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Summary. The purpose of this paper is to compare the existing methods of pulse signal analysis in order to
select the best methods for detecting psycho-emotional stress in dental practice. The carried out analysis showed that
analytical methods are the most promising for the creation of new and improvement of existing diagnostic equipment,
as they contain clear algorithms and have high reproducibility of calculation results.
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Statement of the problem, its importance. Assessment of the patient's psycho-
emotional state during the dentist's visit is an urgent problem, as psycho-emotional stress results
in physiological changes, being one of the reasons for limiting blood flow and persistent
vasospasm due to loss of their ability to dilate. Changes in cardiovascular system activity
(including short-term) are the factors of reducing the reliability of cardiovascular system,
increasing its sensitivity to various destabilizing effects. Excessive stress response is a risk
factor for the development and progress of hypertensive crisis, myocardial infarction,
cardiovascular accident and death from sudden cardiac arrest [1].

In the context of modern medical care in Ukraine, in the number of applications and the
number of specialists in this field, dentistry at present is inferior only to general therapy and ranks
second in medical field [2]. Diagnosis of the oral cavity and dental interventions are referred to
the mass types of medical care. Statistical studies of the Ministry of Health Care of Ukraine [3]
indicate that out of the total number of respondents of 10,000 people, 41% of respondents
underwent preventive examinations by dentist (estimate 2019). The number of consulting the
doctor has clear distribution by age groups (Fig. 1) — the number of visits to the doctor for
preventive examination in the group of respondents aged 45 and above is reducing, and one of
this phenomenon factors is an attempt to avoid stress associated with visiting the dentist, because
in 50.9% of cases the need of carrying out dental manipulations is established.
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Figure 1. Percentage of respondents who underwent dental medical examination
for prophylactic purposes within 12 months
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Analysis of available investigations and publications. The occurrence of emergencies
at the dentist is quite common predictable phenomenon, caused by specific factors of outpatient
dental visit. These factors are grouped into the following categories:

- mass type of medical care, so there is not always enough time for comprehensive
patient examination (the patients often change the dentist, which is the reason for the lack of
medical history or data fragmentary);

- concomitant somatic pathologies;

- psycho-emotional stress resulting in body's stress response;

- negative emotional memories associated with visiting the dentist's office in the past;

- toxic effect of anesthetic drugs [4].

According to the data provided by Popova K. A. [5], the distribution of emergencies is
shown in Fig. 2. It is evident from the sample results that in 61% of cases, emergencies are
associated with the cardiovascular system disorders.

The task of emergencies distribution by the reason of their occurrence is a difficult task,
because in most cases it is caused by the combination of several factors. The selection of the
dominant factor requires a systematic approach to the analysis of possible reasons. One of the
ways to determine the change in cardiovascular system activity caused by psycho-emotional
stress at the dentist's office, is the evaluation of the changes in qualitative and quantitative
indicators of heart rate.
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Figure 2. Distribution of emergencies in dentistry
(total number of patients with emergencies 73—-20 men, 53 women)

Objective of the paper is to evaluation the methods for determining abnormalities in
the cardiovascular system by pulse signal in order to predict the occurrence of emergencies in
dental practice.

Statement of the problem. Since stress is non-specific reaction of the body in response
to a very strong action (stimulus) outside, which exceeds the norm, as well as the corresponding
reaction of the nervous system [6], then in his works R. Lazarus put forward the concept
according to which stress can be divided into physiological, the occurrence of which is
associated with a real physiological stimulus and mental (emotional) one, which is associated
with the assessment of a person's evaluation of the future situation as threatening, difficult. This
stress division is quite conditional, as physiological stress includes emotional component, and
there is no physiological changes in psycho-emotional stress. On the basis of existing
physiological changes — particularly changes in cardiovascular system — it is possible to
diagnose some psychological disorders, such as depression [7]. Psychoemotional stress caused
by the expectation of discomfort and possible pain while visiting the dentist, also results in
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physiological changes in the body activity. Determination of psychoemotional state of the
patient by means of pulse signal involves analysis of the existing methods and selection of those
ones that provide repeatability and unambiguous interpretation of the data, without subjective
component and based on clear algorithms for results analysis and evaluation.

Results of the investigation. Methods of pulse signal analysis can be divided into three
main groups - graphical method, analytical method and qualitative method [8].

The graphical method is based on the analysis of characteristic signal points along the
time axis and amplitude indicators of the signal using of signal normalization by characteristic
points relatively to the axis. Waves of I, 1l and 11l order are distinguished in the pulse signal.
Waves of Il and 11 order are referred to slow waves, and waves of | order are referred to fast
waves and are correlated with the pulse. They reflect the blood movement along the vessels at
the measured point during systole and diastole. Figure 3 shows | order waves reflecting the
volume pulse (1), Il order waves coinciding with respiratory waves (I1) and 11l order waves
corresponding to several respiratory waves (l11).
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Figure 3. The structure of the pulse signal: | — first-order waves,
I1 — second-order waves, 111 — third-order waves

The graphical method of pulse signal analysis is based on the analysis of the main
structural units of pulse signal — anacrotic (A;) and dichroic (A,) half-waves. The schematic
representation of the pulse wave is given in Fig. 4 (a). The pulse signal parameters that have
diagnostic value are divided into amplitude and time ones, which is due to the wave structure.
During systole, the first peak of pulse wave is formed, which corresponds to the anacrotic pulse
wave period (Fig. 4, a). The maximum value of the pulse wave amplitude corresponds to the
stroke volume during systole. The second peak of the pulse wave is formed by the pulse wave
reflection from the walls of aorta and large main vessels and partially corresponds to the
diastolic period of the cardiac cycle. It carries information about vascular tone. The pulse wave
frequency and duration depends on the heart characteristics, and the size and shape of the
peaks — on the vascular system state. Figure 4 (b) shows the characteristic points of the pulse
wave.

a) b)

Figure 4. Schematic representation of the pulse wave phases (a),
schematic reproduction of the pulse wave with characteristic points (b)

120 .......... ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (100), 2020 https://doi.org/10.33108/visnyk_tntu2020.04


https://doi.org/10.33108/visnyk_tntu2020.0

Yevhenia Yavorska, Oksana Strembitska, Mykhailo Strembitskyi, Lilia Hvostivska

The pulse signal parameters for evaluation the cardiovascular system activity are
divided into four groups:

1. The amplitude characteristics of the pulse wave are studied along the vertical
axis (Fig. 4, b). These parameters are relative, but their study in dynamics provides valuable
information about the strength of the vascular response. In this group of parameters the
amplitudes of anacrotic (44X =A, — A,) and dichroic wave (4/[X = A, — As), dichroic wave
index (14X = (A; — As)/(A, — Ay) x100) are studied. The latter indicator is absolute.

2. The temporal characteristics of the pulse wave are studied along the horizontal axis
containing information cardiac cycle duration of systole and diastole. These parameters can
be compared with other methods of collecting information about the state of the
cardiovascular system, such as electrocardiography (ECG), because they are absolute. In this
group we study the anacrotic phase duration of the pulse wave (t, = t,—t,), the duration of
the dichroic phase of the pulse wave (t; = ts—t3), the duration of the expulsion phase (tep =
t;—t,), the duration of the pulse wave (tgx = ts—t,), rising wave index, filling time (tyy = t,—
to), duration of the systolic phase of the cardiac cycle, duration of the diastolic phase of the
cardiac cycle, pulse wave reflection time, heart rate [8, 9].

3. Parameters that can be calculated using the data of the previous groups — dichroic
wave index characterizing such indicators as: position of the dichroic wave peak relatively to
the anacrotic one, the ratio of anacrotic and dichroic phases duration. The calculation of these
parameters makes it possible to assess the influence of external physical factors on the state
of the cardiovascular system both during short and long periods of time of stimulus action.

4. Statistical ones, determining the variability of amplitude-time parameters for pulse
waves during long period of time (minutes).

The graphical method has a number of disadvantages - the shape of the signal and its
characteristic points deviate significantly from the norm for a number of cardiovascular
system diseases, which exclude the possibility to use standard algorithms for data
interpretation. Therefore, analytical and qualitative methods of signal processing are also used
for signal analysis.

Analytical method. The analytical method is based on the periodicity of the pulse
signal in the time domain. This makes it possible to use Fourier signal for analysis - based on
the harmonic component of the pulse signal, the most characteristic emissions and
depressions are distinguished.

Fourier transformation for such signals is represented by formula (1):

ag + Z(ak cos kx + bysinkx), 1)
k=1

Coefficients a, a; and b, are obtained using formulas (2)—(4):

) 1 2T
G =5 Of f()dx, 2)
) 1 2T k d
a, = ;! f(x) cos(kx) dx, 3)
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2
b, = %f f(x) sin(kx)dx (4

Analysis of the signal in the frequency domain makes it possible to determine by
means of signal spectrum the changes that are undistinguished in the time domain. This in
turn improves the diagnostic value of the selected signal.

Discrete Fourier transformation, short time and fast Fourier transform are used to
convert the signal from the time domain to the frequency domain. The essence of the discrete
Fourier transformation is that the signal is evaluated at points that are typical for the signal
similar to all other signals.

Short time Fourier transform is used for non-periodic signals. In short time Fourier
transform, the input signal f(t) is divided into parts and each part is analyzed separately by
its frequency content. The effect of the short time is to localize the signal in time.

The signal deviation is usually accompanied by values outlier, as the deviations in
most cases have relatively larger parameters and values. Other fluctuations of values pass
smoothly.

Signal analysis in two-dimensional space of time and frequency makes it possible to
present continuous wavelet transformation. Unlike Fourier transformation, the wavelet
transformation makes it possible to investigate the change in time of instantaneous amplitudes
and rhythms frequencies, which is especially important for the investigation of nonstationary
processes in the dynamics of living systems, where frequency and time are considered as
independent variables. Wavelet transformation enables to expand the tool base of information
technologies for data processing [10].

In paper [11] it is proposed to calculate the contribution of individual functions using
formulae of Euclidean distance and absolute distance for the determination the pulse signal
parameters. The pulse signal is dynamic, so for its analysis additional tools for nonlinear time
series analysis are used. These series make it possible to evaluate various features of the main
signal dynamics - spectral analysis, nonlinear deterministic prediction, calculation of
Poincare cross section, Weiland test and surrogate data method. These methods are aimed at
checking the random components of the signal, such as dependence on the initial conditions,
predictability and determinacy [12]. It is also important to carry out analysis not only by
selecting one or more parameters having diagnostic value, but also to carry out complex
analysis, one of which options is multifractal analysis using the phases of the signal obtained
by Fourier transformation [13].

Since the pulse signal is the signal of biological origin, it can be represented as a
piecewise stationary random process [14] and analyzed using the methods of spectral
correlation analysis [15].

The use of analytical methods requires a large number of hardware and software
resources, due to the complexity of the software implementation of these functions with
subsequent statistical analysis.

Qualitative method. Quantitative pulse parameters do not provide comprehensive
information about the nature of pulse signal in cases where the signal has no characteristic
amplitude and time marks. While analyzing such signal, graphical and quantitative methods
become less informative.

The example of qualitative analysis is the determination of certain cardiovascular
system diseases by means of characteristic pulse signal contour (Fig. 5) [16].
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Figure 5. The pulse wave contour at: a) norm; b) pulse with slow rise and reduced amplitude — aortic stenosis;
¢) bispheric pulse — the combination of severe aortic insufficiency with moderate stenosis of the aortic orifice;
d) jumping pulse — aortic or mitral insufficiency

Qualitative analysis is used for rapid diagnosis of a number of diseases (vegetative-
vascular dystonia, diabetes mellitus, atherosclerosis, etc.), but it requires highly qualified

medical staff to make decisions causing difficulties in diagnosis automation.
Comparative characteristics of pulse signal analysis methods are shown in table 1.

Table 1
Comparison of pulse signal analysis methods
Method characteristics
Pulse wave Possibility of
analysis Signal Automation of | concomitant Hardware and Results
R . - Accuracy -
method visualization  |[signal analysis | parameters software resources| reproducibility
calculation
. Yes — for individual
. Screen — Insignificant — . L
Graphic . . . patient, within the
waveform and High Yes High simple
method - average value — for
parameters calculations .
a group of patients
. . Significant —
Analytical |Screen — analysis High Yes High complex Yes
method results .
calculations
Screen — data
o "’.Ib(?Ut the Low (with the Partially — within
Qualitative | deviation of the |. .
involvement of No Low - the reproduction of
method waveform from L
a specialist) the waveform
the norm —
norm/deviation
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Conclusions. It is evident from the carried out analysis of the methods for determining
abnormalities in cardiovascular system by pulse signal, that in order to create new and to
improve existing diagnostic equipment the most promising are the analytical methods, as they
contain clear algorithms and have high reproducibility of calculation results, and this provides
their software implementation. However, conducting the adequate analysis of changes in the
cardiovascular system associated with psycho-emotional stress at the dentist requires modeling
of biophysical processes and methods of their analysis using mathematical description of
processes and the use of synthesized on their basis pulse signal models for the evaluation of the
obtained pulse signal analysis algorithms. The obtained data show that the application of
analytical method is perspective for obtaining additional parameters that have diagnostic value
while determining changes in cardiovascular system activity associated with psycho-emotional
stress at the dentist.
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OIIHIOBAHHA METOAIB BUBHAYEHHSA BIAXWUJIEHD Y
JISJIBHOCTI CEPLIIEBO-CYJIJMHHOI CUCTEMM 3A ITYJIbCOBUM
CUTHAJIOM ITPH IICUXOEMOIIHHOMY CTPECI Y
CTOMATOJIOTTYHIN ITPAKTHUIII
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Tepnoninbcokuu HayioHanbHUU MexHiyHuU yHigepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pe3ztome. Ilposedenusn OiacHocmuku pomogoi NOPOICHUHU A HAOAHHSA CMOMAMONLOSTUHOI 00NOMO2U
HanedNcums 00 Macosux 8udie meouunoi donomoau. Ipuiiom y aikaps-cmomamonoea Yacmo Cynpo8ooNCyembCs
NCUXOEMOYIUHUM HANPYIHCEHHAM, 5AKe 3YMOBGIEHe OUIKY8AHHAM OUCKOMMOPMY ma MOXCIUB020 OO0 Mid yac
CMOMAMONOSTYHUX MAHINYAAYIL, WO NPU3BOOUMD 00 Pi3i0N02TuHUX 3MIH ) QISIbHOCMI OP2aHi3MY, 30KpeMa 3MIHU
y OisIbHOCMI cepyeso-cyOuHHoI cucmemu. 3minu y OiibHOCMI cepyego-CyOunHoi cucmemu (y momy wucii u
KOPOMKOMPUBAL) € (PAKMOPOM 3HUINCEHHS HAOTUHOCME (DYHKYIOHYBAHHS CepYe80-CYOUHHOT CUCMeMU NIOSULYeHH S
i1 yymaueocmi 0o pisHUX OecmadiNi3yIOYUX 6NIUBIE. AKMYANIbHUM 3A80AHHAM € BUSHAUEHHS NCUXOEMOYIUHO20
CMawny nayieHma 3a nyrbCoGUM CUSHAIOM, Wo nepedbauyae udip memodie ananizy cuexany. Memorw pobomu e
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Evaluation of methods for determining abnormalities in cardiovascular system by pulse signhal under psycho-
emotional stress in dental practice

OYINIOBAHHA MEMOOi6 BUIHAUEHHS GIOXUNEHb ) OIANLHOCII cepyeso-CYOUHHOI CUcmeMil 3a NYIbCOBUM CUSHATOM
OJ1s1 NPOCHO3YBAHHA BUHUKHEHHS. HeGIOKIAOHUX CIMAHIE Yy cmomamonociuniu npakmuyi. IIposedeno nopieHsmHs
Memo0i6 aHaNizy NYIbCoBO20 CUSHALY MA NPOBEOEHO OYIHIOBAHHA MONCIUBOCTI IX BUKOPUCTIANHSA 0Nl BUSHAYEHHS
3MIH Y OIAILHOCMI cepye8o-CYOUHHOI cucmemu npu NCUX0eMOYiliHOMY cmpeci y CmomMamono2iutit npakmuyi. I3
Npo6eO0eH020 aHANi3y O04e8UOHO, WO Ol CMBOPEHHA HO80i mMa YOOCKOHANEHHs ICHYIUOi OiaeHOCTMUYHOI
anapamypu HaunepCcneKmueHbIUUMU € AHATIMUYHT MeMOOU, OCKIIbKU BOHU MICMAMb YIMKI AIe0pUmMMU 1 MAromy
BUCOKY BIOMBOPIOBAHICINL pe3YIbMamie OOUYUCIeHHA, a4 UYe OdE€ MOXNCIUBICMb IX NpoepamHoi peanizayii.
Oonak nposedeHHs A0eK8AMHO20 AHANI3Y 3MIH V OiAlbHOCMI Ccepyeso-CYOUHHOI cucmemu, NO8 A3AHO20 3
NCUXOEMOYIUHUM CIMPeCcOM HA RPUTIOMI Y JIEKAPS-CMOMAmo02a, Rompebye MoOeno8ants OIoQi3uLHUX npoyecie
ma memo9ie ix ananizy 3 GUKOPUCIAHHAM MAMEMAMUYHO20 ONUCY NPOYECi8 Ma BUKOPUCTNAHHS CUHIME308AHUX HA
ix ocnosi Mooenel nyIbco8o20 CUSHANY ONA OYIHIOBAHHA OMPUMAHUX ANROPUMMIE AHANIZY NYTLCOBO2O CUSHATY.
Ompumani 0ani ceiouamsy, Wo 3aCMOCYBAKHSA AHANIMUYHO20 MEMOOY MAE NEPCHEKTNUEU OMPUMAHHI 000ATNKOBUX
napamempis, siki Hecymo OiAZHOCMUYHY YIHHICMb NPU BUHAYEHHI 3MIH Y OisIbHOCMI cepyeso-CYOUHHOIL cucmemit,
AKI 108 "A3aHI 3 NCUXOEMOYTUHUM CIPECOM HA NPULIOMI Y IIKAPS-CMOMAmono2a.

Knrwowuosi cnosa: ananis, memoo, ncuxoemoyitine Hanpyslcents, nyabcoea Xeuis, cepyeso-cyounHd cCucmemd.
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