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Abstract
The spectrum analysis of interactions between biological tissues and the signals emitted by a specially
designed electronic apparatus that incorporates a hybrid-state microwave stimulated emission
amplifier-oscillator are described. The biological tissue provides an electromagnetic signature that
could be used to investigate cases suspected disease or cancer. This methodology provides a
structural characterisation of biologic tissues in support of modern diagnostic imaging techniques.
Further to existing literature describing methods for cancer detection by means of electromagnetic
field, this technology represents an additional innovation
.
Interaction of the electromagnetic fields with the living matter
In the past century, a great number of researchers have made their contribution to the study
of the interactions between biological matter and electromagnetic fields. Many investigated the
dielectric properties of living matter. Some analysed the differences between a cancerous
agglomerate of cells and homogenous or ‘normal’ tissues. The period between the first and the
second world wars spanned the early days of radio and electronics. Vacuum tubes were the
radio frequency oscillation generators, the spectrum ranged between few kHz and 15 MHz.
Measurements on biological materials were based on resistivity or impedance and instruments
such as the Wheatstone bridge.

After the second world conflict, investigations on biological

materials were extended into the microwave bands1.
Among the pioneers in this field were H. Fricke2 and S. Morse3. In their 1926 paper entitled
”The electric capacity of tumours of the breast”, they reported that “malignant tumours have a
greater polarizability than normal breast tissues or benign tumours”. They carried out their
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experiments at low frequencies around 20 kHz. Tissues were cut into small blocks and placed in
a conductivity cell for measurement. They claimed that measurements performed on tissues
from locations other than
the breast convinced them that the method was of general applicability and that in some
cases the “measurements may be made directly on the patient”. Following the publication of
these results,
Fricke published a paper in which he declared that “It seems probable that the measurement
of the capacity may provide a very practical method for diagnosing the malignancy of a tumor.”

In 1934, H. Dänzer4 extended the frequency range of the dielectric properties of biological
materials up to 600 MHz, by exploring the propagation of the electromagnetic waves on Lecher
wires of variable length and which were terminated by a wire surrounding the biological
material.

The technological advances in electronic engineering following the second world war made
possible the first work on complex permittivity measurements on biological materials up to 30
GHz. In 1957 , Rajewsky and Schwan5 published their results on blood cells and other
biological tissues.

Burdette, Cain and Seals6 presented a method which eliminated

the need for sample

preparation and thus allowed dielectric measurements to be made on living tissue (‘in vivo’
measurements). The real time determination of complex permittivity is possible over a large
frequency band (100 MHz – 10 GHz) by a rapid and continuous frequency scan. One such
method is based on an antenna modeling theorem and on the application of microprocessorcontrolled microwave measurement instrumentation. A short monopole antenna is used as the in
vivo probe. A network analyzer combined with error-correction routines and a semi-automated
data acquisition/processing system (microcomputer) is used to determine the real part α of the
permittivity and the conductivity σ of the biological tissue being analyzed.
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A non-destructive method for measuring the dielectric properties of materials by means of
an open transmission line resonator was developed by Tanabe and Joines7. The perturbation of
the electromagnetic field at the open end of a transmission line due to the dielectric material of
unknown properties is analyzed. This method is fast and accurate up to 4 GHz. The open end of
the coaxial line must be in direct contact with the surface of the dielectric material being
investigated which has to be smooth and flat. To avoid any air gap effect, and it is necessary to
apply a pressure to the material under test. Measurements on the human skin were given as an
example because of the low penetration depth but, the aim was primarily therapeutic.
Joines et al.8 used an open-ended coaxial probe to measure and compare the fractional
power absorption for malignant tumors relative to normal adjacent tissue in rats between 30
MHz and 2 GHz. They found that ‘tumors have a greater absorption, with a broad peak,
centered in the 300 – 400 MHz region’.

The majority of the studies cited herein refer to measurements and assessments of passive
biophysical parameters of the tissues investigated. Measurements were of capacitance,
resistance, complex dielectric constant. The present study carried out by the author, confirmed
that it was possible to observe a stimulated response in altered agglomerates of cells (cancer
tissues). Furthermore, it offered the possibility of detecting responses from biological tissues.
When stimulated by the particular pattern of electromagnetic oscillations these tissues
responded in a very selective way and quite distinct from the previously investigated Debye
and Maxwell-Wagner resonances which extend over decades of frequency.

In the practical application of this effect, the author first constructed some prototype pieces
of apparatus then, proceeded to the international patent application n. WO 01/07909A1 and the
licensing of this technology to Galileo Avionica, a Finmeccanica Company. The final stage is
an apparatus devoted to medical diagnostic analysis which is CE certified with the commercial
name of Trimprob.
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The applicative possibilities on the human body
The research program that led to these results was carried out by C. Vedruccio at the end of
the 1980’s, while he was collaborating with the “Battaglione San Marco” the Italian Navy
Infantry. Vedruccio’s aim was

to investigate the possibility of

designing an

electronic

equipment for the analysis of electromagnetic interactions with various geological terrains
exposed to a multiple-frequency UHF free-running coherent beam of radiation. This was to be a
piece of portable equipment to measure the dielectric properties of the soil as distinct from other
materials present, to facilitate the detection of buried explosives such as non-metallic antipersonnel land mines. During laboratory experiments, an astonishing aspect emerged: if the
experimenter was not in perfect health and, if the wave beam emitted by the generator searchhead was directed towards the diseased areas of the body, there was an impressive absorption of
one or more spectral lines evidenced by means of a spectrum analyzer situated outside the near
field of the generator head. The observation of this unusual effect, lead the author to realise that
this would form the basis of an innovative diagnostic apparatus.

The physical principles of the equipment
In the brief description of the equipment which follows, it is necessary to appreciate the
method used. The main feature of this apparatus is a cylindrical probe within which a resonant
cavity incorporates a transmission line tuned to the frequency of oscillation which is in the 65
cm wavelength band (460 MHz) (fig.1).
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At the open end of this line is a semiconductor with non linear characteristics which is
activated by a nanosecond electromagnetic pulse. This transient provides an injection of
electromagnetic energy into the tuned line which performs a damped oscillation. This particular
tuneable amplifier-oscillator represents the core of the Trimprob diagnostic device. It possesses
lock-in or synchronisation characteristics and because of its particular construction, it produces
an harmonically related group of coherent electromagnetic waves . These oscillations are
radiated as a beam through the “beam window” of the oscillator dome at the end of the probe
where it has been geometrically focused and is used to irradiate the diseased tissues. The
working principle can be explained by considering the equivalent circuit diagram of figure 2.
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Figure 2: The equivalent electric circuit of the coupled active and passive oscillators.

The left part stands for the probe and the right part for the tested biological tissue, while the
coupling is represented by (virtual) interrupted lines. Inside the probe, the transistor T activates
an electric circuit, which has a natural frequency of oscillation f1 that is determined by the self
and the capacity of this circuit. But the current I passing through T is a non-linear function of
the potential difference V. Actually, I = -αV + βV2 + γV3, where α defines a “negative
resistance”. It results from a positive feedback, mediated by magnetic coupling with the self of
the first circuit. This non-linear system produces stationary oscillations of well-defined
amplitude, but when the probe is brought close to the tested biological tissue, it becomes an
“active oscillator” that interacts with a “passive oscillator”.
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Although the biological system contains various subsystems that could be set in forced
oscillations, their mutual interactions are negligible. It is therefore sufficient to consider the
effects of the active oscillator on one particular passive oscillator of given resonance frequency
f2. We can even imagine a circuit, where the self and capacity determine the frequency f2, while
the resistance R defines energy absorption. The probe acts there like an “open capacity” and
the tested biological tissue is subjected to the resulting electric field. This type of coupling is
unusual. It involves a capacity C that increases when the probe approaches the tested tissue.
Since this capacity favours the passage of high frequency currents, we can call this a dynamic
coupling. All these features are taken into account by two coupled differential equations,
describing the possible variations of the potential differences V and U. The detailed
mathematical treatment is available on Internet23, but the basic ideas can be expressed in simple
terms. Let us consider the particular case where the active oscillator is unperturbed (C = 0). The
equation for V reduces then to the well-known Van der Pol equation, initially introduced to
account for the possible actions of a triode. Even when the amplification coefficient α is very
small, the rest-state (V = 0) will be unstable. The slightest perturbation will be amplified and the
capacity will accumulate charges, but when they increase, there will also be a greater tendency
towards discharging. The system will end up with a stationary harmonic oscillation of frequency
f1 and given amplitude for the potential difference V. For larger values of α , there will appear
higher harmonics, since the equation for V contains terms that vary like V2 and V3. This
remains true when the active oscillator is coupled to a passive oscillator.
We can thus adopt a solution for V that accounts for the existence of oscillations at a
fundamental frequency f and its harmonics, 2f and 3f. The value of f, as well as the amplitudes
and phase factors of all these components can only be specified, when we take into account the
fact that V produces forced oscillations for U and that this has an effect on V, because of C. The
result can be summarized in the following way: The active oscillator is able to “feel” what
happens inside the tested biological tissue, since it has to transfer energy to the passive
oscillator to produce forced oscillations of the hidden entities. The active oscillator is also able
to “tell” us how the passive oscillator is responding, since the amplitude of its own oscillations
is strongly reduced when there is a large energy transfer. This is revealed, indeed, by a reduction
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of the amplitude of the emitted wave, displayed on the screen of the spectrum analyser. The
mathematical treatment reveals that the active oscillator draws more energy from the batteries
when resonance is achieved, but its own energy is reduced, as if it had to make a “big effort”.
This mechanism is the essence non-linear resonance interaction.9 , 10
Although the values of f1 and f2 are fixed, it is possible to achieve or at least to approach
ideal resonance where the “dip” of a given spectral line is strongest, by changing the value of C
through a modification of the distance between the probe and the tested tissue. The first spectral
line is very sensitive to the existence of a resonance, when the negative resistance α is small, but
a higher value will allow for a simultaneous search of resonance phenomena at the fundamental
frequency f and its harmonics 2f, 3f, …
The effect of this interaction it is easily detectable by means of a spectrum analyzer feed by a
small antenna. At the resonance on one, or more of the spectral lines, two effects are detectable:
the first is related to the transfer of an amount of radiofrequency from the generator probe to the
diseased tissue, that absorb a part of the signal on the proper frequency line (dynamic
resonance), The second effect it is related to the deformation of the electromagnetic pattern
emitted by the probe, due to the interaction with a resonating agglomerated of cells, as above
described, that produces in the “near field” a sort of parasitic resonating element able to deflect,
on other spatial direction the waves, in the same way like the beam antennas for radio
communications works.

The subject under test must be further from the probe than the “near field” as must the
spectrum analyser which is a part of the system. Using this arrangement, it is possible to
observe an effect that appears as an absorption of one or more of the spectral lines radiated by
the HSM. This is observed on the spectrum analyzer display that transforms the received signal
into a Fast Fourier Transform (FFT). These lines are specifically tuned to the types of tissues to
be investigated. At the moment, three spectral lines are used , the first in order of wavelength,
responds specifically to highly anisotropic states like micro-agglomerates of cancer cells; the
second line responds to parenchyma (soft tissues) diseases; the third line responds to anomalies
of the lymph and vascular system.
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After many years of biophysical experiments with the collaboration of many volunteers,
aimed to improving this technology, we finally arrived at a program of medical trials sponsored
by Galileo Avionica and approved by the Italian Health Ministry. This started in some of the
principal Italian hospitals and the Medical Research Institute . The first body organ to be
investigated for cancer detection was the prostate11,12, followed by the breast13. Further human
body organs currently being studied with this equipment include the stomach and duodenum,
disclosed in this paper, as well as liver and lungs14, bladder15, and in the coming months, others
will be investigated.
The Italian Navy clinical trial
The discovery of these specific abilities renders the experimentation necessary on several organs
and one meaningful population of patients
The study was devoted to verify in a group of patients the reliability of the TRIMprob like
diagnostic device for the screening of inflammations and other gastroduodenal diseases
compared with the conventional diagnostic method like gastroduodenoendoscopy

and the

traditional radiological approach. The clinical trial, still in course, has been authorized from the
Ministry of the Health and subordinate to verification and approval of the competent Ethical
Committee. To all the patients come made to underwrite the informed consent.

Materials and Methods
The Unit of Digestive Endoscopy in the Surgery division of the Main Hospital of the Italian
Navy in Taranto, has enrolled for this clinical trial a group of 45 patients, of which 43 males
and two females aged 38.82±2.5 years, because affected from recurrent dyspepsia and gastric
pain. They have been selected and included in the study because they reported a persistence of
the symptoms from at least two weeks and asserted to have not assumed in the last month any
therapy, antacid therapy or therapy with inhibitors of the protonic pump or anti H2. It has been
taken place also, to precautionary scope, that they were not pacemaker implanted, in agreement
with established exclusion criteria. All the patients with duration of the symptomatology of less
than two weeks or that have assumed a therapy with inhibitors of the protonic pump or anti H2
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for beyond a month, have been excluded. The diagnostic confirmation in the patients who have
participated to the study has been achieved with EGDS and, in the doubts cases, by means of the
histological examination, like indicated in table.

34 (75,6%)

10 (24,4%)

1 (2,2%)

CLINICAL and HISTOLOGICAL
DIAGNOSIS
ONLY CLINICAL DIAGNOSIS

Table n. 1

ONLY HISTOLOGICAL DIAGNOSIS

These patients have been confronted with 23 healthy controls of which 22 males and 1 female
of medium age comprised between 35.3±7.6 years all clinically asymptomatic and in good
health. All the controls have been carefully visited and the anamnesis was including the
consultation of the medical records of the personnel, that is periodically visited for the
confirmation of the suitability to the service in the Navy. Also for this group the informed
consent has been acquired preliminary.
We consider the TRIMprob test positive for gastroduodenal inflammation, when we record,
moving the probe on the suspect diseased area, a deep absorption (at least 20db on the spectrum
analyzer display) of the third spectral line (1380 Mc/s ) that is related to the anomalies of the
lynph and circulatory system.
The bioscanning is effectuated by positioning the patient to approximately 1.50 meters from the
spectrum analyzer receiver and sliding the probe on the body surface in correspondence of the
points of “repere” of the investigated organs.
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Figure 3-Examination method
For the stomach-duodenum district, the areas of reference

Table n.2-positiveness' differences of the
Trimprob test between Cases and Controls

in correspondence are the epigastrium, the hyphocondrium
and the left hyphocondrium, carefully observing that they
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91,3

93

90

are not properly fixed in abdominal cavity. The patient is

80
70
60

erect and normally dressed. This allows us to assert that

%

50
40

the examination is of fast and easy execution and it is not

8,7

30
20

C ON TR OLS

7

10

invasive for the patient, that obtains

an immediate

0

CA SES
TRIMPROB POS
TRIMPR OB NEG

result.The data of our study have been evaluated
OUTCOMES S TATIS TICS REPORTED TO THE
CAS ES CLINICIANS + CONTROL GROUP
-AS YMPTOMATIC PATIENTS - (TOTAL
APPRAIS AL)

calculating the test of Fisher and the differences of
positive results between ‘Cases’ and ‘Controls’; it
has been determined the sensibility , specificity, the

SE N SI T I V I T Y : 9 3 %
60

SP E C I F I C I T Y ' :

59

positive predictive value and the negative predictive

92 . 6 %

50

P O SI T I V E

TR U E P O S I T I VE

value of the examination in the single group of the

3 3 ,9

P R E DI CT I V E
VALUE : 95. 2%

40
NE GAT I V E
T RU E NE GAT I V E

dispeptic patients (Cases) and also including, in the

%

P R E DI CT I V E

30

2,9

examined group, the healthy ‘Controls’, realizing an

20

FA L S E P OS I T I VE

4 ,4

10

evaluation of the total group.

healthy

F A L S E N EG A T I VE

0

Si c k

Table n. 3

T RIM P ROB POS
T R I M P R OB N E G
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The quantitative differences of the spectral line values has been estimated as well for
‘Cases’ and ‘Controls’ and then statistically elaborated by means of the T test of
Student. Analyzing a group of 9 ‘Controls’ we have verified if the TRIMprob test was
reproducible when carried out by two operators in a variable period of time from one
week to a month. The collected data were statistically evaluated by means of the Cohen
coefficient and the T test of Student.

Differences between the averages of the spectral lines
between cases and controls

40

38,6±
5,8

35

TEST of
STUDENT:

30

36,09±
4,3

25
20

p < 0,01 IN
ALL and
THREE
POINTS
OF
"REPERE"

29,59±
9,7

15
10

12,86±
11,8

5

12±
11,4

0
EPIGASTRIUM
MEAN

CONTROLS

3,07±
2,3

HYPHOCONDRIUM
MEAN

Table n. 4

CASES

LEFT
HYPHOCONDRIUM
MEAN

REPRODUCIBILITY' OF THE TRACINGS IN 9 CONTROLS
(EPIGASTRIUM,HYIPHOCONDRIUM, LEFT HYPHOCONDRIUM)
BETWEEN OPERATING VARIOUS (KAPPA COHEN STATISTICS, T
TEST of STUDENT)
60
K=1

50

K=1

K=1

40
30
20

table n. 5

44.4± 4.9
41.1± 5,2
p = ns

41.1± 4.8
38.6± 6

34.5 ± 4.7
p < 0.01
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36.8± 8.3
p = ns

0
EPIG.1

EPIG.2

HYPHOC.1

HYPHOC.2

Left hyp.1

Left hyp.2
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OUTCOMES

The preliminary results of this study, still in course, was
presented in the Poster Session
International

Congress

on

during
Military

the XXXV
Medicine,

Washington DC, on September 12-17 2004).

Table n. 6

Table n. 7
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Conclusions:

The TRIMprob® seems to be a promising tool in the screening of the inflammatory
gastroduodenal pathologies.
Future trials have to explore on a wider study population the influence of the ability and
experience of the operator in the execution of the examination and in the interpretation of the
spectrometry.
A further and systematic accurate EGDS examination of the non symptomatic subjects would be
also useful to evaluate the prevalence of possible false negative
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