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Vyznamn¢ vysledky




Experimentalny tomograf
1982 0.07 Tesla




Experimentadlne zariadenie na tomograficke
zobrazovanie biologickych Struktur
pomocou magnetickej rezonancie TMR-86,

(L Frollo a kol. 1981-86)

,,Cena SAV* za rok 1987 za pracu ,,Prispevok

k rozvoju tomografickych zobrazovacich metod na
principe nukledrnej magnetickej rezonancie
kolektivu riesitel’ov.



Celotelovy tomograf
0.1 Tesla




Celotelovy tomograf

0.1 Tesla

Sada vf. snimacCov na zobrazovanie
hlavy a malych vzoriek.




Sagitdlne a transverzalne obrazy
I'udskej hlavy, 128 x 128

FOV 320x320 mm, T = 50 ms,
T.=1750 mm, 4 akumul.

Transverzalne rezy dreviny,
D=76 mm, 256x256
Spin Echo 2DFT

Zobrazenie botanickej vzorky
(citron), hrabka 7 mm

D=86 mm, 256x256 bodov, Spin
Echo 2DFT, 18 akumul.

Difuzne zobrazovanie na baze NMR
orientované na anizotropiu 'udskeho mozgu




Metody a vypoctove algoritmy na
[l optimalizovany navrhov zdrojov
_ magnetickych poli

* metoda vySetrovania chemického posuvu pri zobrazovani
ludskej pokozky

 zobrazovanie difiizie s vysokym rozliSenim

* projek¢no-rekonstrukéna MR spektroskopia

 zobrazovanie zloziek kostnej drene

» vyskum waveletovej transformdcie v spracovani signalov
v NMR tomografii.



Imaging of magnetic nanoparticles - diffusion in water
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Magnetic particles movement due to the Brownian motion in the liquid

Time differences between images: 120 seconds



EXPERIMENTAL RESULTS
NMR imager ESAOTE — Opera

- with permanent
magnet 0.2 T




Small-scale NMR Imager with permanent magnet 0.2 T

Producer:

The Esaote Group, Genoa,

Via A. Siffredi, 58, 16153 Genova, ITALY

Delivered by: WEGA s.r.o.

Instrument produced by company ESAOTE for research

purposes




NMR imager ESAOTE — Opera, control console
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Experimental measurement arrangement for 1ons flow

N / RF field

— Silver electrodes

Horizontal imaging plane

a) A glass container, filled with watery solution of the copper sulfate.
b) Measuring vessel with silver electrodes placed into the
radiofrequency coil of the magnetic resonance imager.

Watery solution of the copper sulfate as a salt of copper:
CuO +H,SO, ===  CuSO,+ H,O




EXPERIMENTAL RESULTS
Horizontal imaging of ions flow 1n [X, y] plane




Coronal imaging using 3 electrical parameters for the electrodes

Enhanced contrast

Starting image, 0V

3 sec. 30 sec. 30 sec.

3.5V 5.0V 8.0V




Homogenita magnetického pol'a pre zobrazovaci systém na baze
magnetickej rezonancie, tedria, vypocet a experiment

Projekty:  VEGA 2/0001/17, APVV-15-0029
Aplikator:  Wega-MS spol. s r.o. Moravany nad Vahom
Riesitelia: 1. Frollo, P. Andris, A. Kraf¢ik, D. Gogola, T. Dermek

Bol navrhnuty novy postup navrhu korekénych (shim) cievok, matematicky

model, teoreticke vypocty a uprava homogenity celoteloveho tomografu, na
zaklade troch metod merania statickeho magnetickeho pola.

Zobrazovanie na baze
magnetickej rezonancie
vyZaduje zdroj
magnetického pola
najvyssej homogenity pre

cel}'/ ObJ em skiimaného a) Zobrazenie vybranych korekénych cievok celotelového NMR tomografu.
. b) Kruhovy meraci modul osadeny meracimi kapsulami.
ObJ ektu ¢) Grafické zobrazenie hodnot magnetického pola v troch rovinach (I'ava, centralna, prava),

originalne hodnoty a korigované hodnoty.




Magnetic field imaging using NMR methods
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1 - MF of a solenoidal coil

MF of a spiral coil

Calculated magnetic field Image of the magnetic field using MRI




Magnetic field imaging using NMR methods

Calculated magnetic field Image of the magnetic field using MRI



Biometric imaging
Fingerprints

Density-plot of relative values

NMR image of the magnetic field distribution
of a meander planar coil (60 x 60 mm),
number of measured voxels 150 x 150.



Orientation of a cylindrical RF coil placed into the gantry
with a sample of a magnetic resonance imager 0.1 Tesla




Measurement and imaging of magnetic field changes
of soft magnetic materials

Circular sample

Rectangular sample
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Experimental Results

Diskette

Plastic holder
Left: Verbatim Datalife MF 2HD 3.5" Diskette to store data or programs,

in original packing, dimensions 90 x 93 x 3.2 mm.

Right: Plastic circular magnetic disk separated from the diskette case,
diameters: @, =25 mm, @,= 85 mm, thickness 0.08 mm.



Experimental Results

Images of a data diskette

GE H disketa

Other
TRITEMMEX: 300/10/6 |D:2767.416050552
Fov: 2007200 Agel M
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Ovrsmp: OFF
8T 580
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10:44

Series: 2

Opera
.

SAY Bratislava
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a) Original diskette with visible sectors

GE
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GE
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M: 256%192
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A242013
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.

diskela
Other
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Ageld M
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Opera

SAY Bratislava
Ustay merania

b) Diskette with 2 bigger and 4 smaller stains caused by short magnetization

using circular neodymium magnets 1 Tesla.
c) Diskette demagnetized by 50 Hz demagnetizer with 10 mm linear slot.

Imaging data: Ty =400 ms, T = 10 ms, slice thickness 2 mm.




Experimental Results

—30-20-10 0 10 20 30

Original sample made as a frame (32 x 32 mm, width 4 mm) cut from a data disc.
Calculated 3D 1mage of the magnetic field distribution, 2 mm above the frame.
Calculated image of the magnetic field of the frame, density plot.

Series of NMR images of the frame sample, Gradient echo imaging sequence,
Tg =440 ms, Ty =10 ms. Imaging distance from the plane of sample,
from left to right: 4, 6, 8, and 10 mm. Thickness of the imaged layer: 2 mm.




Experimental Results

Original sample: 3 frame objects (cut from a data disc).

MR 1mage using Spin Echo imaging sequence,
imaging layer distance from the plane of the sample: 4 mm.
Thickness of the imaged layer: 2 mm.

MR image using Gradient Echo sequence,
imaging layer distance from the plane of sample: 6 mm.
Thickness of the imaged layer: 2 mm.




Contrast media — magnetic fluids

Superparamagnetic Fe,O,
nanoparticles as fluid
in 0.1 T imager TMR-96




Experiments with imaging of biological samples
using magnetic liquids

@ ¢«ee
a) b) ) d)

a) Optical image of the sample.

b) Image of the sample as a projection into the phantom.
c) Image of the phantom without sample — background.

d) Resultant image as a difference: b)— c).




Experiments with imaging of biological samples
using magnetic liquids

Sample dimension: biological leaf, ® =30 mm.

Sampling 256 x 256, Sampling 512 x 512, Sampling 512 x 512,
resolution 230 um. resolution 100 um. resolution 100 um.
0.1 Tesla 0.1 Tesla 4.7 Tesla



Experiments with imaging of physical samples containing
magnetic particles

Physical samples, banknotes equipped with hidden
integrated magnetic signs

Magnetic image of a banknotes with visible magnetic islands,
512x512 samples.

The banknote was positioned in a plastic holder and placed into the vertical
rectangular container (phantom) filled with 0.1 % solution of CuSQO, in
distilled water, for shortening the repetition time TR to 200 ms.

- number of averages was 16

- resolution 150 pm.

- static magnetic field By = 0.1 Tesla.




Experiments with 1imaging of physical samples
coated with magnetic particles

Amplitude images, positive
and inverse

Phase 1mage of a business
rubber stamp - print

256 x 256 pixels, resolution 230 micrometers

0.1 Tesla

Image of printed letters “NMR”, dimension 55x17 mm,
512x512 samples. Because of the relative high susceptibility
of the magnetic signs a corona appeared around the patterns.







Experiments with imaging of physical samples
equipped by magnetic nanoparticles using MRI methods

Physical samples, coins, imaging of magnetic inhomogeneities

Foto Spin-Echo Gradient - Echo

Thin layers of nanoparticles, Fe3O4, in toluen solution
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Rectangular Samples

Calculated magnetic field distribution of
the homogeneous magnetic field B, lines
of force, affected by 2 parallel magnetic

bars with relative permeabilities:

1,=2, w,=3 and environment .

NMR image of two samples (rectangular vessels
filled with doped water in the holder with tap water)
using Gradient echo imaging sequence, Ty = 440 ms,
Tg = 10 ms. Thickness of the imaged layer: 2 mm.




Mathematical model

Mathematical model of the distribution of
homogeneous magnetic field H, lines of force
affected by 2 concentric cylinders with relative
permeabilities: p,=2 and p,=3,

10 is an environment permeability.

NMR 1mage of two samples

NMR image of two samples (circular vessels
filled with doped water in the rectangular vessels -
holder filled with tap water) using Gradient echo
imaging sequence: Ty =440 ms, Ty = 10 ms.
Thickness of the imaged layer: 2 mm.







Najvyznamnejsie vysledky - zakladny vyskum
Vyskum deformacie statického magnetického pola z dovodu pritomnosti
magnetickych nanocastic metddami zobrazovania na principoch MR

Projekty:  VEGA 2/0013/14 a APVV-0431-12
Riesitelia: L. Frollo, O. Strbak, A. Kraf¢ik, D. Gogola

Nanocastice ako kontrastné médium maji magneticky moment, ktory
generuje lokdlne nehomogenity statického magnetického pola MR

tomografu. Cielom vyskumu bolo vySetrit’ vplyv magnetickych nanocastic na
finalny kontrast obrazu kruhovych vzoriek pocas MRI.
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a) Kontirové zobrazenie magnetického pola Styroch nanocastic. Vzdialenost’ nanocastic: 50 nm.
Velkost’ kontary pri hodnote magnetického pol'a 0.02 Tesla je 160 nm.

b) Matematicky model rozloZenia homogénneho magnetického pol'a B, zobrazenie tvaru siloc¢iar
vplyvom 2 koncentrickych valcov s relativnou permeabilitou: p,=2 and p,=3, p, = prostredie.



Najvyznamnejsie vysledky - medzinarodné vedecké projekty
Multiparametrické metody kvantifikacie stavu kolagénovych vlakien

v chrupavkach prostrednictvom merania relaxacnych parametrov

Projekty: VEGA 2/0013/14
Riesitelia: V. Juras, P. Szomolanyi, 1. Frollo
Zahrani¢ny partner: Univ.-Prof. Dr. Siegfried Trattnig, Medical University of Vienna, Austria.

In-vivo metoda kvantifikacie stavu kolagénovych vlakien v chrupavkach
l'udskych koncatin prostrednictvom merania T2 relaxanych parametrov pri
suCasne] aplikacii fyziologického tlaku na chrupavku. Kolagénové vldkna a
glykdézaminoglykany sa daju kvantifikovat’ metddou magnetickej rezonancie na
zaklade merania dizky relaxaénych asov.

Morfologicky obraz pacienta v zdkladnom stave pred prijmom lieku ciprofloxacin (tgz), 10 dni po prisune
ciprofloxacinu (t,;,p), a teste po 5-mesiacoch (tsy,). Sodikové (23Na) MRI zobrazovanie ukazalo Statisticky
signifikantné zmeny 10 dni po podani ciprofloxacinu. Publikované v 3 CC €asopisoch.




ODDELENIE ZOBRAZOVACICH METOD

Ing. Ivan Frollo

Vedeckd aSpirantiira na Ustave merania SAV: 1963 — 1966
1967 - CSc.

1972 — samostatny vedecky pracovnik
1985 — veduci vedecky pracovnik
1993 - docent,

1995 - profesor



ODDELENIE ZOBRAZOVACICH METOD

Prof. Ing. Ivan Frollo, DrSc.

Orientacia vedeckého vyskumu:

Meracie metody a systémy zaloZené na principe nuklearne;
magnetickej rezonancie (NMR) pri nizkom magnetickom poli.
Nove¢ zobrazovacie metody z hl'adiska Specialnych snimacov na
celotelove zobrazovanie a mikro-zobrazovanie. Nelinearne
metody adaptivnej filtracie a segmentacie MR obrazov.

Motivacia: Polro¢ny Studijny pobyt: University of California
Berkeley 1977, NMR laboratorium, prof. Singer




ODDELENIE ZOBRAZOVACICH METOD

Prof. Ing. Ivan Frollo, DrSc. www.frollo.sk

Academic of Central European Academy of Science and Art
Active member of New York Academy of Sciences

Publications: S Clarivate

Web of Science” Search

Search >  Results for FROLLO | (Author) > Suggested Results

109 results from Web of Science Core Collection for:

Q_ FROLLO I (Author)

CGD Copy query link

Publications You may also like...

Patents: 22 patents confirmed by a certificate and applied in praxis.



ODDELENIE ZOBRAZOVACICH METOD

Prof. Ing. Ivan Frollo, DrSc. www.frollo.sk

Citations: vdaka vybornym spolupracovnikom Odd. 04

Citation Report

Q, FROLLO I (Author) Analyze Results

Publications Citing Articles Times Cited

109 396 Analyze 513 4.7].

Total Total Total Average per

341 Analyze 402 frem

From 1900+ to

With f-citations .
2023 v ithout self-citati Without self-

citations




Prof. Ing. Ivan Frollo, DrSc. www.frollo.sk

Ivan Frollo, Prof. Ing. PhD. DrSc.,

Academic of Central European Academy of Science and Art

Active member of New York Academy of Sciences

Institute of Measurement
Science

Slovak Academy of Sciences

Dubravska 9,
841 04 BRATISLAVA
SLOVAK REPUBLIC

Phone: +4212 5910 4540

My sagittal profile My picture My hand My piano - my music

My awards

Position

Head of the Department of Imaging Methods,
Institute of Measurement Science,

Slovak Academy of Sciences, Bratislava




Popularizacia

Noc vyskumnikov 2018,2019, 2020, 2022

Tomografia -
pohlad do vnutra

objektov

N\ USTAY MERANIA 58V x
I~ TOMOGRAFIA - POHLAD
" DO VNUTRA OBJEKTOV

Principy zobrazovania na baze magnetickej rezonancie a CT




Dakujem za pozornost’
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