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Abstract: In this paper, a relatively new hyper convolution spectra for characterization liquid, viscoelastic
and solid samples is presented. Special attention is paid to the biophysical characterization of epithelial
tissues and early detection of cancer of the skin, cervix, colon, and oral cavity. The method is based on the use
of two types of white light, diffuse and polarized, from the same LED light sources. Based on the subtraction
of the intensity values of these two lights and using the hyper convolution algorithm, the ratio of paired and
unpaired electrons of tissue is obtained. This ratio correlates well with the state of the tissue: normal, irritating,
precancerous, and cancerous. First, a proof-of-concept studies were performed, and later clinical studies on
samples from one thousand two hundred fifteen people were performed. It showed that hyper Opto-Magnetic
Imaging Spectroscopy (OMIS) can detect epithelial tissue cancers with an accuracy of 85-96%. Bearing in mind
that the OMIS method also acquires the biophysical characteristics of the deeper skin layers (epidermis,
basement membrane, dermis) by analysing convolution spectra of RGB channels of both diffuse and polarized
white light, it is possible to apply this method in cosmetics (skin hydration, collagen, and elastin states, etc.).
During OMIS applications, we noticed places where improvements could be made to increase method’s
accuracy using advanced machine learning methodologies.

Keywords: hyper convolution spectra; epithelial tissues; paramagnetism; diamagnetism; opto-magnetic
images; cancer detection; accuracy

1. Introduction

Opto-magnetic imaging spectroscopy (OMIS) is the third generation of optical methods for
detecting skin cancer (melanoma). The first method used by doctors is the visual investigation and
their experience. In order to increase accuracy, a dermoscope was developed and doctors whose
receiving a two-day course on dermoscopy achieved an accuracy up to 20% [1,2]. However, it is
necessary to have many years of experience with the dermoscope in order to achieve satisfactory
accuracy for screening (around 90-95%) and diagnostic (around 95-99%). In order to achieve this
result, with several days of training, a method was developed and a device based on spectrum hyper
convolution, optomagnetic imaging spectroscopy (OMIS), was built.

In order to achieve the set of goals, in the last fifteen years’ research has been carried out on the
characterization of skin and melanoma using AFM (Atomic Force Microscopy) and MFM (Magnetic
force Microscopy). [3,4] The studies demonstrated excellent results: separation of normal tissue
from inflamed surrounding tissue, pre-cancerous and cancerous tissues was 100%. However, the
nanotechnology approach using AFM/MFM was not suitable for broader, clinical use because it took
4-6 hours (depend of image resolution) to characterize one in vitro sample of size 1.0 x 1.0 um. In
addition, the methodology is expensive significantly hampering broader, clinical application, due to
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unacceptable economic burden on the healthcare system. Due to the reasons stated above, the
development of a new method was started based on the obtained results of the nanotechnological
method.

The proof-of-principal results were obtained using MFM and based in the magnetic
(paramagnetic and diamagnetic) properties of the tissues, the same principles were the basis for the
development of the new method. The requirement was that a 30 x 30 mm surface should be imaged
with one recording (due to the approximated size of the mole) and that the paramagnetic and
diamagnetic properties of the skin should be identified. In order to achieve this, we transferred our
knowledge from nanotechnology to a new method OMIS by replacing the mechanical cantilever
(AFM/MEM) with light (OMIS). In 2010 the first prototype of OMIS device was made and the first
initial study on 118 cases was completed (Table 1). [3].

Table 1. Comparative review of the results of the MFM and initial study by OMIS method on 118
histopathological skin samples (35 - normal, 25 — skin diseases, 20 — benign lesions, 38 — malignant).
The results are normalized in relation to the normal skin condition [3].

Category MFM OMIS

1. Normal skin 1 1

2. Skin diseases 19.5 + 1.3 3.9+ 0.9
3. Benign lesions 275 £ 13 44+ 0.9
4. Malignant lesions 375+ 13 6.1+ 0.9

Results shown in Table 1 suggest that the MFM results are unequivocal, i.e. there is no
overlapping between values for any of the four categories of the samples. In the case of
histopathological slides, with the OMIS method there is an overlap between skin diseases
("inflammatory") and benign lesions ("pre-cancer"), because the differences in values between the
categories are smaller and in spite that the SD (standard deviation) is smaller than with MFM. Also,
negligible at 0.1%, but still existing, a borderline overlap of benign lesions and malignant lesions was
observed 4.4+0.9 = 5.3 and 6.1-0.9= 5.2, respectively.

The advantages of the OMIS method when compared to AFM/MFEM for cancer detection are
multiple. The results are obtained faster, a larger sample surface could be imaged and OMIS
methodology is significantly cheaper enabling better integration in the healthcare system and patient
care. Encouraged with promising results, and aforementioned advantages over the AFM/MFM
further development of the method and its application to other types of epithelial tissues was
performed to include cancers of the cervix, colon and oral cavity.

2. Materials and Methods

2.1. OMIS Method

The OMIS is a device based on quantum mechanics and machine learning (ML) for detecting,
the physical properties of tissues at the nano level, but within the macroscopic area (30x30 mm)
because the mechanical cantilever (sonda) of MFM is replaced with light. It is based on light-matter
interactions between light (electromagnetic phenomenon) and valence electrons in the sample
(covalent bonds, hydrogen bonds, ion-electron interaction, and van der Waals interactions). OMIS is
a spectroscopy method that measures the ratio of unpaired (paramagnetism) and paired electrons
(diamagnetism) of a sample by leveraging the known aspects of light-matter interactions [5]. Light,
as an electromagnetic phenomenon, consists of electric and magnetic waves, which are always
perpendicular. When a sample is illuminated under a specific angle, the reflected light is polarized.
The specific angle at which this occurs is known as Brewster’s angle; each material has a unique
Brewster’s angle value. By applying the OMIS technique, light from a diffused light source is reflected
by a sample and recorded by the sensor, as indicated in Figure 1. Subsequently, the same type of
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diffuse white light from a second light source placed at the Brewster’s angle of the material is reflected
by the sample and recorded by the sensor. The reflected polarized light detected by the sensor
contains predominantly an electrical component of light-matter interaction. By subtracting the
reflected polarized light (electrical properties) from the reflected white diffuse light (electro-magnetic
properties), the result provides information about the magnetic properties of matter based on light-
matter interaction (Figure 2) [5]. A pair of digital images is acquired under white diffuse light, and
white diffuse light under Brewster’s angle will result in three spectra (channels) — blue, red, and
green (RGB)- for each image. When blue, green, or red spectra for the image of the sample
taken under Brewster’s angle are subtracted from the blue, green, or red spectra for the
image of the sample taken under diffuse light, the resultant composite hyper spectrum will
represent an opto-magnetic spectrum of the sample. For processing (classification) of
samples, machine learning is integrated based on the Artificial Neural Network (ANN)
algorithm to develop a model capable of differentiating between different classes of samples
(normal, inflammatory, benign, and cancer or normal, low-grade, high-grade, and cancer).
This differentiation is further confirmed by the Random Forest (RF) algorithm. The limit of
detection is directly related to algorithm training and efficiency and the capabilities of the
charge-coupled device. As with other ML models, the bigger the training set (including high
quality samples and images) more efficient the algorithm for detection becomes, and as a
result, the methodology improves sensitivity and specificity at differentiating between the
samples. Investigations results demonstrate that measuring repeatability of the OMIS for
the same sample is: 98 + 1%, 97 + 2% and 96 + 2.5%, for solid state matter, viscoelastic matter
(tissues) and liquids, respectively. OMIS has been successfully used for tissue
characterization [6-8], screening tool for several cancers [9-14], and detection of viruses in
plasma [15] with very high accuracy and sensitivity. In the next chapter, results of the
studies using OMIS for the rapid detection of epithelia tissues cancers is presented.
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Figure 1. The relation between the vertical (r1) linearly polarized light and the horizontal (ri1 ) linearly
polarized light (« is the angle of secular reflection - the incidence angle equals the reflection angle, 3
is the angle of refraction—the angle of light refraction in the medium). If diffuse light passes through
a filter, efficiency depends on the incident light and the medium (Brewster angle for water at the room
temperature is 53.1°, while for skin is 53.6°).
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Figure 2. Schematic representation of imaging spectroscopy using diffuse white light (left) and special
imaging spectroscopy using polarized light (right). The relative positions of light sources for the two
imaging spectroscopies are indicated. Light source of six light-emitting diodes, arranged in the circle,
are used to generate reflected diffuse white light, which is perpendicular to the sample and same
number of while reflected polarized light (right) arises from the light source positioned at Brewster’s
angle. Each matter has specific Brewster angle (magnetic component equal zero). For biological
tissues, it is approximately 53° degrees [5,20].

The starting point for data processing are two images of tissues obtained with white light, one
of which was obtained with the white diffused light at an angle of 909, and the other also with the
same light, but at the Brewster angle (53.6° — for tissues) (Figure 3). Depending on which depth of the
epithelium we want to analyse the blue, green and red channels will be used (blue channel - the surface
and depth of the epidermis close to the basal membrane, green channel - basal membrane and the
upper part of the dermis and red channel - the middle and lower part of the dermis).

It means, depending on which part of the epithelial tissue we want to analyse in depth, different
light source channels will be used. The order of penetration of the light into the tissue is as follow:
blue light (300-600um, shallow), green light (up to 1.4 mm, medium) and red light (about 2-3 mm -
the deepest). For example, if one wants the state of the tissue throughout the depth, the blue (B) and
red (R) channel of diffuse (W) and polarized (P) light in the designation (R-B)(W-P) as hyper
convolution spectra, will be used. On other side, if one wants to analyse the epidermis, then the blue
(B) and green (G) channel of diffuse (W) and polarized (P) light in the designation (G-B)(W-P) It
means, depending on which part of the epithelial tissue we want to analyse in depth, different light
source channels will be used. The order of penetration of the light into the tissue is as follow: blue
light (300-600um, shallow), green light (up to 1.4 mm, medium) and red light (about 2-3 mm - the
deepest). For example, if one wants the state of the tissue throughout the depth, the blue (B) and red
(R) channel of diffuse (W) and polarized (P) light in the designation, (R-B)(W-P) as hyper convolution
spectra, will be used. On other side, if one wants to analyse the epidermis, then the blue (B) and green
(G) channel of diffuse (W) and polarized (P) light in the designation (G-B)(W-P) as hyper convolution
spectra, will be used. However, if one wants to investigate the state of the dermis, then the green (G)
and red (R) channel of diffuse (W) and polarized (P) light in the designation (R-G)(W-P) as hyper
convolution spectra, will be used.[5,9]
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Figure 3. Three basic OMIS phases: (1) obtaining images from diffuse and polarized light, (2)
converting images into a hyper convolutional spectrum, and (3) diagram of the interrelation of paired
electrons (diamagnetism) and unpaired electrons (paramagnetism) in tissue for a given wavelength
difference. Based on the intensity of the amplitude for a given wavelength, the recorded sample is
classified. [9].

Regardless of whether the sample is fresh, fixed or stained for histopathological investigations,
the resulting OMIS diagrams are the same, or approximately the same. From accuracy point of view,
the best spectrum is from a fresh sample, then for a fixed one, and only then for a dyed one (Figure
4). As could be seen from the image, even if we do not see tissue in the images of diffuse and polarized
light for fresh and fixed samples, the OMIS process produces spectra, because they are primarily
created as a process of light reflection from valence electrons (characteristic of molecules) and
hydrogen bonds (characteristic of intermolecular interaction) tissues.
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Figure 4. Cervix sample no. 3348 was analysed in three states: fresh, fixed and stained. The diagrams
in all three cases are similar. The differences exist because the fixed sample, and especially the dye
(stained sample), interacts with the tissue and changes its the ratio of paired and unpaired electrons.
The best diagrams and results are obtained with a fresh sample (see Chapter of results).

2.2. OMLIS Proof of concept

In the study of histopathological skin samples, the JSPM-5200, Scanning Probe Microscopy
system from JEOL, Japan was used for MFM investigation [3]. Under the applied imaging mode for
magnetic gradient measurement, the chosen cantilever is sensitive to the change of magnetic
properties of the sample, due to the electrons’ valence state of sample and the dipole-dipole
interaction between the tip of the probe and the sample. Since dipole moments of the sample depend
on paired and unpaired electrons, attraction/repulsion forces are observed [16]. The shift from the
resonant frequency of the cantilever and measured frequency is proportional to an average force
gradient which means that the cantilever-magnetic field angle ¢ (°) of tip-sample interaction is the
value that will characterize the sample [17-18].

In the study, whose results for MFM are shown in Table 1, it was found that healthy tissue has
a shift (Af/f x 10°) in the range of {7-9} n.a.u, and cantilever-magnetic field angle ¢ (°) in the range
of {-4 and -8}, which defines a strong diamagnetism. Inflammatory tissue was within Af/f {4-7} n.a.u.
and angles ¢ (°) {-10 and -35} (weak diamagnetism), a benign tumor within Af/f {2 and -8} n.a.u.
and angles ¢ (°) {-50 and -80} degrees (weak and medium paramagnetism), while cancer was within
Af/f {-14 and -15} n.a.u. and angle ¢ (°) {-50 to -150}, which defines strong paramagnetism. Thus,
healthy tissue is like "copper” (diamagnetic, paired electrons) and cancer was “aluminium-like”, high
paramagnetic (unpaired electrons).

To test the OMIS method, i.e. if, like MFM, it separates paramagnetic and diamagnetic properties
in identification, copper and aluminium of 99.9% purity ( Metal Products Co. Ltd., China) were
recorded with OMIS and their spectra were obtained. For wavelength differences of 125-155 nm, two
opposing peaks were obtained (Figure 5), which showed that the OMIS concept of diamagnetism and
paramagnetism is correct.
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Figure 5. OMIS spectra of copper (diamagnetic) and aluminium (paramagnetic) samples. As can be
seen, the spectra in the domain of 30 nm (125-155 nm) are opposite, as is the case with MFM. The
experiments were done several times (lines on the diagram) and the same or similar results were
always obtained. Small difference is obtained because there is a dynamic of pairing and pairing of
electrons even with materials in the solid state. The diagram shows that this process is more
pronounced in the copper sample (140-155 nm) than in the aluminium.

3. Results
3.1. OMIS Application in Epithelial Cancer Detection

3.1.1. OMIS and melanoma

The optical properties of skin in vivo conditions were investigated for two different types of skin
lesions that exist or occur on the skin due to damage. In this initial investigation, 96 patients
participated (48 patients in melanoma group and the other 48 to the nevus group).[9] The obtained
results were divided into two basic categories, benign and malignant pigment changes. OMIS device
was applied directly onto the lesion. In 97% of cases, the obtained results sensitivity, using OMIS,
agreed with histopathology findings. However, specificity was 87.04 % and accuracy 91.67 %.

As described, it is very challenging to macroscopically differentiate between a healthy mole and
a melanoma without tools, or even using a magnifying glass, as is the shown in Figure 6. Using OMIS
to image, and consequently analyse images of both moles, we identified that the mole from the first
picture (left) is normal, and from the second picture (right) is melanoma. The OMIS spectra are shown
in Figure 7.

_

Figure 6. Images of two moles (nevus) and it's hard to estimate which one is a regular and which one
is melanoma. The histopathological findings showed that the mole on the left is regular and the mole
on the right is melanoma.
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Figure 7. The OMIS findings showed that the moles from Figure 6 are: on the left is healthy (blue
line) and the mole on the right is melanoma (red line) [9].
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3.1.2. OMIS and cervix

The cervical tissue samples used in OMIS study are prepared using Papanicolaou procedure
(stained samples). Papanicolaou is currently a golden standard for detection of cervical cancer. The
samples were first investigated by a cytotechnologist, and then the OMIS technique was used. In the
initial study, OMIS spectra of cervical cells were averaged per each patient to obtain a single spectrum
for every microscopic slide, i.e., cervical smear. The study of the stained cervical cytology samples
obtained from 140 patients (280 microscopic slides with cervical cell samples), which included 35
cases from each Pap group, showed a good potential of OMIS to characterize samples from different
Pap groups. In this study, the degree of accuracy for stained cervical smears was 85.18%. The obtained
accuracy result was reported to be a consequence of inadequate staining of the samples. [9]

In the second study a total number of 320 fresh (not dyed) cervical samples (240 samples from
the Il Pap group, 50 samples from the III Pap group, 16 samples from the IV Pap group and 14 samples
from the V Pap group) were investigated. In this study, accuracy of results was significantly
improved, and classifier accuracy was 96% for classification between normal result (II Papanicolaou
group) and invasive cancer (V Papanicolaou group). Achieved sensitivity was 95% and specificity
97%. Based on these results, it can be said that OMIS is fast, easy-to-use, and since it uses unstained
cervical samples, it is cost-effective, because there is no need for laboratory services, chemicals for
staining, and sample transport (this is very suitable for community health centres). [10,11].

OMIS spectra for PAP II (healthy tissue), PAP III (inflammatory), PAP IV (pre-cancerous) and
PAP V (cancer) samples are presented in diagrams (Figure 8.1-4).

80 (R-B)&(W-P) Il Pap group

100 11 120 130 140 150

INTENSITY [n.a.u.x 1000]
=
o

WAVELENGTH DIFFERENCE [nm]

Figure 8.1: A typical four cases of OMIS spectrum for a PAP II sample. There are two up and two down peaks
in region 105 — 130 nm wavelength difference. [9].
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Figure 8.2: A few typical cases of OMIS spectrum for a PAP III sample. Similar as for PAP I there are
two up and two down peaks in region 105 — 130 nm wavelength difference, but in these cases,
amplitude od the first peak is smaller for 20% and the second peak, domain 120-130 nm, the dispersion
of spectra from sample to sample exists. [9].
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Figure 8.3: Typical cases of OMIS spectrum for a PAP IV samples. Again there is similarity as for PAP II and
PAP III (there are two up and two down peaks in region 105 — 130 nm wavelength difference), but in this cases
amplitude of the first peak is smaller for 30% and as well as the second peak, domain 120-135 nm. However, the

dispersion of spectra still exists, from sample to sample, on all domain (105-135 nm) [9].
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Figure 8.4: A typical four cases of OMIS spectrum for a PAP V sample. There are many up and down peaks in
region 105 — 135 nm. Amplitude of the peaks is much smaller; three and more times than for PAP II. Also, as for

PAP 1V, there is dispersion of spectra, from sample to sample, on all domain (105-135 nm) [9].

3.1.3. OMIS and colon

In the initial feasibility study of OMIS to provide a non-invasive method for the differentiation
between healthy and tumour tissues in colon (healthy colon tissue and colon adenocarcinoma). Tissue
samples were obtained from 70 human patients with colonic adenocarcinoma, having histopathology
confirmation. Healthy colon tissue was used as control sample for each of the patients. Tumour tissue
was investigated and confirmed to various grades and stages. The group included patients of both
sexes, aged 19 to 85 years. After surgical resection, each removed colon sample was first rinsed with
purified water to exclude surface blood and then placed on equipment especially designed for OMIS.
Digital images of healthy tissue and neoplasms were taken ten times per each sample under white
diffuse and polarized light, 1 hour and 4 hours after removal of the tissue. The imaging of healthy
tissue was at least 8 cm from the tumour. After imaging, the tissue sample was fixed in formalin for
further histopathology examination. Specificity was 100%, sensitivity 92.98%, accuracy 96.43%, and
Kappa 0.9286.[9].

In the second study, 316 samples of colon tissues were investigated [12]. Compared with
histopathology examination, the OMIS method achieved an accuracy of 92.59% using Multilayer
Perceptron Neural Network as a classifier, and 89.87% using Naive-Bayes classifier. This results
strongly suggest that non-disruptive OMIS method might be used for tissue characterization ex vivo
to discriminate between the healthy and cancerous state of the colon.
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Figure 9. Typical OMIS spectrum for colon tissue: healthy and cancerous. In healthy tissue, four peaks
appear, two up and two down in the wavelength difference range of 105-135 nm, while in cancerous
tissue the spectrum is of lower intensity and irregular throughout the spectrum.[9].

3.1.4. OMIS and oral cavity

In this study 46 samples were investigated to separate tumour (OSCC - oral squamous cell
carcinoma) from adjacent non-tumour oral cavity tissue. [13] Samples were taken from a fresh
surgical specimen of primary OSCC. Digital imaging of samples was performed within 60 min of
resection using OMIS device. Images were processed through a specifically designed convolution
algorithm based on light-matter interaction.

The results presented in Table 2 show that three of the algorithms (NB, RF and SVM) have the
same accuracy of 85.71%. However, the best sensitivity or the ability by which the OMIS method can
identify the OSCC tissue is achieved with the naive Bayes me-hod - 100%. This is also associated with
the highest AUC value of 0.975 for this particular classifier. It is, therefore, the only classifier where
OMIS has presented itself as an excellent discriminative methodology for oral cavity. On the other
hand, the Support Vector Machine and the Random Forest algorithms can provide OMIS with a very
good discriminative power (0.878 for SVM and 0.857 for RF), while the Decision Tree method might
be considered as useless (AUC value of 0.5) (Figure 31b, ¢, d). However, with the regard to specificity,
the Random Forest and Decision Tree are the only classifiers to identify all the normal tissue samples
correctly.

Table 2. Oral cavity classification efficacy of the OMIS method naiveNaive Bayes method, DT-
Decision Tree method, RF - Random Forest method, and SVM - Support Vector Machine) [13].

Parameter Algorithm

NB DT RF SVM
Accuracy 85.71% 57.14% 85.71% 85.71%
Sensitivity 100% 14.29% 71.43% 85.71%
Specificity 71.43% 100% 100% 85.71%
AUC value 0.975 0.500 0.857 0.878

The OMIS method generated excellent discriminative power through the Naive Bayes classifier.
In separation of the OSCC and normal tissue types an AUC value of 0.975 was obtained. The Random
Forest algorithm has shown itself as the most suitable for the OMIS data originating from
comparisons between the three groups of stained samples. An overall accuracy of up to 86.11%,
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sensitivity of up to 100%, a specificity of up to 88.89% and the AUC value of up to 0.917 was registered
during these differentiations. All the applied algorithms on the OMIS data from unstained as well as
stained tissue samples, the Decision Tree algorithm has shown to be the least appropriate for these
specific datasets. The OMIS method has shown to be at least as effective as the other optical methods
used on oral cavity tissues and in many cases surpassing their performance.[13].

4. Discussion

4.1. Liquids and solid

Research using the OMIS method were also performed both for visco-elastic materials
(biological tissues) and for liquids and solids. In addition to the above-mentioned results of water
and water in the epidermis [6,7], water with different types and concentrations of minerals was also
investigated [14]. The obtained results demonstrated that OMIS together with multivariate
techniques and neural networks approach can be a valuable asset in characterizing water from the
aspect of its structural organization. However, in case of applying OMIS as a routine method for
water characterisation it is necessary to perform series of controlled experiments to identify exact
correlation between the type of water molecular organization and demonstrated opto-magnetic
properties of water. If this goal is possible to achieve, the road for characterizing water from the new
— structural aspect with a simple and easily available method could be established.

For the investigation of the structural properties and ultrastructural changes of solid
state materials, of a new, used, and fractured NiTj instruments in dentistry, OMIS was used.
[15]. The study included three sets of different types of rotary instruments: MTwo (VDW,
Munich, Germany), Pro Taper Universal (Dentsply Maillefer, Ballaigues, Switzerland), and
BioRace (FKG DENTAIRE Swiss Dental Products, Le Crét-du-Locle Switzerland). Root
canal shaping was performed on root canals with different curvatures, and after intra-canal
fracture, instruments of the same type were successfully analysed using OMIS.

Also, Magnetic Force Microscopy (MFM) and Opto-Magnetic Spectroscopy (OMS) were used to
characterize solid state materials, such as HTCV stainless steel and aluminium. [16]. Both materials
were immersed in 1.0M HCl and 1.0M CHsCOOH solutions for two hours. The OMS method showed
that treated materials exhibited differences in peak wavelengths. Topographical and magnetic
features for steel plate samples showed better resistance to an aggressive medium compared to
aluminium. The results and analysis of these investigations are compared to MFM results and it was
found that structural changes of materials at the micro level are the same but at nano level MFM
results are for about 20% better.

Comparative analysis of thin films using UV-Vis-NIR and OMIS was investigated. [22].The aim
of this research was to characterize and compare two materials, standard glasses material and
standard glasses material with Ceo thin film layer. According to opto-magnetic imaging spectroscopy
results shown that there is a dramatic difference in the values of the positive and negative peaks on
wavelength difference (nm)-Intensity (n.a.u.) of those two materials. The nano film glass has lower
RGB intensities at approximately the same wavelengths in comparison to the standard glass material,
which is of great importance for the further experiments and OMIS application in this field.

The investigation of influence of three types of contact lenses on different aqueous solutions,
which are similar to tear film is done using Opto-magnetic imaging spectroscopy method and IR
spectroscopy. [23,24]. The diagrams acquired by opto-magnetic imaging spectroscopy method show
the differences and similarities for the same class of samples as well as for different classes. From the
plot of the average spectrums for aqua purificata and the SP40 contact lens submerged in aqua
purificata, one can see that four peaks appears, two positive and two negative. The variation in the
intensity of the peaks and the shift in the change of wavelengths in the OMIS diagram well describe
the differences obtained in different conditions.

In addition, comparative study of hormesis-threshold biodosimetric model and the opto-
magnetic imaging spectroscopy method in characterization of biophysical properties of
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pulmonary tissue is done. [25] OMIS method was performed by ILT 350 (International Light
Technology, USA). Transmittance W/m? was evaluated in the range of 380-780 nm. The graph
obtained by applying the neural network can be used for the assessment of the dose-response
relationship regarding smoking and radiation effects at low-doses. Both approaches, biodosimetric
method based on apoptotic parameters and artificial intelligence method (using OMIS data) provide
a clearer distinction of non-smokers, smokers, and smokers with lung cancer according to apoptotic
parameters and smoking exposure.

4.2. In situ detection of bacteria in blood

Bacteraemia, leading to sepsis is potentially life-threatening condition. Successful antibiotic
treatment is dependent on the identification of the bacterial species, that can take hours or days to
complete. We performed feasibility study to test whether OMIS can be used for the detection of
bacteria in blood. Commercially available human blood spiked with a defined concentration
multidrug resistant Staphylococcus aureus, derived from a clinical isolate was used. [26] Three
concentrations of bacteria of 1 x 106, 1 x 105 and 1 x10* CFU/mL are set, corresponding to High (H),
Medium (M) and Low (L) concentrations respectively. A total of 240 samples (60 samples per
concentration as well as 60 samples of sterile blood (N)) were investigated (Figure 10), and the data
were analysed using two classifiers: artificial neural network and random forest. Images for the
training set and validation sets were separately obtained and used for comparison against true
positive values (confirmatory plating on the nutrient agar).(Figure 11). The average score of
classification samples in the correct category (N, L, M, H) one-by-one was 95.8% for the ANN
algorithm, while for the RF algorithm accuracy was 94.15% (average means that three times different
40 samples (of 240 samples) were chosen, and each prediction test had different sample mixtures).
The proximity of the two values of accuracy strongly indicates that the input data (interaction of light
with paired and unpaired electrons) and the output data (classification N, L, M, H concentration of
bacteria) are in very good correlation (Table 3).

Table 3. Results of the OMIS-20ML evaluation based on 3 independent validation experiments.
Results are presented as mean + standard deviation for ANN and RFC. Since those two values of
accuracy are very close our results strongly indicate that input data (interaction of light with paired
and unpaired electrons) and output data (classification into sterile versus nonsterile blood
(irrespective of the concentration of bacteria) is valid.[26].

ANN RFC
Mean sD Mean 5D
Sensitivity 0.9663 0.0005 09222 0.0629
Specificity 0.9333 0.0943 1.0000 0
Positive predictive value 09785 0.0304 1.0000 0

Negative predictive value (0.9024 0.0095 08253 0.1122
Accuracy (19581 0.02 0.9415 (.05
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Figure 10. Workflow of the OMIS imaging and data analysis. Step 1 —set up experiment in laboratory;
Step 2 — sampling blood; Step 3 — placement of 50 mL of blood on glass slide; Step 4 — cover the blood
using glass cover slip; Step 5 — positioning of the slide in the OMIS slide.[26].
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Figure 11. Representative diagram of results for all classes of samples analysed with significant

wavelengths used for differentiation of samples .[26].

4.3. Cosmetics

Opto-Magnetic Imaging Spectroscopy (OMIS) has been used for the analysis of the biophysical
skin properties (diamagnetic/paramagnetic) after applying three groups of different cosmetic
products [27]. Tested cosmetic products were prepared by replacing the active ingredients with
3HFWC or with water in four commercial products. The original commercial creams and their
vesicles with water added served as control groups. Data were statistically analysed using paired t
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test in R software. Difference between paramagnetic/dimagnetic (p+/p—) parameters that showed
statistical significance before the treatment and after the treatment obtained for different creams with
different types of light (W-P)(R-B), (W-P) (R-G), (UW-w)) ranges from 0.09 to 2.78. However, for all
skin structures (skin surface, epidermis, and dermis) OMIS average difference value ranges from 12%
to 32%.

To investigate the moisturizing properties of hyperharmonized fullerenol — 3HFWC+ as an
emulsion O/W ingredient on the skin, OMIS was used. [28] The study was conducted on 38 volunteers
(female) with no dermatologic diseases and with normal to dry skin. Subject's age ranged from 31 to
69 years (mean age of the participants was 41.3). In this study, OMIS showed that the effect of creams
on the biophysical condition of the skin can be determined with great statistical significance.

Since OMIS method is very sensitive to conformation changes in biomolecules, it enabled the
demonstration of improvements of biophysical properties of the skin and collagen molecules after
the treatment of the skin with cosmetic products which evaluated by OMIS.

4.4. OMIS method disadventage and its future improvment

As a part of the discussion, it is necessary to underline the main advantages of the OMIS method
compared to other methods that are applied, as well as the main disadvantages of the OMIS method.
Table 3 summarizes the advantages of the OMIS method in comparison to the other five methods
used in medical practice. One of the main shortcomings of the OMIS method is presented in Figure
12, and it refers to the accuracy of the method. The answer to the question of why the values for
healthy state and cancer overlap is that sometimes there are more healthy area in the imaged sample
than is allowed. This problem is solved by doing an automatic crop, which will be closer and closer
to the edge of the diseased tissue. In the part Future direction, more suggestions for hardware and
software improvement of the method will be proposed.

Table 3. Comparison of the OMIS method and the other five methods in the characterization of the
cervix by criteria: who works, location for analysis, time for analysis, cost of screening, specificity,
sensitivity and accuracy).

Cancer Screening Cytology
HPV VIA Colposco

(omis) Papsmear | LBC oSN
Health care worker Nurse Nurse Nurse Nurse Nurse Gynecologist
Location of analysis | Point of care Pathology lab Pathology lab Pathology lab Point of care Point of care
Speed of analysis <2 minutes 1-2 weeks 2 - 8 weeks 2 - 6 weeks 2 -5 minutes 5 - 10 minutes
Costs of screening $4-510 $30-$50 $25 - $40 $30- 550 $5-$12 $70-$150
Specificity 290% 60%-100% 90% 56%-93% 8%-95% 12%-97%
Sensitivity 290% 33% -100% 73% 64%-100% 17%-100% 29%-100%
Accuracy (average) 290% 67% 74% 82% 59% 65%
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Figure 12. The image shows overlapping values for different tissue conditions and this is one of the
main disadvantages of the existing OMIS method based on white light.

In this part, the direction of future investigation will be proposed as well as what else needs to
be achieved. The improvement (upgrading) of OMIS device and methods are possible in the
following directions: hardware, software and algorithms. With regards to the hardware, the plan is
to have additional UV, green, red and infrared lights in addition to the white light. This newly
improved hardware, would enable an even better- and better-quality analysis of epithelial tissues in
depth. Within the software the protection of the system can be improved as well as the selection of
the object of interest. In this way the overlapping of healthy and irregular tissues in the image will be
reduced to a minimum. This would significantly increase accuracy (estimates are that it would reach
97-98%). The ultimate goal is to apply advanced machine algorithms of learning, hyper light

algorithms and achieve minimal overlap between only adjacent categories and complete separation

of normal and cancerous categories (Figure 13).

Reflectance - Energy state of Tissue

12 ' ' 2.0
eV (Light Energy)
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Figure 13. Our ultimate goal is for the classification to be such that only adjacent categories can
overlap between 5-10%, while non-adjacent categories cannot overlap (notation: C —cancer, HG- high
grade, LG- low grade, N — normal).

5. Conclusions

The OMIS method showed good results with all four types of epithelial tissues: skin, cervix,
colon and oral cavity (accuracy between 85-95% depending on the ratio of healthy and diseased tissue
that was recorded). The method can be used for screening, triage of samples (which samples have the
advantage of being processed histopathological), as well as an auxiliary tool for doctors in the
operating room.

The advantages of OMIS method are multiple: results with OMIS method can be obtained within
5 min unlike screening tests used in clinical practice today; OMIS can be applied on unstained (fresh)
samples, and in that way cost of the screening test implementation is significantly reduced; specificity
is high, and sensitivity is in the good range.

OMIS has potential to be a promising optical method for in vitro, ex vivo and in vitro
characterization of epithelia tissues. Further investigation is necessary to determine how tissue type
and level of pathological transformation impact OMIS results. Ultimately, this could help surgeons
not in using this method as an in vivo indicator for surgical resection with safe margins as well as
during the surgery.

It was also shown that, in addition to the characterization of epithelial tissues (visco-elastic),
OMIS can also be used for the characterization of liquid and solid samples. For the same sample the
measuring repeatability of the OMIS is: 98 + 1%, 97 + 2% and 96 + 2.5%, for solid state matter,
viscoelastic matter (tissues) and liquids, respectively. However, the accuracy for a group of the same
samples is between 85-96%, depending on the type of sample as well as the relationship between the
sample and the surrounding tissue that was recorded and taken into considered.
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