterize how parameters of a two-layer MUT influence
the measurements. Other important aspect of this STSM was to determine how sodium ion concentration in
biological tissue influences the tissues dielectric parameters.

A. Purpose of the STSM
The main goal of this STSM is to collect data needed to describe how parameters such as layer thickness,
reflection coefficients, loss factors, frequency and probe type influence the open ended coaxial probe
measurement results on a double layer MUT. This is done by varying each of these parameters while measuring
dielectric properties with different types of open ended coaxial probes.
The second goal was to measure how different ionic concentration influence the dielectric properties of
biological tissue. This part of experiment was done by measuring the dielectric parameters of bovine muscle
tissue with altered sodium concentration. The altering of the sodium ion concentration in bovine muscle tissue
was done by adding small amounts of saline solutions (0.1 ml) with different concentrations (0 mol/l, 0.1 mol/l,
0.5 mol/l, 1 mol/l, 5 mol/l) to a homogenized bovine muscle sample.
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B. Work Description
Two experiments were conducted during this STSM: the first experiment was measuring variation of the
dielectric properties of the sample due to geometric composition of the sample and the second experiment was
measuring variation of the dielectric properties of biological tissue due to ionic concentration change. All of the
dielectric measurements in both experiments were done following detailed instructions given in Translational
Medical Devices Lab’s internal document “Dielectric Property Measurement Protocol”.
Experiment 1: Variation
composition of the sample

due

to

geometric

In this experiment the dielectric properties of a two
layer sample were measured (Figure 1). The
measurements were made with Agilent E8362B PNA
Network Analyzer and four types of open ended
coaxial probes, each one with different diameter and
operating frequency:
-

Keysight slim form probe (2.2 mm in diameter)
from 500 MHz to 20 GHz
Speag DAK1.2 probe (1.2 mm in diameter) from
5 GHz to 50 GHz
Speag DAK3.5 probe (3.5 mm in diameter) from
200 MHz to 20 GHz
Speag DAK12 probe (12 mm in diameter) from
4 MHz to 3 GHz

Network Analyzer operates at frequencies in range Figure 1 Experimantal setup with liquid as first layer and
from 10 MHz to 20 GHz.
phantom as second layer
First layer of a two layer sample was liquid in all
experiments so its depth could be easily changed just by moving the sample up and down on a lift table.
Measurements were made with four different liquids acting as a first layer: DIW (deionized water), 0.1 mol/l
saline, 0.5 mol/l saline and 1 mol/l saline. The measurement with vegetable oil as the liquid layer is planned, but
has not yet been conducted.
Second layer of a sample was one of three custom made polyurethane phantoms. The phantoms were made
following the instructions and the recipes given in “Polyurethane Phantom Fabrication” by Laforest
(unpublished). The three types of phantoms mimic fat tissue, skin tissue and tumor tissue.
For all combinations of layers combined with all four of the probes used there were multiple measurements
made at different distances from the probe to the second layer (Table 1). The distance from the probe to the
second layer was adjusted by turning the knob on the lift table and was controlled by the micrometer fixed to
bottom and top platforms of the lift table. This way we were able to change the thickness of the first, liquid
layer.
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Table 1 Table of measurements in the first experiment
st

1 Layer

DIW
Saline 0.1 mol/l
Saline 0.5 mol/l
Saline 1 mol/l
Vegetable oil

nd

2 Layer

Probe

fMIN [MHz]

fMAX [MHz]

Phantom I
(Fat)

Slim probe
DAK1.2
DAK3.5
DAK12
Slim probe
DAK1.2
DAK3.5
DAK12
Slim probe
DAK1.2
DAK3.5
DAK12

500
5000
200
10
500
5000
200
10
500
5000
200
10

20000
20000
20000
3000
20000
20000
20000
3000
20000
20000
20000
3000

Phantom II
(Skin)

Phantom III
(Tumor)

Number of
measurements
24
24
24
24
24
24
24
24
24
24
24
24

Experiment 2: Variation due to ionic concentration change
Bovine muscle tissue dielectric properties was measured with Keysight slim form probe. The measurements
were done using Agilent E8362B PNA Network Analyzer at frequencies from 10 MHz to 8.5 GHz. The
measurements were made on three orthogonal surfaces that were made available by cutting the sample into
cuboid shape. For each orientation 10 measurements were made.
In order to change the sodium ion concentration in the tissue sample, the sample was homogenized and small
quantity of saline solutions containing different concentration of NaCl was added to the homogenized tissue
samples. The homogenization was done by cooling down the sample with liquid nitrogen before crushing and
grinding it into a fine powder with pestle and mortar. Small amounts of saline solution were added to the small
containers filled with tissue powder. The content was left to sit until it became a fine paste and reached the
room temperature of 22 °C.
Total of six samples were prepared (Figure 2):
-

Homogenized tissue only (1.75 ml)
Homogenized tissue (1.75 ml) + DIW (0.1 ml)
Homogenized tissue (1.75 ml) + saline 0.1 mol/l (0.1 ml)
Homogenized tissue (1.75 ml) + saline 0.5 mol/l (0.1 ml)
Homogenized tissue (1.75 ml) + saline 1 mol/l (0.1 ml)
Homogenized tissue (1.75 ml) + saline 5 mol/l (0.1 ml)

Dielectric properties of the samples were measured using
Keysight slim form probe with Agilent E8362B PNA Network
Analyzer at frequencies from 10 MHz to 8.5 GHz. Two set of Figure 2 Six samples of homogenized bovine muscle
tissue with added saline solutions with different
measurements were made.
concentration

C. Results
Experiment 1:
On Figure 3Figure 4 the results of measurements of dielectric parameters can be seen. The results are plotted
as a real part and imaginary part of complex relative permittivity as function of frequency. Each line represents
different distance from the probe to the second layer, which corresponds to the first layer thickness. In this
scenario the first layer is DIW and the second layer is fat mimicking phantom. Their relative permittivity values
are also plotted. Picture a) and b) are measured with DAK1.2 probe, c) and d) are measured with DAK3.5 probe,
e) and f) are measured with DAK12 probe. Note that range of probes distance from the second layer is from 0.2
mm to 3.8 mm (in steps of 0.2 mm) for DAK1.2 and DAK3.5 probes, but for DAK12 probe the range is increased
from 0.5 mm to 12 mm (in steps of 0.5 mm, 1 mm and 2 mm).
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a)

b)

c)

d)

e)

f)

Figure 3 Dielectric properties for various probe distances in scenario with DIW as first layer and fat phantom as second
layer. Measurements: real and imaginary parts of relative permittivity measured with: a), b) DAK1.2; c), d) DAK3.5; e), f)
DAK12

Figure 4 is showing how measured real part of complex relative permittivity depends on distance of the probe
from the second layer. In this case the scenario is the same, first layer being DIW and second layer being fat
mimicking phantom. In a) the comparison is made between DAK12 and DAK3.5 at frequency of 500 MHz
(example from the range of frequencies at which the two probes frequency ranges overlap) and in b) is the
comparison between DAK3.5 and DAK1.2 at frequency of 5000 MHz.
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b)

Figure 4 Measured real part of relative permittivity in DIW as a function of probe distance from fat phantom: a) DAK3.5 and
DAK12 at 500 MHz; b) DAK1.2 and DAK3.5 at 5000 MHz

From Figure 4 a) it can be seen that DAK 12 probe can measure through greater first layer depth than DAK 3.5
probe. Measuring at 500 MHz, when DIW thickness is 2 mm the measured permittivity with DAK 3.5 probe
approaches that of DIW while the permittivity measured with DAK 12 probe is still between that of DIW and fat
mimicking phantom even for first layer depth of 12 mm. From Figure 4 b) it can be seen that measurements at
5 GHz with DAK 3.5 and DAK 1.2 are more similar.

Experiment 2:
In Figure 5 the measurement results of relative permittivity of bovine muscle tissue are plotted for three
different orthogonal orientations (orientations are marked as A, B and C). On the left side are real parts of
relative permittivity and on the rights side are imaginary parts. Black lines show 10 measurement results that
were made and coloured lines are showing average value for those measurements. In g) and h) the average of
all three different orientation measurement averages are shown.

a)

b)

c)

d)
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e)

f)

g)

h)

Figure 5 Real and imaginary part of relative permittivity measurement of bovine muscle tissue in three different
orientations: a), b) orientation A; c), d) orientation B; e), f) orientation C; g), h) average of all measurements

In Figure 6 the results from measurement of relative permittivity on six samples of homogenized bovine muscle
tissue with added saline are plotted.

a)

b)
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d)

Figure 6 Real and imaginary part of relative permittivity measurement of homogenized bovine muscle tissue with added
saline solution: a) and b) are from first measurement and c) and d) are from second measurement

Since there is a great variance between 10 measurement results of relative permittivity of bovine muscle tissue
in all three orthogonal orientations and only one set of measurements is made with each of the homogenized
bovine muscle tissue sample, it’s impossible to make a conclusion from this set of data on how adding a saline
to the homogenized tissue changes it’s dielectric properties. There is more work to be done on this experiment.

D. Future collaboration with host institution
Future collaboration with host institution will at first be focused on finishing the project covered by this STSM.
After that a collaboration is possible on many other open questions and problems in measuring a heterogeneous
biological tissues.

E. Expected Publications
Two journal submissions are expected after the completion of the STSM.

F. Other Comments

Confirmation by the host institution of the successful execution of the STSM:
We confirm that Niko Ištuk has performed the research work as described above.
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