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Dear colleagues,

All of us this year found ourselves in a completely new reality. We have to
cope with the outbreak of COVID-19. Health care systems in many countries
proved to be not ready for a pandemic. This costed patients and doctors their
lives.

Let me thank, on behalf of the Editorial Board, all doctors that have risked
their lives and have rescued and are going on to rescue lives of their patients.

Today, in many countries, despite surge in coronavirus cases, the restric-
tions are cased and life is recurning to normal. However, we understand that
the world has changed and we still have to live with restrictions. In particular,
we have to limit physical contact and communication, whereas the educational
process has been transferred online by using video, smartphones and social
networks.

This occurs not only as a result of the pandemic but it reflects the spirit of
the time: life and business are becoming more digital. Medicine is one of the
fields, where the potential of digitalization has already been used widely. For
instance, Digital Supply Act adopted in Germany on Dec. 19, 2019 enables
to render a series of measures such as health apps, digital medical reports and
online consultations.

Many patients have already started to use health apps, for instance, for
timely intake of medications or monitoring blood sugar levels. Doctors are al-
lowed to prescribe medications using smartphone applications.

The Act foresees many other new applications for doctors and patients.
Doctors will get initial funding for conducting video consultations with pa-
tients. It should promote a further extension of the online services. The services
of distant consulting are provided for home care patients and are paid from
non-budget sources. To implement this, doctors can place corresponding offers
on their websites.

Of course, such form of medical services cannot fully substitute physi-
cal connection between doctor and patient but may significantly improve the
consultant-patient relationship. Besides, deeper knowledge of different formats
and online methods is therefore required.

We should evaluate the experience we are living through today as a lesson
that is not only going to transform our future. It is a lesson that accelerates dig-
ital transformation in medicine and dramatically changes the forms of rendering
medical services in future.

Yours,

Editor-in-Chief
Dr. Georg Tyminski
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Dear clinicians, research fellows, colleagues and friends!

Multitude of nosological forms, their individuality and variability among
different patients — all this make the process of diagnosis fairly complicated.
Moreover, the outcome of a treatment depends on knowledge and skills of a
doctor, which may often be insufficient.

Therefore, a special attention in clinical medicine is paid to the lat-
est achievements in biology, physics, chemistry, as well as in engineering and
clectronics. Thus, objective testing methods, which are incorporated in clinical
practice, extend the volume and enhance the informativeness of acquired data.

The feasibility for development of clinical laboratory diagnosis or labora-
tory medicine is determined by emerging technologies for in vitro testing of
human biomaterials using hematologic, general clinical, parasitic, biochemical,
immunological, serological and many other methods of laboratory examina-
tions.

In modern health care system, 70% of medical decisions, practically in
all clinical disciplines, are based on laboratory results. Laboratory tests are
responsible for not less than 93% of objective diagnostic examinations; they
are included into the programs of obligatory checkups as well as in standards of
medical treatments for most somatic symptoms.

The results of laboratory tests have a special priority for early and accurate
detection of the signs of pathological conditions. They establish an evidence-
based approach to solution of social and legal issues. The contribution of labora-
tory tests to the development of evidence medicine is indisputable.

Among most important components of laboratory medicine, a special
place belongs to the pathobiological section, which is based on fundamental
theoretical knowledge and advancements, a section of laboratory (clinical)
analytics dealing with systemization of the means and methods for conducting
the tests. It also contains a section of clinical-laboratory diagnosis, which gives
evidence on the informativeness of laboratory data and solutions for concrete
medical problems.

Interdisciplinary interaction between laboratory clinical diagnosis and
general therapy, gastroenterology, pulmonology, endocrinology, pediatrics,
cardiology, neurology, nephrology, dentistry takes place as a rapidly growing
cooperation, promoting incorporation of innovative technologies, extension of
medical knowledge and update of methods of early diagnosis.

Today, laboratory diagnostics demands even more differentiation of the
object and methods of diagnostics. Therefore, it is so important to join the
efforts of laboratory doctors and clinicians brought together by an interdiscipli-
nary approach.

Adding the section Clinical Laboratory Diagnostics to the journal Archiv
Euromedica will highlight new publications on such subjects as preclinical veri-
fication of pathology, differential diagnosis of clinical manifestations, assessing
the efficiency of preventive and therapeutic measures.

Executive Editor
Prof. Dmitry Domenyuk
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THE USE OF PRINCIPAL COMPONENT ANALYSIS FOR
EVALUATION OF MORPHOFUNCTIONAL CHANGES
IN RED BLOOD CELLS UNDER THE INFLUENCE

OF DIFFERENT GLUCOSE CONCENTRATIONS

Oxana Anfinogenova™ ©, Evgeny Melchenko ©,
Anna Muratova ©, Svetlana Andrusenko ©,
Ayshat Elkanova (», Tamara Glizhova ©,
Dmitry Domenyuk

! Institute of Living Systems, North Caucasus Federal University,
2 Department of General Practice Dentistry and Child Dentistry, Stavropol
State Medical University, Stavropol, Russia

XX zaxana@bk.ru

ABSTRACT — The article presents findings of the research
investigating the effect of various glucose concentrations
on the morphometric parameters of red blood cells. The
principal component method was employed in order to
determine the most significant indicators in the experiment.
The experiment was aimed to investigate the effect of
hyperglycemia on the shape, size and functional parameters
of erythrocytes depending on the glucose concentration
and exposure time. It was established that characteristic
changes in the shape and size of erythrocytes induced by
hyperglycemia are correlative with concentration of glucose
and exposure time.

KEYWORDS — glucose concentration, red blood cells,
morphometric parameters, principal component analysis.

INTRODUCTION

Glucose is an osmotic and chemically active
substance and a long-term increase in its concentration
is undesirable either in the interstitial medium or in
the cell. Hyperglycemia disrupts the osmolarity of the
interstitial medium and the high reactivity of glucose
changes the chemical composition of structural pro-
teins and the activity of enzymes [1].

Many authors have identified various disorders
of the erythrocyte membrane resulting from the toxic
effect of glucose [2]. As a result of these disorders the
surface architectonics of red blood cells changes and
abnormal forms of red blood cells appear [3].

The purpose of this work was to identify the
possibility of using the principal component method
in the assessment of morphofunctional parameters of
red blood cells that were displayed under the influence

Received 15 March 2020;
Received in revised form 5 May 2020;
Accepted 19 May 2020

of different glucose concentrations. The state of red
blood cells was assessed in accordance with biophysical
properties, morphofunctional parameters, indicators
of poikilocytosis, anisocytosis and ovalocytosis.

Aim of study
To identify the dependence between the content of
matrix metalloproteinases, their tissue inhibitors and
the periodontological status in children with Type 1
DM through different endocrinopathy stages.

MATERIALS AND METHODS

During the experiment 11 control blood sam-
ples were examined, the reference values (number of
er (RBC-erythrocytes or in abbreviated form — er),
concentration of HB, Ht and glucose concentration)
of which were determined within the normal range
[4]. Blood in the amount of 4 ml was taken under
standardized conditions, centrifuged at 1000 rpm,
the supernatant was separated, then the er was washed
in an isotonic NaCl solution three times. During
the study, a series of diluted glucose solutions were
prepared on buffered isotonic NaCl solution (pH 7.4)
and deionized water: 1) isotonic NaCl solution — glu-
cose concentration 0 mmol/l; 2) glucose-containing
isotonic NaCl solutions — 6.5; 7.5; 10.0 and 15.0
mmol/l. Glucose concentrations corresponded to the
degree of compensation of glycemia in diabetes mel-
litus, so the concentration of glucose in the blood up
to 6.5 mmol/l corresponds to compensation, 7.5-sub-
compensation and higher-decompensation [5]. Each
of the 5 test tubes was filled with 0.3 ml of the corre-
sponding glucose solution on an isotonic solution with
an er mass of 0.2 ml until HT — 40% was obtained.
For the reliability of the results the concentration of
glucose in the prepared solutions was determined using
a semi-automatic stat Fax 1904 biochemical analyzer.
After that, blood preparations were prepared: from the
first test tube — before incubation (control) and then
from all five test tubes — 10, 30, 60 and 120 minutes
after incubation in a thermostat at 37° C. A total of
21 smears were obtained from a single blood sample.
At each stage of incubation the preparations were
previewed under a microscope at low magnification
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without immersion. Preparations with all glucose concentra-
tions incubated for 120 min were poorly visualized and were not
subject to further cytomorphometric analysis. Under micros-
copy in these smears, normal discocytes were globulated, glued
together and located in the fields of vision as aggregates and
coin columns and were prone to hemolysis. Thus, in our study
we worked with the morphofunctional properties of er under
the influence of different glucose concentrations for 10, 30 and
60 minutes. The study of the obtained smears was carried out
on the computer hardware and software complex mekos-C-3, the
program — Erythrocytometry. It is known that the morphology
of shaped blood elements has long been recognized as an im-
portant clinical indicator. Among the numerous hematological
indicators, er morphometry is successfully used for the diagno-
sis of a number of different pathologies, as well as for General
health assessment. The modern Arsenal of morphometric meth-
ods for analyzing peripheral blood cells is quite extensive [6]. In
the study of er analysis the following characteristics were used:
average diameter, area, polarization, shape factor, red blood cell
formula (distribution into the main morphological types), as
well as the coefficients of ovalocytosis, poikilocytosis, aniso-
cytosis and anisochromia. The study of the nanostructure of
peripheral blood erythrocytes of wounds was carried out using a
scanning probe microscope NTegraPrima (NT-MDT, Russia).
In the study, specially prepared microprobes were used in semi-
contact mode with the use of misalignment errors. A preliminary
selection of the area was made in an optical microscope ata
magnification of 40 x 0.65, a glass cutter was used, the marked
area was sclected, and the sample was placed on the object table
of a scanning probe microscope. The mode was used using the
NT-MDT NSC 10 cantelever [7]. Two-dimensional and three-
dimensional images were obtained using atomic force micros-

copy in 3D mode (Fig. 4).
RESULTS AND DISCUSSION

We used the principal component method to determine
a small number of linear combinations of initial morphomet-
ric features of er in relation to glucose concentration which
explains most of the variability of the data as a whole. Statistical
data processing was performed using nonparametric analysis
methods (the principal component method) and using Micro-
soft Office software Microsoft Exel, STATISTICA Edition
and STATGRAPHICS Plus. All stages of the experiment were
performed at the Department of Biomedicine and physiology of
the North Caucasus Federal University. The use of the above-
mentioned morphometric and statistical methods allowed us
to evaluate the properties of er as an indicator of adaptation and
adaprability of the body to changed conditions of the internal
environment (high concentrations of glucose).

As a result of the analysis, 3 main components were identi-  Fig. 4. Nanostructured organization of red blood cells under
fied in the control blood sample, describing 100% dispersion of  the influence of high glucose concentration (10.0 mmol /1): a,
morphofunctional features of er. It turned out that in the first b — two-dimensional image of red blood cells obtained using
main component, which describes 68.5% of the variance of the AFM "Integra prima"; ¢, d — three-dimensional image of red

analyzed er features, the greatest weight among the features was — blood cells obtained using AFM "Integra prima”
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the number of discocytes, the ovalocytosis coefhicient
and the number of microcytes (Fig. 1).
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The main components

Fig.1. The main components highlighted in the analysis of morphometric
characteristics of er in the control blood sample

Ata glucose concentration of 6.5 mmol/l, 2
main components were identified describing 100% of
the variance of the analyzed features. The first main
component describing and 76.4% of the variance, the
largest value among the signs had a ratio of ovalocyto-
sis, the number of discocytes and mikrocytos when the
dispersion of the analyzed morphometric characters of
er became predominant beshenkovichy period and the
greatest weight among the signs had the number of dis-
cocytes (0,240), the coefficient of ovalocytosis (0,238)
and the number of mikrocytos (0,228) (Table. 1.). In
the second main component which describes 18.1%
of the variance of the analyzed features, the largest
changes were made by the data after 10 minutes of the
experiment. Among them, the number of deformed ir-
reversibly altered forms of er (0.327), codocytes (0.254)
and microcytes (0.249) was dominant.

Analysis of a blood sample with a glucose con-
centration of 7.5 mmol/l also allowed us to identify 2
main components. In the first main component, which
describes 58.3% of the variance of the analyzed morpho-
functional parameters of er, the ovalocytosis coefficient,
the number of microcytes and discocytes had the great-
est informative significance among the features.

When performing the main component analysis,
2 main components were identified in a blood sample
with a glucose concentration of 10.0 mmol/l. In the
first main component, which describes 60.5% of the
variance of the analyzed er features, the number of
microcytes, spherocytes, and poikilocytosis were the
most important among the features. The increase
in the changes in the proportion of microcytes, in
our opinion, is due to the influence of high glucose

CLINICAL LABORATORY
DIAGNOSTICS

concentration which causes acceleration of the aging
process of the cell and, consequently, its shrinking and
reduction in size [8].

According to the method of main components
at a glucose concentration of 15.0 mmol/l, 2 main
components were also isolated. In the first main
component, which describes 59.2% of the variance of
the analyzed er features, the indicators of anisochromia
and anisocytosis as well as the number of echinocytes
had the highest weight among the features.

Analyzing the contribution of each of the studied
indicators to the marked changes, the dominance of
anisochromia, anisocytosis, echinocytes, spherocytes,
ovalocytosis coefhicient and discocytes was revealed. At
the same time, it turned out that the greatest variability
is caused by such indicators as anisochromia and the
number of spherocytes. The fact that the greatest shifts
are observed 10 minutes after the start of the experi-
ment (Fig. 2) fits well into the hypothesis about the
influence of high concentrations of glucose on the mor-
phometric parameters of er and reveals a similar picture
with the concentration of glucose 10.0 mmol/I (Fig. 3).

100 F— — v =
gol —
60} -
40F -
20} \\ :
oL, —y T . z:

0 4 8 12 16 20

The main components

Fig. 2. The main components identified in the analysis of morphometric
features of er after 10 minutes of the experiment

1m :. T T T T |_.

0 4 8 12 16 20
The main components

Fig. 3. The main components identified in the analysis of morphometric
features of er with a glucose concentration of 10.0 mmol/I
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Table 1. Weight of morphometric features of er in the control blood sample

| archiv euromedica | 2020 | vol. 10 | num. 2

. The components

The signs 1 ) 3
Microcytes 0,228 0,249 0,081
The normocytic -0,224 -0,247 -0,128
Macrocytes -0,183 -0,200 0,361
Deformed bodies -0,200 0,327 -0,084
Discocytes 0,240 -0,204 0,063
Echinocytes 0,119 0,200 0,477
Elliptocytes -0,249 -0,001 -0,198
Spherocytes 0,180 -0,332 0,202
Codocytes(target-shaped) 0,223 0,254 0,123
Pegmatite (bitten) -0,110 -0,339 0,371
Dacryocytes (teardrop-shaped) -0,221 0,202 0,227
The ratio of ovalocytosis 0,238 -0,034 0,255
Poikilocytosis -0,250 0,157 -0,042
Anisocytosis -0,251 0,041 0,179
Anisochromia -0,248 0,003 0,201
Area of the object -0,231 -0,242 0,069
Average diameter -0,225 -0,264 0,045
Factor of the form -0,262 -0,051 0,048
Polarization -0,237 0,039 -0,257

This also explains the significance of the aniso-
chromia index as one of the signs of the degree of cell
aging and the course of pathological changes. The
appearance of spherocytes seems to be associated with
an increasing intoxication effect of glucose concentra-
tion which led to a violation of the stability of the
membrane.

In addition, the combination of the appearance of
spherocytes can be considered as a pre-hemolytic stage
which is passed by echinocytes, stomatocytes with
irreversible damage [9-18].

Analyzing the contribution of each of the studied
indicators to the marked changes, the dominance of
anisochromia, anisocytosis, echinocytes, spherocytes,
ovalocytosis coefhicient and discocytes was revealed.
At the same time it turned out that the greatest vari-
ability is caused by such indicators as anisochromia
and the number of spherocytes.

CONCLUSION

Thus, the erythrocyte system has a significant
instability to the effects of high glucose concentrations
i.e. there is no adaptive mechanisms and high hyperg-
lycemia. The system ceases to be resistant to external
effects of glucose at a concentration of 7.5 mmol/1.
With a further increase in the concentration of
glucose occurs as if its loosening which is shown by

significant shifts in the morphometric indicators of

er from normal parameters. Consequently, during the
entire experiment the greatest changes occurred in
blood samples with high concentrations of glucose
and more stable, respectively, were blood samples with
normal glucose content and glucose concentration of
6.5 mmol/l. In addition, we confirmed the hypothesis
that a concentration of 7.5 mmol/l destabilizes the red
blood cell system.

Apparently, it is possible that staged changes in
glucose supply from the incubation medium by means
of passive and facilitated diffusion with its consequent
anaerobic oxidation of er, which determines the level
of phosphorylation of phosphoproteins in the cell
cytoskeleton, functioning of the pump and receptor
apparatus of the membrane. Therefore, by changing
geometry of er we can judge the initial state of the
erythrocyte membrane and the level of oxidative proc-
esses of er.
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ABSTRACT — The modern coronavirus pandemic
(COVID-19) poses a mortal threat to the populations of
more than 210 countries and at the same time constitutes

a real challenge to national governments. One of the
pandemic problems is the fear of uncertainty, which may
lead to development of panic attacks among the general
population. It was established that at the national level

in Ukraine, standards for provision of medical care to
patients with panic attacks amid the COVID-19 pandemic
have not been elaborated. The article analyses measures of
regional authorities on creating an algorithm for providing
the special care to patients with mental disorders during a
pandemic on the basis of a specialized psychosomatic clinic.

KEYWORDS — mental disorders, COVID-19, medical care
algorithm, health management.

INTRODUCTION

COVID-19 outbreak has started as a health
section problem of one country. But too quickly, it
becomes a global problem that, at an individual level,
affects all areas of health — physical, social and mental

healch [5; 9].

MATERIALS AND RESEARCH
METHODS

The study was conducted on the basis of the
Center for Psychosomatic Pathology of the re-
gional hospital named after LI Mechnikov (Dnipro,
Ukraine). The investigation took place from 16 March
2020 ¢ill 30 April 2020. The investigation processed
the data from the Center’s medical statistics, as well as
world statistics on coronavirus infections Worldome-
ter [10]. In Ukraine, the prevalence of the COVID-19
has been registered in all its regions. As of April 30,
2020, 10 406 cases were registered in the country, 246
of them deaths, 1238 recoveries [2]. In addition, the
study was the subject of government decisions and or-

Received 25 February 2020;
Received in revised form 14 April 2020;
Accepted 27 April 2020

ders on COVID-19 issued by the Ukrainian Ministry
of Health.

RESULTS AND DISCUSSIONS

In addition to the real epidemic of the coro-
navirus [2], in Ukraine, as well as around the world
a mental epidemic has arisen associated with the
induction of the psyche by the media and society. The
most powerful trigger mechanism for the panic atrack
associated with the Covid today is precisely the media.
It is common for the human subconscious to react to
danger, and the reaction of one person causes a chain
reaction of others. A person with a rich imagination
perceives information about the possibility of getting
sick as a real threat to life, and he/she may have a reac-
tion in the form of mental disorders, such as a panic
attack, anxiety disorder, depression and others.

Even the most mentally stable person could have
a panic attack due to news about the Coronavirus. It is
proved that a mental state under stress affects the im-
mune system — it reduces immunity, and panic could
cause harm [4]. It should be noted that such a symp-
tom as any difhculties of breathing is characteristic of
both a panic attack and the COVID-19 [5], which
increases anxiety and the frequency of panic attacks.
Therefore, this fact requires distinction, which can be
conducted only by a specialist.

At the primary level of management, such a
specialist is a family doctor. The doctor will determine
the presence or absence of somatic symptoms, includ-
ing the symptoms of the Coronavirus, the presence of
symptoms of a panic attack. At this moment in Ukraine,
the algorithm for the diagnosis and treatment of the
Covid-associated panic attacks has not been included in
the structure of the national standard of medical care in
the light of the COVID-19 pandemic [7].

For mild symptoms of anxiety and / or depres-
sion, the patient can be treated by a family doctor for
7-14 days. If there is no improvement, a family doctor
issues a referral to a psychiatrist.

The Dnipropetrovsk region is the largest in
Ukraine in terms of population. The regional govern-
ment, namely the Dnipropetrovsk Regional Council
set up a Center for Psychosomatic Pathology with 30
beds [1; 3]. This Center is a structural unit of the LL
Mechnikov regional clinical hospital, which is defined

11
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by the Government of Ukraine as the main hospital
for inpatient treatment of the Covid infection [8]. The
creation of the Center for Psychosomatic Pathology
in the structure of the regional hospital is important
for patients with somatic pathology, in whose onsets
psychological pathogenic effects play an important
role. The services of the Center of Psychosomatic
Pathology have become especially popular in condi-
tions of military conflict in the Eastern Ukraine from
2014 up to the present, which made it possible to
provide highly qualified comprehensive assistance to
the wounded and injured during the military conflict
[6]. The demand for the Center is also high in the light
of the Coronavirus infection pandemic in Ukraine.

For the period under study, the Center was
contacted by 103 patients with various disorders. The
subjects underwent their first treatment under the
supervision of a family doctor (Table 1).

Table 1. Characterization of pathologies, primarily treated at the level of
outpatient general practice

The main diagnosis Specific gravity, %
Somatoform vegetative dysfunction 90
Cardiovascular disease 25
Gastrointestinal diseases 19
Endocrine diseases 15
Pulmonary disease 13
Other somatic diseases 10

Data of the Center for Psychosomatic Pathology. All patients are taken as 100%.
One patient may have several diagnoses.

As it can be seen from the table, panic attacks
and other mental disorders are disguised as somatic
pathologies or remain unrecognized by general practi-
tioners at the stage of outpatient treatment.

In the case of moderate symptoms of panic disorder,
the patient is sent for specialized psychiatric care (Table 2).

As it can be seen from the table 2, the diagnosis of
panic disorders is more widely carried out only at the
stage of inpatient treatment.

Based on the Psychosomatic Center the algo-
rithm for providing medical care to patients with pan-
ic attacks in the context of the COVID-19 pandemic
was developed and implemented for a family doctor.
The algorithm is sent to all primary care physicians in
the Dnipropetrovsk region (1200 doctors).

Part I. General issues

1.1. Mental disorders in case of COVID-19 can de-
velop at all stages of the infectious process, in any
form and harm, have different clinical severity,

ECOLOGY, HYGIENE,
PUBLIC HEALTH

Table 2. Description of pathologies most commonly encountered in
specialized psychiatric care

The main diagnosis Specific gravity,%
Panic disorder 25%

General Anxiety Disorder 22%

Mixed anxiety and depressive disorder 20%

Alcohol addiction 8%

Depressive Disorder 9%
Hypochondriacal disorder 10%

Substance Abuse 5%

Bipolar Affective Disorder 1%

Severe mental disorders 2%

Data from the Center for Psychosomatic Pathology

prognosis, and the degree of danger to oneself and
others.

1.2. Consultations of a psychiatrist on the diagnosis
and treatment of mental and behavioral disor-
ders amid COVID-19 can be carried out with a
personal reception (examination) by a psychia-
trist, by phone and by web call (for doctors in the
region).

1.3. Ifyou are a family doctor, then act on the psycho-
social factors that are causing a person stress at
the moment. Provide additional social support to
patients. Teach a person how to deal with stress.
Tell him/her about normal reactions to acute
stress disorder. Reassure the person that these
symptoms sometimes occur after severe stress,
and this is hardly a serious medical problem.
Prescribe treatment for concomitant diseases, if
necessary — include special drugs. Always be in
touch with such a patient, ask him/her to visit
again within 10 days if the symptoms have not
subsided, or at any time if the symptoms worsen.

If there is no proper effect after all of the above
measures, proceed to part IL.

Part I1. Special issues (Table 3).

CONCLUSIONS

In the light of the COVID-19 pandemic, one of
the most important challenges is the Covid-associated
panic attacks. The algorithm for providing highly
specialized aid is necessary for qualified medical care,
which can improve the quality of life of patients amid
the Coronavirus infection pandemic.

The co-authors declare that there is no conflict of
interest in the scientific article submitted for publica-
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Table 3. The algorithm for the family doctor's actions in providing medical care to patients with panic attacks in the context of the COVID-19 pandemic

Phase | Action content

Specialist

COMPLAINTS:

l. palpitations, chest pain, feeling of lack of air, dizziness, feeling of unreality; secondary fear of death, loss of self- | Family doctor

control or going crazy; fear of developing the next panic attack

SURVEY:
clinical, paraclinical, psychological questionnaires

Family doctor

Il. Somatic DIAGNOSIS and concomitant syndromological diagnosis of mental disorder has been established

Family doctor

Method of treatment: general-acting drugs, tranquilizers, antipsychotics, antidepressants, anxiolytics, psycho-

V. therapy Family doctor
Treatment 7-14 days

V. THERAPEUTIC EFFECT ACHIEVED
NO Psychiatrist

F54.0
YES
Treatment: continued treatment and follow-up

Examinations: clinical, psychopathological, clinical, pathopsychological, paraclinical (EEG, CT, MRI, ultrasound)
Actions: inpatient and outpatient clinical observation for the differential diagnosis with anxiety-phobic F 40.0

- F40.2 and other anxiety disorders F41.1, F41.2, manifestations of anxiety included in the structure of some
somatic diseases (for example, thyrotoxicosis, coronary heart disease, chronic renal failure, rheumatoid arthritis)

Family doctor

VL. EXPECTED TREATMENT RESULTS ARE ACHIEVED

as well as a decrease in avoiding behavior.

Panic disorder: the termination or a significant decrease in the frequency of panic attacks and related disorders,

Significant improvement: no further monitoring and treatment needed
Improvement: dynamic observation by a psychiatrist, psychotherapy, observation by a family doctor

Psychiatris

Family doctor

Psychiatrist

tion. No additional funding sources have been used to
prepare the article.
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ABSTRACT — The article investigates effects of adverse
environmental factors under experimental conditions on
different units of male reproductive system. White male

rats weighing 210 g were exposed to microwave radiation of

low intensity and natural gas containing hydrogen sulfide.

The level of malonic dialdehyde (MDA) and kinetic indexes

of lipoperoxidation were determined in homogenates

of mediobasal hypothalamus and testes. Testosterone
and lutein-izing hormone levels were determined in the
blood serum by the enzyme immunoassay meth-od. Both
microwave radiation and natural gas leads to a surge in
the MDA level in testicular tissue and hypothalamus.
The exposure to natural gas triggered the suppression of

testicular steroidogenesis. The long-term exposure to natural

gas caused profound biochemical changes in testicular
tissue and epididymis by the level of protein. In general,
the exposure to natural gas caused more serious changes in
morphofunctional state of rat testes.

KEYWORDS — malonic dialdehyde (MDA), luteinizing
hormone, testosterone, oxidative stress, lipoperoxidation,
Leydig’s cells, testicular tissue.

Oxidative stress is a state of imbalance between
the systemic manifestation of reactive oxygen species

and the ability of biological systems to detoxify readily

the reactive intermediates or to repair the resulting
damage. Disturbances in the normal redox state of
cells can cause toxic effects through the production
of peroxides and free radicals that damage all com-
ponents of the cell, including proteins, lipids, and
DNA. Further, some reactive oxidative species act as

cellular messengers in redox signalling. Thus, oxidative
stress can cause disruptions in normal mechanisms of

cellular signaling.
In humans, oxidative stress is thought to be
involved in the development of many diseases or may

exacerbate their symproms [10]. These include cancer,

Parkinson's disease, Alzheimer's disease, atherosclero-
sis, heart failure, myocardial infarction, vitiligo, and
chronic fatigue syndrome [5]. Oxidative stress also

EXPERIMENTAL RESEARCH
MORPHOLOGY, PHYSIOLOGY
PATHOLOGY
Received 07 March 2020;
Received in revised form 15 May 2020;
Accepted 27 May 2020

provokes infertility [1]. However, reactive oxygen spe-
cies can be beneficial, as they are used by the immune
system as a way to attack and kill pathogens [11].
Short-term oxidative stress may also be important in
prevention of aging [3].

The stress concept considers stress to be physical
and emotional [13]. At the same time stressing factors
may be chemical agents (industrial toxicants, drugs)
and food factors (disbalance in macro- and microele-
ment content, deficiency in protein etc) [9]. In this
connec-tion we have studied the effects of physical
stress (microwave radiation) and chemical stress
(natural gas containing hydrogen sulfide) in compari-
son, which will allow us to find out the ways of stress
development as well as to disclose possible adaptive
mechanisms within the male reproductive system.

The purpose of the work
is to study the effects of adverse environmental factors
under experimental conditions on different units of
male reproductive system in comparison.

MATERIAL AND METHODS

The objects of the study were 80 white male rats
weighing 200-220 g. The animals were subjected
to the following stress conditions: 1) low intensity
clectromagnetic radiation; 2) natural gas containing
hydrogen sulfide. The exposure with electromagnetic
radiation was realized during 30 days for 30 minutes
daily. To make electromagnetic field, the mono-
chromatic electromagnetic wave generator was used
(«Yav-1-7.1», Russia; . = 7.1 mm, frequency f = 42.194
GHz). To provoke chemical stress, the Astrakhanian
natural gas was used. The natural gas exposure was car-
ried out in concentration of 10 mg m™ (by H,S) dur-
ing 30 and 120 days for 240 min daily. So, the follow-
ing groups were formed: 1) Control group, 20 males;
2) experimental group 1 (E-1), 20 males (microwave
radiation); 3) experimental group 2 (E-2), 20 males
(gas exposure, 30 days); 4) experimental group 3 (E-3),
20 males (gas exposure, 120 days).

At the end of the experimental effects, the
animals were decapitated under ether anesthesia in
compliance with the Geneva Convention (1985).

The level of malonic dialdehyde (MDA) and kinetic

indexes of lipoperoxidation (spontaneous spLPO,
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ascorbate-dependent ascLPO) were determined in
homogenates of mediobasal hypothalamus and testes
[12]. Peroxide resistance of erythrocytes was measured
in blood [8]. Testosterone and luteinizing hormone
(LH) levels were determined in the blood serum by en-
zyme immunoassay method. The protein content and
fractional distribution of proteoglycans in epididymis
and testes extracts were determined by electrophoresis
method at pH 5 [7]. Sections of testicular tissue of

7 um thick were made with the help of microtome
"Microm HM-400" (Germany), and then stained with
hematoxylineosin dye. The obtained preparations
were studied using the universal microscope "Nu"
(Germany) connected to the color television camera
"Pixera’ (USA). All the data obtained during the study
were statistically processed using Student’s criterion,
the differences were considered significant at p <0.05.
The relationship between the studied param-cters was
estimated by calculating the Pearson correlation coef-

ficient (r) [4].
RESULTS

Microwave radiation (group E-1) caused an
increase in erythrocyte peroxide hemolysis by 20%,
compared with the control (p < 0.05), which indicates
an increase in free radical oxidation in the blood and
testifies to the development of oxidative stress. In
group E-1, an increase in the dynamics of free radical
oxidation processes was also observed in the testicular
tissue: the initial level of MDA increased by almost
38.5 % compared to control values (p < 0.001). In the
hypothalamic tissue, the initial level of MDA exceeded
the control value slightly. At the same time, the kinetic
indexes of lipid peroxidation, especially ascorbate-
dependent, did not differ practically from the corre-
sponding control values (Table 1). This fact indicates
an insignificant effect of low-intensity microwave
radiation on the regulatory unit of male reproductive
system [2].

At the same time, in group E-1, the levels of
testosterone and LH in blood plasma did not differ
significantly from the control indexes, although it was
found that the level of testosterone tended to decrease
(Table 2). Thus, microwave radiation did not have a
noticeable effect on the testosterone-producing activ-
ity of the testes, nor on the gonadotropic function of
the adenohypophysis [2].

Under the influence of microwave radiation, a
random arrangement of spermatogenic epithelial cells,
or its uneven height, was observed. In some cases,
multiple tears of the basal membrane were observed.
An increase in the total number of Leydig cells at the
expense of average size cells was also noted. Their area,
however, tended to decrease. These contradictions
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explain the almost unchanged testosterone-producing
activity of the testes under conditions of low-intensity
microwave radiation (Fig. 1).

Fig. 1. The structure of testicular tissue in rats exposed to microwave
radiation. Stained by hematoxylin-eosin. Magnification 200 X

The exposure with natural gas during 30 days
(group E-2) caused an increase in in erythrocyte per-
oxide hemolysis by 23.1 %, compared with the control
group (p < 0.05) which testifies to the oxidative stress
development. When exposed to hydrogen sulfide-
containing gas, an increasc in lipoperoxidation (LPO)
processes in testicular tissue was observed. The initial
level of MDA increased by 1.5 times compared to the
control values. The kinetic in-dexes of LPO under con-
ditions of gas intoxication increased significantly also,
especially ascorbate-dependent lipid peroxidation.
Therefore, under conditions of natural gas exposure,
the intensification of radical oxidation processes takes
place in testicular tissue, which results in functional
state disorders in this tissue. In hypothalamic tissue, a
significant increase in free radical processes was noted
also, which indicates an inhibition of its functional
activity in general. This, in its turn, negatively affects

the functional state of adenohypophysis (Table 1).

The exposure to natural gas (group E-2) lead to
a sharp decrease in the level of testosterone in blood
plasma by 37.5% (p < 0.001) compared to the control
indexes. The level of LH, however, did not change
significantly, but tended to decrease. At the same
time, the changes in testosterone and LH levels cor-
responded to a high coefficient of positive correlation
r = +0.808 with a confidence of 95% (Table 2).

Under conditions of natural gas exposure the
considerable decrease of diameters of seminal tubules
and the increased quantity of interstitial tissue at the
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Table 1. Changes in lipoperoxide indexes in rat testes and hypothalamus under adverse conditions
Experimental MDA, Kinetic indexes, nmol MDA h”!
conditions n nmol/0,05 g spLPO ascLPO
Testicular tissue
Control 20 4,89+ 0,151 45,97 + 0,840 48,74+ 0,702
Group E-1 20 ***%6,77 +0,272 *48,32+2,003 **%55,21 £ 0,894
Group E-2 20 ***7 42 + 0,457 *** 65,36 + 3,104 **%76,48 + 2,431
Hypothalamic tissue
Control 20 5,45 +0,280 56,68 + 1,145 62,95+ 1,451
Group E-1 20 ***7 94 + 0,506 59,28 1,101 63,52 % 2,007
Group E-2 20 *¥%10,44 + 0,398 *** 82,07 1,023 *¥%102,44 + 4,013
*p < 0.05; **p < 0.01; *** p < 0.007 compared with the control group
Table 2. Changes in testosterone and LH levels in blood plasma in rats
Experimental conditions n Testosterone, ng cm? LH, mMU cm?3 r pr)<
Control 20 2,829+0,0731 0,425 +0,0538 +0,935 0,05
Group E-1 20 2,614+0,1160 0,420 + 0,0068 +0,634 0,05
Group E-2 20 **% 1,769 +0,0814 0,370 +0,0152 +0,808 0,05

*** n < 0.001 compared with the control group

expense of small Leydig’s cells were observed. This may
be considered as a compensatory reaction of endo-
crinocytes on the background of destructive changes
in spermatogenic epithelium. At the same time the
oedema of interstitial tissue and necrosis of sperma-
togenic cells took place. Seminal tubules were distantly
located to each other. The chaotic distribution of
spermatogenic epithelium cells and empty seminal tu-
bules in a certain number of cases were observed. The
height of spermatogenic epithelium was considerably

decreased (Fig. 2).

Fig. 2. The structure of testicular tissue in rat exposed to natural gas.
Stained by hematoxylin-eosin. Magnification 200 X

Therefore chronic intoxication with the natural
gas containing hydrogen sulfide provokes testicular
steroidogenesis depression that may be explained by
radical formation processes as a result of oxidative
stress development as well as endocrine changes in the
system hypothalamus-pituitary [2].

In additional investigation (group E-3) we
measured the average quantity of protein in prote-
oglycan samples from epididymis and testes. The
average amount of protein in proteo-glycan samples
in the control group was 9.5 + 0.76 ug mg" (by
the mass of the tissue). The exposure to natural gas
during 30 days did not affect the concentration of
protein significantly and the concentration seemed
to be 9.8 + 0.85 pg mg'. By the 120* day of exposure
the amount of protein in proteoglycan fractions
increased up to 7,4 + 0,35 ug mg™ which indicates
adecrease in protein biosynthesis in testes. The
amount of sulfates was 3.6 + 0.3 ug cm” normally.
The amount of sulfates in rats exposed to natural
gas during 30 days did not differ from the control
indexes. However, the level of sulfates began to
increase only after long-term exposure, and by the
120* day of exposure to natural gas (group E-3) their
level achieved to the value of 19.1 + 0.85 pg cm™. This
explains the increasing of the acidic proteoglycan
fraction. Therefore, after three weeks exposure with
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natural gas profound biochemical changes occur in 10. PROCTOR, P. H. (1989). Free Radicals and Human

testicular tissue and Cpididymis. Disease. CRC Handbook of Free Radicals and Anti-

oxidants, 1,209-221.

CONCLUSIONS 11. SEGAL, A. W. (2005). How neutrophils kill microbes.
Thus, the microwave radiation of low intensity Ann RevImmunol, 23, 197-223.

provokes a damaging effect directly on spermatozoa, 12. STALNAYA, L. D., GarisuviLy, T. G. (1977). The

causing changes in the structure of spermatogenic epi- method of determining the malonic dialde-hyde using

thelium. Under conditions of metabolic shifts caused thiobarbituric acid. In V. N. Orekhovich (Ed.), Mod-

by natural hydrogen sulfide-containing gas, repro- ern methods in biochemistry (66—68). Meditsina Publ.

ductive dysfunctions are caused by both toxic effects 13. TUMANOVA, S. Ju. (1999). Lipids of the central nerv-

of free radicals and inhibitory regulation from the ous system and the structure of cell membranes. In 1. P.

Ashmarin, P. V. Stukalov, N. D. Eshhenko (Eds.), Brain

hypothalamic-pituitary complex [2, 6]. The leading biochemistry (81-123). St. Petersburg University Publ.

disturbances of morphofunctional state of testes under
the influence of natural gas are spermatogenic epithe-
lium necrosis, desquamation of germ spermatogenic
cells in the lumen of the tubules, multiple ruptures of
the basal membrane of seminiferous tubules on the the
background of compensatory growth of interstitial
tissue.
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ABSTRACT — The purpose of the paper is to study

the effects of low intensity microwave radiation on
morphofunctional state of testes in white rats. The
intensification of lipid peroxidation was determined

in testicular tissue, which correlated with worsening of
morphofunctional state of epididymal spermatozoa. The
leading disorders were broken and lost tails of spermatozoa.
Therefore, microwave radiation of low intensity does

not affect steroidogenesis considerably while it causes
morphofunctional changes of spermatozoa.

KEYWORDS — microwave radiation, lipoperoxidation,
spermatozoa.

Electromagnetic waves come in a very wide range
of wavelengths: there are radio, mi-crowave, infrared
(heat), visible light, uleraviolet, X-ray, and y-ray waves.
All are used in medicine in one way or another. Micro-
wave radiation is used in certain kinds of heat treat-
ment, where the heat is generated in the target tissue
(as in a microwave oven) [1, 2]. At the same time there
is little information about the influence of microwave
radiation on functional state of reproductive system. In
this regard, we investigated how low intensity micro-
wave radiation affect morphofunctional state of testes
in white rats as well as some biochemical indexes of
different units of reproductive system in animals.

The purpose of the paper
was to study the effects of low intensity microwave
radia-tion on morphofunctional state of testes in white
rats as well as some biochemical indexes of different
units of reproductive system in animals.

METHODS

White male rats of 215-240 g were subjected by
microwave radiation with frequency of 42 GHz during
30 days for 30 min. daily. At the end of the experimen-
tal effects, the animals were decapitated under ether
anesthesia in compliance with the Geneva Convention

(1985). The level of lipoperoxidation in testicular and
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hypothalamic tissues was determined [3]. Testosterone
and luteinizing hormone levels in blood plasma were
measured by enzyme immunoassay method. Morpho-
functional state of epididymal spermatozoa and testic-
ular tissue were studied. All the data obtained during
the study were statistically processed using Student’s
criterion, the differences were considered significant at

p < 0.05.
RESULTS

Under conditions of low intensity microwave
radiation, peroxide haemolysis of erythrocytes has
been found to increase that testifies to oxidative stress
development. Unsaturated phospholipids RH are
oxidized to produce hydroperoxides ROOH which, in
their turn, brake down to give rise to different oxygen-
containing derivatives ROH and reactive oxygen
species (ROS). Thus, oxidative stress development may
be represented in the following way:

EH —+FE
R +0;—ROy BE.ROCH
P
RO + CH
RO'+RH—-ROH+EE:

R+ OH —EROH

The hormone levels of testosterone and lutropin
have been found not to differ trust-worthily from that
of the control indexes. The relative weights of gonads
and pituitary under experimental conditions were
compared with the control group. The intensification
of free radical oxidation processes was determined in
testicular tissue, which correlated with the worsening
of morphofunctional state of epididymal spermatozoa.
The leading disorders were broken and lost tails of
spermatozoa. Under the influence of microwave radia-
tion, an increase in total number of Leydig's cells took
place, which is likely to be a compensatory reaction of
testes and may be connected with the resonance effect
conditioned by microwave radiation.

CONCLUSIONS

Therefore, low intensity microwave radiation
does not affect steroido-genesis considerably while it
causes morphofunctional changes of spermatozoa.
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ABSTRACT — The purpose of the work was to study the
possibilities of near-field microwave dielectrometry. It is
established that the developed device, using the principle of
near-field resonant microwave sensing, allows performing
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regard, the purpose of the work was to study the pos-
sibilities of near-field microwave dielectrometry.

MATERIAL AND METHODS

Our measuring system for studying the dielec-
tric properties of blood is a high-quality microwave
resonator made on a segment of a coaxial line with a
fluoroplast filling. At one end of the resonator there is
a magnetic frame, the other is connected to the load,
which includes a probing near-field antenna. The
experimental setup scheme is shown in Fig. 1.

the dielectrometry of biological fluid (on the example —|DETECTOR|—| ADC

of blood). With the use of this technology, approximate RESONATOR

standards of the dielectric constant of whole blood were

formed. The presence of age-related features of the —1—

parameter level was demonstrated in this study. MICROWAVE PC
GENERATOR

KEYWORDS — microwave dielectrometry, dielectric
permittivity, blood.

Opver the past 30 years, a certain amount of data
has been accumulated describing the diclectric proper-
ties of blood. It is shown that the dielectric properties
of biopolymers can be used for evaluating the func-
tioning of biological objects (2, 4, 7], for screening
diagnostics of neoplasms [3], diabetes mellicus [4] etc.

Several studies have measured the dielectric
properties of erythrocytes and plasma in the range
10 kHz—250 MHz, temperature dependence of
electrodynamic parameters of blood is installed in the
range of 1 Hz+40 GHz [1, 6, 7]. In addition, meas-
urements of the dielectric characteristics of blood in
awide frequency range revealed numerous physical
properties of macromolecules and their fragments
[1,5,7]. On the other hand, the question of an
unambiguous interpretation of these measurements
and their relationship to the mechanisms of intracel-
lular interaction remains open and questionable [6, 7].
According to modern concepts, many metabolic and
functional changes in cells that accompany various
pathological processes are determined by structural
disorders of intra- and extracellular water [1, 5]. At
the same time, laboratory and diagnostic prospects of
equipment for assessing the dielectric characteristics
of biological fluids have not been disclosed. In this

COAXIAL
SENSOR

| PYROMETER]

Fig. 1. Device for near-field microwave dielectrometry of liquids (principal
scheme)

Due to the small transverse dimensions of the
sensor, a relatively small volume of blood (50-100 1)
was used. The distance from the end of the sensor to
the bottom and to the side walls of the cell was fixed
(about 3 mm), which is obviously more than the
distance between the internal and external conduc-
tors. In this regard, the inaccuracy of standing of the
sensor in the cuvette led to insignificant errors (no
more than 1-2%) in measuring the permittivity. The
electrodynamic parameters of the biological fluid were
restored in the near-field antenna region by shifting the
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resonant frequency and decreasing the signal ampli-
tude during resonance. Alcohol with a known complex
permittivity was used as the calibration control. Tem-
perature control was performed using a pyrometer.

The developed complex was tested on whole
blood samples of 35 adults (age — 2045 years) and
25 children (age — 10-14 years) who did not have
acute or chronic pathology at the time of the study.
The material was obtained with the informed consent
of the patients or their legal representatives.

The results were processed using the Statistica 6.0
program.

RESULTS

Our research allowed us to demonstrate the pos-
sibility of evaluating the dielectric characteristics of
biological fluid on the example of blood, as well as to
form standards for the dielectric properties (permittiv-
ity and conductivity) of whole blood in children and
adules (Fig. 2).

o

s 2 &g a2e

i
children adults
Fig. 2. The level of dielectric permittivity of the blood in children and
adults, * — the statistical significance of differences p<0.05)

It was found that the dielectric permittivity
of biofluid in humans is determined in the range of
40-75 units, and in healthy adults the parameter is
detected at higher values (p<0.05).

CONCLUSION

It was shown that the developed device, using
the principle of near-field resonant microwave sens-
ing, allows conducting dielectrometry of biological
fluid (on the example of blood). With the use of this
technology, we developed approximate standards of
the dielectric constant of whole blood. The presence of
age-related features of the parameter level was revealed
in this study.
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ABSTRACT — The article deals with the study of
interrelation of trace elements and morphology of lymph
nodes at different localization and age-related changes.
Lymph nodes of different localization at young and old
animals were analyzed by a morphological method with
definition of trace elements by roentgen fluorescent
method and the use of synchrotron radiation. There are
data on forming of the lymphoid-microelement association
important for integrative assessment of the structural
organization of lymph nodes. Structural modification

of lymph nodes has certain patterns, proceeding from
features of a microelement profile. The region-dependent
morphological variant of lymph nodes corresponds to a
certain content of trace elements and their correlation with
compartments of lymph nodes. Trace elements deficiency
and reduction of compartments of lymph nodes are
considered as predictors of aging of lymphoid tissue. The
results have practical significance to justify a higher trace-
element content in anti-aging programs.

KEYWORDS — lymph nodes, trace elements, gerontology.

INTRODUCTION

Lymph nodes are peripheral organs of immune
and lymphatic system representing difficult organized
structures reacting to different exo- and endogenous
factors [1, 2]. Lymph nodes functions together with
trace elements. Many trace elements play an impor-
tant role in maintenance of the optimum immune
response, showing regulatory, structural and stabilizing
functions [3, 4]. Trace clements take an active part in
cofactors or catalysts of enzymes of free radical oxida-
tion in cells of the immune system [4, 5]. Activity of
enzymes and the immune system are closely related
with change of a trace element homeostasis and,
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finally, with change of the structure of peripheral lym-
phoid organs [1, 3]. Aging is connected with an im-
munogenesis problem that is defined by features of the
structural organization of peripheral lymphoid organs
according to the concept of the lymphatic region [1].
It does relevant studying morphological equivalents of
the immune response of lymph nodes depending on a
microelement profile and age.

The aim of the study is assessment the structural
organization and trace elements of lymph nodes at
young and senile age.

MATERIALS AND METHODS

The experiment was conducted on white Wistar
rats with the natural rate of aging at the age of the 3¢
month (young animals) and 1.5 years (old animals).
Mesenteric, inguinal and tracheobronchial lymph
nodes were analyzed by a morphological method.

Lymph nodes were fixed in 10% neutral forma-
lin. After fixing we resorted to the classical scheme of
washing, dehydration, imbibition with a xylol, paraffin
and preparation histologic sections on the microtome.
Histologic sections of lymph nodes painted hema-
toxylin and eosine, azure-1l-cosine, trichromatic paint
on Masson. The cross-section area of lymph nodes
was standardized and taken for 100% that allowed to
estimate and compare the structural organization of
lymph nodes.

The content of trace elements (Se, Mn, Fe, Cu,
Zn) in lymph nodes was defined by the roentgenfluo-
rescent method with use of synchrotron radiation. The
work was done at the shared research center SSTRC
on the basis of the Novosibirsk FEL/VEPP-4 —
VEPP-2000 complex at BINP SB RAS, using equip-
ment supported by project REMEFI62119X0022 [6].

The morphometric analysis of structures of a
lymph node was carried out by means of a morpho-
metric grid and the Image-Pro Plus 4.1 program.
Statistical data processing was performed with licensed
statistical software package StatPlus Pro 2009, Ana-
lystSoft Inc. Data were expressed as average arithmetic
with definition of a standard (mean square) error.
Belonging to normal distribution was defined when
calculating criterion of Kolmogorov-Smirnov and the
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accompanying indicators. A P-value < 0.05 was consid-
ered statistically significant.

RESULTS

Lymph nodes reach the maximum develop-
ment to three-months age of young rats of Wistar. It
precedes involution of lymphoid tissue at the natural
rate of aging. The structural and functional answer of
alymph node is optimum at this age and has rather
high degree of correlation with the content of trace
elements. Structural and functional zones occupy the
different area in the standardized lymph nodes. Param-
cters of structures define a row: mesenteric — inguinal
— tracheobronchial lymph nodes from the smallest
to the greatest value. The structure and a microele-
ment profile of lymph nodes differs in each lymphatic
region.

The mesenteric lymph node has the cortical and
medullary ratio equal 1.33+0.14 in comparison with
other lymph nodes. Such value of a cortical and med-
ullary ratio determines the smaller area occupied by
medullary cords (18.25+0.82%) and lymphoid small
follicles (8.60+0.21%) and vice versa, high index of
T- and B-zones ratio (1.24+0.17) and also the area oc-
cupied by a sinus system (11.89+0.41%). Construction
features of the mesenteric lymph node are combined
with the maximum content of Cu, Se, an average con-
tent of Fe, Zn, the minimum content of Mn (Table 1).

The tracheobronchial lymph node distinguishes
the high cortical and medullary index (2.20+0.13)
and the lymph node has the big B-zone consisting
of medullary cords (24.26+£0.54%) and lymphoid
follicles (11.46+0.28%). Low ratio of T- and B-zones
(1.02+0.09) and the small area, occupied by a medul-
lary lymphatic sinus (5.25+0.26%) in a lymph node
is observed. Morphological variant of the tracheo-
bronchial lymph node are combined with the smallest
content of Fe, Cu, Zn, an average content of Mn, Se
(Table 1).

The inguinal lymph node is characterized by
average parameters of compartments at the size of cor-
tical and medullary index equal 1.97+0.10 and a ratio
of T- and B-zones — 1.08+0.13 in comparison with
mesenteric and tracheobronchial lymph nodes. The
inguinal lymph node has the maximum comtent of
Mn, Fe, Zn, average content of Cu, minimum content
of Se (Table 1)

It is obvious that trace elements are necessary
for support of lymph nodes activity in young age.
Microelements participate in a differentiation and
proliferation of the immunocompetent cells forming
compartments in lymph nodes [1-3]. This fact will be
significant for the relationship between trace elements
and compartments of a lymph node. Morphofunc-
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tional the analysis showed prevalence of the immune
response on cellular type in all lymph nodes at young
age. The structure and a trace element profile of lymph
nodes carry the region-dependent character, reflecting
features of each lymphatic region.

There is a minimization of structurally functional
compartments of lymph nodes to reduction of mainte-
nance of microelements in process of aging by 1.5 years
of rat life. The structure of lymph nodes changes when
aging depending on features of the lymphatic region.

The mesenteric lymph node is characterized
by low indexes of structure. The cortical and medul-
lary ratio is 0.73+0.07, the ratio of T- and B-zones
is 0.58+0.11. These values of indexes determine the
smallest area of lymphoid structures of cortical sub-
stance at increase in the area of medullary substance
(medullary cords are increased up to 41.68+1.08%
and lymphatic sinus are increased up to 9.46+0.43%).
Change of structure of the mesenteric lymph node is
combined with the maximum content of Se, an aver-
age content of Cu, Zn and the minimum content of
Fe, Mn (Table 2).

The tracheobronchial lymph node distinguishes
high value of structure indexes. The cortical and
medullary ratio is 1.79+0.12, the ratio of T/B-zones
is 1.28+0.10. These indexes define development of
structures of cortical substance (the cortical plateau
reaches 15.95+0.34%, the paracortex — 25.53+0.57%,
lymphoid follicles — 3.22+0.19%) at the smallest area
occupied by medullary cords (24.48+0.58%) and a
lymphatic sinus (6.71+0.39%). Morphological variant
of the tracheobronchial lymph node are combined
with the maximum content of Cu, an average content
of Se, Mn, Fe, the minimum content of Zn (Table 2).

The inguinal lymph node is characterized by
average parameters (the cortical and medullary ratio
is 1.11+0.10, a ratio of T- and B-zones is 0.91+0.12) at
the increased lymphatic sinus system (12.24+0.44%)
in comparison with mesenteric and tracheobronchial
lymph nodes. The ingual lymph node distinguishes
the maximum comtent of Mn, Fe, Zn and minimum
content of Se, Cu (Table 2).

There is forming of regional specifics of the struc-
ture and a microelement profile of lymph nodes when
aging. according to the drained lymphatic region. The
morphofunctional analysis showed prevalence of the
immune response on humoral type in mesenteric and
inguinal lymph nodes and saving the immune response
on cellular type in a tracheobronchial lymph node at
senile age.

We carried out the correlation analysis for con-
firmation of relationship between microelements and
adenoid tissue. Microelements are necessary for prolif-
eration and functioning of lymphoid (immune) cells
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Table 1. The content of trace elements in lymph nodes of young animals,

mkg/g

. Young rats of Wistar (three-months age), lymph nodes
race — . ,

elements inguinal mesenteric tracheobronchial

2 3

Mn 4,12+0,32 2,15+0,13 2,54+0,15

Fe 672,5+54,22 254,8 +20,66* | 221,4+12,12*

Cu 6,45+0,35 6,48 +0,47 5,27+0,17*°

In 75,6 + 2,81 68,71+2,52%  |58,26+2,30%°

Se 0,96 + 0,05 1,38 £ 0,05% 1,25+0,06*

Table 2. The content of trace elements in lymph nodes of old animals,

mkg/g
. Old rats of Wistar (age 1.5 years), lymph nodes
race - - .
elements inguinal mesenteric tracheobronchial
2 3
Mn 4,40+0,63 2,71+£0,14* 3,34+0,25%°
Fe 523,8+71,91 182,5+14,33* | 226,4+14,64%
(u 4,68 +0,27 5,29 +0,35 5,37+0,14*
In 61,5+2,06 57,27 £1,72* 47,36+2,83*°
Se 0,73 +£0,08 1,14 +0,06* 0,81+0,04°

The note to tables 1-2: *P,,, < 0,05, °P, , < 0,05 — the level of statistical
significance of distinctions

[1-4,7, 8]. Lymphoid follicles are the most important
among other functional compartments of a lymph
node. Lymphoid follicles are responsible for prolifera-

tion of lymphoid cells (lymphopoiesis).

Trace elements show medium-to-high cor-
relation with lymphoid nodules in lymph nodes of
young animals. Trace elements differ on structure
in lymph nodes of different localization. There is a
positive correlation of lymphoid follicles concern-
ing Mn (r=0.37, p < 0.05), Cu (r=0.70, p < 0.001) in

a tracheobronchial lymph node; negative correlation

concerning Zn (r=-0.51, p < 0.01) in an inguinal lymph

node; positive correlation concerning Cu (r=0.52, p <
0.01), Mn (r=0.43, p < 0.05), Fe (r=0.69, p < 0.01) and
negative correlation concerning Zn (r=-0.38, p < 0.05)
in a mesenteric lymph node. It is possible to assume
emergence of lymphoid-microelement association

for ensuring lymphopoietic function at young age.

We obtained other data at old animals. The lack of
microelements reduces activity of enzymes that, in
turn, initsirut decrease in proliferation of cells and a

reduction of lymphoid follicles [1, 7-9]. There is a

loss of lymphoid-microclement association because of

casing or lack of correlation between trace elements

and lymphoid follicles. It leads to decrease of function
of lymph nodes at senile age.

DISCUSSION

There are several reasons of close attention to a
problem of interrelation of microelements and struc-
tures of lymph nodes. First, immune function is con-
nected with development of compartments of a lymph
node in the process of proliferation and a differentia-
tion of immunocompetent cells [2—4, 7]; secondly,
existence of direct or indirect connection between
trace elements and enzymes participating in prolifera-
tion of lymphoid cells [8], thirdly, purposeful uses of
trace elements for correction of the immune response
[7, 9]. Trace elements have the modification properties
concerning structure of lymph nodes, defining degree
of cell-mediated and humoral immunity. Influence of
trace elements on the immune response has ambiguous
character and depends on localization of lymph nodes.
Level of content of trace elements leads to structural
reorganization in a lymph node.

We consider that sign of effectively operating
compartments is their interaction with trace ele-
ments during the different periods of life. Forming of
lymphoid-microelement association carries the region-
dependent character and leads to forming of a certain
morphological type of the structure of a lymph node.
Trace elements deficiency causes disturbances in the
immune system. [1, 4, 7, 8]. Aging is accompanied by
disorganization of internal structure of lymph nodes
depending on concentration of trace elements. The
imbalance of structure and trace elements in a lymph
node is the reason of decrease immune and drainage
functions of lymph nodes at senile age. Trace elements
prevent oxidant-dependent damage of tissue when ag-
ing, positively influencing an immunological home-
ostasis [4, 8]. It is possible to conclude that different
concentration of microelements changes structures of
alymph node and forms cellular or humoral type of
the immune response.

CONCLUSION

The obtained results show patterns of structural
modification of lymph nodes, proceeding from age
and features of a microelement profile. Forming of
lymphoid-microelement association defines develop-
ment of lymphoid tissue at young age. The indispensa-
ble condition of functioning of lymph nodes is opti-
mum concentration of trace elements. Trace elements
enter cofactors of enzymes and possess the regulatory
and structural stabilizing function in lymph nodes.
Easing and loss of lymphoid-microelement association
is a predictor of aging of peripheral lymphoid organs.
Destabilization of structure and a microelement pro-
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file of lymph nodes deteriorates drainage and immune
functions in the lymphatic region. It is supposed that
prevention of microelements deficiency will allow to
improve the structural organization and to increase
function of lymph nodes that will slow down process

of aging of lymphoid tissue.
REFERENCES
1.

BoRrRODIN Yu.I, GORCHAKOVA O.V., SUHOVERSHIN
AYV.,, GorcHAKOV V.N,, FARTUKOV A V., KOL-
MOGOROV YU.P., DEMCHENKO G.A. The concept
of lymphatic region in preventive lymphology. — LAP
LAMBERT Academic Publishing. 2018. — 74p.

2. GorcHAKOvVA OV, GORCHAKOV V.N. Increase in
drainage and immune functions of a lymph node as
afactor of endoecological wellbeing at advanced and
senile age // Advances in gerontology. — 2015. — Vol.
28. - No. 3. - P521-526.

3. GORCHAKOVA O., KoLosOvA N., GORCHAKOV
V., STARKOVA E., DEMCHENKO G. Premature aging
and structural organization of the mesenteric lymph
node // Archiv Euromedica. — 2019. — Vol. 9. — Num.
3. - P22-24 hteps://doi.Org/10.35630/2199-
885X/2019/9/3.7

| archiv euromedica | 2020 | vol. 10 | num. 2

4. INTORREF,, POLITO A., ANDRIOLLO-SANCHEZ M.
Effect of zinc supplementation on vitamin status of
middle-aged and older European adults: the ZENITH
study // Eur. J. Clin. Nutr. - 2008. - V.62. - P1215-
1223.

5. Nomura A., SuGIiura Y. Contribution of individual
zinc ligands to metal binding and peptide folding of
zinc finger peptides // Inorg. Chem. — 2002. — Vol. 41.
- P3693-3698.

6. PmmiNov P.A. Synchrotron Radiation Research and
Application at VEPP-4 // Physics Procedia. — 2016. -
Vol. 84. - P19-26. DOI:10.1016/j.phpro.2016.11.005

7. PETROVI.M., GAGINA T.A., TROSHINA LA,
MEDVEDEVA LV. Modern features of nutrition and

immune system // Siberian medical journal. — 2006. -
No 6. — P.10-14. [in Rus.]

8. KuDpRIN AV, GRoMOVA O.A. Trace elements in
immunology and oncology. - M.: GEOTAR-Media.
2007. - 548p. [in Rus.]

9. ZAITSEVA LD, SKALNY A.A., TINKOV A.A., BE-
REZKINA E.S., GRABEKLIS A.R., SKALNY AV. The
influence of physical activity on hair toxic and essential
trace element content in male and female students //
Biol. Trace Element Res. — 2015. — V. 163. — No. 1-2.
— P58-66.

25



| archiv euromedica | 2020 | vol. 10 | num. 2

http://dx.doi.org/10.35630/2199-885X/2020/10/2.7

THE IMPACT OF OSTEOPLASTIC COMPOSITIONS
ON REMODELING OF BONE TISSUE
IN IMMUNODEFICIENT ANIMALS:

EXPERIMENTAL STUDY

Julia Kobzeva™ ®, Larisa Ostrovskaya’ ©,
Susanna Parfenova’ ©, Oleg Eremin’ (,
Dmitry Domenyuk? ©, Victoria Tverskova’ ©,
Artem Parfenov’

"'V. Razumovsky Saratov State Medical University, Saratov;
2 Stavropol State Medical University, Stavropol, Russia

DX uakobzeva@gmail.com

ABSTRACT — Periodontitis often occurs on the background
of pathology of various organs and systems, which
doubtlessly affect the course and prognosis for inflammatory
and destructive processes of the periodontium. The
prevalence of periodontal diseases in diabetic patients

has been up to 95%. This comorbid pathology is based

on universal pathogenetic mechanisms (immunological
disorders, metabolic changes, free radical oxidation).

The structure of periodontal pathology in patients with
diabetes mellitus is dominated by generalized periodontitis
of moderate and severe degree, which features the
development of deep periodontal pockets, progressing loss
of bone tissue and a surgical treatment that would require
implantation. Implantation materials based on bioceramics
with hydroxyapatite are most commonly employed. Our
experimental study assessed remodeling of bone tissue

in immunodeficient animals while implantating various
osteoplastic compositions.

KEYWORDS — periodontitis, diabetes mellitus,
immunodeficiency, osteoplastic materials.

INTRODUCTION

Periodontitis is often accompanied by pathologies
of organs and systems, and this, in turn, worsens the
course, clinical manifestations, as well as the outcome
and prognosis for destructive changes in periodontal
tissues [ 1, 2]. Diabetes mellitus has already assumed a
leading role as a comorbidity of periodontal discase,
which can be explained by its enormous prevalence
(422 million people all over the world suffer from dia-
betes nowadays), as well as it is known as a cause of dis-
ability and a high mortality (number 3 after cardiovas-
cular discase and malignant tumors) [3-9]. Therefore
it is not a merely medical issue but also a social one.
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Major disturbances of periodontitis associated
with diabetes suppress the immune response of the
body and affect T cells of the immune system. Diabe-
tes mellitus might be referred as an immune-related
disease that combines an autoimmune nature and
immune deficiency [10]. The literature suggests that
there is an influence of the immune system on bone
regeneration [11, 12]. Under inhibition of the immune
system, the transition to certain morphological stages
of bone regeneration is delayed with a reduction in
the number of osteoblasts. The interaction between
the immunity and osteogenesis supposes a principal
possibility for its regulation with the help of immune
stimulators [13].

Aim of the study
to study the processes of bone remodeling in animals
with experimental immunodeficiency during implan-
tation of various osteoplastic compositions.

MATERIALS AND METHODS

This study involved 60 nonlinear Wistar rats
weighing 200-250 g. Osteoplastic agents containing
hydroxyapatite were used as implantation materials

(Table 1).

Experimental model reproduction method

General anesthesia with Zoletil-50 (Virbac, S. A.,
France; dosage — 0.5 mg/kg of body weight) was done
prior to a skin incision (1.5 cm) on the rat’s inner sur-
face of the thigh. After the joint was exposed, trepana-
tion was performed with hard-alloy spherical burr #9
in the medial part of the femur distal epiphysis to the
depth of the burr head. In the experimental series, the
trepanation hole was filled with the studied composi-
tion of hydroxyapatite-based osteoplastic material,
while the wound was sutured layer by layer with PGA.
The following method of local tactivin application
was used: 0.3 ml of tactivin solution was applied on a
strip of ostcoplastic material. A strip fragment (about
2x2 mm in size) containing approximately 5 mcg of
tactivin was inserted into the bone cavity of the femur
distal epiphysis. The immunodeficiency in the experi-
mental animals was modeled through subcutaneous
injection of cyclophosphane diluted in saline (dosage
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Table 1. Types of experimental invasion
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Group | Invasion Number of rats
1 The experimental model reproduction in intact animals 12
2 Reproduction of an experimental model in immunodeficient animals, with no osteoplastic materials used 12
3 Reproduction of an experimental model in immunodeficient animals and the use of hydroxyapatite-based osteoplas- N
tic materials
4 Reproduction of an experimental model in immunodeficient animals and using a combined osteoplastic material 1
containing hydroxyapatite and the tactivin immunostimulator (bovine thymus extract)
Reproduction of an experimental model in immunodeficient animals and using a combined osteoplastic material con-
5 taining hydroxyapatite and the immunostimulator tactivin with additional subcutaneous administration of tactivinat | 12
a dose of 100 mcg per 1/ kg of animal weight

— 50 mcg per 1 injection), first one injection for two
days in an arrow, and then, to maintain the immuno-
deficiency status, at an interval of 10 days.

The hip defect was created on the 12 day against
the developed immune pathology. The experiment
duration was 60 days. The animals were decapitated
under anesthesia on the 5*, 15%, 30*, and 60* day after
the surgery. These terms reflect the major stages of re-
parative osteogenesis. The femoral bones were isolated
and fixed in a 10% neutral formalin aqueous solution,
dehydrated in alcohols, and encased in paraffin fol-
lowing the generally accepted method. 7-8 micron
sections were made to be further stained with Ehrlich
hematoxylin solution and water-alcohol eosin. The
work on the laboratory animals was performed follow-
ing the Helsinki Declaration (2000) on the humane
treatment of animals.

RESULTS AND DISCUSSION

The morphological study outcomes suggest that
the suppression of the immune system cells activity
has a negative effect on the healing of experimentally
reproduced bone defects.

Group 1. 5 days. In the proximal epiphysis,
there is a bone defect embracing the cortical plate
and spongiosa on ¥ of the bone perimeter. 15 days.
Intensive development of periosteal bone callus regis-
tered, which has a trabecular structure. The periosteal
bone callus descends into the defect at the level of
the spongiosa, joining the bone regenerate moving
from the endosteum. The regenerate has a trabecular
structure. 30 days. The bone defect, almost completely
to the level of the cortical plate, is a trabecular bone
callus. The bone trabeculae in the central areas of the
callus feature a broad-mesh structure. Closer to the
cortical plate, the mesh structure gets finer. The bone
structures are getting dense. 60 days. The periosteal
bone reparation makes a uniform spongy mass of bone
callus that fills the area of the traumatic destruction

(Fig. 1).

Fig. 1. Group 1. 60 days into the experiment. A powerful periosteal callus
merges with the distal bone reparation, embracing the bone defect and
its contents. Hematoxylin and eosin. x 40.

Group 2. 5 days. The bone defect penetrates
through the cortical plate to occupy part of the spon-
giosa, and partially reach the bone-marrow canal filled
with destructed red bone marrow. The defect lumen
show unstructured masses, lots of osteocyte-free bone
fragments. The granulation tissue development as well
as of connective tissue components of the preparation
is poor. 15 days. A fall in the red bone marrow cells
number, total deach of the bone cambial elements.
Absence of these cells in the growth zone. 30 days.
The red bone marrow is atrophic. The structures of
the epiphysis spongiosa are rarefied, while their bone
substance reveals degenerative changes with the rar-
efaction sites. The growth area and the plate are absent.
60 days. Partial recovery of the red bone marrow. The
cortical plate defect is filled with bone material. The
periosteal bone reparation features poor development
(Fig. 2).

Group 3. 5 days. The bone defect is filled with
osteoplastic material, where granules from hydroxyapa-
tite crystalline mass and the oxyphilic fibrous remains
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Fig. 2. Group 2. 60 days into the experiment. The endosteal callus (center
and right) is build of defective osteoid beams. Bone marrow (left) features
significant destruction. Hematoxylin and eosin. X 40

of collagen can be identified. 15 days. The bone defect
consists of loose connective tissue. There are rounded
bodies of hydroxyapatite granules with a distinct
crystal structure to be observed. Fibroblastic elements
grow into the tubules that penetrate the granules. 30
days. The growth zone cartilage plate is narrow, while
its structural arrangement is disturbed. The transition
zone to bone structures is undeveloped. The area of
injury still features a cortical plate defect. There is no
periosteal bone callus. 60 days. The red bone marrow
shows active regeneration process; the area of injury
reveals complete closure of the cortical plate defect by
the bone callus. The osteoplastic material is sealed into
the mature trabecular bone tissue. Complete integra-
tion of the mineral with the bone tissue (Fig. 3).

Fig. 3. Group 3. 60 days into the experiment. The area of injury features
a bone callus (center) with granules of hydroxyapatite (dark color) sealed
in. Hematoxylin and eosin. x 40
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Group 4. S days. The injury area contains a
cortical plate defect, which penetrates the epiphysis
thickness. The bone defect edges are smooth, with
no osteocytes. 15 days. The red bone marrow is re-
duced through a significant length. The injury area
presents a cortical plate defect with smooth edges.
Regeneration can be observed from the endost part
only. 30 days. Active regeneration is underway in
the red bone marrow. The bone defect is filled with
remnants of necrotic detritus of hydroxyapatite,
cellular-fibrous and fibrous connective tissue. For
a considerable length, the bone defect is replaced
with a bone regenerate with a mature structure,
which presents powerful bone beams, sometimes
developed osteonic systems. 60 days. The red bone
marrow is in a state of active functioning. The bone
defect is preserved only at a small section of the
cortical plate and epiphysis. It is filled with fibrous
connective tissue surrounded with compacted bone

callus (Fig. 4).

Fig. 4. Group 4. 60 days into the experiment. The bone defect is filled with
fibrous connective tissue. Hematoxylin and eosin. x 63

Group S. 5 days. The area of injury reveals a bone
defect at the level of the cortical plate with hydroxya-
patite granules. 15 days. The bone defect is filled with
regenerate tissue surrounding hydroxyapatite gran-
ules. 30 days. A bone defect in the injury area features
intensive progress of soft tissue regenerate around the
hydroxyapatite granules, the bone regenerate connects
to the endostal bone callus, which is actively buile
along the defect edges. 60 days. Closure of the defect
with a bone callus. Hydroxyapatite particles integra-
tion with the bone preparation structures is observed
in the newly developed bone as well as their gradual
replacement with bone matter (Fig. 5).
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ABSTRACT — The aim of this study is to identify the
linear variability of the planum sphenoidale in adults,
depending on the skull base type. Stereotometry was used
on 87 certified skulls to identify the basilar angle as well as
to determine the base type; craniometry was employed to
examine the linear planum sphenoidale parameters. The
study outcomes revealed that a short and wide planum was
typical for the plate-basilar craniotype; long and narrow
planum pointed at the flexibasilar type; in case the planum
was long and narrow at the anterior margin, and wide at the
posterior area, it was attributed to mediobasilar type.

KEYWORDS — planum sphenoidale, sphenoid bone,
craniotype, skull.

INTRODUCTION

The study of the morphology of the structure of
the craniofacial complex is relevant for improving and
developing new methods of diagnostics and surgical
interventions on the maxillofacial region [1-5].

Currently, neurosurgery pays great attention to
clinical anatomy issues focusing on developing proper
surgical access to the brain lower surface and neurov-
ascular formations, based on the variability of skull
structures. One of such skull structures is the planum
sphenoidale, which is part of the sphenoid upper
wall, and which is involved in the development of the
middle section of the anterior cranial fossa, located
between the ethmoid bone cribriform plate and the
sphenoid crest of the sphenoid bone [6, 7].

No clear boundaries have been developed so far,
just like no algorithm has been designed for selecting

Received 27 March 2020;
Received in revised form 28 April 2020;
Accepted 12 May 2020

surgical tactics in terms of getting access to neoplasms
localized at the planum sphenoidale of the anterior
cranial fossa [8, 9], which is due to lack of detailed
metric information concerning the morphostereotopic
variability of the planum sphenoidale in people of
different age, sex and the skull shape [10, 11]. Re-
spective literature offers scattered descriptions of the
morphometric variability of the skull base bones and
their structures [12-21], yet there is no systematic
data available on the general variability of the planum
sphenoidale linear features, which serves rationale for
this study.

Aim of study
To identify the variability of the planum sphenoidale
linear features in adults, depending on the skull base

type

MATERIAL AND METHODS

The study involved 87 certified skulls people
of mature age (21-60 years old) obtained from the
collection of the fundamental museum at the Depart-
ment for Human Anatomy, Saratov State Medical
University. Stereotopometry was used to identify the
basilar angle between the craniometric points (72-5-ba)
for each skull, with 3 types of the skull base distin-
guished: flexi-, plate- and mediobasilar. The craniom-
etry method was employed to examine the width of
the planum sphenoidale anterior border — at the level
of the ethmoid bone cribriform plate posterior edge;
the posterior border — in between the midpoints of the
visual channels anterior walls; the planum length on
both sides of the skull.

The statistical processing of the obtained data
was carried out with the Statistica 10.0 software in the
Windows. For all the examined parameters, variation
& statistics elements were identified - M, m, g, Cv%,
P. The statistically meaningful difference between the
average values was calculated through the Student

criterion. The differences were considered statistically
meaningful at P <0.05.

RESULTS AND DISCUSSION

For the flexibasilar craniotype, the transverse
size of the planum sphenoidale anterior border
(10.840.2 mm) is 7.8 mm below that of the posterior
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edge (18.6£0.3 mm; P <0.01). The planum longitudi-
nal diameter on both sides of the skull has the same
average value (15.6+0.4 mm; P> 0.05).

In case of the mediobasilar craniotype, the
transverse size of the planum sphenoidale anterior
edge (11.0£0.2 mm) is 8.6 mm smaller than that of the
posterior border (19.6+£0.3 mm; P <0.01). The average
value of the planum longitudinal size on both sides of
the skull revealed no statistical difference —
14.8-15.0+0.4 mm (P> 0.05).

For the plate-basilar craniotype, the planum sphe-
noidale anterior edge transverse size (12.0+0.4 mm)
is by 7.8 mm exceeded by the posterior edge
(19.840.4 mm; P <0.01). The longitudinal diameter
of the planum sphenoidale on both sides of the skull
showed no significant difference (13.8-13.9+0.4 mm;
P> 0.05).

A comparative analysis of the planum linear
parameters among the craniotypes showed that
the transverse diameter of the planum sphenoi-
dale anterior edge for the plate-basilar craniotype
(12.0+£0.4 mm) exceeded by 1.0 mm the medio-
(11.040.2 mm; P<0.05) and by 1.2 mm — the flexi-
basilar (10.840.2 mm; P <0.05) types. The planum
posterior edge transverse size for the plate- and medio-
basilar craniotypes (19.8+0.4 mm and 19.6+0.3 mm,
respectively) turned to exceed by 1.2 mm and 1.0 mm,
respectively, if compared with the flexibasilar type
(P<0.05).

The planum longitudinal size on both sides of
the skull in the flexi- (15.6+0.4 mm) and mediobasilar
(15.0+£0.3 mm; 14.8+0.4 mm) craniotypes showed a
statistically significant prevalence (by 1.8—-1.9 mm;
1.2-1.1 mm) compared with the similar parameters
for the plate-basilar type (13.8+0.3 mm; 13.7+0.4 mm;
P <0.05, respectively).

The literature offers conflicting data on the effect
that the type of the skull base has on the dimension-
related features of the planum sphenoidale. Our study
revealed the general variability of the planum sphenoi-
dale linear features — in the plate-basilar skull type,
the planum anterior and posterior edges are 1.1 times
as wide compared to the medio- and flexibasilar types,
while the planum is 1.1 times as long in case of the
medio- and flexibasilar types compared to plate-basilar
one. The planum posterior edge is wider than its
anterior edge in each craniotype, whereas the average
values of these parameters are dominant in the plate-
basilar craniotype. However, there is no reliable way to
compare the planum parameters variability, since the
available literature contains no works focusing on the
dimensional specifics of the planum sphenoidale and
its variability that would allow detecting clear clinical
diagnostic criteria for identifying the boundaries of
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the radical removal of tumors found in the anterior
and mid-cranial fossae [8, 9, 22, 23]. The respective
literature offers only isolated data concerning lack

of influence that the basilar angle has on the planum
parameters variability; however, the authors hereto
believe that the planum dimensional features should
be taken into account when employing the transbasal
approach to the resection area of the anterior cranial
fossa middle section [24].

CONCLUSIONS

A short and wide planum sphenoidale is typical
for the plate-basilar craniotype; long and narrow — for
the flexibasilar type, while a planum that is long and
narrow at the anterior edge, and wide at the posterior
one typically belongs to the mediobasilar type. The
obtained data can be used for morphological meth-
ods of clinical research, as well as it may be taken into
account when planning surgical access to the neurov-
ascular structures and the brain structures adjacent to
the skull base bones.
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ABSTRACT — A study was conducted to assess the effect

of a new pyrimidine derivative PIR-9 (50 mg/kg) on the
activity of von Willebrand factor in the conditions of focal
brain ischemia in rats. It was confirmed that the studied
compound PIR-9 contributes to a decrease in the activity of
von Willebrand factor by 14,1% (p<0,05) compared to the
group of negative control rats. PIR-9 exceeds the comparison
drug Cavinton by 10,9% in strength of effect (p<0,05)
comparable to sulodexide.

KEYWORDS — brain ischemia, cerebral ischemia,
pyrimidine derivatives, von Willebrand factor, endothelial
dysfunction.

INTRODUCTION

Disorders of cerebral hemodynamics currently re-
main one of the leading causes of death and disability
in the working population [1], while vascular endothe-
lium plays an important role in their development [2].
Von Willebrand factor (VWF) is a specific marker of
endothelial dysfunction, an increase in the activity of
which in combination with an increase in the aggre-
gation ability of platelets indicates a violation of the
functioning of the vascular endothelium [3]. Thus,
agents that restore pathologically increased activity of
von Willebrand factor in the post-ischemic period can
be considered as potential cerebroprotectors. Previous
studies indicate the presence of cerebrotropic prop-
erties in pyrimidine derivatives [4], which makes it
interesting to study the effect of these compounds on
VWEF activity in conditions of acute cerebral circula-
tion disorders.
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Objective
To study the effect of a new pyrimidine derivative
PIR-9 on the activity of von Willebrand factor in the
conditions of focal cerebral ischemia in rats.

MATERIALS AND METHODS

The study was conducted in accordance with
the "Guidelines for Preclinical Trials of Drug Prod-
ucts” ed. by A.N. Mironov (a 2012 edition.) [5]. The
experiment was performed on 50 male Wistar rats
(m =200-220 g), divided into 5 groups (n=10)). Rats
were kept on a standard vivarium diet, with a natural
succession of light and darkness. The first group —
falsely operated animals (FO), the second — negative
control group (NC), the third and fourth — rats who
were administered the comparison drug Cavinton
(3,2 mg/kg) and Sulodexide (30 URL/kg (units the
release of lipoprotein lipase)), respectively [6, 7]. The
fifth group of animals received the studied compound
PIR-9 (50 mg/kg) [8]. The second and subsequent
groups modeled focal cerebral ischemia, by occlusion
of the left middle cerebral artery (under chloral hy-
drate anesthesia, 350 mg/kg) [9]. The studied objects
were introduced immediately after the operation and
then for 3 days. The activity of the von Willebrand fac-
tor (VWF) was determined by agglutination method
using a set of reagents of the NGO "RENAM". All
findings were processed by means of variation statistics
methods using the STATISTICA 6.0 software. The
normality of distribution was assessed by the Sha-
piro—Wilk test. In the case of a normal distribution of
the data, a parametric t-test was applied. In the case
of abnormal distribution of the data, the statistical
processing was performed using the Mann—Whitney
U-test. The difference was considered significant at the
significance level of more than 95% (p<0,05).

RESULTS

As can be seen from figure 1, the concentration
of VWF in the group of animals with the simulated
pathology that were not subjected to therapy was
133,5+2,3%, which was 37,87% (p<0,05) significantly
higher than that of false-operated rats (96,83+2,46%).

The introduction of Cavinton did not significantly
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reduce the level of Willebrand factor relative to
untreated rats, while another comparison drug —
Sulodexide led to a decrease in the studied indicator by
19,9% (p<0,05) (at the same time, significantly higher
than the FO value of the rat group). It is worth noting
that the level of VWF against the background of the
introduction of the comparison drug sulodexide was
also significantly lower than this value in the Cavinton
group of rats by 16,9% (p<0,05). Against the back-
ground of PIR-9 therapy, a decrease in VWF was also
observed, so this indicator was 114,7+2,8 %, which

in turn differed by 14,1% (p<0,05) from the identical
value of the group of rats that did not receive pharma-
cological support and by 11% (p<0,05) in comparison
with the group of rats that were administered Cav-
inton. There were no statistically significant differ-
ences between the groups receiving the experimental
substance PIR-9 and the comparison drug Sulodexide.

Fercent, %

FO NC Cavinton Sulodexide FIR-9
Fig. 1. Assessment of the effect of PIR-9 compound and reference drugs
on the activity of von Willebrand factor under conditions of focal cerebral
ischemia in rats

Note: FO— a group of false-operated rats; NC group of rats negative control; NC
— negative control rats; Cavinton — a group rats treated with Cavinton; Sulo-
dexide — a group rats treated with Sulodexide; PIR-9— a group of rats treated
with PIR-9; # — statistically significant as compared to the FO rats (p<0,05); *
— statistically significant as compared to the NC rats (p<0,05); A — statistically
significant as compared to rats treated with Cavinton (p<0,05).

CONCLUSION

The introduction of a new pyrimidine derivative
under the code PIR-9 (50 mg/kg) significantly re-
duced the pathologically overestimated activity of von
Willebrand factor by 14,1% (p<0,05) relative to the
group of negative control rats and by 10,9% (p<0,05)
in comparison with animals receiving Cavinton, which
may indicate a decrease in platelet adhesion against the
background of receiving this compound by rats. By the
strength of its effect, the PIR-9 compound surpassed
the comparison drug Cavinton (3,2 mg/kg) and was
comparable to sulodexide (30 URL/kg), this fact is

an important link in the correction of endothelial

EXPERIMENTAL & CLINICAL
PHARMACOLOGY

dysfunction resulting from acute cerebral circulation
disorders. Thus, the pyrimidine derivative under the
code PIR-9 is a promising object for further study and
correction of ischemic brain injuries.
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ABSTRACT — We analyzed the processes of regeneration
of an infected skin wound with Streptococcus epidermidis
(Streptococcus) in 30 laboratory rats where a model

of hyperglycemia was created by administration of
dexamethasone. Further, these animals were divided into 3
equal groups: in the 1* group the wound was treated with
an ointment containing Cymbopogon proximus; in the

2" group an ointment containing sodium fusidate 2% was
applied to the wound; in the 3™ group (control) — Vaseline
was applied. The use of Cymbopogon proximus leads to an
increase in the total number of white blood cells, an increase
in the activity of lymphocytes (+383%) (p= 0.03), which
leads to improved regeneration of the infected wound.
Also, we noticed that the glucose level was restored to the
initial values, in 5 days of oral intake of an aqueous extract
of Cymbopogon proximus, in contrast to the other groups
(p=0.001). We found that the regeneration activity of an
infected wound in rats with steroid hyperglycemia does not
significantly differ in case of antimicrobial ointment and
Cymbopogon proximus treatment.

KEYWORDS — Diabetic foot, infected wound, medicinal
plants research, Cymbopogon proximus, regeneration,
steroid hyperglycemia.

INTRODUCTION

There are many diseases that are accompanied
by chronic pain syndrome [1, 2]. Corticosteroids are
often used to relieve persistent pain [3]. Long-lasting
use of corticosteroids is the main cause of hyperglyc-
emia [4]. This makes some trouble, as the number of
patients suffering from diabetes continues to increase.
Chronic hyperglycemia in diabetes leads to the
development of severe complications, such as athero-
sclerosis, heart and kidney failure, neuropathy, and
immunodeficiency [5, 6, 7). The most serious compli-
cation of diabetes is the development of a diabetic foot
[8]. The dynamics of the frequency of detection of new
cases of diabetic foot in adult patients in the Russian
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Federation tends to increase annually [8]. It is known
that diabetic foot often forms trophic ulcers, which are
50% infected [9]. Therefore, it is important to search
for safe drugs with both hypoglycemic, antimicrobial
and anti-inflammatory effects [5, 10].

Aim
To explore the regeneration processes of infected skin
wounds in rats on the background of steroid hyperg-
lycemia using Cymbopogon proximus (lemongrass)
growing in Sudan.

METHODS

This was an experimental research that we carried
out on 30 white rats weighing 200-250 g, which were
obtained in the animal nursery laboratory Andreevka
(Moscow region). All manipulations with animals
were performed in accordance with the guidelines for
the maintenance and use of laboratory animals [11].
First, we created a model of hyperglycemia in animals
by intramuscular administration of dexamethasone 4%
— 0.2 ml for 4 days. This rhythm of dexamethasone
injections leads to the development of hyperglycemia,
the glucose level in animals increases 6 times — from
5.08+1.18 to 30.025+16 mmol/l (p<0.001). Next, we
created a model of an infected skin wound in rats. To
do this, we made an incision 0f 2,0 x 0,5 cm on the skin
of the animal in sterile conditions, under local anesthe-
sia. Then, we performed a double transfer of the exu-
date infused with Streptococcus epidermidis (which we
took from a patient suffering from streptodermia) to
the wound area. The next step was to divide all experi-
mental animals in a randomized manner into 3 groups:

— Group 1 — treatment of wounds with an
ointment based on vaseline and powder from plant
Cymbopogon proximus in 1:2 dilution. In addition,
these rats received daily 2 ml of water extract of Cym-
bopogon proximus orally for 5 days (n=10).

— Group 2 — treatment with an ointment con-
taining sodium fusidate 2% for 5 days (n=10).

— Group 3 (control) — treatment of the wound
with vaseline for 5 days (n=10).

After 5 days of therapy, we visually assessed the
wound condition on a five-point scale, where 5 points
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were the maximum signs of wound inflammation, and
0 points were the absence of signs of inflammation. We
also studied changes in the peripheral blood of animals
on the hematological analyzer PCE-90Vet (USA).
Statistical processing of the material was carried out
using the program “STATISTICA 7.0 The reliability
of differences between quantitative indicators was
assessed using the Mann—Whitney test. The differences
were considered significant at p <0.05.

RESULTS

After stopping the administration of dexametha-
sone and before the end of the experiment, the glucose
values in the second and third groups of the study were
within the range of 10.4+2.85 mmol/l. in animals of
the first group, when using an aqueous extract of Cym-
bopogon proximus, the glucose level decreased to 5.4
+0.79 mmol/l (p=0.001). Table 1 shows the analysis of
infected wound regeneration in all groups of rats. We
did not get significant differences between the effec-
tiveness of antimicrobial ointment based on sodium
fusidate 2% and Cymbopogon proximus (p>0.05). At
the same time, we observed marked wound regenera-
tion on the background of Cymbopogon proximus
compared to the control group (p< 0.05).

Accelerated regeneration of a wound, infected
with Streptococcus epidermidis, when treated with
Cymbopogon proximus extract, is associated with the
effect of this herb on the cells of the immune system
(Table 2).

The drug form based on Cymbopogon proximus
prevents the development of leukopenia, leads to the
growth of lymphocytes (+383%), which has a positive
effect on the rate of wound regeneration. However,
we recorded a decrease in the level of neutrophils in
the first group of rats compared to other groups of
animals. Perhaps this fact was associated with a faster
exudation phase, which is characterized by the migra-
tion of neutrophils from the vascular lumen to the
tissues for bacterial phagocytosis.

DISCUSSION

Currently, an active research is underway for
effective and safe drugs that stimulate wound regenera-
tion. Widely known are herbal preparations based on
Aloe vera, Calendula officinalis, Hypericum perfora-
tum, etc., which have antimicrobial, antiviral, anti-
inflammatory, immunomodulatory properties due
to the inhibition of cytokines and macrophages [10].
Selim SA. evaluated the antimicrobial and antioxidant
properties of Cymbopogon proximus (oil and metha-
nol extract) in vitro [12]. The results of the antimicro-
bial test showed that the methanol extract of Cym-
bopogon proximus has moderate antibacterial activity,
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and the oil extract strongly suppresses the growth of
the test bacteria, with the exception of yeast [12]. Our
research shows that cymbopogon proximus extract has
a positive effect on most components of the wound
process: it reduces the severity of hyperemia, swelling,
compaction, soreness and increases the intensity of
regeneration. We did not find a significant difference
in the rate of wound regeneration when treating with
an ointment based on cymbopogon proximus extract
and an ointment containing sodium fusidate (p>0.05).

CONCLUSIONS

Therapy with an aqueous extract of Cymbopogon
proximus has a reliable hypoglycemic effect, which
allows using this herb for both prevention and cor-
rection of hyperglycemia. The effect of Cymbopogon
proximus on the regeneration of an infected wound in
conditions of hyperglycemia caused by dexamethasone
did not differ from the effectiveness of antimicrobial
ointment.
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Table 1. Regeneration indicators of an infected wound in white rats with steroid hyperglycemia during the treatment with various groups of drugs

The wound state ;:Oc;j(mjj)s()therapy Grilonp ] gtn)dd?l:?]:]?u(stlggz%é ) 3" group (control)
Hyperemia +++ ++ +H+++

Edema + + +H+++
Painfulness + ++ -+
Consolidation of the wound edges |+ ++ +H++
Regeneration activity +++++ ++++ +

Table 2.The level of immune blood cells in rats with an infected skin wound on the background of steroid hyperglycemia in the treatment of various

groups of drugs
IEL(;ioent Groups Indicators Leukocytes (*109/n) Neutrophils (%) Lymphocytes (%)
1% group (therapy Cymbopogon proximus) 2,9+0,2 16,46+5,82 87,05+2,8
2" group (therapy Sodium fusidate 2% ) 0,92+0,15 39,07+6,66 31,25+12,25
34 group (Control) 2,42+0,26 24,43+8,06 74,65+11,19
p < 0,05 < 0,05 =0,03

* comparing the first group of animals with the second and third
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ABSTRACT — Baclofen is a myorelaxant, a derivative of gamma-
aminobutyric acid. Due to its psychotropic effect the drug

is often subject to abuse especially in young people. The
article deals with histomorphological changes in the lungs in
Baclofen poisoning.

KEYWORDS — Baclofen, poisoning, lungs,
histomorphological changes.

INTRODUCTION

Baclofen is a beta-p-chlorophenyl derivative of
one of the inhibitory neurotransmitters — gamma-
aminobutyric acid [1, 2]. It is believed to work by
agonizing GABA receptors (specifically the GABAB
receptors) [3].

This drug is administrated orally or intrathecally
(by delivery into the spinal canal) [3]. Oral Baclofen
is indicated to patients with multiple sclerosis,
muscular spasticity, some spinal cord diseases, such as
tumors, infectious diseases, injuries, acute disorders
of cerebral circulation, meningitis [4]. A number of
studies have shown that Baclofen is effective in the
treatment of alcohol addicts [5-10] and patients
with cerebral palsy [11]. Adverse effects of Baclofen
may include headache, drowsiness, dizziness, weak-
ness, fatigue, nausea and vomiting, urinary retention,
constipation [3].

This drug has a pronounced psychoactive effect
and can be a subject to abuse in drug addicts, espe-
cially in young people [12]. Acute Baclofen poison-
ing, which is associated with high risk of death, can
be resulted from an accidental overdose, criminal
actions, or suicidal behavior. The pathogenesis of acute
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Baclofen poisoning and thanatogenesis in such cases
remains unclear.

One of the target organs in Baclofen poisoning is
the lung. At the same time, the data on morphological
changes in such poisoning is limited.

The abjective of the study
was to assess histomorphological changes in the lungs
in acute Baclofen poisoning 3 hours after its adminis-
tration.

MATERIAL AND METHODS

Experimental studies were performed on 10 Wis-
tar rats divided into 2 groups. The group of controls
included 5 intact animals, experimental group was
treated with Baclofen at a dosage of 85 mg/kg.

Keeping animals and working with them were
carried out in accordance with the European Con-
vention for the protection of vertebrates used for
experiments or other scientific purposes (Strasbourg,
18.03.1986).

The lungs were fixed in 10% neutral formalin
and immersed into paraffin. Histological sections
were processed according to the standard method and
stained with hematoxylin and eosin. The histological
sections were examined by light microscopy using
Nikon Eclipse E-400 microscope with a video system
based on the Watec 221S camera (Japan) at 400x
magnification.

The following signs were assessed: emphysema, at-
electasis and dystelectasis, thickening of the interalveo-
lar septi, WBC infiltration of the interalveolar septi,
capillary and venous plethora, sludge, hemorrhages
in the interalveolar septi and alveoli, the presence of
secretion in the lumen of the bronchi.

In order to confirm the reliability of the appear-
ance of a particular histological sign, we used the
Fischer ratio. The presence of a histological sign was
considered to be reliable if it did not appear in any
cases in one group and appeared in 4 or 5 cases in the
other.

RESULTS AND DISCUSSION

There were no pathological changes in the lungs
of the controls. The alveoli were intact, airy. Small
areas of subpleural dystelectasis were observed. There
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were no signs of emphysema. There were no circulatory
disorders (venous, capillary plethora, hemorrhages in
the interalveolar septi and alveoli) either. The lumen of
the bronchi was free.

In the lungs of animals treated with Baclofen ata
dose of 85 mg/kg, plethora of venules and capillaries
was observed. Sludge was observed in the pulmonary
arteries. There was an expansion of the alveoli and
pronounced emphysema (which was mainly subp-
leural). The interalveolar septi were thinned in the
emphysema zone. There were subpleural atelectasis and
dystelectasis. There were some areas of interalveolar
septi thickening (duc to edema). WBC infileration
of interalveolar septi was also detected. Macrophages
were observed in the lumen of some alveoli.

The presence of plethora of venules and capillaries,
sludge, emphysema, atelectasis and dystelectasis, and
cellular reaction (WBC infiltration of the interalveolar
partitions) can be considered reliable in this group.

According to literature, Baclofen does not have a
direct toxic effect on the bronchi and lungs. However,
it increases the presynaptic blockade of nerve impulses
that are generated in the spinal cord. This leads to
suppression of their transmission. As a result, muscular
tone increases. Their excessive relaxation may lead to
difficulty breathing and the development of hypoxia.
The effects of GABA receptors stimulation on smooth
muscles of the bronchi and on the lungs are also very
important. GABAA receptor agonists are known to
cause contraction of smooth muscles of the bronchi,
bronchioles, which is accompanied by spasm and
breathing difficulties [13, 14]. Although Baclofen is a
selective agonist of GABAB receptors, in high doses
it causes GABAA receptor stimulation as well. We
observed this effect in the study group. Emphysema
was observed in the lungs of the animals.

Under hypoxia vascular-tissue permeability
increases. It was also shown that vascular-tissue perme-
ability increased when GABA receptors were stimu-
lated [15], which is also confirmed by the results of our
experiments. Thickening of interalveolar partitions due
to edema was observed in the experimental groups.

CONCLUSION

As a result of the study we identified a complex
of pathological changes in the lungs of experimental
animals in the early period after Baclofen administra-
tion, which included circulatory disorders in all the
clements of the microcirculatory bed (plethora of
capillaries, venules), emphysema, atelectasis and dys-
telectasis, WBC infiltration of intraalveolar septi and
thickening of intraalveolar septi due to edema. In order
to quantify the severity of histomorphological changes
in the lungs a morphometric study is required.
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ABSTRACT — The purpose of the article is to provide some
insight into the current medical literature and relevant works
on the issue of diabetes insipidus and clinically analyze the
medical record of a female patient of the Endocrinology
Department of Tver Regional Clinical Hospital who was
operated for prolactin-secreting pituitary macroadenoma,
with diabetes insipidus developed in the postoperative
period.

There was a clear cause-effect relationship between the
previous neurosurgical intervention in the hypothalamic-
pituitary area and a developed clinical picture of diabetes
insipidus. The diagnosis of diabetes insipidus was confirmed
by laboratory and instrumental studies. Treatment with
desmopressin has proved to be effective. The variety of
causes and possible severe complications of diabetes
insipidus require its accurate differential diagnosis in order
to distinguish between its various forms and other causes
of polyuria in the postoperative period, while ensuring

the administration of a pathogenetically targeted and safe
treatment. We assume that analyzing this clinical case will
improve the awareness of doctors about this disorder for its
identification and timely treatment.

KEYWORDS — diabetes insipidus, antidiuretic hormone,
polyuria, polydipsia, transnasal adenomectomy.

INTRODUCTION
Diabetes insipidus (DI) is a group of discases that

are based on a defect in the synthesis, secretion or ac-
tion of the antidiuretic hormone (ADH), which leads
to the failure of the kidneys to reabsorb water and
concentrate urine, and is manifested by excessive thirst
and excretion of a large amount of diluted urine [1].
According to its etiology, DI is classified into
central, nephrogenic, dipsogenic, and gestagenic [2].
Central diabetes insipidus (CDI) is the most common
form, detected with a frequency of 1:25,000. Its preva-
lence varies from 0.004% to 0.01%. The disease can be
detected at any age, but most often develops between
20 and 40 years [2, 3]. According to some researchers,
the disease can be equally common in both men and
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women, whereas others argue that women predomi-
nate with the ratio of 2.2:1 [3].

There has recently been a trend towards an
increase in CDI due to a growing number of brain
surgeries [1]. Acute CDI occurs in 13-30% of patients
in the postoperative period after transsphenoid surger-
ies [2, 3]. For the manifestation of CDI, the secretory
capacity of the neurohypophysis has to reduce by 85%
(3, 4].

There are various options for the course of post-
operative CDI such as a transient form, when acutely
manifesting DI resolves on its own within 3-5 days
[4], a permanent form associated with an acute onset,
but does not go away within six months [5], a form
with three-phase development, which occurs only
in 3-5% of patients and can lead to cither persistent
permanent polyuria or recovery if there is a sufhicient
number of functioning neurons to adequately respond
to changes in blood osmolality [2, 4, 5].

Prognostic factors for the development of CDI
after removal of large formations in the hypothalamic-
pituitary area include the size and nature of its growth,
type of surgical access, age and gender of the patient
[6]. The risk of permanent CDI is higher in young
adults, men with a large weight of intracellular tumor,
with intraoperative cerebrospinal fluid leaks, in indi-
viduals with preoperative DI, with repeated surgeries
on the hypothalamic-pituitary area, as well as with a
large resection of the contents of the Turkish saddle or
with damage to suprasellar structures during surgery
(4,5,7].

If the decrease in the total water content in
the body with DI develops faster than the adaptive
mechanisms of the brain can react, it gets dehydrated,
shrinks, separates from the dura mater with vascu-
lar rupture and intracranial hemorrhages, increased
intracranial pressure with compression injuries of the
brain stem [10].

In the postoperative period, polyuria may be associ-
ated with hyperglycemia and glucosuria, with normal
excretion of fluids administered in the perioperative pe-
riod [11]. Given the variety of causes that lead to DI or
just to polyuria in the postoperative period, it is impor-
tant to clarify the etiology of the disease and correctly
conduct a differential diagnosis, which allows adminis-
tering pathogenctically correct and safe treatment.
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Aim

to present a clinical analysis of a patient in the En-
docrinology Department of Tver Regional Clinical
Hospital with postoperative CDL

(ase Description

A 59-year-old female patient S. who lives in Tver
was admitted to the Endocronology Department of

Tver Regional Clinical Hospital on July 4, 2019 with

complaints of severe dry mouth, thirst, especially at
night, weakness, drowsiness, frequent urination up to
5—6 times during the night; increased blood pressure
(BP) to 180/110 mm Hg accompanied by tremor,
frequent urination.

According to the patient’s history, from the age of

20, she had complained of heart palpitations, clubbed
fingers, narrowed field of vision, flies before the eyes. In
July of that year, she had a brain CT which revealed a
15x17x22 mm formation in the cavity of the Turk-
ish saddle (pituitary adenoma with intra-suprasellar
growth). The patient was referred to a neurosur-

geon who administered more tests which revealed

an increased blood prolactin level of 51.17 ng/ml

(normally 4.79-29.9), while the levels of insulin-like

growth factor 1, somatotropic and adenocorticotropic

hormones were within the normal ranges. During the
ophthalmological examination, angiopathy of the

retina of both eyes was diagnosed. In the same month,

the patient was hospitalized to the Endocrinology

Department for further examination, more detailed as-
sessment and treatment planning. Taking into account

the presence of prolactin-secreting pituitary mac-
roadenoma, absence of clinically significant changes
in perimetry data, and high risk of surgical treatment,
conservative treatment was administered.

The patient was re-admitted to the hospital in
July 2017 with the diagnosis of hyperprolactinemia,
prolactin-secreting pituitary macroadenoma with
intra- and suprasellar growth. The new brain CT
scan showed pituitary adenoma of the previous size
(15x19x17 mm), and chiasmal compression was
detected. Ophthalmological examination revealed
edema of the optic disc in both eyes. The patient re-

fused the proposed surgical treatment of adenoma. She

was observed by an endocrinologist on an outpatient

basis. The woman received treatment with cabergoline

(an agonist of dopamine receptors with a prolonged
action) — 0.25 mg 2 times a week.

The discase progressed and a transnasal transsphe-

noid adenomectomy was performed in May 2019. In
the early postoperative period, there was an improve-
ment in vision, an increase in the volume of vision

fields, but there was frequent urination and an episode

of polyuria; and increased oral dryness was observed.
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Those symptoms were regarded as the development
of diabetes insipidus. The patient was administered

60 micrograms of desmopressin daily, but refused to
take the drug. The above-mentioned symptoms of the
disease worsened, and the patient was readmitted to
the Endocrinology Department in order to clarify and
confirm the diagnosis of postoperative hypopituitar-
ism and select therapy.

On admission, the patient’s condition was
estimated as satisfactory. Normal constitution, height
— 165 cm, weight — 144 kg. BMI — 52.9 kg/m* cor-
responding to Grade 3 obesity. Skin of normal color,
normal moisture, dry on the elbows. Narrow whitish
striac on the skin of the abdomen. Visible mucous
membranes — pink. Thyroid enlargement (Degree 1),
dense, heterogencous, painless. Parathyroid glands —
not palpable. Symptoms of thyrotoxicosis and tetany
— negative. On lung auscultation: breath sounds —
harsh, no rales revealed. Pulse —76 BPM, rhythmic.
BP — 135/90 mm Hg. Heart tones — muted, rhyth-
mic, accent of tone Il on the aorta. Tongue — moist
with a white coating. Abdomen — soft and painless.
Liver, spleen, and kidneys — not palpable. Costover-
tebral angle tenderness test — negative on both sides.
Pulsation of the dorsal arteries of the foot — weakened
on the right side. Skin of the feet — dry, peeling. Swell-
ing of the shins and feet. Regular stools, smooth and
soft. Diuresis — approximately 5.0 liters.

Blood biochemistry revealed hypercholeste-
rolemia, hypertriglyceridemia (total cholesterol
— 6.98 mmol/L, triglycerides — 3.90 mmol/L);
bilirubin, transaminases, thymol turbidity test, total
blood protein were within the normal ranges, urea
— 5.0 mmol/L, creatinine — 90.6 mmol/L,GFR
CKD-EPI — 60 ml/min/1.73 m? potassium —

4.4 mmol/L, calcium — 2.5 mmol/L, sodium —

123 mmol/L. Fasting and postprandial blood glucose
levels did not exceed the normal ranges. Prolactin,
somatotropic, thyroid-stimulating and free T4 levels
and the diurnal rhythm of cortisol secretion were
normal.

The patient’s urinalysis showed low specific grav-
ity, urinary sediment without pathology, and no glu-
cose. To assess the kidney concentration capacity, the
Zimnitsky urine test (renal osmoregulation function
study) was done. According to its findings, the total
diuresis was 6,500 ml, which was regarded as polyuria.
Day diuresis was equal to night diuresis and amounted
to 3,250 ml, there was nocturia. Fluctuations in spe-
cific gravity were from 1,003 g/L to 1,004 g/L, which
was regarded as decreased kidney concentration capac-
ity of hypostenuria type.

The complete blood count revealed an increased
ESR to 55 mm/h, it later decreased to 20 mm/h.
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Based on the data obtained, the patient was di-
agnosed with central diabetes insipidus, the state after
transnasal transsphenoidal adenomectomy on prolac-
tinomas of the pituitary gland.

In accordance with the diagnosis, desmopressin
was administered: 0.1 mgat 8 a.m. and 0.2 mgat
10 p.m. The treatment resulted in a positive dynamics
in the patient’s condition: the frequency and volume of
urination decreased, and during the night the frequen-
cy of urination decreased to 1-2 times.

Upon discharge, a repeated renal osmoregulation
function study (Zimnitsky test) was performed. The
total diuresis was 1,980 ml, the day diuresis was 810 ml,
and the night diuresis was 1,170 ml. Fluctuations in
the urine specific gravity ranged from 1,006 to 1,014.
Consequently, the treatment was effective, polyuria
was stopped, and the concentration capacity of the
kidneys improved.

The patient was discharged with recommenda-
tions to continue the treatment started on an outpa-
tient basis. Since our patient is still at a high risk of
remission of postoperative CDI, which usually occurs
3—6 months after surgery, it is recommended to in-
struct the patient about the symptoms of water intoxi-
cation and measures for its prevention and treatment.

DISCUSSION

In this clinical case, there is a clear cause-effect
relationship between the previous neurosurgical
intervention in the hypothalamic-pituitary area for
prolactin-secreting pituitary macroadenoma, when
the manifestations of diabetes insipidus developed
immediately after the operation (dry mouth, polyuria),
and the effectiveness of administered therapy with a
synthetic analog of vasopressin. These facts combined
with laboratory and instrumental findings confirm the
central type of diabetes insipidus.

It can be assumed that the analysis of this clinical
case will improve the awareness of doctors about this
pathology and will allow them to recognize and start
treatment of CDI in a timely manner.
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ABSTRACT — 129 general practice patients with stages

II and III arterial hypertension (AH) were enrolled in a
study aimed to assess the severity of cerebral disorders,
rigidity of the vascular wall and the manifestation of
vegetative symptoms. It was found that in AH patients with
hypercholesterolemia, the manifestations of cerebrovascular
dysfunction intensified. There were significant changes in
the elastic properties of the vascular wall accompanied by
vegetative symptoms, which should be taken into account
when designing an individual treatment plan.

KEYWORDS — arterial hypertension, vascular wall stiffness,
cerebrovascular disorders, vegetative symptoms.

INTRODUCTION

A special in its importance place among cer-
ebrovascular diseases is occupied by chronic cerebral
ischemia, developing as a result of slowly progressive
cerebral circulation insufficiency most often against
the background of atherosclerosis, arterial hyperten-
sion or their combinations [1-5]. The importance of
solving problems of carly diagnosis, prevention and
therapy of chronic cerebral ischemia is due to the high
prevalence of the disease among the population, and
its importance as a risk factor for stroke [6]. Not only
neurological, cognitive, but also vegetative disorders
are present in the clinical picture of chronic cerebral
ischemia. A close relationship between cerebrovascu-
lar pathology and functioning of vegetative nervous
system is known [7, 8]. At the same time, the peculiari-
ties of vegetative regulation of cardiac rhythm and its
relationship with cerebral hemodynamics in patients
with chronic cerebral ischemia with hypercholestero-
lemia are not sufficiently studied.
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MATERIALS AND METHODS

129 patients (men — 34, women — 95; mean age
55,2 + 11.3 years) of stage Il and IIl AH, which were
on dispensary observation with a general practitioner
and received combined hypotensive therapy. In accord-
ance with the GFCF National Clinical Recommenda-
tions for the diagnosis and correction of lipid metabo-
lism disorders (2017), patients were divided into 2
groups depending on the level of total cholesterol in
blood plasma: the 1st (control) group comprised 68
patients with optimal (< 5,0; 4,3 + 0,5 mmol/I) level;
2-61 patients with increased (>5,0; 6,1 + 0,9 mmol/l)
blood plasma total cholestrol level.

The criteria of exclusion were: symptomatic AH,
signs of heart failure, endocrine, infectious, mental
discases. At the time of the study, all subjects received
routine hypotensive therapy (calcium channel block-
ers, angiotensin-converting enzyme inhibitors) accord-
ing to the severity of the discase.

All patients were subjected to a clinical examina-
tion, and the neurological status of the patients was
assessed. An A.M. Vane questionnaire was used to detect
vegetative dystonia syndrome (SVD), which was filled in
by patients. In the mathematical processing of the results
of the questionnaire, the total sum of points obtained
from the evaluation of the questionnaire should not
exceed 15 points in healthy people, whereas in case of
excess it is possible to talk about the presence of SVD.

The vegetative tone was evaluated by the Kerdo
index (IR) as follows: IR = (1-ADD/HR) - 100%,
where ADD is diastolic AD blood in mm Hg. HR
— frequency of total reductions per 1 minute. At full
vegetative weight (citonia), the Kerdo index is zero;

If the coefficient was negative, the sympathetic tone
dominated; parasympathetic tone is increased in case
of high coefhicient.

The rigidity of the vascular wall was studied by
photoplethysmographic method using the apparatus
Angioskan-01 Professional (Russia) in the morning
hours in a quiet and darkened room, strictly fast-
ing; before the procedure, patients did not smoke or
consume tea, coffee. The following indicators were
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calculated on the basis of the planimetric analysis of

a pulse wave: the index of rigidity (SI, m/s), the index
of augmentation (Alp 75, %) normalized for pulse rate
(beats/min ChP=75), the index of reflection (RI, %),
For assessment of endotelialny dysfunction carried out
test with jet hyperaemia with definition of the index
of occlusion on amplitude (IOA, conv. units) and shift
of phases (SF, ms) between channels [1]. The obtained
data were accumulated in Table Excel 2003, and sta-
tistical processing was carried out using the statistical
package Statistica 10. The normality of the sample dis-
tribution was determined by the Kolmogorsk-Smirnov
criterion. The arithmetic mean of the standard devia-
tion (M + SD) was calculated in the data processing
for quantitative characteristics. The difference between
the fractions was estimated using the ¥* criterion in the
2 x 2 conjugation tables, Fisher s exact criterion. Com-
parison of the two groups on quantitative scales was
based on the non-parametric Mann-Whitney. Correla-
tion analysis was performed using the Pearson linear
correlation coefficient to determine the dependencies
between the parameters studied. The level of statistical
significance was recorded at 0.05.

RESULTS

in patients of the 1st group, the level of blood pressure
was 134,2+13,6/83,5+10,6 mm Hg:st.; the level of
total plasma cholesterol is 4,3 + 0,5 mmol/l. The initial

manifestations of cerebrovascular insufhiciency were

recorded in 22 (32,4%), chronic cerebral ischemia I
and I stages — in 46 (67,6%) When assessing the clini-
cal signs of cerebral disorders, dizziness was detected in
43 (63,2%), headache in 54 (79,4%), noise and tinnitus
in 35 (51,5%), decreased memory and attention in 51
(75,0%), sleep disturbance — in 45 (66,2%), increased
fatigue — in 45 (66,2%) patients. When assessing the
neurological status, there were irregularities in the per-
formance of coordination tests (Romberg test, finger
test) in 46 (67,6%) patients.

During the contour analysis of the pulse wave, an
increase in RI (38,2+15,1%) was observed, which indi-
cated an increase in the tone of small resistance vessels,
the ST level was 7,940,1 m/s, Alp 75 (10,3+15,3%).
When conducting an occlusion test, IOA — 1,9+0,7
conv. units, SF — minus 6,6+4,6 ms, which indicated
the presence of endothelial dysfunction.

Hyperventilation syndrome was detected in 26
(38,2%), thermoregulatory syndrome in 36 (52,9%),
neurogastric syndrome in 37 (54,4%), sweating
disorders in 45 (66,2%), asthenic in 31 (45,6%),
cardiovascular — in 34 (50,0%) patients. The Kerdo
index was minus 17,9 + 20,6 points. According to the
Wayne scale, 50 (73,5%) of the examined had signs of
autonomic dystonia (28,2+13,9 points).
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When conducting a correlation analysis in the
absence of hypercholesteinemia, there was a statisti-
cally significant inverse correlation between a very
weak force between the level of total blood plasma
cholesterol and IOA r = -0,252 (p <0,01), and the total
score on the Wayne scale r = -0,272 (p <0,01); very
weak strength between the Kerdo index and Alp 75 ¢
=-0,245 (p <0,01), weak strength between the Kerdo
index and IOA r =-0,348 (p <0,01).

In patients of group 2, the level of blood pres-
sure was 1389 + 17,6 / 82,1 + 9.9 mm Hg. st ; the
level of total plasma cholesterol was 6,1 + 0,9 mmol/1.
The initial manifestations of cerebral insufficiency
were recorded in 6 (13,1%), chronic cerebral ischemia
stage [ and stage IT - in 53 (86,9%; p <0,01, test XZ). An
increase in cerebral complaints was noted. So, head-
ache was detected in 50 (82,0%), noise and tinnitus
in 46 (75,4%; p <0,005, test Xz), reduced memory and
attention in 52 (85,2%), dizziness — in 40 (65,6%),
increased fatigue - in 46 (75,4%), sleep disturbance —
in 48 (78,7%) patients. According to a neurological
examination, impaired coordination tests (Romberg
test, finger test) were found in 53 (86,9%; p <0,010,
testy*) patients.

When conducting a contour analysis of the pulse
wave in patients of this group, an increase in Alp 75
(19,7+11,8%, p <0,0001), RI (47,3 + 19,6%, p <0,007)
was observed, indicating a more pronounced violation
of the elastic properties of the vascular wall; SI level
was 7,9+0,7 m/s. During an occlusal test, a decrease
in IOA (1,7+0,5 conv. units) and SF (minus 5,5+6,1
ms, p<0,040) was recorded, which indicated a more
pronounced endothelial dysfunction.

Hyperventilation syndrome was detected in 32
(52,5%; p<0,010, test XZ), thermoregulatory syndrome
— in 35 (57,4%), neurogastric — in 34 (55,7%),
asthenic — in 38 (62,3% ; p <0,029, test XZ), cardiovas-
cular syndrome — in 31 (50,8%), sweating disorders
— in 40 (65,6%) patients. The Kerdo index was minus
18,6+23,1 points. According to the Wayne scale, there
were signs of autonomic dystonia (33,5+13,9 points,
p<0,034) in 48 (78,7%) examined.

When conducting a correlation analysis for hy-
percholesteinemia, there was a statistically significant
direct correlation between the weak strength between
total blood plasma cholesterol and Alp 75 r=0,351
(p<0,01), and RI r=0,303 (p <0,05); weak strength be-
tween the Kerdo index and Alp 75 r=-0,315 (p<0,01).

DISCUSSION

In the examined AH patients with hypercho-
lesterolemia, cerebrovascular disorders in the form
of stage I and II chronic cerebral ischemia are more
common, which are combined with increased rigidity

45
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of the vascular wall and pronounced endothelial dys-

function. The frequency of vegetative disorders with
the prevalence of parasympathetic tone among AH

patients is registered equally regardless of the level of
total cholesterol of blood plasma, while the expression

of vegetative symptoms increases in the progression
of cerebrovascular disorders. In patients with hyper-
cholesterolemia, a direct correlation between blood

plasma total cholesterol level and Alp 75, and R, the

Kerdo index and Alp 75 was revealed.
CONCLUSIONS

The combination of arterial hypertension with

hypercholesterolemia is characterized by the presence

of pronounced cerebrovascular disorders, significant

disorders of the elastic properties of the vascular wall
and endothelial dysfunction accompanied by vegeta-

tive disorders. This challenge should be considered
when developing individualized plans for treatment
and rehabilitation.
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ABSTRACT — The article presents a clinical case of a female
patient with multiple myeloma. This bone malignancy
occurring with increasing frequency in older adults is
common in hematological practice, late diagnosed and
poorly managed, with a high level of mortality.
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Multiple myeloma (MM) is 8-cell malignant
tumor whose morphological substrate is plasma cells
producing monoclonal immunoglobulin. According
to the latest WHO classification, in 2017 the term
multiple myeloma was replaced with plasma cell myelo-
ma, a disease characterized by multifocal proliferation
of neoplastic plasma cells associated with monoclonal
immunoglobulin secretion [1].

MM represents approximately 1% of all malig-
nant tumors, and accounts for 13% of all hematopoi-
ctic neoplasms. MM occurs with increasing frequency
in older people, the median age at diagnosis being
63.7 years [2]. The prevalence of the discase among
the population younger than 40 years does not exceed
2%. In Russia in 2017, the incidence of MM was 2.78
per 100,000 persons, with 4,075 new cases diagnosed.
2,587 patients died [3].

The duration of the disease before the onset of the
first clinical symptoms can range from several months
to 2-3 years [1]. The MM clinical manifestations are
extremely diverse, but they are largely determined by
infiltration of the bone marrow by the plasma cells
(PCs) and organ damage. MM often presents with
bone injuries, hypercalcemia, renal failure, amyloidosis,
infileration of the bone marrow by the myeloma cells, a
decreased level of normal immunoglobulins, cryoglob-
ulinemia, and hyperviscosity syndrome [4].

The purpose of our study was to present a clinical
case of a patient with MM since it accounts for 60%
mortality rate in Russia due to its multiple clinical
manifestations and the diagnostic complexity.
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(ase description

A 69-year-old female patient M. who lives in the
Tver Region presented to the Hematology Depart-
ment of Tver Regional Clinical Hospital on January
24,2019, with complaints of moderate general weak-
ness, moderate pain in the lower extremities, ribs, left
clavicle increasing with movement and palpation, a
cranial bone growth.

According to the patients history, for several
years the woman had had minor bone pain for which
she was not examined. In January 2018, she consulted
her district physician about the painless growth in
the left frontal area, increased bone pain, and gen-
eral weakness. The initial examination and lab tests
revealed mild anemia (Hg —102 g/1), accelerated ESR
(108 mm/h), and moderate proteinuria (2.15 g/1). The
patient was referred to a series of X-ray bone tissue
examinations. The 2-projection skull radiographs (July
16™,2018) showed multiple foci of bone destruction;
the shoulder radiographs revealed multiple foci of
bone destruction of both clavicles, shoulder blades,
and visible parts of the ribs. There was a deformity of
the 6th right rib and swelling of the acromial end of
the left clavicle. The radiographs of the thoracic and
lumbar spine and pelvis showed multiple foci of bone
destruction, signs of bilateral peritrochanteritis, and
pathological Th 5 and Th12 fractures. Given the total
pronounced changes in the bone structures of flac
bones associated with an evident pain syndrome, the
district physician suspected MM, and the patient was
referred to a hematologist.

During the examination, the immunochemical
assay (ICA) was performed, as well as radiography of
the upper extremities. The findings of the ICA (Sep-
tember 18, 2018) revealed paraprotein represented by
M-gradient, 20.5 g/1, Bence-Jones protein secretion.
The urine M-gradient was 0.91 g/day. The X-ray of the
upper extremities and clavicles (October 2™, 2018)
showed a fused fracture of the acromial end of the
clavicle with a massive bone callus on the right, as well
as multiple foci of destruction in the examined areas.

In order to clarify the diagnosis and start proper
therapy, on October 10™, 2018, the patient was
referred to the Hematology Department of the Tver
Regional Clinical Hospital, where MM was diagnosed
and the 1* bortezomib-based VCD chemotherapy
cycle was started on October 11, 2018. The patient
responded to the therapy well and was discharged in
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satisfactory condition. The next hospitalization was
from December 10* to December 22,2018, during
which the 2™ bortezomib-based chemotherapy cycle
was performed. The patient’s response to the regimen

was positive, she showed some improvement, the bone

pain decreased, the patient became more active, and
became independent with her ADLs.

The next hospitalization for the 3* chemotherapy

cycle was from January 2™ to January 14%, 2019.

On admission, the patient's condition was
estimated as satisfactory without any signs of mental
confusion. The body temperature was 36.6 C. The
patient walked using a walker, and was active in bed.
There were multiple dense growths on the skull, the
skin over them was not changed, painless on palpa-
tion, the maximum size in the frontal left area was up
to 6x3 cm. On palpation, the left clavicle, sternum,
and ribs on the anterior surface were moderately
painful. The patient had normal constitution, height

— 160 cm, weight — 70 kg. The body mass index was

27.34 kg/m? corresponding to being overweight. The

skin was pale pink, of normal moisture, no swelling,.

The shape of the chest was correct, normosthenic, the

respiratory rate was 16/min. The BP was 120/70 mm
Hg, the heart rate was 76 BPM, the borders of the
heart were expanded to the left by 1.5 cm, the heart
tones were rthythmic, muted. No abnormalities were
detected in the other organs and organ systems.

The examination showed mild anemia (RBCs

—3,2-10"/L, Hg — 103 g/1). Blood biochemistry re-

vealed no deviations from normal parameters. Urinary

Protein Excretion Estimation was negative. An ECG

was also performed, which showed signs of incomplete

left bundle branch block.

(linical diagnosis

C90. 0 Multiple myeloma, M-gradient in blood
serum, with Bens-Jones proteinuria, osteodestructive
process, anemia, soft tissue growths in the skull, stage

ITA, ISS stage III. Condition after 3 VCD cycles.

Associated complications
Severe osteoporosis. Thinning of the cortical layer

of the humerus. The acromial end of the clavicle is
swollen.
The 3" bortezomib-based chemotherapy cycle

was performed: days 1,4, 8, 11 — 1.3 mg/m* — 0.9 ml

sub-Q. The treatment regimen included: dexametha-

sone 40 mg IV drip per 200 ml of normal saline on the

days of bortezomib administration, Endoxan 400 mg
IV drip per 200 ml of normal saline on days 1 and 8.
In order to exclude the development of gastropathy,
the therapy was supplemented with omeprazole 20
mg 2 times daily 30 minutes before meals on the days
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of dexamethasone administration. For pain, Ketorol
3% solution was administered — 2.0 ml IV given over
a constant infusion rate. On January 13®, 2019, for
the purpose of osteoclast hyperactivation zoledronic
acid was administered IV drip as a single 4 mg dose

in 200.0 ml of normal saline. The patient responded
to the therapy well, without complications, with
improvement. Upon discharge, the patient’s Hb was
111 g/I, RBCs — 3.7 - 10"*/1, WBCs — 9.60-10°/1,
PTLs — 172 -10°/1. The patient was discharged with
recommended follow-up by the district physician and
hematologist. The next hospitalization was due in 3
weeks for the 4™ cycle of bortezomib-based chemo-
therapy.

Maintenance therapy of bortezomib-based in-
creases the rate of complete remission, progression-free
survival, and survival to progression. Since there is no
conclusive evidence of an increase in overall survival,
according to ESMO recommendations, maintenance
therapy in elderly patients is not recommended [5].

DISCUSSION

The main negative prognostic factors for MM in-
clude high levels of $2-microglobulin, decreased serum
albumin, elevated LDH, cytogenetic abnormalities: ¢
(4; 14), £(14:16), del17p13, del13q, 1q amplification,
13q deletion. Initial prognostic signs allow predict-
ing the life expectancy of patients and their response
to therapy, but they do not determine the choice
of adequate treatment tactics for MM patients [2].

In our clinical case, there were no such factors. The
timely MM therapy using the VCD regimen, as well
as the absence of complications, made it possible to
improve the patient’s condition after the 3" cycle (the
bone pain reduced, the patient became more active)
and slow down the discase progression. It is undoubt-
edly necessary to continue the therapy until complete
remission has been achieved. The positive effect of the
therapy has led to an increase in the patient’s quality
oflife and, it can be assumed, the complete remission,
when achieved, will increase its duration.

Thus, medical awareness of more frequent and
characteristic clinical and laboratory manifestations of
MM will allow detecting this disease at an early stage
and timely start polychemotherapy thereby reducing
the MM-related mortality rate.
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ABSTRACT — The article presents a clinical case of a post-
traumatic injury of branchial plexus. As a result of head-on
car collision the driver suffered an injury of left brachial
plexus and its branches, multiple rib fractures, a broken left
collarbone. Formation of posttraumatic edema ultimately
led to interruption of venous and lymphatic drainage

from the left axillary basin. A posttraumatic keloid and
unremoved bone pieces aggravated the manifestations of
edema, which persisted 6 months. This strongly challenged
the rehabilitation aimed to restore nerve conduction.

KEYWORDS — brachial plexus injury, lymphedema, tissue
hypoxia, lipid peroxidation.

INTRODUCTION

A brachial plexus injury is one of the most com-
mon peripheral nerve injuries. Specific features of
preganglionic traumatic injury allow prediction of low
likelihood of spontaneous recovery, and the need for
surgical intervention tends to be high [1]. Such injuries
usually result in disordered motor function, compro-
mised sensitive impulse conductivity, cause severe
disability and dramatic decrease of quality ofife [3, 4].
Progressing hypoxia also hinders the normal recovery
process. Post-traumatic pain shock, blood supply, lymph
efflux and venous drainage disturbance contribute to
worsening of existing tissue and circulatory hypoxia
with subsequent oxidative stress development, accom-
panied by accumulation of lipid peroxidation products
and damage of cellular membrane structures [5].

Clinical Case History
Patient, female, 48 years old, with the history of
road trafhc accident in September 2013 resulting in the
severe brain contusion (post-traumatic encephalopathy
with diffuse atrophy in the parietal lobe), multiple frac-
tures of 14 ribs, fracture of the clavicle, compression

CLINICAL
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spinal fracture with D3, D5 disk injury, brachial plexus
rupture (monoplegia of left arm with complete loss

of any sensitivity), detachment of nerve roots C5-6,
C6-7, C7-Thl, Th1-2 on the leftand C5-6, C6-7
on the right, subscapularis tendon injury and traumatic
injury of musculus deltoideus fibers. The third upper
phantom limb caused severe pain syndrome.

In April 2014, the patient underwent revision sur-
gery and neurolysis of primary and secondary stems,
including distal branches of the right brachial plexus.
Use of intercostal nerves for restoration of nerve
conductivity in the injured extremity was not feasible
due to the injury-related intercostal nerve structural
changes. During post-surgery period, the patient
suffered from persistent edema of injured site that
contributed to the local negative impact on the pe-
ripheral nerves. Treatment administered for edema was
inefficient, which further adversely affected restoration
of the nerve impulse conductivity. During the early
post-surgical period, the patient was administered with
treatment including pharmacological and physical
therapies at the present day, due to total loss of motor
function and sensitivity of the left upper extremity and
progressing lateral curvature of vertebral spine caused
by additional load on this area, it is recommended to
amputate non-functional extremity.

WORK-UP RESULTS

MRI Results over Time
The first MRI scan made in 1 month after injury.

The second MRI scan made in 2 months after injury.
The third MRI scan made in 6 months after injury.

Blood Tests Results over Time

Interpretation of results if blood tests made im-
mediately on the day of injury revealed no changes in
the red blood cell count, hemoglobin (Hb) concentra-
tion, and blood urea nitrogen concentration beyond
normal range. At the same time, the creatinine concen-
tration exceeded the upper normal limit by 7%, which
was explained by the tissue damage as a result of trafhc
accident. ESR also increased and exceeded the upper
normal limit by 36%.
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Fig. 1. The injured site exhibits reduced blood supply along the major
branches of the left subclavian artery (in the interscalene space) and
the axillary artery. The scan shows the area of edema with compression
of (5—Th2 roots. The sings of subclavian lymph vessels of 23 orders,
the signs of bone fragments and colloid scars are also observed. In ad-
dition, the features of left lung upper lobe compression (S1-2, $3) are
demonstrated

Fig. 2. The scan shows growing edema resulting from pressure on major
blood vessels and their branches. The scar at the inured site exhibits no
changes over time

Blood tests made in 2 months after the accident
showed reduction of the white blood cell count to the
normal level and ESR reduction to the level slightly
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Fig. 3. The scan shows persistent edema and lymphatic ducts obstruc-
tion, compression of regional lymph nodes and vessels at the injured site,
which contributes to the development of hypoxia and severe hemoglob-
inopenia

above the normal range. Hb concentration and red
blood cell count decreased by 5% as compared to the
blood test results as of the accident date. The blood
urea nitrogen showed significant increase (by 38%),
which might result from activation of anaerobic
glycolysis processes due to elevated glycogen depot
consumption and inefficient acrobic glycolysis.

In 6 months after the injury, red blood cell count
and ESR were within the normal range. The blood
tests results revealed leukocytopenia (decrease by 6%
beyond the lower normal level) probably caused by
administration of high doses of antibiotics. Creatinine
and urea concentrations remained high and exceeded
upper normal level by 25% and 13% respectively, while
Hb concentration showed no appreciable change as
compared to the blood tests results as of the second
month after injury. These results were most probably
due to intensification of tissue hypoxia as a result of
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failure to eliminate the reasons for its development:
persistence of the coarse structural changes at the
injured site, bone fragments, formation of colloid
scars, post-traumatic anatomic asymmetry, which is
confirmed by MRI data.

The persistent tissue hypoxia developed after the

injury resulted in depletion of antioxidant pool, which

led to enhancement of lipid peroxidation with accu-

mulation of above reaction products at the injured site

and subsequent cellular membrane destruction — in
this particular case, trophic damage of the peripheral

nerve tissue, preconditioned by failure to achieve nerve

conductivity restoration (negative functional dynam-
ics, decreased amplitude of injured extremity, worsen-
ing of pain syndrome and development of third limb
phantom).

Taking into account the fact that the time-
frames for nerve tissue restoration are usually within 3

months, in the first days after the injury it was impera-

tive to direct the best possible efforts to efhciently

combat the post-traumatic tissue edema, restore lymph

efflux and adequate blood supply of this area and pre-
vent formation of lipid peroxides.

CONCLUSIONS

It is important to note that the first medical aid
for patients with brachial plexus injury should be
directed to restore (preserve) anatomical structures
at the damages site. It is necessary to start immedi-
ate anti-edema treatment in order to avoid hypoxia.
During a surgery, it is important to prevent develop-
ment of post-traumatic scars leading to blood supply,
venous drainage and lymph drainage disruption [6,7].

In the early post-surgery period, it is crucial to achieve

functional restoration of the injured site, which also
contributes to reduction of hypoxia in the damaged
area. It should be noted that this type of injuries
mandates further more detailed research by morpho-
physiologists in order to determine the pattern of

nerve structures damage at the cellular level and ensure

possibility for complete restoration.
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ABSTRACT — A retrospective diagnostic trial for early
detection of critical congenital heart diseases (CCHD)
was conducted in asymptomatic newborn infants with
employment of a pulse oximetry screening (POS) regional
protocol. The sensitivity of POS for CCHD detection was
75%, the specificity — 99.9%, the diagnostic test efficiency
— 99.9%.

KEYWORDS — pulse oximetry screening (POS), critical
congenital heart disease (CCHD), newborns.

INTRODUCTION

The preservation and promotion of children’s
health is one of the most pressing problems of world
health. The solution of this problem has a high social
significance and is among the priority tasks, since the
health of the younger generation is the fundamental
basis for the formation of the reproductive and labor
potential of any state [1-5]. Early detection of CCHD
improves patient outcomes in relation to both mor-
bidity and mortality. Key screening tests for CCHD
identification include prenatal ultrasonography and
postnatal clinical examination of neonates. Although,
both of these methods are available, CCHD is not
detected in a significant proportion of children.
Infants with cardiovascular malformations are usually
asymptomatic at birth and some of them were rec-
ognized in 25% of living infants after discharge [10].
Currently, measuring the difference in blood oxygen
saturation (SpO,) in zones of blood supply above and
below the open arterial duct has been proposed for
carly diagnosis of asymptomatic CCHD. The POS is
approved and recommended to CCHD detection in
Europe and USA [7]. A systematic review of 21 RCTs
(n = 457202) showed high specificity and moderate
sensitivity of the POS method for screening diagnosis
of CCHD with a very low false positive rate [8]. The
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screening in study performed by Hamilcikan §., &
Can E. (2018) identified infants with other important
pathologies, this forms an added value as an assess-
ment tool for newborn infants [6]. Pulse oximetry is
highly specific for detection of critical congenital heart
defects with moderate sensitivity, that meets criteria
for universal screening [9].

Purpose of the study
was to evaluate the POS regional protocol diagnostic
capacity as a screening method for CCHD identifica-
tion in asymptomatic newborns.

METHODS

The design of our retrospective diagnostic trial
was approved by the Local Ethic Committee. Parents
of enrolling children signed special ICF before any
diagnostic procedure. POS regional protocol manipu-
lations were performed in 86,8% (20,527/23,651) new-
borns from January to December 2017 in 13 obstetric
hospitals in the Volgograd region. The gestational age
of children were from 34 to 42 weeks (Me 37 (35-40)
weeks). In accordance with the regional protocol, POS
was measured at 24—48 hours of life in all children on
their right arm and any leg, during at least 3 minutes
(if no artefacts). Positive POS test criteria’s followed by
echo-cardiography (ECHO-CG) and cardiac surgeon
consultation were: a) SpO, <90% on the right arm
and/or any leg, b) SpO, = 90% or <95% on the right
arm and/or leg or ¢) (SpO,arm — SpO leg) gradient >
3%.

RESULTS AND DISCUSSION

509 cases of congenital heart discase (2,2% of live
births) were identified: antenartally —124 (20,3%),
postnatally — 385 (79,7%). All cases of congenital
heart diseases were symptomatic.

6 positive POS resules (0,03%) were reported in
asymptomatic group of newborns (N=20527). There
were next CCHD: transpositions of the main arteries
(N=2), aortic coarctation (N=2), pulmonary artery
atresia with intact interventricular septum (N=1) and
tetralogy of Fallot (N=1). False negative POS results
were obtained in 2 cases (0,01%) — interruption of the
aortic arch and aortic coarctation, which is consist-
ent with the data of several authors indicating a low

specificity of POS for these types of CHD [5]. False
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positive POS resules were in 12 cases (0,06%). The
sensitivity of POS for CCHD detection was 75%, the
specificity — 99.9%, the diagnostic test efhiciency —
99.9%.

Our results do not conflict with the results of Pla-
na M. N. et all (Cochrane Systematic Review, 2017),
which conclude that pulse oximetry (N=457,202
participants) is a highly specific (99,9%) and a mod-
erately sensitive (76,3%) test for detection of CCHD
with very low false-positive rates (0,14%). The current
evidence supports the introduction of routine screen-
ing for CCHD in asymptomatic newborns before
discharge from a well-baby nursery.

CONCLUSION

The regional program of pulse oximetry neonatal
screening has shown itself to be a useful method for
carly detection of CCHD. At the same time, we have
to use POS protocol standardization, as well as clinical
examination of newborns to ensure diagnostic accu-
racy of pulse oximetry screening.
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ABSTRACT — The aim of this work is to study the regional
blood circulation in schoolchildren, taking into account
the musculoskeletal system. Indicators of microcirculation
in healthy children correspond to the norm relative to

the standards. To assess arterial and venous blood flow

in the vessels of the lower extremities in the feet, we used
rheovasography performed with rheographic complex
REO-spectrum. If there is a deviation of the mutual position
of the bones of the feet and the configuration of the joints,
the presence of changes in the microcirculation of the lower
extremities preceding the initial stages of the formation

of flat feet is established. There was a disruption of local
hemodynamics in children over 12 years, including the
decrease of pulse blood filling and maximum blood flow
through the arteries at 24-55% in the lower leg and at
60-71% — in the foot with an increase of arterial tone by
1.2-1.5 times to the healthy level.

KEYWORDS — children, microcirculation, rheovasography,
flat feet.

In modern society there has been a tendency to
increase the prevalence of chronic pathology, including
dystrophic diseases of the musculoskeletal system. This
trend is fully observed in children, most clearly mani-
fested in schoolchildren [1, 3, 5]. A large number of
studies have been devoted to the diagnosis and treat-
ment of musculoskeletal disorders in children [3-5].
At the same time, the main attention is paid to the
study of the etiology, pathomorphology of deformi-
ties, development and improvement of techniques
for correction of scoliosis and flat feet of 3—4 degrees
[1,5]. On the other hand, there is almost no informa-
tion about the features of regional blood flow of the
lower extremities in flat feet of the first degree.

The aim of this work
is to study the regional blood circulation in schoolchil-
dren, taking into account the state of the musculoskel-
etal system.
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MATERIAL AND METHODS

A group of children with flat feet (n=175) was
examined. The second group included 242 healthy
schoolchildren of the same age. The level of physical
development of schoolchildren was determined by
a standard set of anthropometric tools that passed
metric control. To assess arterial and venous blood
flow in the vessels of the lower extremities (lower leg-
foot) in flat feet, we used the rheovasography of lower
extremities performed on the rheographic complex
REO-spectrum with subsequent computer processing
of data [2]. The following rheographic characteristics
were used for quantitative assessment of arterial blood
filling of extremities, arterial tone, venous outflow and
collateral circulation: rheographic index (RI, rel. ed.),
maximum speed of blood filling of large-caliber arter-
ies (Vmax, Om/s), dicrotic index (DIK,%), diastolic
index (DIA,%), pulse wave propagation time (Q-x,
sec.) [2]. All patients (his parents) signed an informa-
tion letters for inclusion in this study.

The data were processed in the software package
Statistica 6.1 for Windows.
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Table 1. Dymanics of rheovasography in healthy children and in flat feet

RI, rel. un. . Vmax, Om/s Q-x, sec.
e ey (norm-1,3-2,3 (norm - 0,25-0,33)
Right Left Right Left Right Left
Leg 1 2.1£0,04 2,1£0,04 2,3+0,02 2,4+0,02 0,18+0,05 0,18+0,04
7-8 years old 2 1,87+0,04 2,3%0,02 2,39+0,01 2,47+0,02 0,21+0,04 0,2+0,04
Foot 1 0,7+0,03 0,8+0,03 1,07+0,02 1,35+0,01 0,21£0,06 0,21+0,06
2 0,9+0,03 1,42+0,02* 1,08+0,02 1,74+0,01 0,22+0,05 0,21£0,01
Leg 1 2,0+0,04 1,9+0,01 2,4+0,01 2,39+0,04 0,23+0,03 0,24+0,03
9 years old 2 1,8+0,01 1,9+0,02 2,4+,0,01 2,47+0,01 0,21+0,04 0,21+0,04*
Foot 1 0,82+0,03 0,82+0,03 0,97+0,04 1,00,05 0,26+0,05 0,26+0,02
2 0,93+0,04 0,86+0,05 1,0£0,03 1,19+0,07 0,25+0,05 0,23+0,03
Leg 1 1,82+0,02 1,73£0,02 2,27+0,01 1,96+0,02 0,23+0,03 0,1940,01
10years old 2 1,79+0,03 1,84+0,03 2,340,04 2,24+0,05 0,22+0,03 0,21£0,02
Foot 1 0,99+0,03 0,64+0,02 1,3+0,01 0,75+0,02 0,22+0,01 0,21£0,01
2 0,78+0,02 0,97+0,01 0,82+0,03 1,1340,01 0,22+0,01 0,20+0,02
Leg 1 1,89+0,02 1,8+0,01 2,5+0,01 2,25+0,03 0,21+0,03 0,2040,03
11 years old 2 1,53+0,04 1,940,07 1,940,04 1,96+0,09 0,18+0,04 0,22+0,04
Foot 1 1,0+0,03 1,24+0,01 1,140,05 1,5+0,02 0,25+0,05 0,20+0,01
2 0,79+0,04 0,85+0,04 0,84+0,02 1,09£0,01 0,21+0,05 0,23+0,01
Leg 1 3,26+0,03 2,8+0,03 2,6£0,05 2,5+0,04 0,18+0,07 0,18+0,01
12 years old 2 1,45+0,05* 1,44+0,03* 1,9+0,06* 1,89+0,05* 0,25+0,02* 0,26+0,02*
Foot 1 2,16+0,03 1,7610,08 2,34+0,02 2,04+0,01 0,18+0,07 0,18+0,04
2 0,62+0,02* 0,45+0,02* 0,78+0,03* 0,63+0,01* 0,24+0,03* 0,22+0,02*
Leg 1 2,6%0,02 2,48+0,02 3,4+0,03 2,2+0,02 0,24+0,06 0,23+0,04
13 years old 2 1,6+0,03* 1,74+0,01* 1,97+0,06* 1,7+0,02 0,22+0,04 0,19+0,06
Foot 1 2,4+0,05 0,56+0,03 2,3+0,02 1,8+0,02 0,25+0,04 0,24+0,05
2 1,3+0,04* 0,9+0,02* 1,38+0,07* 0,99+0,03 0,22+0,05 0,20+0,08
Leg 1 2,03+0,03 1,4+0,01 2,37+0,06 1,58+0,05 0,26+0,03 0,26+0,06
14 years old 2 1,3+0,02 1,1£0,02 1,89+0,05 1,39+0,04 0,20+0,05 0,26+0,04
Foot 1 1,14+0,01 1,08+0,01 1,75+0,02 1,17+0,07 0,25+0,03 0,24+0,05
2 1,03+0,01 0,9+0,03 1,38+0,04 0,88+0,06 0,19+0,04 0,28+0,06
Leg 1 1,53+0,02 0,97+0,01 1,37+0,02 1,340,04 0,23+0,01 0,2340,02
15 years old 2 1,43+0,03 1,63+0,06* 1,97+0,02* 2,10+0,02* 0,21+0,06 0,24+0,03
Foot 1 1,02+0,01 0,81+0,04 1,3+0,01 1,51£0,02 0,23+0,05 0,27+0,02
2 1,140,01 0,85%0,05 1,5+0,05 1,43+0,04 0,18+0,03* 0,17+0,01*

Note: Rl — rheographic index, Vmax — maximal speed of filling of large arteries, Q-x — pulse wave propagation time. Groups indication: 1 — healthy children, 2 —
children with flat feet. * — statistical differences between groups are significant, p<0.05

RESULTS flat feet. High correlation of the dicrotic index with
We registered that the severity of regional muscu-  the respiratory component of the spectrum in the feet
lar circulatory abnormalities in children with flat feecis ~ (r=0.8) was revealed in 8-year-old children. Full picture
directly related to the age, while no gender differences of age dynamics of rheographic parameters is shown in
were found. A number of indicators of rheovasography  table. Based on these data, it can be concluded that the
(such as wave propagation time or dicrotic index) in most active functional rearrangements of the micro-

schoolchildren of 7-11 years old change slightly and circulatory bed in children occur at the age of 12-13
do not differ in healthy children and children with years. This is implemented for all the main parameters
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of reovasography (rheographic index, maximal speed
of filling of large arteries and pulse wave propagation
time).

CONCLUSION

It was stated, the parameters of microcirculation
in most healthy children correspond to the age norm,
and only some of them exceed this level. If there is
deformation of the mutual position of feet bones and
joints reconfiguration, the presence of changes in the
microcirculation of the lower extremities preceding
the initial stages of the formation of flat feet is estab-
lished. We identified a disruption of local hemody-
namics in children over 12, including the decrease of
pulse blood filling and maximum blood flow through
the arteries at 24-55% in the lower leg and at 60-71%
— in the foot with an increase of arterial tone by
1.2-1.5 times to the healthy level.
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ABSTRACT — The study was aimed to evaluate the effect
of BSMI (283 G>A) polymorphism of the VDR gene on
the course of the chronic nonspecific pulmonary diseases
in children. In this study, it was proved that the A/A
genotype is associated with the development of primary
and secondary chronic lung diseases in children, has a
predisposing effect on the development of secondary
chronic bronchopulmonary conditions in males, is a
preemptive genotype for the development of severe
exacerbation in children with CNSLD and correlates with
the chronic gram-negative infections in patients.

KEYWORDS — chronic nonspecific pulmonary diseases,
children, BSMI polymorphism, VDR gene.

INTRODUCTION

In recent years, multiple studies on the genetic
origin of lung diseases in children have confirmed the
role of hereditary factors in the disease pathogenesis.
[1]. A number of vitamin D receptor gene polymor-
phisms, particularly BSMI (283 G>A) polymorphism
were identified by using bioinformatics methods
as a result of the search for single-nuclear polymor-
phisms with the expected phenotypic effect [2]. The
VDR gene regulates the activity of genes for mineral
metabolism and parathyroid hormone secretion, thus
controlling the homeostasis of calcium and phospho-
rus. At the same time, there is a similarity between
sequences with steroid and thyroid hormone receptors.
Upcoming targets of this nuclear hormone recep-
tor are involved in the regulation of both immune
response and metabolic processes 2, 3].

MATERIALS AND METHODS

In this study, 98 patients with non-allergic
chronic lung diseases were examined. Patients were

divided into 2 subgroups: the first (42 children) was

Received 20 April 2020;
Received in revised form 28 May 2020;
Accepted 4 June 2020

consisted of children with chronic diseases formed on
the initially intact lung (chronic bronchitis, oblitera-
tive bronchiolitis), the second was consisted of pa-
tients with genetically determined lung disease (cystic
fibrosis, primary immunodeficiencies) and bronchop-
ulmonary malformations. The control group was rep-
resented by conditionally healthy children (85 people).
The molecular genetic study of the BSMI (283 G>A)
polymorphism of the VDR gene was performed by
polymerase chain reaction (PCR) and restriction frag-
ment length polymorphism (RFLP). The following
parameters of patients with various alleles and geno-
types were analyzed: gender, frequency and severity of
exacerbations, microbiota pattern, variations in lung
function, frequency and pattern of comorbid condi-
tions, morphological changes according to CT lung
screening. Statistical analysis of the obtained data was
performed using the Data Studio software, STATIS-
TICA 6.0 application package.

RESULTS AND DISCUSSION

Statistically significant differences were found
in the frequency of occurrence of the G\G, G\A and
A\A genotypes (3* = 18.556 p <0.001 df = 4) between
patients and controls. According to the data, the geno-
type including the minor A allele in the homozygous
condition was significantly more frequent in patients
of the first and the second subgroups than in control
group (x> =7.889 p=0.020 df =2 and 3> = 18.028
p < 0.001 df =2) (Table 1, 2). Moreover, in our study,
the assessment of the risk ratio revealed a positive
association of the homozygous minor genotype with
the development of chronic lung diseases in children
in both groups (OR = 3.850 (CI 1.432-10.352 and
OR =5.347 (CI 2.151-13.290), respectively.

In the study, we analyzed the possibility of as-
sociation of the effect of this polymorphism on the
gender in various forms of chronic lung diseases in
children. It was revealed that the A/A genotype of the
BSMI polymorphism (283 G>A) of the VDR gene
in patients of the second subgroup is significantly
more frequent in males (3* = 11,400 p = 0.004, df = 2.
OR = 5347 (C12.151-13.290)).

When analyzing the severity of exacerbations
with the focus on the Bsm1 VST7 G>A polymor-
phism of the VDR gene statistically significant differ-
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Table 1. Distribution of genotypes and variant alleles of BSMI polymor-
phism (283 G> A) of the VDR gene in the first subgroup and control group

control grou first subgrou

genotypes (n:85)g P (n=42) group Xip

G\G 28(32,9%) 12(23,8%) ' =7,889

G\A 49 (57,6%) 18 (42,8%) p=0,020

A\A 8(9,5%) 12(28,6%) df=2

alleles n=134 n=60

G 77 (57,4%) 30 (50,0%) x2=0,933
p=0,335

A 57 (42,6%) 30(50,0%) df=1

Table 2. Distribution of genotypes and variant alleles of BSMI polymor-
phism (283 G> A) of the VDR gene in the second subgroup and control

| archiv euromedica | 2020 | vol. 10 | num. 2

Significant differences in the G\G, G\A and A\A
genotypes, the types of respiratory failure (x* = 3,792;

p = 0,435 and y* = 6,942; p = 0,140) and the frequency
of exacerbations (y* = 2,792; p = 0,673 and y* = 5.984;
p =0.240) in patients of 1 and 2 subgroups were not
found in our study.

When analyzing the influence of the studied
genetic polymorphism, associations were revealed
between the microbiota pattern of the respiratory tract
in the examined patients of the second subgroups with
variant genotypes for the BMSI VST7 G>A poly-
morphism of the VDR gene (3> = 10.376: p = 0.035;
df = 4). At the same time, a correlation was found
between the A allele and the infection of gram bacteria
in patients with cystic fibrosis (x* = 7,000; p = 0.031
df=2). According to statistics, the mutant A\A geno-
type is predisposing to chronic culturing of pathogenic

group
control group second subgroup | ,.

genotypes (n=85) (n=56) X5 p

G\G 28 (32,9%) 20 (35,7%) x'=18,028

G\A 49 (57,6%) 16 (28,6%) p<0.001

A\A 8(9,5%) 20 (35,7%) df=2

alleles n=134 n=72

G 77 (57,4%) 36 (50,0%) X2 =1,053
p=0,305

A 57 (42,6%) 36 (50,0%) df=1

flora in patients with chronic lung discases (Table 4).

CONCLUSION

Our study has proved that the A/A genotype
is associated with the development of primary and
secondary chronic lung diseases in children, has a
predisposing effect on the development of secondary
chronic bronchopulmonary pathology in males, is a
preemptive genotype for the development of severe
exacerbation in children with CNSLD and correlates

Table 3. Distribution of genotypes and variant alleles of BSMI polymorphism (283 G> A) of the VDR gene according to the severity of exacerbation in

children with CNSLD
first subgroup (n=42) second subgroup (n=>56)
genotypes | moderate exacerba- | severe exacerbation 2 moderate exacerba- | severe exacerbation | x3; p
tion (n=32) (n=10) Xp tion (n=40) (n=16)
)
G\G « 0_ 0 4’6-1 365) 2(20,0%) OR=0,143 2(12,5%)
Rl X' = 6,475 (€10,029-0,712) ¥'= 6,771
p=0.040 p=0.034
A\G 10 (31,25%) 2(20,0%) df=2 8(20,0%) 6 (37,25%) df=2
6 (60,0%) OR = 6,500 8(50,0%) OR=2,333
AW 6(18,75%) (C11,386-30,488) 12(30,0%) (11,709-7,675)
alleles n=42 n=12 n=48 n=22
G 24 (66,7%) 8(40,0%) X=2,724 16 (61,5%) 18(39,1%) X=3,347
=0.099 =0.068
A 12 (33,3%) 12(60,0%) R 10 38,5%) 28(60,9%) s

ences were revealed between the genotypes in patients
with primary and secondary chronic lung discases
(Table 3). It was proved that the A\A genotype is a

predisposing factor for the development of severe ex-

acerbation, while the G\G genotype is associated with
moderate set of symptoms in both patients of the first
and second subgroups.

with the presence of chronic gram-negative infection
in patients. The results can be useful for predicting the
course of CNSLD in children, studying the influence
of molecular genetic factors on pathology, and also

be used as the basis for a personalized approach to
prescribing vitamin D in this category of patients.
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Table 4. Distribution of genotypes and variant alleles of BSMI polymorphism (283 G> A) of the VDR gene according to the duration of culturing patho-
genic microflora in children with CNSLD

first subgroup (n=42) second subgroup (n=>56)
genotypes | intermittent infection | chronic culturing 2. intermittent infection | chronic culturing X2 p
(n=26) (n=16) P (n=20) (n=36)
G\G 14.(53,8%) 4(25,0%) Y =9,908 10 (50,0%) 8(22,2%) X = 6,054
A\G 10(38,5%) 4(25,0%) p=0,008 6 (30,0%) 10(33,3%) p=0.049
A\A 2(7,7%) 8(50,0%) df=2 4(20,0%) 18 (44,4%) df=2
alleles n=36 n=20 n=26 n=46
G 24 (66,7%) 8 (40,0%) X=2,724 16 (61,5%) 18(39,1%) X=3,347
A 12(33,3%) 12(60,0%) P00 10 (38,5%) 28(60,9%) Po.068
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ABSTRACT — The study included 172 children of both
sexes, aged 3 to 17 years with atopic bronchial asthma. The
influence of various factors on the level of asthma control
was analyzed by using a regression model. The following
parameters were analysed: duration of disease, FEV1,

IgE level, age. The best constructed logistic regression
model revealed a sensitivity of 73.8 and specificity of
71.2. Distribution analysis and modelling confirmed that
the regression model has a limited application for the
construction of asthma control models due to nonlinear
effects.

KEYWORDS — asthma, FEV1, IgE, children, regression
model, control.

BACKGROUND

The problem of asthma control is multifaceted
and difficult to solve despite being well studied. Mod-
ern advances in pharmacotherapy and monitoring of
asthma still do not completely help in controlling the
discase. The assessment can be carried out after several
months of controller treatment and if possible after an
attempt to reduce intensity of treatment in order to
determine its minimum effective level for each patient.
Since the course of asthma is extremely variable,
severity of the disease can vary over months and years
(1,2,3,4].

Unfavorable prognosis in terms of development
of bronchial asthma in patients with obstructive bron-
chitis is indicated by the following signs: family history
of allergy, patients with chronic infection-allergic
diseases, complication of pregnancy, artificial feeding

from the first days of life, increased IgE. [5, 6].

MATERIALS AND METHODS
The study comprised of 172 children of both

sexes with atopic bronchial asthma. The severity of

Received 3 May 2020;
Received in revised form 5 June 2020;
Accepted 12 June 2020

the disease was different. In all examined children, the
diagnosis of the discase was determined and verified on
the basis of diagnostic criteria and the current classifi-
cation of the disease in accordance with the provisions
of the National Program Asthma in Children. Treat-
ment strategy and prevention, Moscow, revised 2017 [1].

First of all, the statistical interaction of each
factor with the control level (three-level / two-level)
was separately examined using the criterion x* and the
Fischer’s Exact Test for both qualitative and categoric
measurement, and with the Mann-Whitney Test
criterion (Wilcoxon Rank Sum Test With Continuity
Correction) for the continuous variables. The criterion
values and p-value are shown in Chart 1.

The effect of various factors on the level of asthma
control was analysed using regression model. The
following parameters were included in the analysis:
duration of disease, FEV1, level of IgE, age.

The sequential selection method was used to
build the logistic regression model adjusted for all
factors.

All obtained coefficients and model parameters
are shown in Table 1. The P-value for the model coef-
ficients was calculated by the Wald test.

The probability of asthma control can be calcu-
lated using the formulas:

Y= ApX HAy Xyt +a X +a

p=_1 - logistic function.
l+¢

where 4, is the coefficients for the corresponding values

of the factors x, 4 is a constant term, ¢ is the base of

the natural logarithm.

RESULTS AND DISCUSSION

The analysis of clinical and anamnestic parameters
and their influence on disease control was carried out.

According to the data in Table 1 asthma severity
plays a key role in achieving control of the disease. Age
and FEV1 (in model 1) have insignificant coefhcients;
these factors have a non-linear nature of the relation-
ship with the control factor.

The disease duration coeflicient is positive, which
means that the longer the duration is, the more often
disease control is achieved. The total IgE level, con-
versely, has a negative coeflicient: the larger it is, the
less likely it is to control the disease.
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Table 1. Interaction between the factors and the control over bronchial asthma

Criterion value and p-value for two-level and three-level control

Factor classification
x*= 0,35, p-value = 0,84
Sex 7=0,185, p-value = 0,67
0-1: W = 1638, p-value = 0,35
Ade* 0-2:W = 1132, p-value =0,12
9 1-2:W = 1445, p-value = 0,006
W = 2577, p-value = 0,009
. Fisher's Exact Test, p-value = 1,4e-05
BAseverity 1224017, p-value = 6,0e-06
0-1: W =1604,5, p-value = 0,47
% 0-2:W =1561, p-value =0,22
Onsetage™ |4 5'w = 21255, p-value = 0,58
W =3686,5, p-value = 0,33
Genetichack- | x*=0,82843, p-value = 0,66
ground ¥*=0,14649, p-value = 0,7
0-1:W =1381, p-value = 0,53
lliness duration* 0-2: W =929,5, p-value = 0,0045

1-2: W = 1456, p-value = 0,007
W =2385,5, p-value = 0,0013

Table 2. Value of the coefficients of logistic regression and parameters of models

Factors*/Parameters | Model 1 Model 2 Model 3

Disease duration 0.18746 (0.01) 0.18355(0.0002) | 0.13633 (0.0013)
Asthma severity -1.54523 (4.9E-06) | -1.62231(1.0E-06) | -

Total IgE -0.00236 (0.044) | -0.00236 (0.04) -

Age -0.004 (0.96) - -

FEV, 0.02208 (0.8) - 0.03047 (0.0097)
Constant term 0.60668 23427 -3.62426

e 48.195 44.960 17.566

p-value 3.2E-09 9.4E-10 0.00015

R? 0.215 0.201 0.079

Sensitivity 72.9 73.8 65.6

Specificity 75.4 71.2 65.8

Thus, we suggested that in this system of factors there are non-
linear relationships which were confirmed by further modelling.
In particular, the decision tree model was also built based on these

factors which had sensitivity of 92.79 and specificity of 81.96.
CONCLUSION

The best model of the constructed logistic regression models
gives specificity of 71.2 and sensitivity of 73.8. Distribution analysis
and modelling show the limited application of the regression for
the construction of asthma control models due to the nonlinear

effects.

Thus, the modelling method allows to evaluate the role of
various factors and their effect on the course of the disease and to
predict the control effectiveness.

PEDIATRICS

Elaboration of predictive markers for

development of bronchial asthma in chil-
dren will help improve the effectiveness of
its diagnosis; timely initiation of preventive
and therapeutic measures, which, in due
course, may prevent disability in this group
of patients.

RE
L.

FERENCES

National Program “Asthma in Children.
Treatment strategy and prevention’, Mos-

cow, revised 2017. 159 p.

Federal clinical guidelines for the diagno-
sis and treatment of asthma. Russian Res-
piratory Society. 2013. htep://minzdrav.
gov-murman.ru/documents/poryadki-
okazaniya-meditsinskoy-pomoshchi/
clinasthma22013(3).pdf/ F

CHUCHALIN A.G., KHALTAEV N.,
ANTONOV N. Chronic respiratory
discases and risk factors in 12 regions of
the Russian Federation // International

Journal of COPD 2014:9 963-974

GLOBAL INITIATIVE FOR ASTHMA
(GINA). Pocker Guide for Asthma
Management and Prevention in Children
5 Years and Younger, updated April 2015.
Available from: heep://www.ginasthma.
org/local/uploads/files/ GINA_Pedi-
atricPocketr_2015.pdf

RoseNBERG H, DRUEY K. J Leukoc
Biol 2018 Jul;104(1):41-48. doi: 10.1002/
JLB.3MR1117-436R

KHopzHAEVA I, KARIMOVA M.
Forecasting of risk of the development

of bronchial asthma in patients with ob-
structive bronchitis // Young Scientist. —
2016. — #11 (115). — pages 1182-1184.

SELIVERSTOVA E., GAPARKHOEVA Z,
BASHKINA O, STROIKOVA T, AVERINA
I. Clinical Immunologic Monitoring and
Prognostication of the relapsing course
of obstructive bronchitis in children //
Digest of the 3" Russian Congress “Mo-
lecular foundations of clinical medicine
— potential and realistic”, S.Petersburg —
2015. — pages 132-134.



http://dx.doi.org/10.35630/2199-885X/2020/10/2.19

| archiv euromedica | 2020 | vol. 10 | num. 2

ALGEBRAIC MODEL OF KNEE JOINT STATUS:

EXPERIMENTAL STUDY

Serge Bezborodov= ©, Masud Omar,
Alexander Vorobyov ©®, Yury Mukha

Volgograd State Medical University, Volgograd State Technical University,
Volgograd, Russia

DX sabezborodov@volgmed.ru

ABSTRACT — The rationale behind this paper relies on

the fact that the effectiveness of any treatment procedure
depends on the reliability of the operational and prognostic
medical measurement experiment, which, in turn, relies on
the metrological level of all the elements that are part of the
instrumental resource.

Given the conditions, relevant is the issue of developing a
methodology for selecting measuring tools, which would
allow taking into account the cost, the reliability, the
metrological as well as other features and indicators of the
resource in question.

The purpose of the article is to assess the technical needs
for solving problems set in the field of meaningfully
defined objects — medical & biological systems (MBS). The
solution to this problem can be found only on the basis

of formalizing all the components that match the MBS
description.

The research value implies the introduction of formal
definitions for the anatomical (AnS), physiological (PhysS)
and information-energy (IES) situations of a biological
object (BO) and assignment of a diagnostic status of BO

as a function of AnS, PhysS and IES. In addition, we have
defined the principle of identifying the features of the
instrumental base on following the basis of assessing the
reliability of the physiological system status.

The pragmatic value of the data presented here implies

the possibility of obtaining a numerical estimate of an
acceptable reliability level that an instrumental resource can
offer depending on the assessment of a physiological object
sufficient reliability.

The innovation value of this item is related to the
introduction of reliability scales for the BO diagnostic
status as well as the reliability coming from the instrumental
resource in medical measurements.

KEYWORDS — diagnostic situation, physiological system
status reliability, set-theoretic model.

INTRODUCTION

Modern personificative medicine uses a high
technological method of diagnostics; the treatment
is based on using the results of fundamental sciences
including constitutional anatomy [1-10].

Received 20 April 2020;
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Accepted 28 May 2020

The effectiveness of any treatment procedure is
known [11-14] to be undeniably determined by the
reliability of the operational and prognostic medical
measurement experiment, which, in turn, is deter-
mined by the metrological level of all the elements
within the instrumental resource. Besides, the instru-
mental resource includes equipment that features
a significant variety of complexity — from large
measurement and calculation complexes to simple
one-dimension measuring devices.

In view of that, it is very important to create a
methodology for selecting measuring instruments,
which would allow taking into account the cost, the
reliability, the metrological as well as other features
and indicators of the instrumental resource.

Then, there is a need to assess technical needs in
order to solve problems that have been set in the field
of meaningfully defined objects — medical & biologi-
cal systems (MBS). Such problems can be solved only
on the basis of the formalizing all components that
match the MBS description.

Also, it is a known fact [15] that any treatment
technology can be described with a potential (re-
quired) error [16] to ensure high reliability of diag-
nosis. At the same time, by the diagnostic error, we
can take the difference between the achieved value of
assessing an individual body organ status or the body
as a whole through the measurement process and a hy-
pothetical assessment value that is taken as the average
value known for a healthy organ or body. It is obvious
that the maximum acceptable error in establishing a
diagnosis for an accepted medical technology can be
viewed as a potential diagnostic error.

An extremely important element in the descrip-
tion of MBS is the MBS status, which is the basis for
comprehending a particular diagnostic situation.

Then, the diagnostic situation (DS) M giq gn si¢ of a
biological (biomedical) object is a complex (set) of the
anatomical Mgy, g, physiological My, s and informa-
tion-energy states M, 5 of this object:

Mdiagn sit = Mansic U Mphs U Mie s (1)
The definiteness of the DS assessment is most

reasonable when based on the formalization of all its
components.
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MATERIALS AND METHODS

The model of the anatomical situation My, ;1 is a
class that looks the following way:

Mgy sic = {Man syst» Mgy an systs (2)
Man phc,Mfc an’ Msp an} >

where Mgy, syt is the category model of the anatomi-
cal system; Mgy gn syst is the definition range of the
anatomical system; Mgy, pp is the anatomical system
physical constant set; Mg, 4y, is the set of the function-
ing conditions for the anatomical system; M, g, is
the anatomical system parameters model.

At the same time, the anatomical situation model
Mgy, sys¢ is cither a graph or a category set. Subject to
the definition for a graph (G) [17], its definition range
M, is sets of X elements and a set transformation of
G, , i.e. in this case we are talking about the knee joint
clements (KJ) — bones, tendons, and ligaments. The
KJ elements attachment points, or fixations stand as
the set transformation. The physical constants model
M g, ppc are biomechanical indicators of KJ, which
offer the description for elasticity, strength, flexibility,
ctc. The physical constants set model Mg,p, g are a
combination of anatomical limitations on the mutual
position angles for the KJ bone elements, based on KJ
bone elements relative motion, on various ligaments
deformities. The model of anatomical system parame-
ters Mg, qp is a Cartesian product [7] of KJ parameters
that make up the joint function image, i.e. Mgy, gt

ol Physiological situation model My, is a class of the
ollowing type:

Mphs = {Mfs ph» Mg, ph» (3)
Mphc ph’ Mfcs ph’ Msp ph} >

where M ,p is the category model of the functional
physiological system; M, ,p, is the model of the
physiological system definition range; M, pp, is a set
of physiological system’s physical constants; Mg pp

is a set of physiological system’s functioning condi-
tions; Mgy, p, is the model of the physiological system’s
systemic parameter.

When detailing the physiological situation, note
to be made that the category model [18] of the func-
tional physiological system M p,p, is a combination
of KJ elements interaction function under external
(regarding the KJ) factors. Mg, ,p, is a combination of
definition ranges for each function of the functional
physiological system. My, ,, develops from a number
of coefficients, indicators, physical constants (that are
part of the set), which describe the functions Mg p, -
Mg ¢ pp is a limitations combination of function

TRAUMATOLOGY
& ORTHOPAEDICS

domain, which enter M 5. The physiological system
parameter model My, ,,, develops by the combination
of the M ,p, function domain.

The information-energy situation model My, ¢ is

class of the following type:

Mie s = {Mie systs Mgy ie systs (4)
Mpc ie syst» Mfc ie syst» Msp ie syst}r

where Mje gy is the category model of the informa-
tion-energy system; My j sy s is the information-
energy system definition range; My je sys¢ is  set of
the information-energy system parameter constants;
Mg i syst is a set of the information-energy system
functioning conditions; Mgy, e 5ys¢ is the analytical
model of the information-energy system parameter.

Detailing of the information-energy situation
model M;,, ; comes from analyzing the category rep-
resentation. The information-energy situation model
M;, sis to be expressed in the following way:

M;, s = { Gsy — sciatic nerve category; Grgy —
tibial nerve category; Gy — femoral nerve category}
— (CNS,SN) & Ggy; {Grg = (CNS,TBN);
Gry = (CNS, FN)}; {humoral categories}.

In view of the above, the complete algebraic
model of the knee joint diagnostic status is to be pre-
sented as follows:

Mdiagn sit = {Man syst» Mdr an syst»
Man phc,Mfc an’ Msp anj Y

U {Mfs ph Mdr phr Mphc ph»
fcsph'Msp ph U (5)

U {Mie syst» Mdr ie syst» Mp ie syst»
Mfc ie syst» Msp ie systc} .

RESULTS AND DISCUSSION

The algebraic model (15) serves as a formal basis
to develop a set complex for assessing the reliability
of the shaped diagnosis of the status. Note to be
made that the status formulas include certain objects
(the elements of the physiological component of the
common organic system), the relations among them
(or interactions), the constants and the conditions
for interaction. All the participants in this structure
are dimensional and feature a definable error. Then
itis possible to find the maximum errors admissible
in general assessment of the statuses, known from
expert practice. Subject to the methods described
in [19], for instance. In this case, we can argue that
the maximum permissible errors of the instrumental



tools should be no worse than the general status as-
sessment [20]:

AKexp(AFS/1 xp) - each [AA*FS]
< AKmstr (AFSAmstr (6)

where AK ) (ApsAgxp) is the general assessment

of the FS status obtained through expert evaluation
employing a priori knowledge (AK) concerning this
FS activity features; AKjpser (ApsAinser) is the general
evaluation of the FS status, which are to be obtained
using a priori knowledge (AK), regarding measuring
units specifics, and which may be employed through
the FS monitoring; 0., [AAfs] is the general assess-
ment of the difference between the desired (potential)
error that has been defined by experts, and the error
that is maximum achievable through the measuring
devices. Moreover, in the descriptions of situations, all
the models may contain specific features, indicators,
and parameters that have numerical values obtained
through carlier studies and may contain some error. At
the same time, all functional models are also obtained
using approximations with nonideal and imperfect
dependencies.

Similarly to [21], AK,,, may be presented in the
following way:

AKexZ/J(AFS/1 xp) {Aexp exp (Vexp): ?exp =
= [Vmin exp ) + Ymax exp (t)]:

Rl exp’
m
{Ri exp}izl' Wexp(t)}'

Mc exp;Lexp = Rm exp

Where A, is the observed value that describes
the physical functional system’s behavior, which is
base on expert evaluation; Fyp, is the expert func-
tion of the FS comprehensive accepted classical
behavior; Yy is the vector of expert impact of the
ES for defining the response taken by the system;
[Vmin exp(t) & Ymax exp (£)]is the change interval
that the expert impact has on the FS that is being ex-
amined; M gy is the set of external conditions within
which the expert study is to be carried out; Lexp is the
FS expert study methodology; R; oy is the i step
within the FS behavior expert study methodology;
Wexp (t) is the probability density for the distribution
of comprehensive probabilistic characteristics of the
expert study outcomes.

In a similar way we could present AK ¢ (Aps Afpser )

AK; instr (AFS Amstr
= {Aznstr = Finstr Vinstr)s Vinstr =

(8)
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¢ instr» Linstr=

[ymin instr (t) = ¥Ymax instr (t)]:M
= Rm instr ---Rl instr» {Ri instr}ﬁli Winstr(t)}-

Here AK ¢ stands for a priori knowledge
which concerns the actual FS status and which
develops base on special measuring experiment using
the selected instrumental tools; 4,44, (t) is a measur-
able value that is adequate to the system parameter
of this particular FS; Fj; ¢ is the calibration curve
that approximates the function A(t) = f ()/ (t))
used for establishing the ideal adequate link between
the measurement outcome and the standard impact
within the medical experiment; ¥;y,5¢, is the system
parameter accepted for the medical experiment involv-
ing measuring tools; M. ;541 is the set of conditions
for the medical measuring experiment; Ly, 54 is the in-
strumental measuring procedure implemented via the
conventional tool; {R; jnstr }x is the i instrumen-
tal measuring transformation within the procedure
Linstr; {Rnji mstr}] is the j instrumental module
that is part of the measurmg tool, which implements
the procedure L;y s, adequate to the scaling transfor-
mation of Finser; Winstr (= {W1 instrs - Win instr}
is the probability density for the distribution of the
probabilistic characteristics combination, adequate to
the accepted measuring tool.

CONCLUSION

As noted above, the effectiveness of any treatment
procedure depends exclusively on the reliability of
the operational and prognostic medical measurement
experiment, which, in turn, is determined by the met-
rological level of the instrumental resource’s elements.
The proposed algebraic model for the knee joint
status allows defining a method for obtaining formal
estimates expressed as the required potential accuracy
of the diagnosing assessment for the biomedical object
status, to be performed through metric identification
algorithms, which allows identifying the borderline
errors for the instrumental resource, which, finally,
creates the basis for metrological synthesis of medical
measuring techniques.
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ABSTRACT — Ozone therapy has been widely used as an
effective non-drug method for treatment of dental diseases.
It has a pronounced therapeutic activity, ease of use, good
tolerability, enables reducing the drug load and facilitates
recovery processes. The work investigates antibacterial
efficacy of ozone therapy in comparison with two alternative
antibiotic medications for erosive and ulcerative lesions

in the oral cavity. The study was carried out using the
method of clinical and CITO-bacterioscopic research. The
results of the CITO-bacterioscopic study showed effective
antibacterial and antifungal activities of all three therapies.
In 14 days, the inflammation was subdued and the total
populations of coccal flora and Candida albicans were
decreased. Moreover, the results of the clinical examination
demonstrated higher efficacy of the therapy with ozonated
olive oil. Already on the second day, relief of pain and
improvement of the condition were observed. The obtained
data confirmed the antibacterial activity of ozone therapy
for treatment of oral mucosal erosions and ulcers. These
benefits suggest its use for geriatric patients. However,
further study with a focus on antioxidant properties of
medical ozone in a reparative process is required.

KEYWORDS — ozone therapy, erosive and ulcerative lesions
of oral mucosa, cytobacterioscopic studies.

INTRODUCTION

The choice of laboratory and clinical methods for
assessing the dental status of a patient is determined
by the nosological form of the discase, as well as by the
relationship with the level of his somatic health. Along
with the use of traditional laboratory and clinical
research methods, the doctor also uses other modern
informative methods and tests to identify the disease
and make a final diagnosis [1-11].

The problem of treatment of erosive and ulcera-
tive lesions of the oral cavity is relevant for dentists of
all directions due to the chronization of the process
(12, 13]. The treatment should have an etiopathoge-
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netic orientation. Geriatric dental disorders may be
caused by infectious, autoimmune processes, trauma,
allergic reactions, irrational orthopedic treatment. Be-
sides, questions of etiology and pathogenesis still cause
scientific disagreement among scientists [14]. In addi-
tion, due to the anatomical features of the oral cavity,
any erosion of this area is in constant contact with 300
or more types of microbes. Hence, the most com-
monly prescribed drugs are antibacterial [15]. How-
ever, this therapy in many cases entails consequences
in the form of dysbiosis and the development of fungal
infection, the emergence of resistance of microorgan-
isms, sensitization of the body [16, 17]. Among other
medical areas, medical ozone has become particularly
popular as an antibacterial agent.

Ozone kills all kinds of bacteria, viruses, fungi
and protozoa. The antiseptic effect of pure ozone is
three hundred times stronger than that of chlorine.
Ozone has no destructive and irritating effect on tis-
sues. Therapeutic doses of ozone have an antihypoxic,
immunocorrective effect, potentiate the action of an-
tibiotics, improve the rheological properties of blood
and enhance microcirculation [18-22].

Ozone therapy increases the delivery of oxygen
to tissues, inhibits lipid peroxidation, and activates the
antioxidant system in the lesion [23-25]. One of the
important properties of ozone is its antibacterial effect,
and the absence of a selective effect for antibiotic-re-
sistant strains, as well as the absence of other conse-
quences of traditional drug antibiotic therapy [26-29].
There are few studies that confirm the effectiveness of
these properties of ozone in the treatment of diseases
of the oral mucosa, which encourages further research
of the use of this method in the oral cavity.

MATERIAL AND METHODS

On the basis of VOXP in the city of Volgograd,
43 patients with erosive and ulcerative lesions in the
oral cavity due to trauma were examined and treated.
30 patients were affected due to sharp edges of their
teeth, failed fillings and substandard orthopedic
structures. All patients were divided into 3 groups.
At the end of the examination, the patients of all
three groups underwent oral sanitation, professional
hygiene, elimination of traumatic factors (replacement

of fillings, grinding of sharp edges of teeth, replace-
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ment of orthopedic devices). In the first group, therapy
included applications of ozonated olive oil at a concen-
tration of 5 mg/I lasting 15 minutes for 2 weeks. In the
second group, patients were assigned to oxygen—ozone
irrigation of the lesion for 10 minutes daily for 2 weeks.
And in the third group, patients were assigned to apply
Metrogil Denta gel for 15-20 minutes twice a day for
a course of 7 days (traditional treatment). To assess

the quality of treatment, we used: a clinical examina-
tion, including a survey, clarification of complaints,
and a visual examination. For a more detailed study, a
CITO-bacterioscopic study was used.

Statistical processing of the obtained results was
carried out using the Statistica 10 application software
package using Student t-test. Differences were con-
sidered significant at p <0.05. To assess the relation-
ship between different indicators, Pearson's linear
correlation coefficient was used, the level of statistical

significance of which began with p<0.05.
RESULTS

The effectiveness of the treatment was evalu-
ated on day 7 and 14 days later. When compared with
traditional dental treatment, the advantage of using
ozonated olive oil was noted. Already on the second day
after the treatment, patients reported a decrease in pain.
Less effective was the method of oxygen—ozone irriga-
tion. The subjects of the third group, who were treated
with Metrogil Denta applications, showed the worst
results, and clinical improvement was noted on 6-7
days after treatment. Erosive and ulcerative lesions were
fully epithelized in all patients within 14 days. Evaluat-
ing CITO-bacterioscopic indicators, we can draw the
following conclusions: absence of macrophages, in the
first and second groups and absence of coccal flora, in all
three groups, as well as a decrease in the number of lym-
phocytes on the 7" day and after 14 days up to the mini-
mum value of 1 that signals the resolution of inflam-
mation. Quantitative evaluation of lymphocytes and
coccal forms have a direct correlation. The reduction of
the coccal flora index to zero indicates the effectiveness
of antibacterial activity of all three treatment methods.
High values of the Candida (fungus) population before
treatment indicate an acute period, and a gradual de-
crease during treatment occurred due to the restoration
of homeostasis of the affected area and normalization of
the species composition of the microflora (Table 1).

CONCLUSION

As aresult of the conducted clinical study, the
advantage of ozone therapy compared to both con-
ventional methods has been proved, and the statisti-
cal significance of differences was noted between the
comparison groups at all periods of ablation. At the
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same time, this method is more promising due to the
absence of subsequent complications typically occurring
during the use of dosage forms. Also, based on the data
of CITO-bacterioscopic indicators, the process of in-
flammation was better and faster stopped in groups with
the use of ozone, which can be explained by its other
properties (antioxidant effect, restoration of microcircu-
lation, etc.). The most effective method was a combina-
tion of ozone and olive oil, which can be explained by
the additional keratoplastic effect of the oil, and the
clinical reduction of pain symptoms was achieved due to
the analgesic properties of ozone therapy. For laboratory
confirmation of the findings, further study of ozone in
comparison with anti-inflammatory drugs is necessary.
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ABSTRACT — The paper presents results of prosthetic
reconstruction in patients with anterior maxillary defects
using sound analyzer software. The research was carried
out involving spectrograms and sonograms acquired from
patients prior to, and after the treatment. The data obtained
by instrumental acoustic analysis of the spectrograms

and sonograms conducted with our computer technology
will help orthopedic dentists in planning and conducting
respective orthopedic treatment and it will also help them
avoid possible complications, thus increasing significantly
the effectiveness of orthopedic treatment of the defects in
the anterior dentition.

KEYWORDS — sound analyzer software, sonography,
spectrography, acoustic analysis, permanent denture.

INTRODUCTION

The relevance of modern diagnostic methods in
applied dentistry is determined by the high prevalence
and intensity of dental diseases. The knowledge of
diagnostic approaches, the principles of construct-
ing and making a diagnosis is of great importance for
medical practice, since the formulated diagnosis is the
rationale for the tactics of therapeutic and preventive
measures.

Loss of teeth is associated with various factors
— complicated caries, trauma, severe periodontitis,
removal of the trouble tooth through the inflammation
(periostitis, osteomyelitis), etc. However, the effect is
only one — a dentition defect development. The issues
arising at treating such defects with prosthetics depend
on the cause behind the loss of teeth; the time after
their removal; the TM]J structural features [1, 7, 8], as
well as other specifics of the body [2, 3]. In case of a
lateral defect development, patients tend to take such
issues in a more tolerant fashion, and treatment with
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prosthetics can be delayed indefinitely, which is not
the case with a defect in the anterior dentition, which
requires immediate replacement.

While restoring a single tooth typically will pose
no trouble, dealing with defects of medium length can
raise a number of questions, one of which is identify-
ing the inclination angle of the maxillary anterior teeth
palatal surfaces, thus, apart from aesthetics, to recover
the speech function hence facilitating the patient’s
adjustment to the prosthesis [4, 5, 9]. Answers to these
questions allow the orthopedic dentist and dental
technician to obtain fundamental basic information
concerning the ratios within the patient’s dentofacial
system, which is needed to make high-quality or-
thopedic prostheses featuring proper functional and
aesthetic specifics.

The methods for phonetic quality control in
prosthetics that are available from respective litera-
ture, focus on improving the pronunciation of speech
sounds while using removable dentures [6, 10]. Search-
ing through literature, we failed to find any sufhiciently
reliable methods and criteria for assessing the quality
of prosthetics with a fixed structure. At the same time,
more and more attention is paid to the improving the
quality of dental treatment.

Aim of study:
to increase prosthetics effectiveness for patients with
anterior maxilla dentition defects.

MATERIALS AND METHODS

Depending on the anterior dental arch status, we
identified 3 groups of patients. Group 1 — 30 people
with intact dentition, orthognathic bite and with no
articulation issues, which made up the control group.
Group 2 — patients with restored defects of the ante-
rior dentition who had bridgework installed previously
and who complained of diction issues — the com-
parison group. Group 3 — patients who underwent
examination and orthopedic treatment in view of the
upper jaw morphometric features — the main group.

To identify the relationship between the palatal
vault configuration and the anterior teeth palate surface
inclination angle in case of articulation issues, we de-
veloped a measuring device (Patent RU 53141 U1), as
well as a method for identifying the palatal vault angles
and the anterior teeth palate surface inclination angles
(Patent RU 2314060 C1). The measurements were
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done based on graphic displays of the palatal vault and
teeth curved sections in the sagittal plane with respect
to the horizontal plane. The length of the palatal vault
was measured from the interdental papilla (at the
central incisors approximal surfaces) to the line formed
by the intersection of the median palatine suture with
aline drawn at the level of the alveolar processes apex
between the second premolars and the first molars (the
depth of the palatal vault). This length was divided into

three equal parts: alveolar, middle and palatal.

RESULTS AND DISCUSSION

Through the study, we found that the inclination
angle of the anterior teeth palatal facings varied from
34° to 55° with an average of 45.6°, while the inclina-
tion angle of the anterior palatal vault middle third was
equal to the inclination angle of the palatal facings of
the anterior teeth with an accuracy of 84%, to range
between 32-57°, whose average value was 45.1°.

Therefore, in 84% of the cases, the inclination
angle of the anterior palatal vault middle third was
equal to the inclination angle of the anterior teeth
palatal facings. To obtain an objective assessment of
the phonetic adjustment to the installed bridgework,
we opted for spectrographic and sonographic analysis
of the speech produced by patients (software — sound
analyzers Steinberg Wavelab V5.01b, and Algorithmix
renovator 2.1). The nature of the deficient pronuncia-
tion changed depending on the upper anterior teeth
palatal facings inclination angle, and on the inclination
angle of the palatal vault middle chird.

In case of the upper front teeth retrusion, when
the cutting edge can touch the inside lower lip rather
low, we observe an additional overtone and a linkage
sounding close to the German [pf] pronunciation
(affricate). This is to be observed clearly on the spec-
trogram of the Russian word transcribed as ['flanets]
uttered by a patient wearing a prosthesis installed
previously in an outpatient setting. This overtone lies
within a range of 3 to 10 kHz, which is perceived by a
common ear as German [pf].

Similar issues lie behind the vowel overtone ap-
pearing through transition from the dorsal [¢] / [d] to
the non-dorsal [d5], so instead of pronouncing it like
[dvor], we would get something like [dowor], or [toros]
rather than [tros], etc.

In patients who had the palatal vault inclination
angle of the prosthesis significantly below the inclina-
tion angle of the anterior palatal vault middle third, up
to 15°, with the upper front teeth protrusion, the pro-
nunciation of [z] / [s] was perceived as flat-aperture, as
if hissing,

The spectrogram of the word [tros] pronounced
by a patient with a bridgework made in an outpatient
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clinic shows clearly that the sound [s] takes a frequen-
cy of 0.5 through 10 kHz, which is more typical of the
sound [J] (-sh-). The orthopedic treatment helped
eliminate the defect, and the control spectrogram
shows a narrowing spectrum of the sound [s], as well as
its shift towards higher frequencies, which corresponds
to the pronunciation norm.

CONCLUSION

In view of the above, the instrumental acoustic
analysis data obtained by sound analyzer software con-
firms significant improvements in the pronunciation
of sounds whose development is associated with the
anterior upper dentition. Spectrogram and sonogram
acoustic analysis done via computer technology will
help orthopedic dentists in orthopedic treatment, as
well as may help them avoid possible complications,
which will contribute significantly to the effectiveness
of orthopedic treatment offered for anterior upper
dentition defects.
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ABSTRACT — This study was conducted with the aim of

a dental examination of elderly patients and investigation
of the relationship between dental and somatic diseases.
70 geriatric patients aged 60-89 years underwent dental
examination and their dental status was determined (by
conducting a standard oral examination, which consists of
taking the anamnesis, check-up, evaluation of the hygienic
condition, the intensity and prevalence of caries and non-
carious lesions) and identification of a somatic disease. As
a result, a relationship between diseases of the hard dental
tissues, periodontium and oral mucosa and pre-existing
condition was detected. Absolutely all respondents needed
individualized routine hygiene and dental treatments
followed by orthopedic treatment to restore adequate
chewing function. The study showed that the relationship
between a somatic pathology and the condition of the
oral cavity reflects the comorbidity of diseases. To choose
treatment tactics, it is necessary to take into account not
only the severity and course of the underlying disease, but
also the presence of concomitant pathology of different
body systems. Therefore, the treatment of geriatric patients
should be carried out in collaboration with a general
practitioner for a unified approach for monitoring such
patients.

KEYWORDS — geriatric patients, dental examination,
pathology of the hard dental tissues, somatic diseases.

INTRODUCTION

In accordance with the requirements of the
World Health Organization, in the process of exam-
ining a dental patient, a certain diagnostic sequence
must be followed with the planning and use of various
laboratory and clinical research methods [1-11]. The
past decades have been characterized by demographic
processes leading to an increase in the proportion
of elderly population, which is common for most
countries of the world, including Russia. Dental
examination of these patients is difficult due to their
low mobility, high disability and social disorientation
[12]. The high prevalence of dental diseases in elderly
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populations can be accounted first of all by the fact
that the maxillofacial region becomes susceptible for
age-related morphological and physiological changes.
At the same time old age implies the presence of one or
more concomitant diseases, which not only aggravates
a dental problem, but also impedes its treatment [13].
However, at the moment, the choice of tactics for the
treatment of oral diseases does not take into account
the relationship with systemic disharmony of the body.

The aim of the study
is to conduct a dental examination of geriatric patients
with accompanying pathology and to investigate the
relationship of dental diseases to systemic illness.

MATERIALS AND METHODS

A dental examination was conducted in 70 elderly
patients aged 60—89 years, WHO-classified elderly
(60-74 years) and senile (75-89 years). The compre-
hensive examination included the use of basic and
complementary methods of examination: collection
of anamnesis, oral examination, determination of car-
ies indicators of prevalence, non-caries lesions, caries
intensity — index of KPU, hygienic composition
of the oral cavity IS (ONI-simplified index) Green-
Vermillion examination, periodontal condition with
the Russell’s periodontal index was carried out. X-ray
examination was performed if necessary. As a result,
treatment needs of the patients were identified, as well
as the relationship of somatic pathology with oral
discases was investigated.

RESULTS AND DISCUSSION

As aresult of the examination, we identified 100%
need for dental integrated treatment of the elderly
patients. At the same time 68 people (97.1%) revealed
pathology of hard tissues of teeth. Mainly, caries
and their complications (59 people — 86.7%) were
detected in patients, 13.3% were non-carious lesions.
However, we have found that the localization of lesions
correlates with concomitant diseases. When located
on chewing and drug surfaces, patients indicated the
presence of gastrointestinal pathology. The presence of
lesions in the cervical region indicated endocrine pa-
thology, predominantly diabetes mellitus and thyroid
discases. A high degree of caries intensity was deter-
mined in all patients. So KPU was 21, 8+1.2, which is
probably due to the presence of somatic pathology. At
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the same time, there is no consensus in the domestic
and foreign literature, which is the root factor in the
development of somatic or dental pathology.

67 patients (95.7%) showed poor oral hygiene.
Index Green-Vermillion (OHI-S) was 4, 7+0.22. This is
probably due to two factors: on the one hand - insuf-
ficient oral care, on the other — hyposalification of
the examined persons, and saliva does not perform
its main functions (trophic, cleaning, protective). In
addition, patients also complained about oral dryness.
Apparently xerostomy is due to physiological atrophy
of salivary glands. Accompanying pathology exacer-
bates this process. We observed the greatest dryness of
oral mucosa in patients with thyroid diseases and type
2 diabetes mellitus. At the same time, in this category
of persons there were multiple non-caries caused by
saliva deficiency, as saliva, performing in full trophic
function, is a source of phosphorus, zinc, calcium.

Periodontal diseases have been detected in 100%
of cases. Among them, moderate and severe peri-
odontitis prevails — 65 people (92.8%). The Russell
periodontal index (PI) was 5, 8 + 0.33, corresponding
to stage III of the discase. In this category of people,
endocrine diseases, atherosclerotic vascular lesions,
kidney diseases were noted as a concomitant pathol-
ogy. Also, the above-mentioned pathologies were
often of a combined nature. A 5 person (7.2%) was
diagnosed with periodontitis complicated by moder-
ate periodontitis in remission. When filling an anquet
as a concomitant pathology, patients noted thyroid
hypofiction. We did not observe idiopathetic peri-
odontal diseases in this study. It should be noted that
in the oral cavity of the examined persons there was
an increased erasability of hard tissues of teeth. In view
of the above, all patients examined needed orthopedic
treatment to restore dental integrity and adequate
chewing function.

However, in addition to the pathology of dental
hard tissues and periodontal diseases, we also observed
lesions of the mucous membrane of the oral cavity. In
patients with the expressed symptom of dry mouth,
the prints of tooth crowns on the mucous membrane
of the cheeks, bubble-vascular syndrome in arterial
hypertension, inflammatory diseases of the mucosa of
the oral cavity and lips: chronic recurrent aphthous
stomatitis, angular heilitis, etc. — in diseases of diges-
tive tract. Language cover and swelling were present
in 35 people (50%), of whom 87% have digestive tract
pathology, 82% — endocrine pathology.

CONCLUSION

Geriatric patients are a population that requires
increased attention from a dentist. In 100% of cases,
a dental pathology has been detected. At the same
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time according to the localization of caries in most
cases it is in the neck area, which is connected with
both hyposalification and periodontal pathology. In
case of disruption of trophic function of saliva, in case
of accumulation of food residues favorable condi-
tions for development of caries and its complications
are formed. When choosing treatment tactics, it is
necessary to take into account not only the degree of
severity and course of the main disease, but also the
presence of accompanying pathology of different sys-
tems of the body. The study showed that the relation-
ship between somatic pathology and oral condition
reflects the comorbidity of diseases. Therefore, the
treatment of geriatric patients should be carried out in
a comprehensive manner with a general physician for
a single approach to the observation of such patients.
Thus, it has been established that dental diseases and
their degree of expression are directly dependent on
the presence of a pre-existing condition and the sever-
ity of its manifestations. However, the identification
of the primary cause and elaborating a comprehensive,
differentiated approach to the therapy and prevention
of dental diseases demand a long-term careful attitude,
which provides justification for further research.
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ABSTRACT — The paper deals with the practical application
of the AMORF method for quantitative assessment of
dentofacial anomalies. The proposed method allows
quantifying such signs of dentofacial issues as facial
aesthetics, morphology of the skull facial part, occlusion,
periodontal bone tissue resorption in the sagittal, vertical,
and transverse planes, as well as functional issues, close
position of the teeth, their retention, root resorption and
adentia. The applied focus of the AMORF method for
quantitative assessment of dentofacial anomalies allows
enables to select appropriate therapeutic options, and,
judging the severity of the signs at the final stages of
treatment, its effectiveness can be evaluated.

KEYWORDS — quantitative assessment of dentofacial
anomalies, close teeth, retention, resorption adentia,
sagittal plane, vertical plane, transversal plane, orthodontic
treatment of children/adolescents.

INTRODUCTION

Orthodontic treatment for children and adoles-
cents is a serious issue since it is most often associated
with active growth, while cooperation and oral hygiene
issues in some cases turn a stumbling block coupling
with the patient’s lack of motivation. Given that,
the treatment plan may have to be altered through
the course more often compared to the treatment of
adult patients. The authors have offered convincing
proof showing an increase in the role played in clinical
dentistry by morphological, anthropometric, and
functional research methods [1-10].

Orthodontists, therefore, often have to answer
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questions like What is the treatment tactics if based on
the severity of dentofacial anomalies?, How did the signs
of dentofacial anomalies change through the treatment?, Is
the treatment outcome to be seen as positive or negative?

Maxillofacial anomalies are associated with mor-
phological, aesthetic and occlusal signs, periodontal
bone resorption, close tooth position, their retention
and adentia, root resorption, as well as functional
disorders. The severity of these signs can vary signifi-
cantly, and a change in one of them will not necessar-
ily lead to a proportional change in the others. Facial
aesthetic features, for instance, are above all influenced
by the bone structures that determine their relief.
These include the upper and the lower jaws, the asym-
metry of which causes the contours deformation in the
middle and lower face. However, soft tissue compensa-
tion must be taken into account, too. In some clinical
situations, they can mask disturbances affecting oc-
clusion and the structure of the skull facial part, while
significant occlusal disorders can come combined with
significant changes in facial aesthetics [11-12].

There is an obvious need for a quantitative assess-
ment of dentofacial anomalies as the same qualitative
diagnosis may imply treatment plans that are differ-
ent in the scope, timing, cost, and long-term results
[13-16].

The listed signs of dentofacial anomalies should
be considered in the sagittal, vertical and transverse
planes [17, 18].

uantitative methods include the DAI Aesthetic
Index (Dental Aesthetic Index; Cons N. et al., 1986)
and the index for assessing the need to correct dento-
facial anomalies, and the ICON index (Index of Com-
plexity, Outcome & Need; Daniels C., Richmond S.,
2000). However, note to be made that they only allow
assessing occlusal signs, leaving out the rest of them,
which offers an incomplete image of the dentofacial
anomalies [19, 20].

In view of the above, we have developed and
tested (involving over 5,000 patients with dentofacial
anomalies) the AMOREF method for quantitative
assessment (A — Aesthetics, M — Morphology,

O — Occlusion, R — Resorption, F — Function),
which allows distinguishing 3 degrees of severity in the
aesthetic, morphological, and occlusal disorders, as
well as evaluating the resorption of periodontal bone
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tissue in the sagittal, vertical, and transverse planes; 3
degrees of functional disorders; close position of the
teeth, their retention, root resorption, and 2 degrees of
adentia.

Practical application

The severity of each dentofacial anomaly symp-
tom is identified subject to the AMOREF quantita-
tive assessment method, with all the data entered in
Table 1. Next, the total numerical indicators by blocks
arc identified, before treatment and at the end of that,
while the final conclusion regarding the treatment
effectiveness is done based on the proportion where
the total numerical indicator before treatment is taken
as 100%, and the total numerical indicator at the end
of treatment, expressed per cent, is an indicator of the
treatment effectiveness, which is interpreted as follows:
up to 25)% — significant improvement; [25-45)%
— largely improved; [45-65)% — mildly improved;
[65-85)% — minimal improvement; [85% and above
— not improved or worsened, where square brackets
mean ncluding, round brackets — value is not included
in the numerical range.
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from a medical history thus demonstrating the poten-
tial of the AMOREF method practical application.

Patient T, 12 y.o.; self-referred; came to the clinic
complaining of the upper teeth uneven position; ob-
structed nasal breathing and speech production. The
diagnosis was: upper and lower retrognathia; anterior
inclination of the lower jaw; upper and lower incisors
retrusion; narrowing of the upper and lower jaws; cross
bite; close position of the teeth. Table 2 shows that be-
fore treatment the major disorders included aesthetics
in the sagittal and vertical planes, as well as the teeth
close position — they corresponded to Degrees 2 and
3 of severity, respectively. Functional disorders were
obstructed nasal breathing and speech production,
which corresponded to Degree 2 of severity.

Based on the diagnostic examination and recom-
mendations on the choice of treatment tactics, the fol-
lowing plan was proposed to correct the maxillofacial
anomaly: 1. The palate expander on the upper jaw and
at the same time the labial bumper on the lower one,
in order to improve the nasal breathing as well as to
correct the close position of the teeth. 2. Braces on the

Table 1. AMORF-based quantitative assessment of dentofacial anomaly signs prior to/after treatment

PLANE A M 0 R F

sagittal before/after before/after before/after before/after

vertical before/after before/after before/after before/after before/after
transverse before/after before/after before/after before/after

SIGN Degree 1 Degree 2 Degree 3

close position before/after before/after before/after

retention before/after before/after before/after

root resorption before/after before/after before/after

adentia before/after before/after

Note. From here on, ordinary font is used to show the common degree of the dentofacial anomaly signs prior to the treatment; bold font is used for signs after the treat-

ment

The AMOREF quantitative assessment method
allows a comprehensive assessment of morphological,
aesthetic, occlusal signs, periodontal bone resorption
in the sagittal, vertical and sagittal planes, as well as
it offers a way to assess close position of teeth, their
retention, root resorption and adentia. The proposed
method, if applied in clinical practice, allows, based on
the severity of certain signs, understanding the etiol-
ogy and pathogenesis of the dentofacial anomaly; se-
lecting the right treatment tactics, as well as judging its
effectiveness based on the change in the severity after
the treatment. Here below we are offering an excerpt

upper jaw and an occlusal splint on the lower jaw until
complete inclusion of teeth 1.2 and 2.2 in the denti-
tion. 3. Fixed braces on the lower jaw, creating multiple
fissure-tubercular contacts. 4. Removing the braces;
retention period and observation. The main stages of
orthodontic treatment can be seen in figures 1-8.

Treatment effectiveness assessment in Patient T
(Table 2) based on the AMOREF quantitative assess-
ment method: A4M2O2R0F2+3 > A2M1O1R0F0+0

Before treatment: 13 — 100%

After treatment: 4 — 30.77%
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Fig. 1. Patient T's skull lateral teleradiographies, before (a, ¢, e) and after (b, d, f) treatment — the ss-n-spm angle value corresponds to Degree 1 of mor-
phological disorders severity in the sagittal plane before treatment (a), and within norm — at the end of it (b), the Wits parameter values correspond to
the norm before (c) and after treatment (d); the values of the n-s-gn and Pm / Pb parameters correspond to Degree 1 of morphological disorders severity
in the vertical plane before treatment (e) and at its end (f)

The treatment effectiveness is interpreted here as
largely improved.

CONCLUSIONS

1. In order to assess face structure disturbances, as
well as treatment outcomes, it is reasonable to em-
ploy quantitative assessment methods. The proposed
AMOREF quantitative assessment method may be a
good option.

2. Using the AMOREF method of quantitative
assessment for dentofacial anomalies allows choos-
ing the orthodontic treatment tactics and, if needed,
to find grounds for the treatment adjustment, as well
as judging the effectiveness of the treatment upon
completion.

3. Quantitative assessment of dentofacial anoma-
lies allows demonstrating to patients and their parents
the positive effect of the joint efforts taken by the
doctor and the patient through the orthodontic treat-
ment. This is especially important for growing patients,
when orthodontic treatment takes long, including
active growth periods of the facial part of the skull, and
requires cooperation on the part of the patient when it
comes to the use of intra- and extraoral devices.
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Fig. 4. Patient T’ dentition at the intermediate
stage through orthodontic treatment (a, b, ¢, d, e):
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ABSTRACT — In order to detect pathomorphological
changes and identify the severity of maxillofacial disorders,
137 children with different degrees of connective tissue
dysplasia (CTD) and 46 healthy children were examined
by means of cone beam computed tomography to check
their X-ray morphometric index as well as lower jaw optical
density index. At the same time, the quantitative ultrasonic
densitometry method was employed to evaluate the status
of the peripheral skeleton bone tissue. The quantitative
X-ray morphometric index in healthy children and children
with CTD were found to have strong positive correlation
with the osteodensitometry Z-criterion, reflecting reliably
the bone tissue status in the peripheral skeleton. The
progression of connective tissue dysplastic disorders in
children, which correlates with the intensity of maxillofacial
bone structures destruction and the severity of collagen
degradation mechanisms, was accompanied by an increase
in chronic productive inflammation; reduced in x-ray
density; fibrous transformation of bone tissue; a decrease
in the thickness of the lower jaw cortical plate and its
dissociation; predominance of medium- and fine-meshed
bone pattern; impaired space orientation and thinning of
the bone trabeculas as well as pathological processes in the
periodontium.

KEYWORDS — connective tissue dysplasia, child population,
X-ray morphometric index, cone beam computed
tomography, ultrasound osteodensitometry, maxillofacial
area.

INTRODUCTION

The growing interest in connective tissue dysplas-
tic disorders in childhood is due to the following fac-
tors: high prevalence (9.8-35.7%) with stable growth
dynamics; multiple affected areas; predisposition to
chronic nature of acute processes; significant polymor-
phism of clinical and morphological manifestations;
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difficulties in diagnosing certain clinical types; longer
course of concomitant diseases; low effectiveness of
treatment plans; longer convalescence; need to make
additions to the treatment and diagnostic protocols as
well as to include corrective therapy. In children with
CTD, the frequency of referrals for medical assist-
ance is six times as high compared to other groups of
patients [1-3].

CTD is a nutritionally and genetically predeter-
mined disorder affecting the development of con-
nective tissue at the embryonic and postnatal stages,
which manifests itself through defects in the main
substance and fibrous structures, leads to homeostatic
disorders at the levels of the body, inner organs and
tissues, and features morphological and functional
disorders of the locomotor and visceral organs with a
progressive course, which determines the specifics of
associated pathologies (Kadurina T. I, 2008).

The data accumulated by respective experts
confirm that the connective tissue origin is to be found
mainly in all maxillofacial components, while the
structural and functional components of the connec-
tive tissue are actively involved in inflammatory, de-
structive and protective processes in various acute and
chronic pathological conditions. There is special note
to be made regarding the high prevalence of carious
tooth lesions, periodontal pathologies, temporoman-
dibular joint (TM]) issues, dentofacial deformities and
abnormalities, as well as occlusal disorders [4—12].

The authors have offered convincing proof show-
ing an increase in the role played in clinical dentistry
by morphological, anthropometric, and functional
rescarch methods [13-34]. The use of high-precision
methods of X-ray examination allows not only
minimizing the radiation harm to patients of all age
categories, yet also analyzing the anatomical and
topographic craniofacial features, as well as carly and
differential diagnostics of various diseases affecting
jaw bones, periodontium, teeth, skull sinuses, and
TM]J [35-47].

The need for a detailed study of the maxillofacial
area of children belonging to the “critical” age groups
is due to morphological and functional features, as well
as to the intensive development and growth of their
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organs and systems along with instability (lability) of
dentofacial structures [48—60].

Until now, the available research data on the role of
CTD in the development of child maxillofacial pathol-
ogy has been fragmented. Also, there is no informa-
tion available on peripheral skeleton bone strength in
relation to the reference base of ultrasound osteodensit-
ometry in children with CTD. Given that, studying the
pathogenesis of the maxillofacial pathology in children
with CTD through critical life periods appears relevant,
while this is not only of diagnostic yet also has clinical
value when explaining the tactics and monitoring the
effectiveness of treatment and rehabilitation measures.

Aim of study
identification of pathomorphological maxillofacial
changes in children with CTD based on X-ray mor-
phometry of the lower jaw and the peripheral skeleton
ultrasound osteodensitometry.

MATERIALS AND METHODS

As part of the work, 2013 through 2020 com-
prehensive clinical, paraclinical, and laboratory-
instrumental studies were carried out involving 137
adolescents (76 girls, 61 boys; aged 12-16) with general
somatic pathology and severe set of CTD symptoms,
who were treated in the Pediatric Department of
Filippsky Child Clinical Hospital (Stavropol, Russia).
The diagnostics of undifferentiated CTD included the
following symptoms: a minimum of six clinical and in-
strumental signs of connective tissue dysplasia; spread
of the pathological process onto two or more organs
(multi-organ nature) and systems (polysystem nature);
signs of familial accumulation of collagenopathy (fam-
ily history); biochemical and immunohistochemical
evidence of impaired connective tissue metabolism
(recommendation by T.I. Kadurina, 2009).

The evaluation of the adolescents’ body structure,
level of their individual physical development, harmo-
niousness in physical development, was done employ-
ing the Stuart scale, the WHO mass & height tables
(WHO Standard, 2006), as well as anthropometric
indices. Arachnodactyly and dolichostenomelia were
diagnosed using the respective coeflicients (Nechaeva
G.L, 1994). Joint hypermobility was detected base on
the P. Beighton criteria (1999). The muscular system
status, the severity and the nature of the deformities
affecting the thorax (Fokin A.A., 1984), the spine
(Abalmasova E.A., 1973), and the lower extremities
(Kadurina T.I., 2000) were evaluated.

Depending on the severity of external phenotypic
manifestations and laborartory, clinical and instrumen-
tal signs, assessment of the CTD severity was done
following the recommendations by L.N. Abbakumova,
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T.I. Kadurina (2008). In view of only external pheno-
typic characters, a mild degree of CTD corresponds to
the total score below 24, a moderate degree to 24-34
points, while a severe degree of CTD scores a total

of 35 or above. When doing laboratory and clinical-
instrumental examination, a mild degree of CTD
corresponds to a total score of less than 30, a moderate
CTD degree means a score ranging between 30 and
44, while a severe degree would score 45 or more. The
final diagnosis of CTD was set taking into account
the diagnostic tables for the child category where the
diagnostic level was +70 (E.P. Timofeeva, 1996).

Children with CTD (main group) were divided
into three subgroups: Subgroup 1 — mild degree
(n =39); Subgroup 2 — moderate degree (n = 47);
Subgroup 3 — severe degree (n = 51). The control
group included 46 healthy and basically healthy (Health
Groups I & II) adolescents (Yu. E. Veltishchev, 1994),
comparable in age and gender.

Bone mineral density indices were diagnosed on
an Omnisense 7000 ultrasound densitometer equipped
with a special computer software for children; the SOS
ulerasound wave velocity (m/s) in two points of the
skeleton — in the middle of the tibia and at the radius’
distal third. We identified the Z-score, which is the
standard deviation of the actual bone strength in rela-
tion to the child’s average age norm, and is expressed in
SD — mean square deviations units from the aver-
age peak values. The obtained bone tissue evaluation
data was compared to the Russian age standards (L.
Shcheplyagina, 2006) and percentile table data of the
respective ages for the ultrasonic densitometer. Subject
to the recommendations of ISCD, the criteria for bone
strength in children were used employing the Z-score:
SD > 0 (normal bone strength); SD ranging from -1 to
0 (a decrease tendency in the bone strength); SD from
—2 to —1 (mild decrease in the bone strength); SD <
-2 (significant decrease in the bone strength) (Fig. 1).

Dental volumetric tomograms and orthopanto-
mograms were performed in the child imaging soft-
ware on a KaVo OP300 Maxio cone beam computed
tomograph with cephalostat using the LowDoscTech-
nology”. The data was processed using the OnDe-
mand3D"” Dental and OnDemand” Project Viewer
software products. The orthopantomograms were used
to evaluated the quantitative indices (FI — Fuchs in-
dex, GI — Gonion index, Al — Antigonion index, MI
— Mental index, X-ray index — X-ray examination
index, PMI — panoramic mandibular index) and one
qualitative (MCI — Mandibular Cortical index). The
x-ray density of bone tissue (Hounsfield units; HU)
was identified on 3D mode computed tomograms.

The interalveolar septa resorption degree relative
to the tooth root length was determined through the
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Fig. 1. Quantitative ultrasound examination of the distal radius and tibia using an Omnisense 7000 densitometer

Fuchs index. The evaluation codes for the FI were: 0 —
tooth outside the bone tissue or the tooth is missing
due to a periodontal pathology; 1 — bone resorption
of more than % of the root length; 2 — bone resorp-
tion ranging from % to % of the root length; 3 — bone
resorption up to % of the root length; 4 — lack of the
alveolar bone resorption. The formula for calculating
follows below:

n-0)+m-1)+{n-2)+(n-3)+(n-4)

Fuchs Index =
Hens dndex number of teeth

Evaluation scale: bone resorption at the apex level
— 0 points; bone resorption exceeding % of the root
length — 0.25 points; bone resorption ranging from %
to % of the root length — 0.5 points; bone resorption
up to % of the root length — 0.75 points; no loss of
bone tissuc — 1 point (Fig. 2).

Fig. 2. Fuchs Index

The cortical plate thickness was determined based
on theJ. Bras et al. method (1982) — GI, and the D.
Ledgerton ctal. method (1999) — AL

The GI determination method: a tangent is
made at the lower jaw angle; further, a perpendicular
is restored from the point of intersection with the
mandibular angle.

The Al determination method: a straight line is
drawn along the front border of the lower jaw ascend-
ing branch. Next, a tangent is made to the intersection
with the lower border of the lower jaw, followed by
restoration from this point of the perpendicular. In
both methods, the cortical plate thickness is calculated
along the perpendicular (Fig. 3).

The alveolar bone resorption degree was deter-
mined through the A. Taguchi et al. method (1993)

— MI, and with the X-ray examination index — X-ray
index.

The MI determination method: in the foramen
mentale projection a tangent was made to the lower
border of the lower jaw, after which a perpendicular

Fig. 3. GI — Gonion Index, Al — Antigonion Index
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passing through the foramen mentale center was
restored. The distance ratio from the alveolar process
edge to the mandible lower border, to the distance
from the foramen mentale center to the mandible
lower border, was calculated.

The X-ray index determination method: in the fo-
ramen mentale projection, a tangent was drawn to the
lower border of the mandible alveolar part, to which
the perpendicular passing through the center of the
foramen mentale was drawn. Through the Autodesk
AutoCAD Architecture2018 software (2D format),
the ratio of the lower jaw alveolar part to the tooth
root total length was calculated (Fig. 4).

To improve the reliability of the data concerning
the intensity of destructive processes in the man-
dibular bone, three variations of the PMI index were
calculated — upper, middle and lower (D. Ledgerton
etal, 1997).

The PMI determination method: below the fo-
ramen mentale, parallel to the mandibular bone lower
border, a tangent was drawn. Further — a perpendicu-
lar passing through the center of the foramen mentale
is made. The following values were calculated along
the perpendicular: A — the cortical layer thickness;

B — the distance between the foramen mentale lower
edge and the mandibular bone lower border; C — the
distance between the foramen mentale upper edge
and the mandibular bone lower border. The distance
between the foramen mentale center and the mandib-
ular bone lower border was calculated as the half-sum
between B and C. The PMI value was calculated as fol-
lows: the upper PMls is the ratio of the cortical plate
thickness at the foramen mentale level to the distance
between the mandibular bone lower border and the
foramen mentale upper point; the lower PMli is the
ratio of the cortical plate thickness at the foramen
mentale level to the distance between the mandibular
bone lower border and the foramen mentale lower
point; the medium PMIm is the ratio of the cortical
plate thickness at the foramen mentale level to the dis-
tance between the mandibular bone lower border and
the foramen mentale center. In case there was lack of a
clear visualization of the upper part of the mandibular
bone lower cortical plate, we used the lowest thickness
value of the compact plate located below the foramen
mentale (Fig. 5).

nglitativc description of the cortical plate,
located below the foramen mentale, was carried out
by the E. Klemetti method (1994) — MCL The
evaluation criteria for morphological types were: C1
— smooth and clear inner border of the cortical plate;
C2 — the cortical layer border features single crescent
defects with bilateral or unilateral stratification of the
plate; C3 — the cortical plate is porous, featuring
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a multilayer structure, with many defects, while the
border is unclear and uneven (Fig. 6).

The mandible bone tissue optical density was
identified based on the results of a mathematical re-
construction of the attenuation coeflicients following
the classifications by U. Lekholm and G. Zarb (1985),
C. Mish (1992). Densitometric parameters (HU) of-
fered reliable description of the x-radiation loss degree
by the bone tissue. Subject to C. Ulm’s recommenda-
tions (2009), the mandibular angle and the lower jaw
body at the second premolar were used as interest zones
(Fig. 7).

The mandible cortex thickness was identified at
the foramen mentale level to clarify the sizes detected
when calculating the MCI index through orthopanto-
mograms (Fig. 8).

The statistical data processing was performed
with the SPSS-14.0 software for Windows using para-
metric and nonparametric methods.

RESULTS AND DISCUSSION

An analysis of the osteodensitometry results in
children with CTD, in view of the age standards and
the percentile densitometer data, revealed that a de-
crease in strength, which depends on the microstruc-
ture, mineral density, elasticity, and thickness of the
bone tissue cortical layer, is associated with a decrease
in the broadband attenuation of ultrasonic vibrations.
A downfall in this indicator, which determines the
spatial orientation of bone trabeculae, is combined
with an increase in the ultrasonic waves propagation
velocity. As we see it, it is the degree of decrease in the
ultrasound broadband attenuation — which devel-
ops against abnormal structure of elastin, collagen,
proteoglycans and glycoproteins with existing defects
in the main substance and the connective tissue fibrous
structures — that can offer a proper reflection of the
dysplastic disorders intensity. An analysis of bone
tissue strength in children of Health Groups I and
II showed that a decrease in the bone resistance to
fractures below the respective reference values is due to
lack of its mineral component casued by deficient cal-
cium supply in the child’s body, as well as a decrease in
the calcium metabolic activity, proof to that being the
positive dynamics of the ultrasonic vibrations propaga-
tion rate with no change in the broadband attenuation
(Fig. 9).

Tables 1-4 offer the data on the index radiomor-
phometric assessment of the mandible bone tissue
status in the studied groups.

An analysis of the mandible bone tissue status in
the studied groups indicated that an increase in the
CTD severity was associated with a tendency toward
a decrease in radiomorphometric index values, the
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Fig. 4. MI - Mental index, Rl - X-ray index

Fig. 5. Anthropometric benchmarks for measuring and calculating the
PMI index: PMis = A/C; PMli = A/B; PMim = A/D

exception being the X-ray index. According to the
Gl value in children of Health Groups 1 and 2, the
cortical plate thickness at the mandibular angle is sig-
nificantly above similar indicators for the children of
Subgroup 1 (1.04-1.24 times as thick), the children of
Subgroup 2 (1.05-1.44 times as thick), and children of
Subgroup 3 (1.10-1.41 times as thick). As for Al the
cortex thickness at the lower jaw branch in the control
group also prevails (by 1.02-1.05 times) over the
values registered in the main group, yet the differences
are not statistically significant. The MI indicator (the
alveolar process (bone) resorption degree of the lower
jaw), is also statistically significantly less (1.01-1.21
times) in children with CTD, if compared to patients
of Health Groups I and II. The index values in patients
with different levels of bone strength indicate that
children with a mild decrease (SD < -1) and a signifi-
cant decrease (SD < -2) in the bone strength, feature a
decrease in the cortical bone thickness over the entire
mandible surface not only in the control group, yet
also in the main group, too. This lack of difference, as
we see it, can be accounted for by the physiological
adjustment and compensation mechanisms that are to
be observed in children with CTD.

The radiological indices of GI, Al and MI proved

to have strong positive correlation (rp) with the oste-

| archiv euromedica | 2020 | vol. 10 | num.

Fig. 6. MCI — Mandibular cortical index: C1 — the cortical layer is
normal; (2 — the cortical layer is slightly damaged; (3 — the cortical
layer is significantly damaged

Fig. 7. «Zones of interest» on a 3D panorama in sagittal projection VR
mode with FOV 8 X 15 in the option “Shaded” “Bone”
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odensitometry Z-criterion: 0.947 (p = 0.000059) for
GL; 0.819 (p = 0.00031) for AL 0.784 (p = 0.00083)
for MI. The results of evaluating the values of PMIi,
PMIm, and PMIs revealed a similar trend, which
manifested itself through strong positive correla-

tion dependences (r ) with the Z-criterion: 0.816

(p = 0.000043) for BML; 0.782 (p = 0.00027) for
PMIm; 0.749 (p = 0.00069) for PMIs. Obviously, the
peripheral skeleton bone tissue status offers a reliable
reflection of the x-ray situation on the orthopanto-
mograms, while an increased mandible porosity in
children with CTD is diagnosed as a decrease in the
Fig. 8. The thickness of the cortical layer in the coronal, sagittal projec- cortical layer thickness both in the branch area and in
tions the angle of the lower jaw, as well as changed topogra-

Children of I, Il Children Children Children
health groups diagnosed with  diagnosed with  diagnosed with
mild CTD moderate CTD severe CTD

Fig. 9. Bone strength status in the groups based on the ultrasound osteodensitometry in view of the Z-score, SD

Table 1. Radiomorphometric indices, mandible, depending on bone Table 2. Radiomorphometric indices, mandible, depending on bone

strength status; Health Groups 1 & Il, (n = 46), (M = m) strength status; children diagnosed with mild CTD, (n = 39), (M £ m)
Learning Bone strength status Learning Bone strength status
Indexes, Z-score > 05D, | Z-score <-1SD, |Z-score <-2SD, Indexes, Z-score > 0SD, | Z-score <-1SD, |Z-score <-25D,
Units n=38 n=5 n=3 Units n=27 n=8 n=4
Fl, points 1,0 0,99 +0,01 0,97 0,02 Fl, points 0,96 +0,03 0,94 +0,05 0,88 +0,02
Gl, mm 1,97+058 |1,59+0,37 1,33+£0,24 Gl, mm 1,89+0,52 |1,36+0,34 1,07 £0,23
Al, mm 439+0,61 4,04+0,92 3,63+091 Al, mm 427+05 |3,93+0,79 3,54 0,86
MI, mm 468+0,5 4,76+0,83 3,95+0,89 MI, mm 462+047 |472+0,77 3,36 + 0,81
);;’i?]{s'“de"' 10 1012001 | 103+0,02 );:i?]{s'"dex' 1032002 1054004 | 1,09+0,03
PMIi, points | 0,43 0,09 0,39+0,06 0,34+0,08 PMIi, points | 0,41+ 0,07 0,37+0,03 0,31+0,02
PMIm, points | 0,39+0,08 | 0,35+0,05 0,28 +0,07 PMIm, points | 0,38 0,06 | 0,33 £0,04 0,26 +0,03
PMIs, points | 0,32£0,07  |0,31+0,04 0,26 + 0,06 PMIs, points |0,31£0,04 |0,29+0,02 0,24 +0,05
MCI, mm 39+0,1 39+0,2 3,8+0,3 MCl, mm 3,8+0,2 3,8+0,3 3,7+0,1
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Table 3. Radiomorphometric indices, mandible, depending on bone
strength status; children diagnosed with moderate (TD, (n = 47), (M +m)
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Table 4. Radiomorphometric indices, mandible, depending on bone
strength status; children diagnosed with severe CTD, (n=51), (M + m)

Learning Bone strength status Learning Bone strength status

Indexes, Z-score = 05D, | Z-score <-1SD, |Z-score < -2 SD, Indexes, Z-score > 0SD, | Z-score <-15D, | Z-score <-2SD,
Units n=18 n=21 n=8 Units n=13 n=22 n=16

Fl, points 0,89 +0,04* |0,85+0,03* 0,79 +£0,01* Fl, points 0,82 +£0,03** 0,76 £0,01** |0,72+0,02**
Gl, mm 1,87 £0,43* |1,28+0,29% 0,99 +0,18* Gl, mm 1,79+£0,36** |1,23+£0,26** | 0,94 +0,19**
Al, mm 424 +045% |3,88+0,71* 3,50 +0,76* Al, mm 419+0,41%* |3,84+0,64%* |34440,71%
MI, mm 459+0,38* |4,69+0,72% 3,32+0,74* MI, mm 4,55+0,36** |4,67+0,61** |3,26+0,66%*
)éori?]{s'“dex' 1084002 | 1094001 | 1,12+0,03* )éori‘;‘]{s'“de"' 1004003 | 1,1240,02% | 1,14+0,01%
PMIi, points | 0,39+0,04* |0,33+0,01* 0,26 +£0,02* PMIi, points | 0,37 +0,02** 0,28 +0,03** |0,23 +0,01**
PMIm, points | 0,31+£0,03* | 0,30 £ 0,04* 0,24 +0,01* PMIm, points | 0,29 +0,02** | 0,27 +0,03** |0,21£0,01**
PMIs, points | 0,27 £0,03* | 0,25 £0,01% 0,22 +0,04* PMIs, points | 0,25£0,01%** |0,22+0,02** |0,19+0,03**
MdI, mm 3,7+0,3* 3,6+0,2% 3,5+0,1* MdI, mm 3,7+£02%*  |3,6+0,3* 3,5+0,1%*

Note: * p <0.05 — the reliability of statistical differences compared with indica-
tors of children of I, Il health groups

phy of the foramen mentale in relation to the mandi-
ble lower border.

A qualitative evaluation of the mandible corti-
cal plate status through the MCI value determined an
identical orientation with respect to the Z-criterion,
just like in the previously analyzed X-ray indices, while
the differences were statistically significant (p <0.05).
In Health Groups I and II, as well as in Subgroup 1,
the C3 type of cortical plate was not registered, while
the occurrence of C1 and C2 types was 73.9% and
26.1%, and 61.5% and 38.5%, respectively, whereas
the differences between the groups were considered
unreliable (p <0.01). In Subgroups 2 and 3, a slighcly
damaged cortical layer prevailed (53.2% and 43.1%,
respectively), and the differences between the studied
groups, too, did not reveal statistically significant
difference (p <0.01). The major difference between
the children in Subgroups 2 and 3 was the occurrence
of the C1 and C3 types: in children with mild CTD,
this ratio was 31.9% and 14.9%, while in children with
severe CTD — 23.5% and 33.4%, respectively, subject
to the statistically significant differences (p <0.05). The
qualitative evaluation of the mandible bone tissue in
Subgroup 3 and the C3 type revealed erosion, lack of
uniformity, and severe damage to the cortex through
its entire length with significant attenuation, as well as
alarge-cellular pattern of the spongeous bone. It is to
be noted that the MCl index is highly reliable and di-
agnostically significant, while the orthopantomograms
obtained via CBCT; in contrast to the X-ray method,
allow getting reliable results, as well as conducting
objective differential diagnostics in a qualitative evalu-
ation of the mandible cortical plate status.

Note: * p <0.01 - the reliability of statistical differences compared with indicators
of children of |, Il health groups

A study of X-ray morphometric indices shows
that in case of an increase in the dysplastic disorders
severity in children, a decrease in the bone density
comes combined with a decrease in cortex thickness
and destructed interalveolar septa, while the share of
patients with severely damaged lower jaw cortical plate
is increasing (Fig. 10).

Unlike children of Health Groups I'and II
(Fuchs index in the group — 0.99 + 0.01; X-ray
index — 1.01 + 0.01; MCI — 3.9 £ 0.1; cortex
thickness — 2.8 + 0.4; mandible body X-ray den-
sity — 1727.6 + 302.1 HU; mandible X-ray density
angle — 2181.4 + 297.3HU), the patients with mild
CTD (Fuchs index in the group — 0.93 + 0.03;

X-ray index — 1.06 + 0.03; MCI — 3.8 + 0.2; cortex
thickness — 2.6 + 0.1; mandible body X-ray density
— 1538.9 + 274.4HU; mandible X-ray density angle —
1936.7 + 281.2HU) as well as the patients with moder-
ate CTD (Fuchs index for the group — 0.84 + 0.02;
X-ray index — 1.10 + 0.02; MCI — 3.6 + 0.2; cortex
thickness — 2.1 + 0.3; X mandible body X-ray density
— 1316.8 + 251.7; mandible X-ray density angle —
1783.8 + 264.5HU) featured a slight and unevenly de-
creased height of the interalveolar septa (no more than
% of the root length), which came combined with a
slight resorption (6-10%) of the mandible alveolar
part. The children with severe CTD (Fuchs index in
the group — 0.77 £ 0.02; X-ray index — 1.12 + 0.02;
MCI — 3.6 + 0.2; cortex thickness — 1.9 + 0.2;
mandible body X-ray densicy — 1198.3 + 236.2HU;
mandible X-ray density angle — 1652.9 + 249.6HU)
were diagnosed with generalized, moderate, horizontal
resorption of the mandible alveolar part, uniform de-
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Fig. 10. X-ray specifics of the mandible bone tissue status in the groups: a— patient A., 16 y.0., Health Group I; b — patient M., 15 y.0., mild CTD; c—
patient K., 16 y.0., moderate CTD; d — patient S., 16 y.0., severe CTD

crease in the interalveolar septa height (about ¥ of the
root length ), and an early stage of destructive change
(12%) of the bone tissue.

Visualization of CBC tomograms of transverse
sections of the mandibular bones alveolar part in
Health Groups I and II determines the following
features — a thickened cortical layer; bone trabeculac
represented by a large-mesh pattern with crossed bone
beams; the functional trabecular package features
a horizontal orientation; interalveolar ridges are of
pointed triangular shape with a pronounced clos-
ing cortical plate. CBCT evaluation of the mandible
alveolar part cross sections suggests that an increase
in the CTD severity comes along with the following
focus in the pathomorphological changes — decreas-
ing thicknessof the cortical plates; predominance of
medium- and fine-meshed patterns; destroying struc-
ture of the trabecular package with disturbed spatial
orientation and thinning bone trabeculae; dissociation
of the inner cortical plate; interalveolar ridge shape
getting more of something semi-oval or flactened. The
X-ray examination data makes it obvious that the bone
resorption intensity is most prominent in children
with severe CTD.

This suggestion gets confirmed through gen-
eralized chronic productive inflammation, which
leads to a uniform decrease in the interalveolar septa

height within a range of % of the root length; a slight

expansion of the periodontal gap; a decrease in the
optical density and a disturbed microarchitectonics
in the mandible body (thinned bone beams; increased
transparency of the bone pattern; fibrous transforma-
tion of the bone tissue structure; medium and fine-
mesh pattern of the spongeous bone; porosity; lack of
contours; eroded thinned closing cortical plate along
its with surface). The systematization of the avail-

able research data as well as the outcomes of our own
studies indicates that patients with CTD feature the
following pathomorphological changes — catabolism
prevalence over synthesis and recovery; connective
tissue edema; fibrous structures and major substance
decomposition; violation of fibrillogenesis; reduced
blood vessels in the microvasculature; development
of perivascular dense productive infilerates; fiber
homogenization and changed ratio between certain
types of collagen; connective tissue hyalinosis and
sclerosis. The TM] capsule-ligamentous complex
responds to chronic productive inflammation with
irreversible deformities in the articular disc, disturbed
integrity of the intraarticular ligaments, joint bone
elements hypoplasia, and periodontal disease — im-
paired function (plastic, protective, barrier, trophic,
shock-absorbing functions), bone resorption, tooth
mobility, and the development of secondary trau-
matic occlusion.
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CONCLUSIONS

1. Comprehensive evaluation of the mandible bone

prognostic value in terms of negative and positive
outcomes, in contrast to similar data obtained

tissue status using X-ray morphometric indices

traumatic occlusion.

. A qualitative evaluation of the mandible corti-
cal layer status should be performed through
cone beam computed tomography in a pano-
ramic mode, which can be explained with higher
specific sensitivity, sensitivity, accuracy, and

through orthopantomography of maxilla bones.

and X-ray density indices in children with CTD, 6. When examining groups of children thus aiming
allows identifying the nature and the degree of at developing risk groups involving impaired
dysplastic disorders, detecting the manifestations musculoskeletal system development, we would
of irreversible periodontal bone resorption, and recommended employing quantitative ultra-
can serve the basis for the developing a set of den- sound osteodensitometry based on average age
tal measures, as well as for designing proper ap- standards and percentile scales, whereas children
proaches implying medication, non-medication, with bone deficiency would need further com-
and symptom-based treatments. prehensive examination, correction with medica-
. Strong positive correlation relationship between tion, preventive care, outpatient monitoring and
quantitative X-ray morphometric indices and densitometric control.
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ABSTRACT — In order to develop a method for accelerated
diagnostics of the dental arch gnathic type, we measured jaw
cast models obtained from 213 people with an orthognathic
bite, without congenital and/or acquired maxillofacial
pathology. The difference between the actual and the
calculated values of the inter-canine distance, which serves
as a basis for the diagnostic method, was employed as a
reference standard for mesognathic dental arches, where the
triple selecting bias for the analysis of dental arches with
physiological occlusion did not exceed 3 mm. The estimates
for the inter-canine distance at various dental arch types
(mesognathia, 39.62 + 1.24 mm; brachygnathia, 41.50 +
1.15 mm; dolichognathia, 34.54 + 1.64 mm) were obtained
in view of the circle geometry, where the radius was
identified by the ratio of the triple width sum of the three
front teeth crowns (medial and lateral incisors and canines),
to 7 value (3.14). The dental arch anterior section height was
half the circle radius. Inter-canine distance was calculated
subject to the Pythagorean theorem. A width change
(increase) exceeding 3 mm in the anterior section allowed
attributing the dental arches to the brachygnathic type,
while a decrease in the said index was considered typical of
dolichognathia.

KEYWORDS — morphometry; upper jaw; gnathic types of
dental arches; mesognathia; dolichognathia; brachygnathia.

INTRODUCTION

Lifetime X-ray and morphological diagnostics
represent the major tools of research and applied value,
which help solve numerous diagnostic issues faced by
a number of specialists involved in public healthcare
(2,13, 16,21, 24, 27, 31, 37, 40].

The growing interest taken currently in dentition
morphometric studies is due to the systematization
and specification of the accumulated data, which
allows clinicians (dentists, maxillofacial surgeons) to
compare the external maxillofacial parameters with
the person’s internal structural features not only in the
normal status, yet also in case of pathological condi-

tions [3, 10,12, 15, 18,23, 25,29, 34, 39].
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The anatomic features of teeth and dental arches
have been the focus of numerous studies, and are of
both applied and clinical value [4, 9]. There have been
shown dentoalveolar segments’ features with a descrip-
tion of the major anatomic structures, with a focus on
the clinical use [8]. Knowing the maxillofacial features
from the age view serves as a guideline for selecting the
right method of prosthetic and orthodontic treat-
ment, where the issues are often complicated by dental
arches defects [5, 36]. Here we present some advanced
methods for studying the main morphological maxil-
lofacial elements [1, 11].

Many experts have already presented lots of
convincing proof to the variety of shapes and sizes of
dental arches with an orthognathic bite [7, 28]. There
is data available on the major dimensions of dental
arches for dolicho-, brachy- and mesognathia, in view
of the odontometric values, namely for macro-, micro-
and normodontia [6, 35].

The methods for identifying dental types are
based on odontometric indicators and include deter-
mining the mean molars modulus whose value is in-
dicative of normodontia if varies within 10.6—-11.0 mm
[14]. The said method is based only on the measure-
ment of molars (large molars) in the vestibular-lingual
and mesial-distal planes.

Other methods are based on measuring four incisors
and there are values offered that point at normo-, macro-
and microdontia [17]. The relationship of the tooth size
and the craniofacial parameters can be seen from studies
focusing on detecting individual normodontia [26, 39].

The said methods allow evaluating the size of
certain teeth groups. It is worth saying that experts
speak of the dental arch length that can be calculated
through the summed width of 14 teeth crowns. The
length of the dental arch varying within the range of
112-118 mm has been identified as speaking of the
normodontia type of dental arches [19, 32].

Another parameter to identify the dental arch
type is its gnathic element. The gnathic index, which
is defined as the percentage of the diagonal and the
transverse dimensions, is to be observed in people
with a physiological bite [30]. It is to be noted that its
digital values have been derived empirically and proven
through a large number of observations. At the same
time, in case of abnormal dental arch shape caused by
the incisors protrusion or retrusion, it is almost impos-
sible to identify the diagonal dimensions.
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Given that, the gnathic indices for the dental
arches have been proposed, which are based on the
ratio of the 14 teeth crowns width sum to the dental
arch transversal distal part [33]. However, the values
presented by the authors are also based on measure-
ments obtained from people with physiological
occlusion. These methods are excessively complex,
require numerous measurements and calculations for
the dental and interdental types, as well as craniofacial
measurements and a comparative-and-contrastive
analysis.

Noteworthy is the opinion that experts express
regarding the geometric and graphic reproduction
of dental arches [22]. Of greatest importance is the
Hauley-Herber-Herbst method, which is based on
measuring the width of the three front teeth crowns on
one of the sides (the medial and lateral incisors and the
canine). The downside of this method is that the chord
and length of the segment, following Hauley’s calcula-
tions, correspond to the three front teeth sizes. In view
of that, the correction factors were introduced where
the arch lengths of the segment and the chord had dif-
ferent values [20]. However, this technique is accept-
able only for arches of average size with the standard
values of the front teeth.

Aim of study:
to develop a method for accelerated diagnostics of the
dental arch gnathic type.

MATERIALS AND METHODS

The study involved 213 people aged 2030 with
a complete set of teeth, an orthognathic bite, featuring
no congenital and/or acquired maxillofacial pathol-
ogy. Cast models (die stone) were obrtained from all
the patients’ jaws. In view of the expert recommenda-
tions, the jaw models were evaluated based on the
gnathic index as the ratio of the 14 teeth crowns width
half-sum to the width of the distal area between the
second permanent molars [30]. Subject to the index,
the patients were divided into 3 groups. Group 1
included 102 patients with mesognathic dental arches;
Group 2 were those with brachygnathia (59 patients),
while Group 3 included another 52 patients featuring
dolichognathic dental arches.

Odontometry was done using an electronic
caliper (accuracy — 0.01 mm). In chis case, the mesial-
distal diameters of the crowns of the 14 upper teeth
were measured (excluding the wisdom teeth). The
transverse dimensions of the dental arch anterior sec-
tion were measured between the tearing tubercles of
the permanent upper canines.

The dental arch construction following the
Hauley method (Hauley-Herber-Herbst) was based on

E
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the half-sum of the width of the 6 front teeth crowns
(canines and incisors). Given the construction errors
associated with the fact that the radius of the circle is
shorter than the chord of the segment bounded by the
radius, we employed a correction taking into account
the circle geometry [15]. In this case, the radius was
calculated as the ratio of the triple sum of the three
anterior teeth crowns width to 7 (3.14). The obtained
value corresponded to the front-canine diagonal.
After making the circle, the value equal to the
front-canine diagonal, was used to build the segments
on both sides starting from the circle upper point. The
location of these points allowed identifying the inter-
canine width of the dental arch anterior part (Fig. 1).

Fig. 1. Physiological occlusion (a) and the analysis method for the upper
jaw model (b)

In order to avoid the graphic construction of
the Hauley arch, we employed the Microsoft Excel
software for the estimated inter-canine distance. In
this case, the Hauley data with correction coeficients
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were used [15]. The anterior dental arch depth cor-
responded to the chord half of the anterior segment,
like a right triangle leg opposite an angle of 30 degrees.
Besides, the chord corresponded to the calculated
radius of the circle and the front-canine diagonal.
Knowing the depth of the arch and the chord value,
the value of the second leg — which was half the width
of the dental arch anterior section between the canines
— was calculated following the Pythagorean theorem.

The difference between the actual and calculated
indicators of the width of the anterior section of the
dental arch was regarded as the value of inter-canine
correspondence or inconsistency.

RESULTS AND DISCUSSION

A comparative analysis of the major indicators for
the dental arches of various gnathic types revealed that
the average size of the teeth in the groups did not dif-
fer, which pointed at the similarity within the groups
in terms of their odontometric features. Besides, we
observed no significant differences in the front teeth
size.

At the same time, there is a difference in the
dental arches transverse dimensions that is to be noted,
both in the anterior and in the distal section.

Table 1 offers a view on the cast model details in
the groups in question.

A similar situation was to be observed when
analyzing the transversal dimensions of the dental
arch anterior section. The inter-canine distance in
mesognathia was 39.62 + 1.24 mm; in those with
brachygnathia the similar value was 41.50 + 1.15 mm,
which was significantly above (p<0.05) that same
index in people with dolichognathic dental arches
(34.54 + 1.64 mm).

The greatest diagnostic value belongs to the mis-
match between the actual inter-canine distance and
the calculated indicators. In Group 1 — mesognathic
dental arches — we observed no significant difference
between the indicators of the anterior dental arch
transversal size and the calculated values.

We employed this parameter as a reference for
mesognathic dental arches. The triple error of the pre-
liminary analysis representativeness for dental arches
with the physiological occlusion did not exceed 3 mm.

Given that, an increase in the anterior section
width by more than 3 mm allowed us to attribute the
dental arches to the brachygnathic type, whereas a
decrease by the said value was indicative of dolichog-
nathia.

Therefore, the value of the inter-canine mismatch
can be used as the major criterion for accelerated diag-
nostics of the dental arch gnathic type.

Table 1. The major indicators of teeth and dental arches in the studied groups, (M+m, p<0.05)

o Teeth and dental arch parameters

Major indicators
Group 1 Group 2 Group 3

Width sum for 14 teeth crowns (mm) 115.57+3.29 112.92+2.84 113.16+3.12
Width between second molars (mm) 62.85+2.14 67.12+£2.17 59.02+2.24
Dental arch gnathic index 0.92+0.02 0.84+0.03 0.95+0.01
Width sum for 3 front teeth (mm) 24.01+1.16 23.05+1.24 23.44+1.37
Actual inter-canine width (mm) 39.62+1.24 41.50+1.15 34.54+1.64
Estimated inter-canine width (mm) 39.73+0.96 38.14+1.03 38.78+1.59
Inter-canine mismatch (mm) —0.11+0.83 4,24+0.92 -3.36+0.29

The largest transversal sizes of the upper dental
arches’ distal part were observed in people with brach-
ygnathic dental arches (Group 2) where their size was
67.12 +2.17 mm. In this case, the gnathic index of the
upper jaw dental arch was the lowest (0.84 + 0.03) and
indicative of brachygnathia.

In case of dolichognathia (Group 3), the dental
arches were significantly narrower at the second molars
(59.02 + 2.24 mm, p<0.05), whereas the arch index was
much higher (0.95 + 0.01, p<0,05).

CONCLUSIONS

1. A method for accelerated diagnostics of den-
tal arches odontometric parameters and linear
dimensions has been proposed and tested, which
can be employed to evaluate the dental arch type.
The method relies on the difference between
the actual and the estimated inter-canine dis-
tance. The parameter was used as a reference for
mesognathic dental arches, where the triple error
in the dental arches analysis representativeness for
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physiological occlusion did not exceed 3 mm.

. The inter-canine distance for mesognathic

dental arches was 39.62 + 1.24 mm; in people
with brachygnathia, the value was 41.50 + 1.15
mm, which was significantly above (p<0.05)
that in people with dolichognathic dental arches
(34.54 + 1.64 mm).

. The estimated inter-canine distance values were

obtained in view of the circle geometry, where
the radius was calculated through the ratio of

the triple sum of the three front teeth crowns
widths (the medial and lateral incisors and the
canine) to the 7 value (3.14). The height of the
anterior dental arch was half the circle radius. The
inter-canine distance was identified following the
Pythagorean theorem. An increase in anterior
section width by more than 3 mm proved to be a
reliable criterion allowing attributing the dental
arches to the brachygnathic type, while a decrease
in the indicated value — to the dolichognathic

type.

. The introduction of an additional criterion (the

inter-canine mismatch), as the major indicator
for accelerated diagnostics of the dental arches
gnathic type, will allow identifying individual fea-
tures in the structure of dental arches; preventing
potential relapse of a dentoalveolar pathology, as
well as achieving optimal predictable functional
and aesthetic outcomes through orthodontic
treatment.
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ABSTRACT — The article deals with studies on
microcirculatory changes as indicators of psychoemotional
stress development. Diagnosis of the capillary blood flow
was made by studying LDF-grams obtained by carrying

out laser Doppler flowmetry. The study was carried out in
the area of the inflamed periimplant oral mucosa in the
patients with psychoemotional stress (30 people). To obtain
normalized characteristics, the control group comprised
patients with postprothetic complications after dental
implants without any psychoemotional disorders. It was
revealed that under stress capillary blood flow changes both
at the oscillatory and non-oscillatory levels. Increased blood
inflow and disordered venous outflow were noted against
the blood vessels vasodilatation. When analyzing high

and low frequency oscillations with the method of wavelet
transformations, it was noted that endothelium activity
increased, but sympathetic adrenergic vasomotors and
precapillaries tone decreased.

Laser Doppler Flowmetry (LDF) can be applied as a
diagnostic method for stress situations at dental treatment.

KEYWORDS — microcirculation, stress, periimplant area,
inflammation, diagnostics.

INTRODUCTION

The relevance of modern diagnostic methods in
applied dentistry is determined by the high prevalence
and intensity of dental diseases. The knowledge of
diagnostic approaches, the principles of construct-
ing and making a diagnosis is of great importance for
medical practice, since the formulated diagnosis is the
rationale for the tactics of therapeutic and preventive
measures [1-10].

Diagnosis of psychoemotional stress is a vitally
important indicator, as it is a non-specific basis of
numerous diseases including dental ones. Psychoe-
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motional disorders resulting from stress cause chronic
long lasting inflammatory diseases including diseases
of the oral cavity [11]. Complications following dental
implantation that manifests in inflammation of the
periimplant tissue is not an exception. Patients are not
able cither eat normally or speak and all this affects
their life. In this case psycho-physiological condition
of these patients also changes. Early discovery of the
stress factor and later the development of psychoemo-
tional disorders is one of the important purposes of a
dentist as it prevents development of complications
during dental treatment.

At present, numerous methods exist to deter-
mine a person’s psychoemotional condition. These
are mainly various questionnaires that patients fill. In
the era of modern technologies a software on An-
droid platform examines microhemodynamics and
determines the degree of stress: low, medium or high
one within a few seconds. Though, more objectively,
stress diagnostics can be carried out with laser doppler
flowmetry by studying a few parameters. The method
makes it possible to promptly and noninvasively
reveal specific numerical indices by calculating the
oscillation spectrum of different origin, essentially by
increasing or decreasing the amplitudes of endothelial,
myogenous and neurogenous oscillation [12].

Aim
To investigate changes in the microdynamics of
the oral mucosa under psychoemotional stress using
the data acquired with laser Doppler lowmetry.

MATERIAL AND METHODS

30 volunteers with inflammation of the peri-
implant tissue of the oral mucosa participated in the
study. The study was approved by the Regional Com-
mittee of Ethics, Protocol No 2115/1-2019 of April
19, 2019. Prior to LDF-metry, all patients with mucosi-
tis were given questionnaires that were analyzed using
the method of psychological stress measure PSM-25.
The results were interpreted and the data processed by
calculating the total amount of points after answering
all the questions. 125 points and higher showed a high
level of stress, 100—125 points — a medium level and
less than 99 points — a low level of stress.

Laser doppler flowmetry was performed while the

10
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patient was sitting on the dental chair. The sensor was
placed on the inflamed periimplant area to study he-
modynamics of the oral mucosa. Capillary blood flow
was monitored for 10 minutes. At the first stage the
indicator of microcirculation, the root-mean-square
deviation and coefficient of variation were estimated
and at the second stage the contribution and oscil-
lation of high and low frequency flux motions were

studied.
RESULTS

Based on the data obtained from the question-
naires, it can be said that all the patients were in a stress
situation. So, 12 patients (40%) showed 130 points,

10 patients had 160 points (33,3%), 5 patients — 180
points (16,7%) and 3 patients showed 195 points
(10%). The average amount of points were 154,8+4,2
that was the evidence of a high level of stress.

To obtain normalized indices of LDF-gram, while
carrying out LDF-metry, there was a control group of
normal people who did not suffer from stress. The ab-
sence of a psychoemotional factor was also confirmed
by questioning. The patients under stress conditions
showed blood vessels dilatation against lower activity
of the sympathetic vasomotors and decreased tone of
precapillaries, increased amplitude of endothelial, neu-
rogenous and myogenous oscillations. So, increased
amplitude of endothelial oscillations (VLF by 57%,
p<0,05) characterizes a higher activity of endothelial
secretory function, development of endothelium-
dependent dilatation of the vessels. Increased number
of flux motions of the myogenous origin (LFm by 64%,
p<0,05) characterizes a lower tone of precapillaries,
Increased amplitude of neurogenous oscillations (LFu
by 54%, p<0,05) is the evidence of a lower activity of
sympathetic adrenergic vasomotors and development
of sympathetic vasodilatation. Increased oscillations
of the pulse and respiratory waves occur against pulse
acceleration and respiratory impact on the vegeta-
tive heart nerves alongside with the inflow of arterial
blood and difliculty in venous outflow. The study of
the non-oscillatory indices showed the increase of the
microcirculation index M by 37%, but the root-mean-
square deviation and variation index are 35% lower
and makes 5,32+0,3%. Lowered speed of the local
blood flow is associated both with weakened active
factors of blood flow regulation and decreased flux
motions energy.

DISCUSSION

Thus, the analysis of the data obtained is the
evidence of expressed microcirculatory changes in a
stress situation. Laser doppler flowmetry is a nonin-
vasive method of examination that shows objectively
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the state of microhemodynamics and can be used as a
diagnostic method of psychoemotional condition at
dental treatment.

CONCLUSION

Investigation of microcirculation parameters
in patients with dental implant complications has
revealed disturbances of microhemodynamics. There-
fore, further studies may help find the cause/effect
relationships that justifies the need for such studies in
the future.
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ABSTRACT — Gingival sulcus is a place where inflammation
occurs due to microbial penetration into the periodontal
tissue. Gingival fluid can be employed as the fastest and
most accurate reflection of pathological changes taking
place in the cellular composition, the protein spectrum, and
the pH status so this is of interest as a research object. The
difference in the outcomes obtained through studying the
cytokines level has been attributed to the use of different
methods for sampling and storage of fluid samples.

KEYWORDS — chronic generalized periodontitis, gingival
fluid, cytokines.

INTRODUCTION

Periodontal diseases belong to multifacto-
rial infections, resulting from disturbed interaction
between various bacteria and the periodontal immune
system cells. These processes lead to the release of an
uncontrolled amount of pro-inflammatory cytokines
and chemokines, which ultimately results in destroyed
periodontal structures [1-7]. Gingival crevicular fluid
(GCF) in persons with periodontal issues contains
inflammatory cells, bacteria, tissue disintegration
products, antibodies, the complement system proteins
and enzymes, as well as many inflammatory mediators
[8]. Its preparation and quantitative determination of
its immunoregulatory biomarkers can be considered
one of the most non-traumatic research methods to
obrtain details on the status and degree of periodontal
tissues destruction, to identify the features of its dam-
age in various periodontal diseases, and to predict their
course [9-11].

The microbial biofilm — a generally recognized
ctiological factor behind the inflammatory periodon-
tal diseases development — involves immune defense
mechanisms in the pathogenetic circle. The imbalance
between bacterial invasion and the oral cavity immune

Received 30 March 2020;
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defense systems is considered the major cause leading
to the development of periodontal tissue destruction
[12, 13]. The cell walls components in anaerobic peri-
odontal pathogens, while interacting with Toll recep-
tors (TLRs) lead to a change in their structure and
function, which, in turn, leads to activation of signal-
ing pathways, an increase in the cytokines/chemokines
production by the periodontal tissue local immune
system cells, which attract polymorphonuclear cells
to the focus of inflammation for effective clearance of
bacteria. Activated neutrophils, in turn, cause destruc-
tion of the gum tissue, periodontal and alveolar bones,
the result of that being an increase in the periodontal
pockets depth. GCF is considered to be one of the
reliable sources in studying inflammatory processes

in case of periodontal diseases [14, 15]. GCF is one

of the main objects in which the cytokines content

is associated with the development of the immune
response of both cellular and humoral type. However,
the feasibility of its use for the quantitative determina-
tion of immune regulatory mediators as biomarkers
for the periodontal disease progression has not been
identified finally. Despite the large number of research
works published so far, there is no generally approved
method for GCF sampling and subsequent process-
ing to do quantitative analysis of cytokines, first of all
— based on the enzyme-linked immunosorbent assay,
which is the most available currently.

Aim of study
to develop a method for identifying cytokines in GCF
in order to evaluate the inflammation degree in pa-
tients with chronic generalized periodontitis (CGP).

MATERIALS AND METHODS

40 patients aged 40—55 years were examined,
including 20 of them suffering from mild chronic
generalized periodontitis (CGP), and 20 basically
healthy patients. The inclusion criteria: persons over
40, who signed the awareness consent and protocol
regarding the purpose and nature of the study. The
exclusion criteria were: age under 40; coagulation and
hemostasis disorders; immune system issues; chronic
infectious, mental, oncological diseases; HIV-positive;
women through pregnancy and lactation, as well as the
patient’s refusal to undergo examination.

To assess the effect of the preanalytic stage,
involving GCF sampling, on the cytokines concentra-
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tion in the 20 healthy individuals and 20 patients with
CP, the GCF was collected twice, simultaneously.

GCF sampling method. After cleaning the teeth
and adjacent gums from plaque, they were isolated
from saliva with cotton rolls and dried. The material
was taken from the gingival sulcus and/or periodon-
tal pocket using special targets as sterile endodontic
absorbent paper points (Absorbent Paper Points, No.
25, Taper 02), which are used in therapeutic dentistry
to dry the root canal before filling. The points are
sterile, made of paper with high absorbent capacity
and free from impurities of binders, of perfect density
to be inserted into the gingival sulcus or periodon-
tal pocket. Analytical weighing of 30 paper points
inserted into the periodontal pockets and kept until
completely saturated revealed that the average amount
of the absorbed GCF was 5.0 + 0.05 mg. Using dental
tweezer and a carver, 2 points were placed in the gingi-
val sulcus, cach of them getting completely saturated
with GCF for 100-120 sec and transferred into two
Eppendorff tubes. One of the points contained 1000 pl
0f 0.155M sodium chloride solution, while the other
contained 0.2% of the biocide ProClin 300 series [16].
As a result, GCF samples were obtained with a 1:200
dilution, which were further frozen at —40° C and
stored until analysis.

The concentration of IL-14, IL-8, MCP-1, VEGE,
IL-1RA cytokines in the GCF samples was indentified
with enzyme-linked immunosorbent assay using the
respective reagent kits (Vector-Best CJSC, Novosi-
birsk, Russia).

The statistical processing of the research results
was done with the Statistica v6.0 software. When
comparing the results, the nonparametric Wilcoxon-
Mann-Whitney test was used in the Multi Experiment
Viewer software (P <0.05).

RESULTS AND DISCUSSION

Table 1 offers a view on the obtained results.

The study results showed significant differences in
the composition of GCF in individuals without peri-
odontal disease and with CP, the basis of that being
the high content of such pro-inflammatory cytokines
as IL-1f (5.0 times as high, P <0.05), IL-6 (23.8 times,
P <0.05), IL-8 (4.2 times, P <0.05), MCP-1 (1.9 times,
P <0.05), TNFe (1.5 times as high). Their concentra-
tion increase is due to the simultaneous involvement
into the inflammation of all the immune defense cells
of the gingival sulcus (neutrophils, lymphocytes and
monocytes, epithelial cells).

The presented differences in the increase degree
of the content in the main group of pro-inflammatory
cytokines in the GCF from patients with CP were ob-
tained through GCF extraction medium with ProClin
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in the GCF extracted with 0.155 M sodium chloride
solution along with 0.2% ProClin 300. To a smaller
extent, this medium had its effect on the level of the
main pro-inflammatory GCF cytokines of individuals
who were basically healthy. Significant concentration
preservation in it was observed for IL-8 (1.49 times as
high; P <0.05); MCP-1 (1.67 times; P <0.05); TNF-a
(2.3 times; P <0.05). As for the patients with CP, in a
medium containing ProClin 300, an increase of the
entire major pool of pro-inflammatory mediators was
registered. The increase in the mediators level in GCF
was as follows: IL-1 (1.95 times as high; P <0.05);
IL-6 (2.13 times; P <0.05); IL-8 (2.23 times; P <0.05);
MCP-1 (2.35 times; P <0.05); TNF-z (2.98 times;

P <0.05). It means that the use of a medium with
antimicrobial activity for GCF extraction straight
after its collection with a paper point allows ensuring
stability in identifying the true concentration of the
major cytokines group. An advantage of a biocide such
as ProClin is the blockage of various types of microor-
ganisms contained in the discharge coming from the
gingival sulcus/periodontal pocket. Their presence in
the GCF obrained for the study, both in case of intact
periodontium and, especially, with CP, leads to rapid
destruction of nearly the entire cytokine group, which
is currently identified through enzyme immunoassay.

CONCLUSION

Given all of the above, when identifying the cy-
tokines concentration in GCEF, the preanalytical stage
is of crucial importance in terms of obtaining reliable
and reproducible results of the analyses. The introduc-
tion of ProClin 300 gingival fluid into the solution
for extraction and subsequent storage of gingival fluid
can be used to increase the sensitivity and specificity
of the entire group of cytokines in the diagnostics of
inflammatory periodontal diseases. The introduction
of GCF biomarkers examination for assessing inflam-
matory periodontal diseases is a promising area for the
introduction of advanced decision-making systems in
practical dentistry.
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ABSTRACT — The study comprises an analysis of maxillary
alveolar process bone density. Dental computed tomography
allows quantitative and qualitative evaluation of the bone
tissue density in the jaw and serves an effective tool for
assessing the bone tissue status in case of diabetes mellitus.
The study showed that the structure and density of bone
tissue depends on the severity of diabetes mellitus and
respective complications. The study outcomes revealed

a significant decrease in the bone density at the neck of

the teeth in people with diabetes mellitus, whereas less
pronounced changes were observed in the middle third of
the teeth roots. Besides, slight changes or even an increase in
density were identified around the teeth apices.

Diagnostics of jawbone destruction caused by diabetes is
more reliable when carried out with cone beam computed
tomography.

KEYWORDS — bone tissue optical density, cone beam
computed tomography, diabetes mellitus.

INTRODUCTION

According to the literature, the number of
patients with diabetes in Russia has increased by
more than 1 million people over the past few decades;
however, the prevalence of the disease is 2—3 times as
high [1].

Diabetes is a metabolic issue with a high risk
of developing complications. Literature sources, for
instance, point that it involves disturbed bonds of
protein and mineral components, deteriorated tissue
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trophism leading to a slowdown in bone remodeling,
which, in turn, is responsible for its density [2, 3].
Diabetic arthropathies present a fairly frequent
diabetes complication and are to be found, as certain
authors claim, in 58% of patients with Type 1 diabetes
and in 24% of patients with Type 2 diabetes [4]. The
neurohumoral regulation system has an impact on

the structure and function of musculoskeletal tissues.
Therefore, excessive or insufficient production of a cer-
tain hormone, will lead, sooner or later, to the develop-
ment of pathological changes in the connective tissue
structure, namely in bones, joints and muscles [5, 6, 7].

At the same time, there is importance in studying
the bone tissue quality parameters, including patients
with Type 1 and Type 2 diabetes. The outcomes of
histomorphometric analysis held through experiments
involving laboratory animals with insulin deficiency,
for instance, showed a decrease in the bone structure
formation intensity [8, 9, 10]. In addition, a decrease in
the bone trabeculac length, periosteal and endocortical
surfaces of the cortical plate covered with osteoid, was
revealed; another issues observed was a decrease in the
number of osteoblasts, a disturbance in their function,
and an increase in the apoptosis rate [11, 12, 13].

Diabetes mellitus was found to be a factor predis-
posing to the occurrence and development of destruc-
tive periodontal diseases, leading to the loss of gingival
joint [17, 21-27]. The current theory states that in
patients with Type 2 diabetes mellitus, the decisive
role in the pathogenesis of inflammatory discases of
the alveolar ridge belongs to microangiopathies and
acidosis due to high levels of blood glucose [16]. Lack
of insulin in blood leads, on the one hand, to decreased
synthesis of collagen and alkaline phosphatase by oste-
oblasts involved in intercellular matrix formation and
mineralization, and on the other hand, to disturbed
calcium absorption by small intestine microvilli and its
increased excretion from the body with urine. Hypoc-
alcemia, in turn, stimulates the parathyroid gland to
release hormone, which leads to resorption and thin-
ning of the bone tissue compact layer.

Therefore, in case of diabetes, metabolic proc-
esses in the bone structure are disrupted, the cellular
elements function and organic structure change,
which leads to disturbed biomechanical properties
and increased risk of fracture. The mechanisms that are
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presumed to partially explain the bone quality deterio-

ration in case of diabetes mellitus, include hyperglyc-

emia and microangiopathy [15]. The authors note that
bone fragility is a consequence of insufhcient exposure

to insulin, and not a complication of diabetes. This

means that the mechanisms underlying the developing
fragility of bone tissue are similar for Type 1 and Type
2 diabetes. During that, it is not related directly to the
disease and may occur long before its clinical manifes-

tations develop.

Bone tissue of the maxilla and mandible, if viewed
from the point of chemical composition and structure,

reveals lictle difference from other human muscu-
loskeletal system bones. However, internal rearrange-

ment takes a much faster course in the alveolar process

connective tissue if compared with other skeleton
bones. Normally, the alveolar ridge height is main-
tained via a physiological balance between the bone
formation and resorption, which are regulated not
only by systemic, yet also by local factors [18, 19, 20].

Nowadays, X-ray diagnostics methods in dentist-

ry have become an inevitable part of a comprehensive

medical examination. Cone beam computed tomogra-
phy (CBCT) is a relatively new method for examining
the dentofacial system, which allows obtaining a high-

resolution 3D model of teeth and jaws. The informa-
tional reliability of this method is much higher than
the traditional 2D teeth radiography, which includes
targeted intraoral X-rays and orthopantomogram.
Compared to 2D X-ray images, 3D digital CBCT

imaging can increase significantly the efhiciency and

accuracy of diagnostics, including differential diagnos-

tics. All this is achievable since this research method

enables improved differentiation of tissues and organs

through cross-sectional images with high resolution

without overlapping [6, 14, 28-37].

Aim of study:

to identify maxillary alveolar process bone density in
patients with diabetes mellitus, employing CBCT.

MATERIALS AND METHODS

The comprehensive study involved 94 patients

divided into 2 groups. Group 1 included patients with
diabetes mellitus, 44 people, while Group 2 comprised

50 patients without an endocrine pathology.
The inclusion criteria for the study were: the
age of 25 years and older, the presence of Type 1 or 2

diabetes in the history, no dentition defects or small (1
to 3 teeth missing) and medium (4 to 6 teeth missing)

number of defects.

The criteria for not exclusion were: concomitant
endocrine pathology in addition to diabetes mellitus,
general diseases in the decompensation stage, cancer,
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and the following dental issues: increased tooth abra-
sion, large dentition defects, periodontitis.

One of an exclusion criterion was refusal of a
patient to join the proposed studies.

The participants’ median age was 62.7 + 1.8, with-
out a focus on gender differences.

The examination was carried out on a Gendex-
GXCB-500 dental tomograph using the icat vision
software. The optical density on the dental tomogram
was evaluated with a density window (side = 3 mm).
The measurements in the groups were performed in
the interdental partitions of the upper jaw teeth at the
levels of the middle and apex of their roots, as well as
the alveoli” upper edges. The average density value was
calculated automatically by the software. The density
was measured in Hounsfield standard units. Measures
of central tendency and data scatter were calculated
employing descriptive statistics methods; quantitative
parameters, depending on the distribution type, were
presented as the mean value (M) and standard devia-
tion (SD), or when estimated through nonparametric
statistics — as the median (Xmed) and interquartile
range QR within (LQ 25% + UQ75%). The analysis
of the distribution type correspondence to the normal
distribution law was done using the Shapiro-Wilk cri-
terion; the critical level of significance for differences
in testing statistical hypotheses was set at p <0.05. To
analyze the differences of the subgroups, identified
through qualitative clinical diagnostic features, the
non-parametric Mann-Whitney method was used.
When assessing the Student criterion values, the Bon-
ferroni correction factor was employed. The statistical
processing of the obtained data was carried out using
the Statistica 10, StatSoft software (identification
number AGAR207F394525FA-6).

RESULTS AND DISCUSSION

As Figures 1-3 show, the most significant chang-
es in bone density could be observed in the upper jaw
teeth neck area. The bone density changes around the
central part of the teeth roots were less significant.

In patients with this pathology, the apex region ofa
number of tooth roots revealed an increase in the bone
density.

A comparative analysis of the values revealed
significant differences in the Gaussian density in the
group of patients with diabetes, which was due to a
decrease in bone density.

A nonparametric analysis revealed a range of
differences in view of the median and interquartile
range (QR). So, when assessing the values of the data
describing the significance of differences in the upper
jaw:
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Figure 1-3. Comparative characteristics of the bone tissue density (upper
and lower jaws) in Hounsfield units based on Gaussian density

Upper jaw without NTG:

Tooth apex — 1.8 — Xmed =268.0 by
QR (130.5+302.0); 1.7 — Xmed =143.0 by
QR (90.0+263.0); 1.6 — Xmed =266.0 by
QR (124.0+436.0); 1.5 — Xmed =291.0 by
QR (167.0:421.0); 1.4 — Xmed =224.0 by
QR (145.0+366.0); 1.3 — Xmed =222.5 by
QR (118.5+392.0); 1.2 — Xmed =155.0 by
QR (100.0+267.0); 1.1 — Xmed =243.5 by
QR (86.5-283.0); 22 — Xmed =165.5 by QR
(115.0+285.5); 2.4 — Xmed =167.5 by QR
(127.0+257.5); 2.5 — Xmed =257.0 by QR
(173.0+356.5); 2.7 — Xmed =209.0 by QR
(109.0+329.0);
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Central part of upper jaw tooth root — 1.8
— Xmed =229.0 by QR (177.0+266.5); 1.7 —
Xmed =260.5 by QR (152.0+412.0); 1.5 — Xmed
=316.0 by QR (222.0+385.0); 1.3 — Xmed =301.0
by QR (264.0+407.5); 2.2 — Xmed =365.5 by QR
(213.0+-541.0);

Tooth neck Area — 1.8 — Xmed =299.0
by QR (234.0+380.0); 1.7 — Xmed = 308.5
by QR (245.0+444.0); 1.4 — Xmed =421.0
by QR (329.0+526.0); 2.2 — Xmed =504.0
by QR (321.0:631.0); 2.3 — Xmed =293.0
by QR (221.0+461.0); 2.4 — Xmed =461.0
by QR (326.0+589.0); 2.7 — Xmed =229.0 by
QR (98.0:361.0); 2.8 — Xmed =309.0 by QR
(278.0+445.0);

Upper jaw with NTG:

Tooth apex — 1.8 — Xmed =168.0 by
141.0+211.0); 1.7 — Xmed =432.4 by
187.0+802.0); 1.6 — Xmed =419.0 by
117.3:641.0); 1.5 — Xmed =595.0 by
314.0+901.0); 1.4 — Xmed =402.5 by
);
);

QR
QR
QR
QR
QR
QR

123.5+698.0); 1.3 — Xmed =208.5 by
152.0+640.0); 1.2 — Xmed =166.0 by
QR (98.0+253.0); 1.1 — Xmed =169.5.0 by
QR (83.0+475.0); 2.2 — Xmed =148.0 by QR
(115.0172.0); 2.4 — Xmed =324.0 by QR
(155.0+407.0); 2.5 — Xmed =245.0 by QR
(128.5+507.5); 2.7 — Xmed =184.0 by QR
(81.0+617.0);

Central part of upper jaw tooth root — 1.8
— Xmed = 142.0 by QR (88.0172.0); 1.7 —
Xmed =190.0 by QR (47.0+654.0); 1.5 — Xmed
=498.0 by QR (238.0+824.0); 1.3 — Xmed =206.0
by QR (77.0+444.0); 2.2 — Xmed =198.0 by QR
(86.0+223.0);

N N~

Tooth neck Area — 1.8 — Xmed = 64.0 by QR
(45.0:77.0); 1.7 — Xmed =147.0 by QR (66.0+179.0);

1.4 — Xmed =157.5 by QR (76.0+205.0); 2.2 —
Xmed =72.0 by QR (56.0+79.0); 2.3 — Xmed
~83.0 by QR (50.0:151.0); 2.4 — Xmed =95.0
by QR (71.0+120.0); 2.7. — Xmed =92.5 by QR

(84.0+108.0); 2.8 — Xmed =93.0 by QR (63.0+120.0);

Similar outcomes are to be observed on dendro-
grams obtained through cluster analysis.

The presented data reveal significant changes in
bone density according to the results of parametric
and nonparametric analysis in patients with diabetes
mellitus, if compared with the control group and the
tooth features.

DISCUSSION

The comparative analysis carried out in the main

and control groups, allowed showing that a decrease
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Table 1. Bone tissue density parametric data, tooth top, upper jaw
Tooth number | MSD m M:SD ‘m t P
Patients without diabetes Patients with diabetes
1.8 235,2+107,3 874 166,7+47,7 329 1,626* 0,0492*
1.7 193,1+£124,6 103,2 479,3+362,1 286,1 -3,807* 0,0000*
1.6 284,0+163,8 140,7 418,7+320,1 250,8 -1,517% 0,0223*
1.5 302,0+£158,6 134,3 566,7+294,9 232,1 -3,426* 0,0184*
1.4 252,1£138,5 116,1 449,4+348,9 299,9 - A27* 0,0007*
13 255,3+143,1 124,2 395,6+345,3 288,1 -2,067* 0,0001*
1.2 187,3+127,3 102,1 238,3+249,0 152,0 -0,932* 0,0027*
1.1 218,5+133,0 108,5 291,3+283,5 221,8 -1,230% 0,0006*
2.1 227,1+146,2 124,7 196,6+195,9 1371 0,540 0,2075
2.2 239,9+191,5 145,7 151,2475,8 514 1,357* 0,0095*
23 270,9+120,8 98,9 306,3+161,8 1291 -0,850 0,1638
24 194,1+104,2 85,1 305,7+170,6 131,0 -2,517* 0,0397*
2.5 260,6£111,1 87,1 378,1£290,6 208,7 -1,926* 0,0001*
2.6 358,2+229,9 196,2 411,8+269,1 200,3 -0,580 0,4961
2.7 223,7+127,2 101,3 307,9+258,0 210,7 -1,320* 0,0066*
2.8 238,9+181,0 148,7 292,5+144,5 129,8 -0,653 0,6504
Note: *— the reliability of statistical differences at p <0.05
Table 2. Bone tissue density parametric data, central part of the tooth root, upper jaw
Tooth number | MSD m M:SD ‘m t P
Patients without diabetes Patients with diabetes
1.8 237,0+95,1 68,8 133,640,4 30,8 2,781% 0,0411*
1.7 308,6+171,5 134,2 333,74361,1 289,2 -0,281* 0,0058*
1.6 434,1+247,0 156,5 329,3+339,4 295,0 0,851 0,2688
1.5 302,8+106,9 87,2 506,6+282,3 228,4 -3,315* 0,0002*
14 447 4+184,1 148,3 364,8+211,3 163,5 0,987 0,5651
13 327,7£124,0 95,2 309,3+£291,9 229,0 0,317* 0,0001*
1.2 434,0+222,2 189,0 189,5+193,5 145,8 3,203 0,6912
1.1 363,0+244,2 200,1 210,7+298,3 2171 1,709 0,3630
2.1 473,6+256,1 2271 181,1+329,1 193,5 2,982 0,2760
2.2 385,5+210,5 1729 174,4+106,8 89,1 2,912* 0,0480*
23 475,4+265,8 188,7 314,0+242,2 209,5 2,029 0,4072
24 354,5+133,7 103,1 237,9+179,5 1373 2,228 0,2124
2.5 470,4+224,4 193,8 304,0+£244,2 195,8 0,649 0,1660
2.6 254,8+115,9 96,4 227,4+195,3 135,2 2,834 0,7479
2.7 304,5+170,4 143,9 132,4+54,8 448 2,712 0,0669
2.8 237,0+95,1 68,8 264,0+223,7 1724 0,437 0,3879

Note: *— the reliability of statistical differences at p <0.05.

in bone density can be observed in the area of the
teeth neck in patients with diabetes mellitus. The least
significant changes were in the area of the middle third
of the teeth roots. Minor changes or even an increase

in the density were observed in the apex region. The

revealed data are comparable with the outcomes
presented in the national literature (Bondarenko N.N.,
Balakhontseva EV,, 2012, Nikolayuk VI, Kabanova
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Table 3. Bone tissue density parametric data, tooth neck, upper jaw

| archiv euromedica | 2020 | vol. 10 | num.

Toothnumber | M+SD m M=SD m |t P
Patients without diabetes Patients with diabetes

1.8 318,5+132,9 89,5 66,9+33,5 23,8 5,244% 0,0010%
1.7 349,7+1717,2 140,8 129,7+£72,0 56,8 2,978* 0,0490*
1.6 400,2+281,6 200,3 176,2+1441 101,8 1,733 0,1989
1.5 315,3+106,7 85,2 250,3+149,2 125,1 1,370 0,2010
14 433,5+184,1 143,3 145,2+67,6 534 3,753* 0,0339*
13 350,5+144,2 121,5 174,9+179,4 154,3 3,323 0,3250
1.2 391,5+163,7 131,7 156,0+166,3 98,2 4,077 0,8640
1.1 435,8+220,7 174,9 148,5+152,3 92,2 3,896 0,2350
2.1 430,6+235,4 134,7 130,9+107,1 93,0 5,472 0,4783
2.2 486,7+197,9 172,0 98,3+79,5 53,6 5,748*% 0,0105*
23 426,4+463,7 245,7 129,4+118,5 85,5 3,655% 0,0260*
24 488,7+333,3 192,7 115,5+76,0 49,6 5,228* 0,0077*
2.5 389,5+236,8 146,7 173,8+174,9 11,9 3,018 0,5800
2.6 423,3+165,3 134,1 144,7+109,2 80,1 4,780 0,2184
2.7 281,2+195,6 153,8 101,0+59,6 373 2,217* 0,0144*
2.8 345,1+126,9 96,9 93,3+41,6 29,2 5,081* 0,0113*

Note: * — the reliability of statistica | differences at p <0.05

A.A., Karpenko E.A., 2015, Chuev V.P. etal.,, 2017;
Khaibullina R.R. etal,, 2018).

It is also notable that in the group of people with
diabetes, the upper jaw bone density ranges from
151.2 to 566.7 standard units in the apical region of
the teeth; from 132.4 to 506.6 standard units at the
roots central part, and from 29.2 to 154.3 at the teeth
neck. There was a direct dependence identified in
terms of the density changes between the neck area of
all teeth, especially in the area of molars, and incisors,
which is accounted for by deteriorated trophic prop-
erties of periodont, inflammatory issues, and slowing
bone remodeling. Changes in the area of the teeth
apex were less obvious, while in the area of the teeth
lateral group an inverse dependence was observed
— here the bone density in people with diabetes was
above that in the first group, which can be explained
by reparative processes and the nature of blood supply
to this arca.

CONCLUSIONS

1. Cone beam computed tomography of the den-
tofacial segment allows a quantitative and qualitative
evaluation of the optical density, as well as it also offers
an effective method for evaluating the bone tissue
status in case of diabetes mellitus.

2. The evaluation of the bone tissue of the upper
jaw alveolar ridge, according to densitometry, showed

that changes in the bone density in case of diabetes
mellitus, are symmetrical.

3. Patients with Type 1 and 2 diabetes mellitus
has demonstrated a significant decrease in the upper
jaw bone tissue density in the cervical region of all
groups of teeth, which is due to the anatomical and
physiological features of the periodontal tissue struc-
ture and the functional loads it is exposed to.

4. Changes in bone density in the apical and
central parts of tooth roots are less significant. A
decrease in the bone density in patients with diabetes
is observed in the anterior group of teeth.

5. The central area of the molars and premolars
roots, as well as the tops of the upper jaw teeth in
patients with diabetes mellitus reveal an increase in the
bone density.

6. The study outcomes suggest that the density
change is a criterion for evaluating the jaw bone tissue,
as well as the most important sign that allows diagnos-
ing and forecasting periodontal disease in people with
diabetes at an carly stage.
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ABSTRACT — The authors have proposed a ceramic stump
pin inlay featuring a ceramic coating of the over-the-root
part, which acts as a covering aesthetic design, as well as
strengthens the stump retention, distributes rationally the
functional load and strengthens the resulting system.

This work offers a view at the outcomes of studying the
stress and strain status of the proposed design for a ceramic
stump pin inlay through the method of finite elements on a
three-dimensional mathematical model. The designed 3D
mathematical model included, as initial data, the specific
features of the cortical bone, the cobalt-chrome alloy, the
facing field-spathic ceramics, and tooth dentin. We studied
the distribution of stresses occurring while employing

the specially designed pin structure under the effect of
multidirectional loads of 150 N, directed strictly down
relative to the tooth longitudinal axis (vertically), and the
load at a 45° angle. The proposed newly designed inlay allows
reducing the maximum stress within the ceramic coating by
51.8% at a vertical load, and by 43.2% at a side load of 45°,
compared to traditional metal-ceramic structures.

KEYWORDS — stump pin inlay, tooth root, metal &
ceramics cap, stress and strain status.

INTRODUCTION

There is a wide range of ways to restore severely
damaged tooth crowns [5, 8] available nowadays. The
leading position among the prosthetics methods used
for this pathology belongs to pin structures, namely
stump pin inlays covered with artificial crowns, as well
as pin teeth. The successful outcome of orthopedic
treatment will ultimately depend on the manufactur-
ing technology and the pin structure design [2, 6, 7].

In order to detect the stress-and-strain status of
complex geometric objects, only the finite element
method will make the best choice [1, 3, 4]. Math-

ematical modeling allows displaying and forecasting

Received 22 April 2020;
Received in revised form 30 May 2020;
Accepted 3 June 2020

am enormous number of geometry behaviors as well
as predict the future of the object of study, with no
real experiment (https://www.ansys.com/solutions/
solutions-by-industry/healthcare).

Through our work, we used the ANSYS Aca-
demic Research Release 2020K1 software package
(academic license for scientific research), which
includes modules for geometric modeling ANSYS
Space Claim, ANSYS mechanical strength problems
solutions, whereas professional advice was offered by
Kondratev D. V., an expert of the CADFEM-CIS

company (Samara, Russia).

The Aim of this study
is to evaluate biomechanical effectiveness of the pro-
posed ceramic pin structure using the finite element
method on the designed 3D mathematical model with
multidirectional loads.

MATERIALS AND METHODS

Two dertailed mathematical models were devel-
oped to solve the tasks (Fig. 1). These two objects were
used to model the same dimensions (root length and
canal diameter, size of the pin part, etc.). The models
were divided into 2 groups depending on the studied
pin structure.

Group 1 studied the stress-and-strain status of
the traditional method for restoring a missing clinical
tooth crown.

The method implied the following: a stump pin
was made of a cobalt-chrome alloy (CCA) for the
tooth root, which was fixed in the root canal with
cement (GC Fuji I). Further, a metal & ceramic crown
was made, which, too, was fixed on the stcump pin inlay
with cement (GC Fuji I) (Figure 1a).

Group 2 included a model that studied the stress-
and-strain status of the proposed pin structure (Federal
Institute for Industrial Property, Decision to grant a
patent of the Russian Federation under application
2019143931 dated 23/12/2019).

The point of this design was as follows. A pin
tooth was made for the tooth root (a stump pin inlay
with ceramics applied to it by firing), which was fixed
in the tooth root canal by cement (GC Fuji I). The
crown part attachment angle to the tooth root was

90 degrees. During that, the pin tooth specific design
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feature is that the ceramics contacts the tooth suprar-
adicular surface (Fig. 1b).

The geometric models were broken up by a finite
clement grid consisting of tetrahedral elements. The
area of our interest — the crown and the pin were bro-
ken by elements with face sizes up to 0.1-0.2 mm, the
rest of the model size — up to 0.4 mm (Fig. 2).

To calculate the stress-strain status, we used the
data on the components of mathematical models
(dentin, CCA, ceramics, etc.), as is shown in Table 1.

The strength analysis of the above models was
performed with two loading options. Next, we will call
these Step 1 and Step 2. At Step 1, a compressive load
of 150 N with a constant intensity was applied to the
crown part of the device, directed strictly downward
relative to the tooth longitudinal axis (vertically) —
Fig. 3a. At Step 2,2 150 N load of constant intensity
was again applied at an angle of 45° relative to the
tooth longitudinal axis — Fig. 3b. The model was fixed
on the end-side surfaces, where the stresses were not
taken into account. The study area was located at a
distance of more than 5 typical dimensions (the tooth
crown height) from the fixing point.

The models were analyzed regarding the stress
distribution in ceramics, in the metal part of the pin
structure, and in the tooth root. Given that the ana-
lyzed materials have different properties, several stress
options were employed to evaluate the stress status.
The first is the equivalent Mises stress (recommended
for viscous bodies, such as metals — the greatest
energy theory) and the maximum principal stress
(recommended for brittle solids, such as ceramics or
bone — the greatest stress theory).

For a more detailed understanding, the data for
the resulting stresses was obtained separately in the
ceramics, in the pin-stump part and in the tooth root.

RESEARCH OUTCOMES

Results of the stress & strain status in Group 1.

Figure 4 below shows the results of equivalent
stresses in the metal & ceramics crown (Group 1)
with a vertical load and a load applied at an angle of

Table 1. Materials properties

E
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45°. Fig. 5 shows the maximum main stresses in the
ceramic coating.

The results of studying the stress & strain status
of the experimental mathematical model in Group 1
showed that the maximum stress arca under vertical
load is the contact spot between the crown and the
tooth root (Fig. 4a). When the angle of application
of the functional load relative to the occlusal surface
of the tooth crown changes within 45°, the stresses
change towards increase (Fig. 4b). The most danger-
ous for the ceramic coating are the tensile stresses
that occurred at a side load of 174 MPa (Fig. 5b). The
tensile strength value is exceeded at Step 2 (the tensile
strength of ceramics is 48 MPa). In casc of a vertical
load (Step 1), the maximum stresses were recorded
within 14 MPa, which confirms a sufhicient strength
margin of the ceramic coating under this loading op-
tion (Fig. 5a).

Fig. 6 shows the equivalent stresses that occur in a
cast stump pin inlay. The same goes about Steps 1 and 2.

Fig. 6 shows that the stress distribution pattern
corresponds to the stress distribution pattern typi-
cal of cast metal pin structures. The major changes
manifested as high stresses (MPa) were observed at a
side load of 150N (Fig. 6b). In this case, the strength
limit for the cast pin inlay was not exceeded (the com-
pressive strength of the CCA is 450 MPa, the tensile
strength is 655 MPa), which means there is still a safety
margin remaining.

Fig. 7 shows the results of equivalent stresses in
the tooth root (Group 1) with a vertical load and a
load applied at an angle of 45°.

Fig. 7 shows that the maximum stress area is lo-
cated in the root neck part (the contact spot between
the crown and the root). The most dangerous are
tensile stresses at a lateral load of 89 MPa (Fig. 7b) with
a dentin tensile strength of 105 MPa. The dentin under
the inlay and the crown was under a strong tensile
stress and thus may be subject to future destruction.

Results of the stress & strain status in Group 2.
Figure 8 below shows the results of equivalent
stresses in the crown part of the pin tooth (Group 2)

. , L Strength
Material Young's Module (Pa) Poisson’s Rating ey Tensile (MPa)
Cortical Bone 13.7¢9 0.30 156 85
Cobalt-Chrome Alloy 225¢9 0,35 450 655
Ceramics 69e9 0,28 450 48
Tooth dentin 18e9 0,31 310 105
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ey

b

Fig. 1. Solid-state model of the lower jaw sector with a stump pin inlay installed in the tooth root:

a— Group 1;b— Group 2

ey

Fig. 2. Finite element model of the system

o 10 p

Wl occe 150w

Fig. 3. Boundary conditions of the design model: a— Step 1, vertical load;

b— Step 2, load at an angle of 45°

Unit: MPa
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Fig. 4. Equivalent stresses in the metal & ceramics crown. Group 1: a — Step 1 (vertical load);

b— Step 2 (load at an angle of 45°)

with a vertical load and
aload at an angle of 45°.
Fig. 9 shows the maxi-
mum major stresses in the
ceramic coating of the pin
tooth.

The results of study-
ing the stress & strain
status of the experimental
mathematical model in
Group 2 revealed that the
maximum stress area under
vertical load was the area of
contact between the crown
and the tooth root (Fig.
8a). When the functional
load application angle rela-
tive to the occlusal surface
of the tooth crown changes
within 45°, the stresses
change upwards (Fig. 8b).
The most dangerous, yet
not critical for the ceramic
coating were the tensile
stresses that occurred at
alateral load equal to 30
MPa (Fig. 9b). The tensile
strength value at Step 2
was not exceeded (the
tensile strength of ceram-
ics is 48 MPa). Under a
vertical load (Step 1), the
maximum stresses were
recorded within 6.2 MPa
(Fig. 9a), which points ata
significant strength margin
that the ceramic coating
has under this loading
option.

Fig. 10 shows the
equivalent stresses that
occur in the cast base of the
pin tooth. The same with
Steps 1 and 2.

Fig. 10 shows that
the stress distribution
corresponds to the stress
distribution pattern typical
of cast metal pin structures.
The main changes re-
vealed as high stresses were
identified at a side load of
77 MPa (Fig. 10b). In this

case, the strength limit for
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Fig. 5. The maximum principal stresses occurring in the ceramics. Group 1: a— Step 1 (vertical load);
b — Step 2 (load at an angle of 45°)

Fig. 6. Equivalent stresses in the stump pin inlay. Group 1: a— Step 1 (vertical load), b — Step 2
(load at an angle of 45°)

Fig. 7. Equivalent stresses in the tooth root. Group 1: a— Step 1 (vertical load); b — Step 2
(load at an angle of 45°)

Fig. 8. Equivalent stresses in the crown part of the pin tooth. Group 2: a — Step 1 (vertical load);
b — Step 2 (load at 45 °angle)
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the cast pin inlay was not
exceeded (the compressive
strength of the CCA is 450
MPa, the tensile strength
being equal to 655 MPa),
which points at a safety
margin available.

Fig.11 shows the
outcomes for equivalent
stresses in the tooth root
(Group 2) with a vertical
load and aload at an angle
of 45°.

Figure 11 offers a clear
picture showing that the
area of maximum stress is
the neck part of the root
(the contact spot between
the crown part of the
device and the tooth root).
The most dangerous are
tensile stresses at a lateral
load of 29 MPa (Figure
11b) with a tensile scrength
of 105 MPa for dentin. The
dentin of the tooth under
the inlay and the crown
was subjected to a slight
tensile stress, which is ex-
pressed through a sufficient
safety margin available.

Tables 2—4 offer a
look at a comparative
analysis of the obtained
quantitative data for the
maximum and average
stresses depending on the
study group as well as the
part of the system.

Table 2 shows that the
rcsulting maximum stresses
registered in the pin struc-
ture’s crown part were the
highest in Group 1, where
the traditional method
was employed to manufac-
ture the stump pin inlay
followed with its further
coating with a metal &
ceramics crown. These
indicators were the high-
est for both the vertical
(27 MPa) and the lateral
load (81 MPa). Given the
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in Group 1 (19 MPa). In
Group 2, this indicator was
higher by 15.7% (22 MPa).
Under a side load, the
maximum stresses in the
cast base of the pin struc-
ture in Group 1 reached 59
MPa, whereas in Group 2
they were 51 MPa. How-
ever, given that the critical
Fig. 9. The maximum major stresses occurring in the ceramics. Group 2: a— Step 1 (vertical load); stresses leading to the

b— Step 2 (load at 45°angle) CCA destruction imply
665 MPa, both groups have
a huge margin of safety,
this, in turn, meaning that
the destruction would
likely affect the fragile
items (tooth root or crown
part) and this element had
no critical role within our
system, the crown part of the
device - the pin — the tooth

700¢.
The results of maxi-
Fig. 10. Equivalent stresses in the metal base of the pin tooth in group 2: a — Step 1 (vertical load); mum stresses occurring in
b— Step 2 (load at an angle of 45°) the tooth root (Table 4)

under a vertical load and at
an angle of 45° were highest
in Group 1 reaching 36
and 99 MPa, respectively.
So in Group 2, the vertical
and the lateral load led to
the maximum stresses of 9
and 20 MPa, respectively,
which is 75 and 65% below
similar indices in Group

1, which indicates rather

a significant load on the
root, whereas when in case
of bending loads, destruc-

Fig. 11. Equivalent stresses in the tooth root. Group 2: a— Step 1 (vertical load); tion of the root edge arcas

b— Step 2 (load at 45°angle) cannot be excluded.
CONCLUSION

fact that the critical stresses leading to the ceramics chipping were those at 48 MPa, In view of the above,

we are safe saying that the ceramic coating of this type of the orthopedic structure ~ based on the data obtained

will prove more susceptible to destruction in the future. Using the newly proposed  from the stress & strain

version of the pin tooth allowed reducing the occurrence of maximum stresses in status analysis for three-

the ceramic coating. A mathematical analysis in Group 2, for instance, showed that  dimensional mathemati-
under a vertical load this indicator decreased by 51.8% (13 MPa), while in casc ofa  cal models of destroyed

side load of 45° it went down by 43.2% (46 MPa), compared to Group 1. teeth restored through
The obtained results of maximum equivalent stresses in the pin structure various types of stump pin
metal base (Table 3) offered a slighely different picture racher than the ceramic structures, the following

coating. Under a vertical load, we found the lowest values of the maximum stresses conclusions can be made:
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Table 2. Results of maximum stresses in the crown part of the pin structure

Maximum equivalent stresses, MPa Critical stresses
Group | o leading to ceram-
%0 45 ics chipping (MPa)
1 27 81
2 13 46 4

Table 3. Results of maximum stresses in the metal base of the pin structure

Maximum equivalent stresses, MPa Critical stresses
Group | . . leading to CCA
gl 45 destruction (MPa)
1 19 59
2 22 51 665

Table 4. Results of maximum stresses in the tooth root

Maximum equivalent stresses, MPa Critical stresses
leading to tooth
Group 90° 45° root destruction
(MPa)
1 36 99
2 9 20 2

1. The proposed ceramic stump pin inlay will not

only minimize the stresses in the tooth hard tis-
sues yet also will reduce significantly the stress &
strain status on the border of the pin structure
and the locking cement under various-direction
loads, thus reducing the risk of decementation
and broken orthopedic structure.

. The stress distribution pattern for all the exam-

ined types of stump pin structures is in line with
the nature of stress distribution typical of rigid
solids with a load concentrating predominantly
at the pin top. A significant stress reduction in the
proposed ceramic stump pin inlay, if compared

to the conventional design, is due to a significant
stress reduction at the fixing material — pin struc-
ture border under lateral and oblique loading.

. As the area of the greatest stress concentration in

Group 1 is located in the tooth dentin at the bor-
der with the artificial crown edge and embraces

a small area of maximum stress, maintaining the
inlay precision in the tooth neck could be a good
option.

. The newly designed ceramic stump pin inlay

allows significant reduction in the equivalent
stresses not only at the area where the different
materials come in contact — in the root dentin

RE
1.
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— yet also at the pin structure top with no risk of
dangerous loads concentration, thus minimizing
the probability of root fractures.
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ABSTRACT — The study of immunological parameters

was conducted to investigate the state of pro- and anti-
inflammatory cytokines in saliva of patients with lichen
planus. The patients were divided into two groups by simple
randomization: the first group was treated with Celestoderm
applications: Solcoseryl 1:1, the second group was injected
with platelet autoplasma. In the near terms of observation
(1-7 days), the level of pro- and anti-inflammatory
cytokines was evaluated. It was revealed that all patients
with lichen planus showed a significant increase in the level
of pro-inflammatory cytokines and immunoglobulins; that
indicates a pronounced inflammatory reaction in the oral
cavity. At the same time, all patients showed a decrease in
inflammatory potential due to the local therapy. However,
in the group treated with injections of platelet autoplasma, a
significant improvement in immunological parameters and
more rapid relief of inflammation compared to the other
group was noted.

KEYWORDS — orallichen planus, immunoglobulins,
cytokines, saliva, treatment.

INTRODUCTION

The oral cavity possesses not only general im-
munity, which equally protects all organs and tissues of
the body, but also its own local immunity, which plays
the main role in protecting against infection [1]. The
effectiveness of protection depends on many factors,
such as the integrity of the mucous membrane, the
state of the lymphoid system, changes in the constitu-
tion of lymphoid tissue, which form transition states
and a predisposition to a number of diseases and
pathological conditions, and the content of protec-
tive factors (secretory immunoglobulins, lysozyme,
lactoferin, etc.). The inflammatory process is a very
finely regulated balance between pro- and anti-inflam-
matory mediators that neutralize the harmful effects
of irritation and minimize damage to their own tissues

Received 03 April 2020;
Received in revised form 7 May 2020;
Accepted 20 May 2020

(2, 3]. The secretion of cytokines is a short, self-limited
process that is initiated by certain gene-determined
receptors [4].

The diagnostic value of determining cytokines
significantly increases when they are studied directly
in the focus of the inflammarory process [5,6]. For
this purpose, the determination of cytokines directly
through liquids in cavities is used, i.c. in mixed saliva of
the oral cavity [7]. The content of cytokines in the oral
fluid does not correlate with their level in the blood,
which once again proves the autonomy of local oral
immunity [8].

MATERIALS AND METHODS

As aresult of a comprehensive clinical examina-
tion and treatment of 60 patients with an erosive and
ulcerative form of lichen planus at the age of 45-59
years, divided into 2 equal groups: group I — they
carried out the traditional treatment regimen, the
applications of Celestoderm and Solcoseryl 1: 1, were
used in group II platelet autoplasma injections. The
level of pro- and anti-inflammatory cytokines and im-
munoglobulins after 3 and 7 days was evaluated.

The results of an immunological study of patients
with erosive and ulcerative form of lichen planus dem-
onstrated the high effectiveness of drug therapy in the
treatment of the above pathology, in particular the use
of platelet autoplasma injections. Prior to the initiation
of drug therapy, patients of all both clinical groups
had a high level of pro — and anti-inflammatory
cytokines and immunoglobulins. Directly in the focus
of inflammation, the level of cytokines increases sig-
nificantly during their study, which is consistent with
data from other authors [8]. The content of cytokines
in the oral fluid does not correlate with their level in
the blood, which once again proves the autonomy
of local oral immunity. Increased pro-inflammatory
cytokine profile (IL-18 — 41.24 + 1.87 pg/ml; IL-8 —
51.3 + 1.21 pg/ml; IFNy — 6.33 + 0.54 pg/ml; TNFa
— 3.95 +0.37 pg/ml) characterizes a violation of the
immunity regulation , a pronounced inflammatory
process and damage to the tissues of the oral mucosa.
A high level of the anti-inflammatory cytokine inter-

leukin-4 (10.1 + 2.3 pg/ml) indicated the develop-
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ment of compensatory reactions aimed at suppressing
the inflammatory process. The increased content of
immunoglobulins (sIgA — 0.43 + 0.01 IU/ml, IgG
—0.022 £ 0.001 IU/ml, IgM — 0.15 + 0.01 IU/ml)
indicates an imbalance between their synthesis and
decay in the background of a damaging factor in acute
and chronic inflammatory and destructive diseases of
the oral cavity.

After 3 days from the start of treatment, the con-
centration of pro-inflammatory cytokines began to de-
crease, however, the difference compared with the data
obtained at the beginning of the treatment and between
the comparison groups was statistically unreliable (p>
0.05, p> 0.01). The concentration of anti-inflammatory
IL-4 and immunoglobulins continued to increase in all
treatment groups, although this difference was not sta-
tistically significant relative to the start of the treatment
and between the observation groups (p> 0.05).

Seven days after the start of the treatment,
there was a tendency to a decrease in the level of
pro-inflammartory cytokines in patients of all clinical
groups. For example, the concentration of IL-1f in
the group of patients who received traditional drug
treatment (group I) was 33.8 + 1.23 pg/ml, while using
PRP therapy it was 34.1 + 0.91 pg/ml. The concentra-
tion of interleukin-8 was 42.5 + 1.23 pg/ml, which is
10.8% more compared with the comparison group
II (p <0.01). It should be noted that in the group of
patients, the treatment regimen of which included
injections of platelet autoplasma, a significant differ-
ence was also obtained relative to the first observation
group (p <0.01). When studying the concentration of
TNFa, there was also a significant decrease in this in-
dicator relative to the start of treatment in all observa-
tion groups. Between comparison groups the following
was noted in group Il relative to group of observation
[:(2.61 +£0.16 pg/ml and 3.48 + 0.23 pg/ml, respec-
tively, at p <0.01). The interferon-gamma concentra-
tion continued to decrease in all cohorts, however,
no significant difference was obtained between the
comparison groups (p> 0.05). So, IFNy in group I was
5.27 +0.33 pg/ml, in group II — 4.83 + 0.21 pg/ml.
The value of the anti-inflammatory cytokine indicator
continued to increase in all comparison groups: in the
first group, 13.3 + 2.2 pg/ml; in I — 12.8 + 2.1 pg/ml.
The concentration of secretory immunoglobulin A
practically did not change its value and amounted to
0.39 + 0.06 IU/ml in group I, and 0.37 + 0.08 IU/ml
in group II. A similar situation was observed when
determining the IgG index.

CONCLUSIONS

Thus, a week after the start of the treatment, the
initiation of the restoration of immunological param-
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eters was noticed. More pronounced dynamics was
reported in patients of the second observation group.
A decrease in the concentration of cytokines on the 7
day of observation is a reflection of a decrease in the
activity and severity of the inflammatory process in
the oral cavity. In addition, since there was no increase
of immunoglobulin concentration, a decrease in the
activity of the inflammatory process was observed. The
study confirmed the effectiveness of this dental treat-
ment for elderly patients. The analysis of the obtained
data justifies the need to include the above pharmaco-
therapy method in the treatment regimen.
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ABSTRACT — The problem of prosthetics for patients with
a bottom dental crown of abutment teeth is relevant for
orthopedic dentists. In this case, it is advisable to make a
special preparation of the oral cavity before prosthetics.
One of these methods is gingivectomy. GOAL. In this paper,
a comparative analysis of the clinical parameters of the
dentogingival complex before and after gingivectomy was
performed. MATERIALS AND METHODS. The oral hygiene
index, PSR, PCR, Schiller—Pisarev test, and PMA were
determined. The study involved 26 patients at a young

age, according to the WHO (World Health Organization)
classification. Clinical indicators were evaluated before
gingivotomy and 21 days later. RESULTS. At all stages of
observation, the positive dynamics of the healing of the
dentogingival complex was marked. There was a positive
prognostic value of gingivotomy before prosthetics.
However, no complications or side effects were detected.
ConNcLusION. The necessity of gingivectomy for patients
with a bottom dental crown of abutment teeth has been
proved and justified.

KEYWORDS — gingivectomy, prosthetics, bottom dental
crown, dentogingival complex.

INTRODUCTION

Dentofacial system is one of the top human
body systems in terms of the arrangement complex-
ity, anatomical structure and the variety of functions
performed. At the same time, dentofacial system,
taken as the main craniofacial element, is the initial
segment of the digestive and respiratory systems,
also being responsible for the interconnection of the
speech-related, facial and aesthetic functions [1-10].
Bottom clinical crowns are a common phenomenon
in the clinic of orthopedic dentistry. This fact causes
alot of inconvenience, and sometimes it is a relative
contraindication to prosthetics, because for adequate
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fixation of fixed orthopedic structures, a sufhcient
height of the stump of the tooth is necessary to ensure
the longest possible path of the prosthesis [11]. The
so-called contact area is necessary for the mechanical
retention of the structure. For prosthetics of patients
with this problem, it is necessary to resort to a number
of methods aimed at improving the conditions that
affect the fixation of the future prosthesis. There are
many methods to improve the fixation conditions.
They can be divided into orthopedic, orthodontic,
and surgical. Among the most common are gingival
retraction, gingivectomy and gingivoplasty.

The purpose of this work
is to conduct a comparative analysis of the clinical in-
dicators of the dentogingival complex for patients with
low height of the clinical crown of the tooth when
using gingivectomy before orthopedic treatment.

MATERIALS AND METHODS

To achieve this goal, 26 patients with low clinical
crown of abutment teeth who needed an orthopedic
treatment were examined and treated. The study was
conducted with patients in the age group of 25-44
years (young age according to WHO). The clinical
study included anamnesis collection and clinical ex-
amination according to the gold standard principle.

Special attention was paid to measuring the
dentogingival complex to the top of the alveolar ridge
using a graduated probe to determine the position
of the alveolar ridge and the biological width. The
condition of periodontal tissues was assessed using
periodontal indices, the risks of further progression of
periodontitis (at the presence), and patients with risks
were identified.

According to the gold standard principle, nega-
tive or positive prognostic value and sensitivity were
evaluated based on the probability that an existing
disease scores positive points. We took into account
the patient’s psycho emotional state, shifts in which
were the criterion for exclusion from the study [12].
The results of treatment were taken into account for
21 days of treatment. Processing and analysis of the
received information will be performed using the
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Microsoft Windows 10 operating system. Statistical
processing of the obtained results is performed in the
program Statistica 13.0. Statistical analysis was per-
formed by variation statistics with the definition of the
average value (M), its average error (m+m) evaluation
of reliability of differences between groups using the
student’s criterion (t) when p< 0.01, t22.

RESULTS

The first goal of the study was to detect the early
symptoms of periodontal tissue inflammation. In addi-
tion to achieving this goal, we also tried to improve the
gingival contour and bone architecture in order to facil-
itate the control of plaque, which is an additional factor
that leads to gum inflammation. Functional therapy,
selective polishing, improvement of function, morphol-
ogy and aesthetics, replacement of missing teeth and
restoration of anatomical shape were also performed.

Before the gingivectomy, the oral hygiene index
was determined. The simplified plaque index PCR was
67.8+2.3%, which corresponds to poor oral hygiene. In
this case, the Schiller—Pisarev sample is positive, the PMA
is 32.242.4% (light and medium severity). The average
PSR was 2.1+0.2 points (it is recommended to make
professional oral hygiene, removal of supra-and subgingi-
val tooth stone). After removing dental deposits, patients
were warned to observe daily oral hygiene, which will pre-
vent the development of complications and accelerate the
regeneration of the wound surface. Gingivectomy of the
gums consisted of standard stages. After 21 days, a clinical
evaluation of the effectiveness of treatment was performed
based on the determination of the hygienic and periodon-
tal indices. Thus, the PSR was 24.3+1.2%, provided that
the patients used a soft toothbrush. The Schiller—Pisarev
test is negative, so the RMA was not determined. Peri-
odontal screening was 0.7+0.1 points.

DISCUSSION

Thus, when performing gingivectomy as a prepara-
tory stage before orthopedic treatment, no complica-
tions or side effects were detected for patients with a
bottom dental crown of abutment teeth. There were
no symptoms of suppuration of the wound and septic
phenomena, as well as the development of gingivitis,
periodontitis. It's worth mentioning, that in the future,
systematic and thorough oral care is required. This will
not only avoid relapse, but also prevent the development
of inflammatory and destructive complications, which
justifies the need to study this issue in subsequent studies.
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ABSTRACT — THE AIM OF THIS STUDY is to prove
compensatory abilities of anti-gravity elastic traction of
lower jaw exoskeleton. MATERIALS AND METHODS. The test
involved 97 volunteers who were divided into 3 groups
depending on their level of physical activity. In each group,
all participants were randomly divided into 2 subgroups:
without load compensation and with load compensation

on the lower jaw. The load test was carried out for each
participant using a special device simulating a one-way load
on the lower jaw. Load compensation was made by elastic
elements. Registration of subjects 'postures was carried

out by the method of photometry of subjects’ spines with
pre-marked markers of Th-1 and L-1 vertebrae. Photos

were analyzed in Photoshop CS. For this purpose, the line
between the markers Th-1 and L-1 has been drawn. Analysis
of the results was carried out on the angle of deviation of
the vertebral column before and after the study. RESULTS.
In the course of the study on volunteers it was found that
the one-sided load on the lower jaw is reflected on the
posture of the tested person, but elastic elements are able to
compensate for the one-sided load and minimize the angle
of inclination of the vertebral column. It has also been found
that the angle of inclination is affected by the initial physical
preparation to the test. CONCLUSION. During the study, the
compensatory abilities of the anti-gravity elastic pull of the
lower jaw exoskeleton have been proved.

KEYWORDS — posture, exoskeleton, photometry, load,
lower jaw.

INTRODUCTION

Diagnostics in dentistry, on the one hand, has its
own specifics; on the other hand, it is based on general
medical research methods. All diagnostic methods
and tests to varying degrees are objective and informa-
tive, have their sensitivity, specificity and reproduc-
ibility. [1-12]. One of the most common injuries to
the bones of the facial part of the head is fractures of
the lower jaw [13, 14]. In view of surgical and cosmetic
features of carrying out operations in maxillofacial

| archiv euromedica | 2020 | vol. 10 | num. 2 |

Received 20 April 2020;

Received in revised form 28 May 2020;

Accepted 5 June 2020

area [15], for restoration of functional activity at a
fracture of the lower jaw we developed the device an
exoskeleton of the lower jaw (patent No. 2655086 of
17.07.2017) — the device consisting of the device of
external fixing of otlomk of bones, which is fixed on
them by means of osteoclamps, a submandibular arch
and a head-mounted hat connected by anti-gravita-
tional elastic clements (Fig. 1).

Fig. 1. Exoskeleton of the lower jaw. 1 — external fixation device, 2 —
elastic elements, 3— head cap

MATERIALS AND METHODS

In order to model the one-way load and analyze
the possibility of its compensation, a special device
was used consisting of parallel plates: 1 — a plastic
individual impression spoon obtained by printing on
a 3D printer (Fig. 2.1), placed in the oral cavity and
2 — an arc with slots for the attachment of a weight
of 0.3 kg, located on the lower edge of the lower jaw
(Fig. 2.2). Parts of the device are interconnected by
rods (Fig. 2.3) [15].

The study was conducted with the participation
of 97 volunteers of both sexes (54 female and 43 male)
between the ages of 18 and 34 who had previously
been acquainted with the trial, and the voluntary
informed consent of the patient to participate in the
study was obtained. The main criteria of exclusion
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Fig. 2. Load simulation Device. 1 — Plastic individual impression spoon,
2 — Arcwith slots for cargo fastening, 3 — Connecting rods

were: refusal to undergo the whole scope of research
provided for in the protocol, presence of inflammatory
processes in the maxillofacial region, disabled persons
of 1-3 groups, and other socially vulnerable groups of
the population. Before the trial, all participants under-
went an anonymous questionnaire, the results of which
were divided into 3 groups depending on the level of
their physical activity.

In cach of the groups, all subjects were divided
into 2 subgroups randomly. Each participant was
modeled a one-way load on the lower jaw (300 g) for
30 minutes. Participants of the first subgroups did
not have load compensation devices, and participants
of the second subgroups wore a special head cap, to
which elastic elements compensating for one-way load

were attached (Fig. 3).

Fig. 3. Elastic elements that compensate for one-way load

E
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The effectiveness of the pathological load com-
pensation was evaluated by anthropometry. For this
purpose, markers were applied to the skin of the partic-
ipants 'back in the area of acute processes of vertebrae
Th-1 and L-1. With the help of a stationary camera
and accurate positioning of the test person in front of
the camera, the postura (pose taken by the person) was
photographed before the beginning of the study and
after 30 minutes of wearing the apparatus. Photos were
analyzed in Photoshop CS. To do this, the program
drew aline between the Th-1 markers and the L-1 for
pshots up to (Fig. 4.1) and after the test (Fig. 4.2), the
lines were aligned and the inclination angle between

the formed straight lines was calculated (Fig. 4.3).

RESULTS

The results of the study are shown in Table 1. The
table shows that the angle of inclination in a group
with a high level of physical training without load
compensation is 2.3 times less relative to a group with
alow level of training and 1.4 times less relative to an
average level of physical training. At the same time,
the statistical significance of the differences is noted
between the groups. Patients with an average level of
physical training also show statistical significance of
differences relative to people with a low level (1.6 times
less, at p < 0.05). In load compensation, there is also
a statistically significant difference between high and
medium training relative to subjects with low training,
with a minimum angle of inclination in people with

high physical training (at p < 0.05).
DISCUSSION

In the course of the study on volunteers it was
found that the one-way load (300 g) for 30 minutes
on the lower jaw is reflected on the post of the tested
person, but elastic rods are able to compensate for the
one-way load and minimize the angle of inclination.
It has also been found that the angle of inclination is
influenced by the initial physical training of the subject
— volunteers with a high level of physical training
much more easily carried the load both by subjective
and objective criteria. All this shows that elastic rods
used to compensate for the load are able to fully ensure
the adequate functioning of the human bone-muscle
system as a whole.

CONCLUSION

During the study, the compensatory abilities of
the anti-gravity elastic pull of the lower jaw exoskeleton
have been proved. The design of the apparatus enables
not only to achieve a reponiating effect, but also allows
the patient to maintain the usual lifestyle and social
orientation in society.
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Table 1. Angle of inclination, in degrees, °

Level of physi- | High level Average level | Low level
cal training of | of physical of physical of physical
the respondent | training training training
Without 1,02 +£0,05% 1,47 +£0,08% 2,35 0,11
compensation

of loading

With com- 0,03+0,01* | 0,15+0,01* | 0,23 +0,02*
pensation of

loading

Note: * statistical significance of differences between comparison groups relative
to group with low level of physical training, at p < 0.05
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