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Abstract. One of the main tasks of surgical treatment of patients with frontal sinus neoplasms with intracranial spread
is to seal the subdural space, which is achieved by hermetically connected dura mater. The purpose of this study was to
investigate the structure of the tissues of the dura mater and dura mater-fascia junction using bipolar electric welding.
The methods of light microscopy and infrared spectroscopy were used. When evaluating the results, no B-structured
aggregates were observed in the tissue samples under study. There was minimal traumatic damage to the adjacent dura
mater tissue and minimal thermal damage from vaporisation. Pacchioni granulations, venous pial, and cortical vessels
of the dura mater were preserved. The study observed complete identity of the wave values of amide A, B, amide I, II
spectra; preservation of amide A, B peaks. Preservation and curvature of the N-H arm and O = C - N band were changed
within acceptable limits. The findings indicate the absence of B-structured protein aggregates in the junction area,
which excludes the possibility of fibrous structures and, as a result, does not contribute to the formation of a meningeal
scar. The structure of the collagen protein in the junction area is normal, altered but intact, with preservation of its
functions. This indicates the feasibility of using the method of high-frequency bipolar electric welding for surgical
closure of defects of the dura mater, as an alternative to closure with suture material

Keywords: electrosurgery; infrared spectroscopy; dura mater defects; cerebrospinal fluid leakage; cerebrospinal fluid
effusion; liquorrhea

INTRODUCTION

One of the most frequent complications of radical removal
of frontal sinus tumours with intracranial growth is a dis-
ruption of the closed physiological circulation of cerebro-
spinal fluid (CSF), i.e., the emergence of external and oc-
cult CSF liquorrhea. This is caused by insufficient tightness
of the closure of defects in the dura mater (DM) at the final
stage of surgery. These complications can be prevented by
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using a special method of joining dura mater defects using
bipolar high-frequency electric welding (HFEW) developed
jointly with the E.O. Paton Institute of Electric Welding
of the National Academy of Sciences of Ukraine (NAS) [1].
Protein-associated electrothermal tissue adhesion ensures
hermetic binding of the tissues of the DM without the use
of foreign materials and the formation of a coagulation
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scab. To evaluate the new method of DM connection, spe-
cial attention should be paid to the structure of the zone of
direct tissue connection, its similarity or difference from
the surrounding tissues. The answer to this question can be
obtained using histological and biophysical methods (con-
focal infrared spectroscopy).

O.I. Palamar et al. [2] found that a violation of the in-
tegrity of the dura mater during elective neurosurgical and
otorhinolaryngological operations causes a risk of devel-
oping CSF liquorrhea in the postoperative period with a
frequency of 15.9-27.5%. Insufficient sealing of the DM,
according to V.V. Kishchuk et al. [3], contributes to the
leakage of CSF outside the subdural space, resulting in the
emergence of external CSF liquorrhea through the surgical
wound and other natural openings (otoliquorrhea, rhinor-
rhea), as well as latent CSF in the form of subaponeurotic
accumulation of cerebrospinal fluid, which may stay undi-
agnosed for some time. One of the main tasks in the surgi-
cal treatment of patients with this pathology, according to
multiple studies by B. Marlier et al. [4], is the sealing of the
subdural space, which is achieved by a hermetically sealed
dura mater. However, if the defect in the dura mater is not
linear and, when stretched, leads to overstretching of the
dura mater and compression of the brain tissue, dura ma-
ter plastics material is required. According to comparative
studies by B. Coucke et al. [5], autografts are considered to
be the ideal material for DM plastics: periosteum, broad
fascia of the thigh, temporalis muscle aponeurosis, and
only then - synthetic artificial materials.

The newest types of sutures, staplers, shape memory
compression devices, diathermocoagulation, biological ad-
hesives, artificial dura mater are used to connect dura mater
defects, but P. Nicolai et al. [6] and L. Hani et al. [7] found
that they cause several complications: persistent infection,
focal intense cellular inflammatory reaction, dense encap-
sulation of foreign material, cerebrospinal fluid, haemat-
omas, rejection reactions, and Creutzfeldt-Jakob disease.
A. Kinaci & T.P.C. Van Doormaal [8] found that the nega-
tive effects of using sutures to connect the dura mater are
as follows: leaving foreign material in the tissues, squeez-
ing the tissues that are sutured, which substantially affects
the healing process of the wound surface and often causes
chronic inflammation in the tissues, allergic reactions to
tissues of biological sutures, resulting in wound suppu-
ration, repeated needle trauma, and potentiation of the
wound surface by sutures.

Based on the research data of M.M. El-Sayed & E. Sari-
dogan [9], thermal denaturation of proteins — coagulation —
occurs when they are heated above 450°C. Coagulation is an
inertial process that absorbs energy. The coagulation rate
depends on the temperature. T.L. Smith, & J.M. Smith [10]
found that living soft tissue should be heated to a tem-
perature at which protein coagulation should end in a few
seconds, and the tissue should be clamped with a certain
defined pressure. S.S. Podpriatov et al. [11] found that with
an increase in voltage, the quality of the connection in-
creases, but at the same time, the temperature of the sur-
face layer of living soft tissue between the electrodes in-
creases, which leads to unacceptable thermal damage. In
another study, the authors concluded that the reason for
this phenomenon is that protein coagulation in cells oc-
curs mainly before the destruction of lipid membranes, i.e.,

before the formation of a single protein space for the pro-
tein to be joined [12]. Thus, an effective technical solution
was proposed, which is defined by the fact that to destroy
cell membranes before the start of protein coagulation, it
is necessary to modulate high-frequency stress with rec-
tangular pulses with a frequency of several thousand hertz.
The purpose of this study was to compare the colla-
gen capacity in the area of the dura mater and broad fascia
of the thigh after high-frequency bipolar electric welding
with the normal collagen structure of the intact dura mater
and to assess its ability to regenerate in the weld zone.

MATERIALS AND METHODS
The study was conducted in 2018-2022 in the experimen-
tal research laboratories of the State Institution “Academic
A. Romodanov Institute of Neurosurgery of the National
Academy of Medical Sciences of Ukraine”. The experiment
was performed on 18 porcine cadaveric dura mater and 8
porcine cadaveric broad fasciae of the thigh. Immediately
after collection, the porcine tissue samples were placed in
sterile dishes and thermal bags to preserve the physiologi-
cal properties of the tissue and delivered to the State Insti-
tution (SI) “E.O. Paton Institute of Electric Welding”. Then
the material was subjected to selected modes of high-fre-
quency coagulation for biological tissue welding using a
hardware welding complex in automatic and semi-auto-
matic modes. The study using infrared spectroscopy (IR
spectroscopy) was performed jointly with the SI “Institute
of Physics of the NAS of Ukraine”, Department of Physics of
Biological Systems, Kyiv. Histological studies were conduct-
ed according to the generally accepted review method of
staining histological sections with haematoxylin and eosin.

Four rectangular pieces of 4*3 ¢cm were prepared from
each porcine dura mater. From each porcine broad fascia
of the thigh, 6 pieces of rectangular shape 6 *4 cm were
harvested. The animal material was divided into 3 groups
(2 experimental groups and 1 control group): the first group
was a simulation of high-frequency bipolar electric weld-
ing of porcine dura mater with porcine dura mater (n= 25).
The second group was modelling of HFEW of porcine dura
mater with porcine broad femoral fascia (n=25). The third
group consisted of samples of intact porcine cadaveric
dura mater (control) (n=30). In Groups 1 and 2, the samples
were joined using high-frequency bipolar electric welding
in automated modes of the hardware welding complex PA-
TONMED EC 300 M1 (Ukraine) [11].

The obtained samples were immediately fixed in a
solution of neutral formalin (sequentially 5-7-10%, 24
hours), dehydrated in ethanol, toluene, and sealed in par-
affin (Thermo Scientific Richard-Allan Scientific, Paraffin
type 6 REE 8336, Kalamazoo, USA). Sections of 7 pm thick-
ness were made on a HM430 microtome (Microm, Germa-
ny), stained with haematoxylin and eosin, picrosirius red
(Direct Red 80, Magnacol Ltd, UK) and embedded in balm
(Thermo Scientific Richard-Allan Scientific Cytoseal 60,
REF 8310-16, Kalamazoo, USA). Microsections were ex-
amined using an Axiophot microscope (Carl Zeiss, Germa-
ny). The morphometric study of the thickness of the dura
mater was performed using Carl Zeiss software (AxioVi-
sion SE64 Rel.4.9.1, Germany). Tissue samples of 3 groups
with a volume of up to 0.5 mm? were examined by infra-
red spectroscopy at 5 points from each compound sample.
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To analyse the infrared absorption spectra, thin sections
of the post-manipulation tissue were made and dried at
room temperature between two CaF2 plates (fluorite glass,
transparent in the infrared region). Next, the films on the
substrates were placed in the cuvette chamber of the device
to record the absorption spectra. The spectra were recorded
on a Bruker INVENIO-R spectrometer (Germany) in a wide
spectral range (from 3800 to 800 cm) at room tempera-
ture and humidity of about 60% in a cuvette chamber. The
sample under study was placed in one of the interferometer
arms or at its outlet in mixed beams.

To obtain the transmission spectrum, the following
steps were performed: 1) the interferogram of the free
channel (without sample) was recorded. After the Fourier
transform, the comparison spectrum R(v) was obtained;
2) the test sample was placed in the channel and the inter-
ferogram with the sample was recorded. After the Fourier
transform, the spectrum of the sample S(v) was obtained.

It was similar to R(v), but with a lower intensity in the ab-
sorption regions of the sample; 3) the original transmis-
sion spectrum T(v) was defined as the ratio T(v)=S(v)/R(v).
OPUS 4.2 software (Bruker Corp., Germany) was used to
analyse the spectral data. All spectra were corrected for the
baseline according to the broken line method using 10-15
points, as well as normalised by absorption in the region of
the amide bands A, B, I-VII.

The in-plane spectral imaging modes depend on C=0
stretching, C-N stretching, N-H stretching, and O-C-N
bending, and the out-of-plane mode is conditioned upon
the C-N torsion. The characteristic bands of the amide
groups of protein chains are similar to the absorption
bands of secondary amides in general and are designated as
amide bands. There are nine such groups of amides, name-
ly amide A, amide B, and amides I-VII, which are summa-
rised in the table below in descending order of wavenum-
ber (Table 1).

Table 1. Characteristic infrared absorption bands of protein amides

Designation Wave number (cm) Value

A 3300 L. . .

B 3110 N-H stretching in resonance with an overtone (2 x amide II)
I 1653 80% C=0 stretching; 10% C-N stretching; 10% N-H bending
I 1567 60% N-H bending; 40% C-N stretching

I 1299 30% C-N stretching; 30% N-H bending; 10% C=0 stretching;

10% O=C-N bending; 20% other

v 627 40% 0=C-N bending; 60% other

\Y 725 N-H bending

VI 600 C=0 bending

VII 200 C-N torsion

Source: [13]

The amide I and amide II bands are particularly in-
formative for studying protein conformation [13]. Amide I
has characteristics including 80% C=0 stretching, 10% C-N
stretching and 10% N-H bending. Amide II represents 60%
N-H bending and 40% C-N stretching.
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valence vibrations
/ of side chains

According to the studies, the characteristic absorption
bands of the protein of normal unchanged dura mater in
the infrared range were determined (Fig. 1), which were
used during the study as data for comparison with the indi-
cators obtained during the joining using HFEW [14].
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Figure 1. Characteristic absorption bands of normal dura mater protein in the infrared range

Source: [14]

Statistical data processing was performed using Stat-
Plus 5.9.9.4/Core v6.7.3 software (AnalystSoft Inc., USA).

The hypothesis 76 of a normal distribution in the data
samples was tested using the Kolmogorov-Smirnov test.
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Between-group differences in data were investigated us-
ing one-way analysis of variance followed by the Bonfer-
roni post-hoc test and the non-parametric Mann-Whitney
U test. The Pearson linear correlation method was used.
All data are presented as mean * standard error of the mean
(M#£m). The difference was considered significant at P<0.05.

The experiment was approved by the Bioethics Com-
mittee of the SI “Institute of otolaryngology named after
Prof. O. Kolomiychenko of the National Academy of Medi-
cal Sciences of Ukraine”. Therewith, the principles of bio-
ethics regulated by the Law of Ukraine No. 3447-IV “On
the Protection of Animals from Cruelty” [15] and Directive
2010/63/EU “On the Protection of Animals Used for Scien-
tific Purposes” [16] were upheld.

RESULTS

When evaluating the results of a morphological study per-
formed using light microscopy at 400x magnification and
haematoxylin-eosin staining, important structural fea-
tures of the HFEW joining were revealed. Light microscopy
of the joining of the dura mater with the broad fascia of the
thigh (Fig. 2) revealed the interweaving of collagen fibres
with the fibrillar structures of the broad fascia of the thigh,
which creates a stable weld, and complete preservation of
the orientation of collagen fibres, which form the basis of
the extracellular matrix skeleton and are the basis of her-
metic state. There was no dry coagulation necrosis, which
indicates a better prognostic variant of the course of dura
mater defect healing.

Figure 2. The area of the “welded” dura mater suture with the broad fascia of the thigh, haematoxylin-eosin stain, x400

Source: photographed by the authors

The morphological study of the joining of the dura
mater with the dura mater (Fig. 3) revealed heterogeneity
in the density of collagen fibres, looseness of the collagen
structure, areas of tissue oedema, areas of fibroblast accu-
mulation, and complete preservation of the orientation of
the dura mater collagen fibres. There is minimal traumatic

damage to the adjacent dura mater tissue, indicating mini-
mal thermal injury due to vaporisation. The preservation of
Pacchioni granulations, venous pial and cortical vessels in
the brain tissue indicates the absence of coagulation necro-
sis. These structures are actively involved in fluid resorp-
tion and maintaining the balance of intracranial pressure.

Figure 3. Section of the “welded” suture between dura mater and dura mater

Source: photographed by the authors

The technique of confocal infrared spectroscopy has
made it possible to control the optical properties of bio-
logical substances and objects to increase sensitivity and
increase the penetration path of visible and near-infra-
red light photons into deeper regions, which improves
the recognition of the molecular structure of the sample
under study. When using computer analysis to calculate
the relative area of the bands of the components depicted

in the amide A and B spectrum (Fig. 4), the results pre-
sented indicate that the protein of the thigh broad fascia
tissue, connected by HFEW, is almost completely identi-
cal to the normal thigh broad fascia tissue. The complete
identity of the wave values of the amide A and B spectra,
the preservation of the amide A and B peak, the preser-
vation and bending of the N-H arm and the O=C-N band
are observed.
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Figure 4. Characteristic absorption bands of amide I and amide II waves of protein of intact broad femoral fascia
and broad femoral fascia protein joined by bipolar high-frequency electric welding in the infrared range

Source: compiled by the authors

When using computer analysis to calculate the rela-
tive area of the bands of the components depicted in the
amide I and II spectrum (Fig. 5), the results presented indi-
cate that the peptides and polypeptides of the broad fascia
of the thigh tissue joined by HFEW are almost completely

2.5

1647
1638

2.0 1

1547

1.0

Transmittance, %

0.0

identical to normal broad fascia of the thigh tissue. The
complete identity of the wave values of the amide A and
B spectra, the preservation of the amide A and B peak, the
preservation and bending of the N-H arm and the O=C-N
band are observed.

— Aponeurosis
— Scar between aponeurosis

T T
1800 1600 1400

T T T 1
1200 1000 800 600

Wavenumber, cm™

Figure 5. Characteristic absorption bands of amide III waves protein of intact broad femoral fascia
and broad femoral fascia protein connected by bipolar high-frequency electric welding in the infrared range

Source: compiled by the authors

The computer analysis used to calculate the relative
area of the bands of the components depicted in the spec-
trum of amide A and B (Fig. 6) indicates that the tissue in
the area of HFEW compared to healthy dura mater is charac-
terized by a bending of the N-H arm and oscillations of the
amide A band (by 0.6 ATR (attenuated total reflectivity)),

the characteristic presence of the C=0 band of oscillations
at 3732 cm ! with the preservation of the amide A peak, the
presence of valence vibrations of the side chains shifted
by 0.4-0.1 ATR, the presence of overstretching of the CHy
band in the valence vibrations of the side chains at wave
values of 2960-2850 cm'!.
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Figure 6. Characteristic protein absorption bands of amide I and amide II waves of intact dura mater
and dura mater protein connected by bipolar high-frequency electric welding in the infrared range

Source: compiled by the authors

In the spectrum of amide I and II for the tissue in the
area of the HFEW (Fig. 7) in comparison with healthy dura
mater, there was a characteristic bend of the NH3+ arm
(amino group) in the region of the wave value 1648 cm™
(compared to 1640 cm™! of normal dura mater tissue), the
absence of an arm in the region of 1640 cm'!, due to which
the Amide I band is slightly narrowed and a low-frequency
shift of the Amide II band (by 0.4 ATR) is recorded. In the
wavenumber region at 1575 cml, a low-frequency shift of
the Amide II band is observed with no change in the peak,
an N-Hbending and vibrations in the C-N band (by 0.4 ATR).

In the region of the wave value at 1450 cm’}, an asymmet-
ric bending of the CH3 arm is observed with preservation
of its value, in the region of the wave value at 1400 cm™,

deformation vibrations of the C =0 band and symmet-
ric stretching of the CO, band are observed. In the region
of the wave value at 1230 cm™!, a bending of the O=C-N
arm (by 0.42 ATR) and a bending of the N-H band with the
preservation of the Amide III band peak were detected. In
the wavenumber region at 1020 cm™ and 1090 cm, a 0.01
(ATR) bending of the N-H band is observed with the pres-
ervation of the Amide III band peak.

Dura mater ref
Dura mater zvarka*10
Dura zvarka-21
Dura zvarka-13

e

1640
1.6-
o 1 1648
<
0.8
0.0 : A
1800 1600 1400

1200 1000 800

-1
Wavenumber, cm

Figure 7. Characteristic absorption bands of amide III waves protein of intact dura mater
and dura mater protein connected by bipolar high-frequency electric welding in the infrared range

Source: compiled by the authors

The results obtained indicate that the regenerative
process occurs in the area of joining the dura mater, dura
mater with the aponeurosis, and dura mater with the broad
fascia of the thigh using HFEW instead of charring or co-
agulation necrosis. When using HFEW in the joint area,

the collagen structure and the fibrous structure of the
broad fascia of the thigh were changed, but not damaged,
and retained their function. Infrared spectroscopy studies
showed that the peptides and polypeptides of the dura ma-
ter associated with HFEW were almost identical to normal
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intact dura mater tissue. The complete identity of the spec-
tral values of the amide A and B waves, the preservation of
the amide A and B peaks, the preservation and curvature of
the N-H arms and the O=C-N bands were observed.

When comparing tissue samples from the junction of
the dura mater with the broad fascia of the thigh, joined by
HFEW, the identity in the fluctuations of the amide bands A,
B is preserved, the maximum spread allowed for the amide
peak A, III. Fluctuations in the valence state of the side
chains are allowed, and therefore it can be concluded that
the structures of proteins (collagen and glycosaminogly-
cans) in the samples under study are alive, have minor signs
of coagulation necrosis, and are capable of regeneration.

DISCUSSION

A. Panteleichuk et al. [14] found in their experiment that
the presence of the C =0 vibration band in the region of
1739 cm}, the absence of the arm in the region of 1,667 cm'!
is characteristic of the dura mater scar tissue, due to which
the Amide I band in the scar is significantly narrowed and
a low-frequency shift of the Amide II band was detected.
When evaluating the results of the study, it was found
that in the area of the HFEW joining, the C =0 vibration
band at the joining of the dura mater with the dura mater
shows a arm deformation of 1,400 cm!, but there are no
changes at the above frequencies, which means that there
is no deformable scar in the joining area. When assessing
the joining between the dura mater and the broad femoral
fascia, there were no bendings or deformities of the C=0
bands compared to the intact broad femoral fascia, indicat-
ing absolute elasticity of the connection using the HFEW
and no scarring changes.

In the studies of A. Kinaci et al. [17], the Amide II wave
value in the regions of 1400 cm™ - 1600 cm™ and the fluc-
tuations of the N-H and C-N bands in the limit values from
0.1 to 0.7 ATR are acceptable and do not affect the her-
metic state of the tissue. The results obtained during this
study show that in the wavenumber region at 1575 cm™ a
low-frequency shift of the Amide II band was detected with
no change in the peak, N-H bending, and C-N band oscilla-
tions (by 0.4 ATR) were observed. An asymmetric bending
of the CH3 arm occurred in the region of the wave value
at 1450 cm’! with its value preserved, and deformation
vibrations of the C=0 band and symmetric stretching of
the CO, band occurred in the region of the wave value at
1400 cm'}, which are permissible according to the authors’
studies. Thus, the changes in the C-N, N-H, and CH3 bands
obtained in this study are within the permissible range,
and therefore the amides of the dura mater protein and the
broad fascia of the thigh in the area of the junction are bi-
ologically active and perform their support functions with-
out the formation of scar tissue.

According to P. Charalampaki et al. [18], when exam-
ining live tissue samples and studying the wave values of
Amide III bands, scar tissue changes and coagulation ne-
crosis of proteins are observed when the O=C-N arm ap-
pears at an ATR value above 1.0. For ATR values below 0.9,
the O=C-N arm bend is an acceptable variation. The data
obtained in this study indicate the presence of a bending of
the O=C-N arm (by 0.42 ATR), a bending of the N-H band
with the preservation of the Amide III band peak in the re-
gion of the wave value at 1230 cm™. In other words, the

wave value describing the state of amide III at the joining
using the HFEW is within the permissible limit values and
indicates the absence of signs of scarring and vaporisation.

N. Ajayan et al. [19] investigated the fluctuations in
the spectra of amide A and B. It was found that the fluc-
tuations of the N-H arm, C=0, CH, bands in living tissues
capable of regeneration should fluctuate within 0.65-0.1
ATR, and when this threshold is exceeded, fibroblasts can-
not perform their functions and are prone to the forma-
tion of f3-aggregates. The results obtained in this study
indicate that in the HFEW region, compared to healthy
dura mater, there is a characteristic bending of the N-H
arm and fluctuations in the amide A band (by 0.6 ATR), the
presence of valence vibrations of side chains shifted by
0.4-0.1 ATR, the presence of CHz band overstretching (by
0.3 ATR), i.e., in the area of the HFEW joining, proteins
are capable of regeneration and there is no formation of
scar tissue (namely, {3-aggregates).

H. Mehidine et al. [20] found that when describing the
results of the wave values of Amide III, the vibration of the
N-H and O =C - N bands, while maintaining the support
function of the amide and providing its basis for the extra-
cellular matrix, the wave value of the bands should not ex-
ceed 0.53 ATR. According to the results of this experiment,
in the area of the HFEW joining, the O=C-N arm bending
(by 0.42 ATR), the N-H band bending with the preservation
of the Amide IIT band peak by 0.01 (ATR), and the preserva-
tion of the Amide IIT band peak were observed at 1230 cm™'.
Thus, the data obtained prove that the joining of the dura
mater with the dura mater, dura mater with the broad fascia
of the thigh, performed using HFEW, is strong, and the pro-
tein in this area is the functioning basis of the extracellular
matrix skeleton, which is the basis of hermetic state.

According to the results of the study by A. Jaafar et
al.[21], an important indicator in assessing the regenera-
tive capacity of tissue is the presence of the NH3+ arm in
the spectrum of amide I and II, for sufficient regenerative
capacity of globular proteins in the area of the arm emer-
gence, the arm should not exceed 0.5 ATR, which was con-
firmed by D. DePaoli et al. [22]. According to the findings
of this study, in the area of HFEW, compared to healthy
dura mater, there is a characteristic bending of the NH3+
arm in the region of the wave value of 1648 cm™ and in
the region of 1640 cm™ with an ATR value of 0.4. In other
words, in the area of the joining using HFEW, globular
amide I and II proteins are regeneratively capable, which
predicts a better course of tissue healing in the postoper-
ative period. Thus, the new method of joining dura mater
fabrics using high-frequency bipolar electric welding is
an effective alternative to joining with suture material

(polypropylene).
CONCLUSIONS

Morphological data indicate that regeneration processes
occur in the area of joining the dura mater, the dura mater
and the broad fascia of the thigh, performed using HFEW,
and not charring or the formation of coagulation necro-
sis. The structure of the collagen and fibrillar structures
of the broad fascia of the thigh after the use of HFEW in
the joining area is normal, altered but not damaged, with
preservation of its functions. Studies using infrared spec-
troscopy indicate that the peptides and polypeptides of
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the dura mater connected by HFEW are almost completely
identical to normal tissue of the intact dura mater. A com-
plete correspondence of the wave values of the spectra of
amide A and B was observed, as well as the preservation of
the peak for both amides, and the preservation and bend-
ing of the N-H arm and the O=C-N band. When compar-
ing tissue samples of the dura mater and broad fascia of
the thigh, joined by HFEW, the identity in the vibrations
of the amide bands A, B is preserved, the permissible max-
imum change in the peaks of amides A, III, there are vi-
brations of the valence side chains that are permissible.
Thus, it can be concluded that the structure of proteins
(collagen and glycosaminoglycans) in the samples under
study is alive, with virtually no signs of coagulation ne-
crosis, and capable of regeneration.

The ability of high-frequency bipolar electric welding
to connect the dura mater tissue and the broad fascia of
the thigh, forming a connection that is alive, elastic, tight,
and contains collagen that is fully capable of regeneration,
was substantiated. Infrared spectroscopy and morphologi-
cal data indicate that regeneration processes occur in the
area of the dura mater joining made using high-frequency

bipolar electric welding, rather than charring or coagula-
tion necrosis. The structure of the collagen protein in the
area of this connection is normal, altered but not damaged,
with preservation of its functions.

Future research should aim to develop a thermal re-
sistor that will automatically turn off the bipolar high-fre-
quency welding clamp when the temperature rises above
40 degrees Celsius and causes the threat of thermal dam-
age and vaporisation around the brain tissue.

ACKNOWLEDGEMENTS

The authors of this study would like to acknowledge Dr.
Galina Dovbeshko, Institute of Physics of the National
Academy of Sciences of Ukraine, Kyiv, for help in provid-
ing Infrared Spectroscopy for this study. The authors also
express their gratitude to Dr. Viktor Tkachenko, Paton
Institute of Electric Welding of the National Academy of
Sciences of Ukraine, Kyiv, for help in developing tools for
high-frequency bipolar electric welding of dural defects.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

[1] Vasylchenko VA, Kvasha MS, Marinsky GS, Krivtsun IV, Chvertko NA, Chernets OV, et al. Electro-surgical device for
bipolar high-frequency connection by welding of dura mater tissues in neurosurgery: patent 135155 Ukraine: A61B
18/12.2019 Jun 25

[2] Palamar OI, Huk AP, Okonskyi DI, Teslenko DS, Aksyonov RV, Lazko NV. Plastic closure of bone defects of anterior
cranial fossa floor in surgery of benign and malignant craniofacial tumors. Ukr Neurosurg J. 2022;28(1):20-27.
DOI: 10.25305/unj.244257

[3] Kishchuk VV, Bondarchuk OD, Dmytrenko IV, Lobko KA, Bartsikhovsky AI, Gritsun YP, Isnyuk AS. Clinical-
immunological and experimental studies of humoral factors of inflammation and regeneration in patients with
frontobasal trauma. In: Proceedings of the 13th Congress of Otorhinolaryngologists of Ukraine; September 20-22,
2021; Odesa, Ukraine. p. 52. Available from: https://dspace.vnmu.edu.ua/123456789/6008

[4] Marlier B, Kleiber JC, Theret E, Litre CF. Anterior skull base reconstruction after tumor resection using the
posterior wall of the frontal sinus. Eur Ann Otorhinolaryngol Head Neck Dis. 2019;136(3):223-26. DOI: 10.1016/].
anorl.2019.02.016

[5] Coucke B, Van Gerven L, De Vleeschouwer S, Van Calenbergh F, van Loon ], Theys T. The incidence of postoperative
cerebrospinal fluid leakage after elective cranial surgery: A systematic review. Neurosurg Rev. 2022;45:1827-45.
DOI:10.1007/s10143-021-01641-y

[6] Nicolai P, Bradley PJ, Bossi P, Ferrari M. Future perspectives in the management of tumors of the anterior skull base.
Adv Otorhinolaryngol. 2020;84:246-50. DOI: 10.1159/000457943

[7] Hani L, Fung C, Jesse CM, Ulrich CT, Piechowiak EI, Gralla J, et al. Outcome after surgical treatment of cerebrospinal
fluid leaks in spontaneous intracranial hypotension — a matter of time. ] Neurol. 2022;269:1439-46. DOI: 10.1007/
s00415-021-10710-7

[8] Kinaci A, Van Doormaal TPC. Dural sealants for the management of cerebrospinal fluid leakage after
intradural surgery: Current status and future perspectives. Expert Rev Med Devices. 2019;16(7):549-53.
DOi: 10.1080/17434440.2019.1626232

[9] El-Sayed MM, Saridogan E. Principles and safe use of electrosurgery in minimally invasive surgery. Gynecol Pelvic
Med. 2021;4:6. DOI: 10.21037/gpm-2020-pfd-10

[10] Smith TL, SmithJM.Electrosurgery in otolaryngology-head and neck surgery: Principles, advances, and complications.
Laryngoscope. 2001;111(5):769-80. DOI: 10.1097/00005537-200105000-00004

[11] Podpriatov SS, Podpryatov SE, Gichka SG, Hetman VG, Makarov AV, Marinsky GS, et al. Physical features of electric-
welding intestinal anastomosis. Pediatr Surg. Ukraine. 2018;4(61):69-73. DOI: 10.15574/PS.2018.61.69

[12] Podpriatov SS, Podpryatov SE, Gichka SG, Marinsky GS, Hetman VG, Makarov AV, et al. The live tissue welding
peculiarities and efficiency at surgical proceeding and local control achievement during the locally advanced colon
cancer treatment. Hosp Surg ] Named by L.Ya. Kovalchuk. 2019;(4):69-76. DOI: 10.11603/2414-4533.2018.4.9716

[13] Kholiqov O, Zhou W, Zhang T, Zhao M, Ghandiparsi S, Srinivasan VJ. Scanning interferometric near-infrared
spectroscopy. Opt Lett. 2022;47(1):110-13. DOI: 10.1364/01..443533

[14] Panteleichuk AB, Kadzhaya NV, Shmeleva AA, Malysheva TA, Gnatyuk OP, Dovbeshko GI. Theoretical substantiation
of the efficiency of biopolymers application in experimental TBI (literature review and own results Ukr. Neurosurg. J.
2019;25(4):64-71. DOI: 10.25305/unj.184031

Bulletin of Medical and Biological Research. 2023. Vol.17, No. 3


https://dntb.gov.ua/wp-content/uploads/2020/02/paton.pdf
https://dntb.gov.ua/wp-content/uploads/2020/02/paton.pdf
http://theunj.org/article/view/244257
https://dspace.vnmu.edu.ua/123456789/6008
https://pubmed.ncbi.nlm.nih.gov/30904258/
https://pubmed.ncbi.nlm.nih.gov/30904258/
https://link.springer.com/article/10.1007/s10143-021-01641-y
https://pubmed.ncbi.nlm.nih.gov/32731229/
https://link.springer.com/article/10.1007/s00415-021-10710-7
https://link.springer.com/article/10.1007/s00415-021-10710-7
https://www.tandfonline.com/doi/full/10.1080/17434440.2019.1626232
https://gpm.amegroups.org/article/view/6583/html
https://pubmed.ncbi.nlm.nih.gov/11359154/
http://psu.med-expert.com.ua/article/view/PS.2018.61.69
https://ojs.tdmu.edu.ua/index.php/surgery/article/view/9716
https://pubmed.ncbi.nlm.nih.gov/34951892/
http://theunj.org/article/view/184031

Biophysical evaluation of the effectiveness...

[15] Law of Ukraine No. 3447-1V “On Protection of Animals from Cruelty” (21.02.2006). Available from: https://zakon.
rada.gov.ua/laws/show/3447-15#n45

[16] Directive 2010/63/EU on protecting animals used for scientific purposes [Internet]. Luxembourg: Publications Office of
the European Union; 2010. Available from: https://eur-lex.europa.eu/legal-content/EN/LSU/?uri=CELEX:32010L0063

[17] Kinaci A, Bergmann W, Bleys RL, van der Zwan A, van Doormaal TP. Histologic comparison of the dura mater among
species. Comp Med. 2020;70(2):170-75. DOI: 10.30802/AALAS-CM-19-000022

[18] Charalampaki P, Nakamura M, Athanasopoulos D, Heimann A. Confocal-assisted multispectral fluorescent microscopy
for brain tumor surgery. Front Oncol. 2019;9:583. DOI: 10.3389/fonc.2019.00583

[19] Ajayan N, Thakkar K, Lionel KR, Hrishi AP. Limitations of near infrared spectroscopy (NIRS) in neurosurgical setting:
Our case experience. Case Rep ] Clin Monit Comput. 2019;33(4):743-46. DOI: 10.1007/s10877-018-0209- 1

[20] Mehidine H, Refregiers M, Jamme F, Varlet P, Juchaux M, Devaux B, Abi Haidar D. Molecular changes tracking through
multiscale fluorescence microscopy differentiate Meningioma grades and non-tumoral brain tissues. Sci Rep.
2021;11(1):3816.DOI: 10.1038/s41598-020-78678-4

[21] Jaafar A, Darvin ME, Tuchin VV, Veres M. Confocal raman micro-spectroscopy for discrimination of glycerol diffusivity
in ex vivo porcine dura mater. Life (Basel). 2022;12(10):1534. DOI: 10.3390/1ife12101534

[22] DePaoliD,Lemoine E, Ember K, Parent M, Prud’homme M, Cantin L, et al. Rise of Raman spectroscopy in neurosurgery:
A review. | Biomed Opt. 2020;25(5): e050901.. DOI: 10.1117/1.JB0.25.5.050901

BiodiznyHa oUiHKa ePeKTUBHOCTiI 3aCTOCYBaHHS
BMCOKOYACTOTHOro 6inonsipHOro efieKTpo3BaploBaHHS

anga 3aKkputta aedeKTiB TBepaoi MO3KOBOi 060/TOHKU

npu NyxXJAMHaxX NO6HUX Na3yXx 3 iHTPaKpaHialbHMUM MNOLUMPEHHSAM

OmMuTtpo lnniy 3a6onoTHUM

[OKTOp MeonYHUX HayK, ANPEKTOpP

Oep>kaBHa ycTaHoBa «IHCTUTYT oTonapuHronorii iM. npod. O. C. KonoMindeHka
HauioHanbHoi akageMii MeguMuHuX Hayk YKpaiHn»

03057, Byn. 300/M10ri4Ha, 3, M. KuiB, YKpaiHa
https://orcid.org/0000-0001-9429-4414

OneHa MuxannisHa KBalua

AcnipaHT

[eprkaBHa ycTaHoBa «IHCTUTYT oTonapuHronorii iM. npod. O. C. KonoMindeHka
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AHoTauifa. OmHMM i3 OCHOBHUX 3aBIaHb XipypriuHOTO JIIKyBaHHSI XBOPUX 3 HOBOYTBOPEHHSIMM JIOGHOI mMasyxu
3 BHYTPIlIHbOYEPEITHUM TOIIMPEHHSIM € HEeNPOHMKHE CITONyUYeHHS Cy6AypasbHOTO IIPOCTOPY, SIKE HOCSTA€ThCS
repMeTMYHO 3’€JHAHOI0 TBEPAOI0 MO3KOBOIO OOOJOHKOW. MeTa [JOCTiKeHHS Tojsraja y BUBYEHHi OymOBU
TKaHMH 3'€HAHHS TBEPAOi MO3KOBOi OGOJIOHKM Ta TBepAoi 000J0HKM 3 (acilielo 3a JOMOMOTOI0 OiIloJMISIPHOTO
eJIeKTpOo3BapioBaHHs. Byau BukopucTaHi meTomu CBiTI0BOI Mikpockormii Ta iHdpauepBoHOiI crekTpockomii. [Tpu
OLIiHIIi pe3yabTaTiB B JOCTIIKYBaHMX TKAHMHHUX 3pa3Kax B-CTPYKTYPOBAHMX arperaTiB He CIIOCTepirajaocs, OTpUMaHO
MiHiMaJIbHe TpaBMAaTMUHe MOUIKOIKEeHHS MpWIerioi TKAaHMHU TBepAoi MO3KOBOi 0OOJIOHKM, MiHiMaJibHE TepMiuHe
ypaskeHHsI Bif Bamopwusailii, 36epexkeHHs] TpaHy/siii [lakKioHi, BEHO3HUX MiaJbHMUX i KOPKOBUX CYOMH TBepHoi
060JIOHKM; TIOBHA iIEHTUYHICTh XBWJIbOBMX 3HAUEHb CIEKTPiB aminy A, B; aminy I, II; 36epexkeHHs TiKiB aminy A, B;
36epekeHHs Ta BUKpUBIeHHS meda N-H i cmyrn O=C - N B gonycTUMUX MeXax Oyiy 3MiHeHi. Pe3ynbTaTy BKa3ylTh
Ha BifCYTHICTH B-CTPYKTYpOBaHMX OiTKOBMX arperatiB y 30Hi 3’€¢IHAHHS, IO BUK/IOYAE MOXJIMBICTb YTBOPEHHS
($i6po3HMX CTPYKTYD i, SIK HACTIIOK, HEe CIIPUSIE YTBOPEHHIO 060I0HKOBO-MO3KOBOT0 pyb1isi. CTpyKTypa 6ijka KonareHy
B 30Hi 3’€lHAHHSI HOpPMaJIbHA, 3MiHEHa, ajie iHTaKTHa, 3i 36epexkeHHsIM Iioro GyHKIIii. le cBiquuTh PO AOUIMBHICTH
BUKOPUCTAHHSI METOMY BMCOKOUYACTOTHOTO GilTOJMIIPHOTO €eKTPO3BAPIOBAHHS JJIs1 XipypriuyHOro 3aKpuUTTS AedeKTiB
TBepA0i MO3KOBOiI 060IOHKM, SIK aIbTEPHATMBY 3aKPUTTIO IIOBHMM MaTepiaiom

KniouyoBi cnoea: eekTpoxipyprist; iHppauepBoHa CrieKTpOCKOrist; ;edeKTy TBEPA0i 060OHKM; BUTIK CITMHHOMO3KOBOI
piavHuK; mikBOpes
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