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DEVELOPMENT OF METHOD AND ELECTRICAL SCHEME FOR OBJECTIVE PAIN
REGISTRATION AND DISTANCE MEDICAL DIAGNOSTICS

Kozhevnikova A.,
Podlesniy V.,
Vlasova O.,
ABSTRACT.

The project of a new apparatus that can objectively detect pain had been developed. Previous research has
shown mostly subjective methods, invasive or brain activity-based methods. Now the potential method of objective
pain registration is founded but needs more samples. In this research, we made an electric scheme and working
principle for new diagnostic apparatus based on skin capacitor changes. The new apparatus will make diagnostics
using only one body zone. The method of objective pain registration and current developments are presented in

this article.
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INTRODUCTION

The method that can objectively register, measure,
verify pain and find its localization does not exist. Such
apparatus that can satisfy that functions is often neces-
sary for proper diagnostics and science aspects of alge-
sia. Now there are problems in the definition of fantom
pain and correct pain evaluation which is needed in re-
habilitate and treatment. In our research, we expand the
knowledge of pain and facilitate current diagnostics
making it available and cheap.

Wrong evaluation of the pain that leads to the in-
correct doses of drugs is shown in Marks and Sachar
research [1] when 32% of patients after the operation
were suffering from pain because of too little amount
of opioid anesthesia and their recovery was delayed.
Correct pain registration is also necessary for distance
or non-speaking (unconscious) diagnostics. Previous
research has shown mostly subjective methods, inva-
sive or brain activity-based methods. The most popular
is McGill pain questionnaire [2] which include sensory,
affective and evaluative words that can be used by pa-
tients in their pain description. The problem with the
use of subjective methods is that the descriptions of
pain strongly depend on the degree of patients excita-
tion. [3]

MATERIALS AND METHODS

In the affected area there is an accumulation of al-
gogenic substances due to damaged cells, nociceptors,
increased capillary permeability. Damage to tissues ex-
cites C-fibers in connection with the release of adeno-
sine diphosphate, adenosine triphosphate, serotonin,
histamine and other algogenic substances - mediators
of inflammation. Cellular damage leads to the release
of proteases cleaved in the blood plasma. So, from ki-
ninogen, the peptide bradykinin is produced, which
causes incoming current and action potential in C-fi-
bers. The strength of pain in humans is proportional to
the concentrations of detectable bradykinin, which,
among other things, enhances vascular permeability
and sensitizes nociceptors [4]. Also, when a cell is dam-
aged from cell membranes, arachidonic acid is re-
leased, which is acted upon by the enzyme cyclooxy-
genase, forming prostaglandins sensitizing nociceptors
to other algogenic compounds [1].

When the primary afferent nociceptors are stimu-
lated, the peptide released in 1931 [5], the substance of
P, expanding the vessels and causing edema, including

through the release of histamine from the mast cells.
Substance P also increases the excitability of C-fibers
by blocking potassium channels. One of the reasons for
the inadequacy of overcoming pain by classical meth-
ods is the difficulty in correctly estimating the degrees
of pain. [6] Damage of the same severity can cause pain
sensations of different severity in different individuals
depending on the conditions and individual character-
istics.
RESULTS

The assumption of the connection between pain
and the recording local physiological changes possibil-
ity led us to the creation of a new pain recording
method. Our method will use a matrix of skin capacitor
changes which deviation amounts from the neighboring
healthy tissues is considered by us as a pain indicator.
The project starts with the development of an electrical
circuit of the apparatus. The next step is an electrode
selection or creation. Finally, we will make an appa-
ratus body on a 3d printer, assemble and program it.
Extra effort will be made to conduct research, collect
and process statistics. Finally, our apparatus would ob-
jectively register local-pathology-based pain using
pained zone analysis.

The developed principles of registration:

1. Short stimulating impulses 12V amount with
frequency 10Hz are used between every two electrodes.

2. A graph of the attenuation of the capacity
value of biological tissue caused by changes in skin
characteristics due to stimulation is recorded.

3. The rate of change in the capacitive compo-
nent of the impedance is analyzed as correlating with
the magnitude of the pathology and pain.

4. Not the absolute amount is representative, but
the difference between neighbor points amounts of one
zone.

5. To reduce the influence of subjective position-
ing a matrix of electrodes will be used.

6. Apparatus will use a color attenuation coeffi-
cient gradient on LCD screen for making results easy
readable.

The electrical part of the apparatus includes a
power supply unit, a transmitter and an electric signal
receiver, a display for outputting data. System manage-
ment and information processing is carried out with the
help of the microcontroller stm32f103. The power sup-
ply scheme of the device is shown in Figure 1.
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Fig. 1. The power supply scheme

The transmitter is shown in Figure 2. The principle
of operation consists in follows: the microcontroller
generates a PWM signal with a specified frequency and
a duty cycle to the base of the transistor VT1. On the
positive front of the PWM signal, the transistor VT1
opens and in the throttle the current starts to flow grad-
ually increasing. The energy accumulates in the throttle
- the longer the pulse, the more energy. At the negative
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PWM signal front, the transistor closes and as a result
of the self-inductance phenomenon on the drain transis-
tor VT1, a large voltage surge occurs and an increased
power signal is applied to the transmitting electrode.
The condenser C1 installed in the signal path accumu-
lates the transmitting charge and facilitates the full
transfer of energy to the electrode. The transistor VT1
should be of high power.
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Fig. 2. Transmitter electrical scheme

The receiver is shown in Figure 3. The principle
of operation is to amplify the received signal using the
DAG6 instrument amplifier and transmit the amplified

signal to the microcontroller for analog-to-digital con-
version. Condenser C3 is used to fully accumulate the
received signal and then transmit it for measurement.

Fig. 3. Receiver circuitry

The algorithm of the device is divided into two
stages: the first stage occurs with a positive PWM sig-
nal period, the second stage with a negative one. At the
very beginning, in a positive period, the accumulation
of charge by the throttle occurs. In the future operation
of the system, during a subsequent negative front, the
signal is emitted at the transmitter and the transmitted
signal is accumulated at the receiver. During a positive
front, the choke in the transmitter is charged and the
accumulated values are processed at the receiver. The
output of the digitized values in the graphical form is
carried out using an OLED display via the 12C inter-
face.

The sensitivity of the zones to the use of this
method can be due to both skin galvanic reaction and a
change in the membrane permeability of tissues with
tissue polarization. More research is needed to deter-
mine the exact nature of the correlation.

CONCLUSION

The new approach for pain registration is founded.
We made first steps for creating an apparatus for objec-
tive pain registration by developing a methodic of ac-
tion and electric scheme. We expect to achieve perfect
diagnostic results using skin capacitor change analysis.
Current research made on 32 patients [7] show us ex-
cellent opportunities in pain detection and evaluation.
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It becomes possible to analyze pain objectively, imme-
diately and use only one body zone. Hence, our new
apparatus will objectively register, measure and find
the localization of pain which is also a new page in the
study of pain. The results of this research will be incor-
porated in daily diagnostics.
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CTOMKOCTh MHCTPYMEHTA ITPH HENPEPBIBHOM CBEPJIEHMU U CBEPJIEHUHU C
KOJIEBAHUSIMUA HETAPMOHUYECKOM ®OPMBbI

Koszapy Hean Heanoseuu

K.m.H, 0oyenm xKagh. mexronozus mawurnocmpoenus, CII0ITY I[lempa Benukozo

Canxm-Ilemepbype
Jrwoomyopoe Cepezeii Anexcanoposuu

K.M.H, doyenm xkagh. mexronozus mawurnocmpoenus, CII6ITY I[lempa Benuxozo

Canxm-Ilemepbype
Ocunenko Ceamocnae Bauecnasosuu

Mazucmp mexHuKy u mexuonoauu, eedyuuti undicenep-mexuonoe, AO « AKBAMAPHWH»

AHHOTAIUA.

Canxkm-Ilemepoype

IloBbIImICHNE CTOMKOCTH HWHCTPYMCHTA CHIMPAJIbHBIX CBEPJI, IYTEM HCIIOJIb30BAHUS KoJIeOaHu HETapMOHHU-

yeckoil (hopMbl. M3mMepeHue Temmeparypsl pe3anus ¢ moMoinsio tepmo-/C. TloxydeHne 3aBUCHMOCTH CTOHKO-
CTH OT CKOPOCTHU PE3aHMs ISl HETIPEPHIBHOTO CBEPIICHUS U IJIsl CBEPJICHNUS C IIOMOIIBIO KOJIeOaHUH HerapMOHH-
YyecKor (hopMbl. Y BeTMUEHHE CTOMKOCTH HHCTPYMEHTA IIPH CBEPIICHUH C KOJICOAaHUSIMHU HErapMOHNYECKOH (hOPMBI

Ha HOPMaTHBHBIX peXHMax pe3aHus Ha 65...75% BellIe, 4eM IpH OOBIYHOM CBEPIICHUH.

ABSTRACT.

Improving the tool life of twist drills by using non-harmonic oscillations. Measurement of cutting temperature
using thermo-emf. The dependences of resistance on cutting speed for continuous drilling and for drilling using
non-harmonic oscillations are obtained. The increase in tool life when drilling with non-harmonic fluctuations in
standard cutting conditions is 65 ... 75% higher than in conventional drilling.

KoaioueBble ciioBa: cBepieHHE OTBEPCTHIl C KOJIEOAHUAMH HErapMOHUYECKON (DOPMBI, CTOMKOCTh HHCTPY-
MEHTa, HepKaBeIOMIasl CTajlb, YCTPOHCTBO IS JPOOICHUS CTPYKKH.

Keywords: drilling holes with non-harmonic oscillations, tool life, stainless steel, a device for crushing chips.

B Hacrosiiee Bpemst U1 pa3BUTHS SHEpreTHde-
CKOM, aTOMHOH NPOMBIIIJIEHHOCTH ¥ MaITHHOCTPOECHUS
MPUMEHSIETCS MHOTO HOBBIX MAaTepHaloB, 00Jamaro-
LIMX IOBBIIIEHHON KOPPO3HOHHON CTOMKOCTBIO, Kapo-
MPOYHOCTHIO U APYTUMH (PU3UKO-XMMHUIECKUMHU CBOW-
CTBaAMHU.

O06paboTKa TaKUX MaTepHAIIOB pE3aHUEM 3aTPY/-
HEHa, B YaCTHOCTH, M3-3a 0O0pasylomeicss MpoYHOH
CIMBHOM cTpykKku. [Ipm cBepieHMHM CHMpaIbHBIMU
CBEpJIAMH CTPY>XKKOOOpa30BaHUE MTPOMCXOIUT B OTpa-
HUYEHHOM 00BEMe, U4TO YCYTryOiIsieT poLiece pe3aHusl.
CnuBHas cTpy’KKa 3acTpeBaeT (IIaKeTHpyeTcs) B Ka-
HaBKax MHCTPYMEHTa M, TEM CaMbIM, 3aTPyIHSET HO-
CTYIUICHUE OXJIKAAIOMIEH J>XUIKOCTH K PEXYIINM
KPOMKaM, 9TO MPUBOAUT K HOBBIIICHUIO TEMIIEPATYPhI
B 30HE pPe3aHus, OBICTPOMY H3HOCY, ¥ IOJIOMKE CBEpIIa.

B cBs3u ¢ aTUM pematonum GakTopoM, odecte-
YUBAIOIIUM TIPOTEKAHHE IpOIlecca CBEPIICHHUS, SBIIS-
eTCsl yIaJeHUe CTPY)KKH U3 30HBI PE3aHHS.

[Mupokoe pacnpocTpaHeHHE MOIYUUIN CIUPATb-
HBIE CBEpJIa, KOTOPBIE UMEIOT U Psifl HEJJOCTATKOB, CBSI-
3aHHBIX C TEOMETpHEH peXxymield JacTd U ¢ Hebmaro-
MIPUATHBIMHU YCJIOBHUSAMH OTBOJA CTPY)KKH M3 30HBI pe-
3aHUSL.

CrpeMyeHHE YIIYyYIINTh TEOMETPHIO DPEeXyIIen
KPOMKH TIPUBEJIO K CO3AaHUIO CITUPATBHBIX CBEPII ¢ 60-
Jiee WM MEHee ITOCTOSHHBIM IepeqHuM yriom. s
yIYYIIEHUI TeOMETPUU B 30HE OJIM3KOW K OCH CBepiia
pa3paboTaHo OOJIBIIOE KOJMYECTBO MOATOYEK IIOIe-
PE4HON KPOMKH.

CroxHee 00CTOHT JEJI0 C OTBOIOM CTPYXKH, TaK
KAaK IOIBITKU €0 YIIyUIIUTh ITyTEM yCOBEPLIEHCTBOBA-
HUS TPAHCIIOPTUPYIOILEH YacTH, KaK IpaBUIIO, IPUBO-
JSIT K YMEHBIIECHHUIO TIPOYHOCTH U JKECTKOCTH CBEPIIA.

ITosTomy, B HacTosimiee BpeMsl, ITUPOKO HCIOJb-
3YIOTCSl Pa3iWYHbIE METOABI IpOOIEHHE CTPYXKH B
Iporecce pe3aHus, Tak Kak ApoOJeHas! CTpyKKa 3Ha-
YHUTENIBHO JIErde BBIBOJUTCS U3 OTBEPCTHSA U TTO3BOJISET



