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Early Detection of Alzheimer’s Disease via Microwave Sensing Technique Applied to the Neck
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Abstract

This paper aims to assess the capability in detecting the
Alzheimer’s disease via the investigation of the dielectric
properties in the human neck, exploiting the microwave
sensing technique. In particular, after the creation of a sim-
plified 2-D synthetic neck phantom, four different stages of
the pathology are generated by changing the permittivity of
the cerebrospinal fluid. The discretization and the solution
of the problem is obtained through a finite element method
solver. The results show that the different considered stages
of the disease cause changing in the cerebrospinal fluid per-
mittivity, detectable by the microwaves technique.

1 Introduction

Alzheimer’s disease (AD) is one of the most spread form
of dementia, tens of millions of people suffer from this
pathology worldwide [1]. It is a neurodegenerative dis-
ease, which, in its early stage, shows apathy, depression
and loss of the short-term memory; while, the progression
of the AD leads to difficulties in communication, behav-
ioral changes and confusion, but also problems in swallow-
ing and walking. Biologically, AD begins to evolve with
an unusual accumulation of the amyloid-beta proteins in
the cerebrospinal fluid (CSF), then also the tau and tau-
phosphorylated proteins accumulate, and, after that, the
brain starts to atrophy [2]. Unfortunately, the first symp-
toms appear after the third phase, i.e. years after the begin-
ning of the pathology. However, potentially, the first AD
changes could be detected before the symptoms, allowing
an early detection and therefore the adoption of protocols
that slow down the progression of the disease.

The unusual concentration of amyloid-beta, tau and tau
phosphorylated in the (CSF) are considered biomarkers of
the diseases. There are several diagnostic technique used
for the detection of AD. One of them is the extraction of
the CSF via a lumbar puncture and its laboratory analy-
sis. Other techniques are computerized tomography (CT),
magnetic resonance imaging (MRI), and proton emission
tomography (PET) scans [3]. These methods are bulky, ex-
pensive and, almost all of them, are invasive. In this paper,
we consider the microwave (MW) technique as a worthy
alternative to the previously cited ones, considering that it
is not invasive, low-cost and portable. The microwaves are

able to investigate the internal structure of an opaque body
thanks to their sensitivity to different dielectric properties:
once the body is illuminated with low power electromag-
netic (EM) waves around the GHz range, the investigated
body emanates a scattered field pattern depending on its
dielectric properties distribution. This kind of technology
finds its application also in other medical fields, such us
brain stroke [4, 5] and breast cancer diagnosis [6, 7, 8].
Since the different proteins concentration in the CSF of
people affected by AD leads to different CSF dielectric
properties [9], the MW technique turns out to be suitable
for the diagnosis. In particular, the increasing amount of
proteins concentration shows a decrease in the CSF permit-
tivity [10].

In this work, we analyse and show the possibility to detect
through microwaves the differences in the dielectric prop-
erties for different stages of the pathology, investigating the
CSF in the neck with a 2-D scenario.

2 Neck Phantom

In this section, there is the description of the scenario under
test. The neck phantom is recreated in a 2-D simplified ge-
ometry. In Fig. 1, the external circumference, Ω, represents
the whole 2-D domain and it has a diameter dΩ = 24cm,
while the domain of interest (DoI) corresponds with the
neck that is drawn as a circle with diameter dn = 11cm.
Then, in the neck, there is the trachea, represented by a ring
with centre in (−4,0,0)cm, internal diameter dt,in = 1.8cm
and outer diameter dt,out = 2.4cm, and, within the tra-
chea ring, there is air. Finally, in the neck, there is also
a cross section of the vertebral column, a close up of its
shape is reported on the right of Fig. 1, and the dimen-
sions are respectively: a = 4.8cm, b = 0.3cm, c = 0.6cm,
d = 3.9cm, dv = 3.6cm and the center of the semicircle is
cv = (−0.4,0,0) cm. In the vertebra sketch, the spinal cord,
represented by a circle with diameter dsc = 1.2cm and cen-
tered in (0.5,0,0)cm, is immersed in the CSF that is a ring
with external diameter dCSF = 1.8cm. Finally, 10 antennas
probes, T , are immersed in the coupling medium and po-
sitioned around the neck on a circumference with diameter
dT = 16cm, centred in (0,0,0)cm.

For the phantom structure, we took inspiration from the
work in [11], which presents also an accurate analysis of



Figure 1. Geometry of the scenario under test with the simplified 2-D numerical phantom and, on the right, a close up of the
vertebra.

Tissues Permittivity Conductivity (S/m)
Fat 5.45 0.054

Muscle 54.81 0.978
Trachea 41.78 0.802
Vertebra 12.36 0.156

Spinal cord 32.25 0.599
CSF 68.44 2.455

Table 1. Dielectric properties of the involved tissues at
1 GHz

the reflection and transmission coefficient in the neck as
function of frequency and coupling medium permittivity,
via a 1-D simplified layered structure of the neck. Taking
into account the values of the reflection and transmission
coefficient reached in [11], we choose a frequency equal
to 1 GHz and a coupling medium with permittivity εb = 20
and conductivity σb = 0.2S/m. The dielectric properties of
the tissues at 1 GHz are extrapolated from the IFAC-CNR
database [12], and reported in Table 1. Furthermore, for
the neck we considered a weighted average of the dielec-
tric properties of muscle (80%) and fat (20%), and for the
vertebra the dielectric properties of the cortical bone [11].

3 Numerical Results

In this section, we present the tests realized with the geom-
etry described in Sec. 2. Starting from the healthy scenario,
depicted in Fig. 1, and changing the permittivity of the CSF,
we create four different pathological conditions. In particu-
lar, the εCSF is reduced of different percentage with respect
to the nominal value reported in Tab. 1: 20%, 15%, 10%
and 5%.

An in-house 2-D finite element method (FEM) is used to
solve the problem [13]. Once at a time, the antennas trans-
mits the signal and, while one of them transmits, all the
others act as receivers. The maximum field value to which

the neck is exposed is around 2 V/m.

After the evaluation of the field at the antenna locations
in the healthy scenario (incident field) and the ones in the
pathological scenario (total field), we evaluate the 2-norm
of the incident and the scattered field matrices that collect
the fields received at all the antennas. The scattered field
corresponds with the difference between the total and the
incident field at the antenna locations. Considering the two
boundary cases, 20% and 5% of variation in εCSF, the dif-
ferences between the incident field 2-norm and the scattered
field 2-norm are around 20 and 35 dB respectively, there-
fore, within the range of any standard vector network an-
alyzer. Moreover, Fig. 2 shows the qualitative reconstruc-
tions of the dielectric contrast in the DoI, performed via
the TSVD technique [14], in the four considered cases: (a)
20%, (b) 15%, (c) 10% and (d) 5% of reduction of εCSF.
In the graphs the module of the dielectric contrast is as-
signed to each triangle, then, normalized to the maximum
value of the case (a) and, finally, turn in dB. It is evident
that the TSVD focuses the dielectric contrast in the region
close to the CSF ring, identified by the red circle, and the
dielectric contrast reduces going from the most to the least
severe case, as expected. This analysis confirms that the
microwave sensing technique can be able to detect the dif-
ferences in the CSF permittivity due to different stages of
the AD.

4 Conclusion and Perspectives

In this paper, we investigated the possibility in detecting
the presence, but also the stage, of the AD by analysing the
CSF in the human neck via the microwave sensing tech-
nique. We have considered four different severity, changing
the CSF permittivity in the 2-D numerical phantom shown
in Fig. 1: lower the permittivity, higher the severity of the
pathology. Through a FEM solver and the application of
the TSVD technique we have obtained the reconstructions
of the dielectric contrast distribution in the DoI. This tech-



Figure 2. Magnitude in dB of the dielectric contrast ob-
tained via the TSVD technique, in four different AD stages
normalized for the maximum value of case (a): (a) 20%, (b)
15%, (c) 10% and (d) 5% of reduction of εCSF.

nique is able to distinguish the four cases assigning increas-
ingly higher values to the dielectric contrast, going from
the least severe towards the most severe case. However, the
TSVD provides just a qualitative indication, therefore, next
steps concern the use of more refined algorithms [15, 16],
but also, a fully 3-D modelling of the DoI using realistic
antennas as well as moving to experimental testing via an-
thropomorphic phantoms.
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