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ABSTRACT

Background. An in-depth analysis of the scientific works of scientists and medical
practitioners allows us to conclude that locked nail intramedullary osteosynthesis
is the optimal and the most effective method of treating closed diaphyseal frac-
tures of the lower leg bones, which is caused by the high stability of osteosynthesis
and minimal damage to soft tissues during surgery. The processes of microcircula-
tion changes in the early postoperative period by various metal structures, including
alocked intramedullary nail, still remain unexplored. In particular, there is insufficient
data on the use of a locked intramedullary nail.

The aim of the study. To identify the features of changes in microcirculation indices
ofinjured lower leg bones during fixation of fragments with a locked intramedullary
nail in the early postoperative period.

Materials and methods. The microcirculation ofthe lower limb segment was stud-
ied in 25 patients using laser Doppler flowmetry. Data from 25 healthy volunteers
were used as a comparison group.

Results. It was found that in the early postoperative period, from day 1 to day 10,
in patients with diaphyseal fractures of the lower leg bones operated with locked nail
intramedullary osteosynthesis, there is a decrease in the cardiac range, an increase
in the share of the shunt component of microcirculation compared to the nutritional
share, as well as an increase in more than 1 ratio of the cardiac and respiratory range
amplitude, which indicates an ischemia type of local circulatory disorder. Compensa-
tion of ischemia is done by anastomoses, since the bypass rate is increased.
Conclusion. In case of surgical treatment with locked nail intramedullary osteo-
synthesis, in the early postoperative period, an ischemic type of compensated local
circulatory disorder develops. The regeneration process takes place under conditions
ofreduced arterial microcirculation blood flow and stable venous outflow, as well as
theinclusion of anastomoses to compensate for destroyed vessels, which is associated
with nail damage to the internal blood flow of the bone endosteum and intraosseous
nutrient artery during the surgery.
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PE3IOME

O6ocHosaHue. [Ipu 21yb0KOM aHanu3e Hay4Hblx mpyoos y4EHbIX U NPAKMUKYo-
wux gpadeli MOXHO npulimu K 861800y, YmMO b6/IOKUPYeMbIT URMpPameoysiapHbll
0CmeocuHme3s 58J19emcs oNMUMAsibHbIM U Haubosee 3¢hgheKmusHbIM MeMOOOM
JiedeHus 3aKpbimeblx Oudgu3apHeix NnepesomMos Kocmed 20/1eHU, Ymo obycsiossie-
HO 8bICOKOU cMabuIbHOCMbIO OCMEOCUHMe3a U MUHUMAsIbHbIM NOBpexxoeHuemM
MsA2KUX mKaHel npu onepayuu. [Jo cux nop ocmaromcs He usy4yeHHbIMU NPoyeccsl
U3MeHeHUs MUKPOYUPKY/IAYUU 8 pAHHeM NOC/1ieonepayUuoHHOM hepuode pas/iuy-
HbIMU MemasisIoKOHCMPYKYUAMU, 8 MOM Yucsie u 610KuUpyembiM uHmpameoysi-
JIAPHBIM 280308M. B uacmHocmu, He0oCmamoyHo ceedeHuli 06 UCN0J1b308aHUU
610KUpYeM0o20 UHMPAamMeQyIIAPHO20 2803051.

Ljens uccnedosaHus. Bbisgsume ocobeHHOCMU usMeHeHUl nokazamesnel MUKpo-
YUPKYZIAYUU mpasmMupo8aHHbIX Kocmel 20/1eHU hpu ukcayuu ppazmeHmos
6710KUpYyeMbIM UHMPAameoyiiapHbIM 28030éM 8 paHHeM Noc/ieonepayUuoHHOM
nepuooe.

Mamepuansi u memooel. Y 25 nayueHmos ¢ NOMoWbto s1a3zepHol 0oNniepos-
ckol ¢hrioymempuu npogedeHo uccie0o8aHuUe MUKPOYUPKYAAYUU cezameRma
HUXHel KOHeYHoCcmu. B kayecmae 2pynnel cpasHeHUs UCNO/1b308a/IUCL OaHHbIe
25 300p0osbix 006pososbYeEs.

Pe3ynbmamel. YcmaHossieHo, Ymo 8 paHHeM Noc1eonepayuoHHOM hepuoode, ¢ 1-x
no 10-e cymku, y nayueHmos ¢ ouagu3apHeiM nepesiomamu Kocmed 20/1eHU, Npo-
0NepupoBaHHbIX MEMAJI/TIOCMeEOCUHMe30M b/I0KUPYeMbIM UHMPAaMeQYIIAPHbIM
28030€M, NpouCxooum yMmeHbuweHuUe cep0eyHo20 0UandsoHd, yeenudeHue 0oau
WYHMOB020 KOMNOHEHMA MUKPOYUPKYIAYUU NO CPABHEHUIO C HyMpUmugHoU
dosiel, a makxe ysenuyeHue 6osbwe 1 omHoWeHUA aMmnaumyobl cepoeyHo20
U ObIxamesibHO20 OUANA30Hd, YMO c8UOeMesIbCmayem 0 MeCmMHOM HApyuweHUU
KposoobpawjeHus no muny uwemuu. KomneHcayus uwemuu ocyujecmeasigemcs
3a cuém aHacmMomo308, MAK KAK NOKA3amesib WyHMUPOBAHUS y8esTUYeH.
3aknioueHue. [lpu onepamugHOM sledeHuUU B6I0KUPyeMbiM UHMpPameoysnisap-
HbIM OCMEOCUHMEe30M 8 pAHHEM NOC/e0NepayuUoOHHOM nepuode pazsusaemcs
HapyweHue MecmHo20 KpogoobpauwjeHus no utemu4yeckomy muny ¢ KOMneH-
cayued. lpoyecc pezeHepayuu npomexkaem 8 yC/108UAX CHUXEHHO20 apmepu-
aJIbHO20 KPOBOMOKA MUKPOYUPKY/IAYUU U cMAabusibHO20 8EHO3H020 OMMOKA,
a makxxe 8KJIIOYEHUA AHACMOMO308 019 KOMNEeHCayuu paspyuleHHbIX cocydos,
Umo C8A3AHO C nospex0eHUeM 280306M BHYMpPeHHE20 KPOBOMOKA 3HOOCMA Kocmu
u 8HympukocmHoU numamesibHol apmepuu 8 xo0e ohepayuul.

Knioueevle cnoea: MUkpoyupKynayus, 1azepHas 0onnaeposckas rioymempus,
ouacpuzapHelli nepesiom 20/1eHU, 6710KUpyeMbIl UHMpPameoysiiapHbIli 0OCMeoCUH-
me3
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INTRODUCTION

It has been established that in the structure of bone
fractures of all localisations, tibia fractures are predomi-
nant (ranging from 20 to 37.3 %); they also account
for up to 60 % of the total number of fractures of long
bones [1].

A deep analysis of the scientific works of scien-
tists and practicing physicians leads to the conclusion
that locked intramedullary osteosynthesis (LIOS) is the op-
timal and most effective method of restoring bone integrity
in closed diaphyseal fractures of the tibia, which is caused
by high stability of osteosynthesis and minimal dam-
age to soft tissues during surgery [1, 2]. The fundamen-
tal reason for the development of various complications
in the treatment of traumatological diseases is a viola-
tion of microcirculatory processes in the damaged ex-
tremity segment. As is well known, the above-mentioned
soft tissue injuries are possible both during direct trauma
and during surgical intervention; accordingly, the more se-
rious the volume of surgical intervention, the deeper
the soft tissue injuries the patient receives. It is essential
to correct local tissue microcirculation disorders in the area
of the affected extremity, as high-quality haemodynam-
ics is essential for restoring the viability of damaged tis-
sues, their subsequent regeneration and the course of in-
flammation [3, 4].

Consequently, an objective recording of the microcir-
culation disorders manifestations is necessary for effec-
tive recovery after surgery, which will allow noninvasively
determining the state of local microcirculation disorders
in the tissues of the affected extremity [3, 4].

Laser Doppler flowmetry (LDF) is one of the unique
highly sensitive and non-invasive methods providing wide
diagnostic possibilities in the study of microcirculation
disorders [5]. The LDP method, according to the research
data of domestic and foreign literature, allows to deter-
mine quite accurately various links of microcirculato-
ry channel disorders and to determine quite accurately
the development of pathophysiological processes in ex-
tremities [6]. However, the processes of microcirculation
changes after surgical treatment of extremity bone frac-
tures in the early postoperative period with various metal
structures, including intramedullary locking nail, remain
to be studied. In particular, there is insufficient informa-
tion about the use of the method of surgical treatment
of tibia bone fractures in the diaphysis area using an in-
tramedullary locking nail, which predetermined the pur-
pose of this study.

THE AIM OF THE STUDY

To reveal the peculiarities of changes in the microcir-
culation indices of traumatized tibia bones during frag-
ment fixation with intramedullary locking nail in the ear-
ly postoperative period.

MATERIALS AND METHODS

This study was conducted on the basis of Irkutsk City
Clinical Hospital No. 3 in 2014-2016. The data describ-
ing the microcirculation in the main group consisting
of 25 patients being under treatment in a trauma hospi-
tal were recorded and carefully analyzed. The study group
was formed by the continuous sampling method. The cri-
teria for entering the group were: being in a trauma hos-
pital; age up to 59 years; and primary trauma to the tibia
bones. The exclusion criteria for the study were described
in a previous study [6]. The examined patients differed
in the severity of injuries (Table 1). All patients on admis-
sion with closed diaphyseal fractures of the tibia bones un-
derwent preliminary skeletal traction. After further exam-
ination, the patients underwent surgery aimed at match-
ing the broken bone fragments - closed repositioning fol-
lowed by an intraosseous metal osteosynthesis using anin-
tramedullary locking nail. The same conventional drug
therapy including disaggregants, antibacterial agents,
and topical drug therapy, etc. were used in the whole
group of patients during treatment. The surgical access
site was also treated and dressed (Table 1).

TABLE 1

DISTRIBUTION OF PATIENTS ACCORDING TO THE NATURE
OF FRACTURES AND THEIR LOCALIZATION
(ACCORDING TO THE AO/ASIF CLASSIFICATION)

Number

. 42A1 42A2  42B1 42C1 Total
of patients
abs. 16 1 4 4 25
% 64 % 4% 16 % 16% 100 %

Patients with tibial diaphysis fractures according
to the AO/ASIF (Albeitgemeinshaft fur Osteosynthenfra-
gen/Association for the Study of Internal Fixation) classi-
fication of group 42A1 (64 %) made up the largest group
of the study population.

The clinical comparison group consisted of 25 healthy
volunteers statistically significantly comparable in age
and sex.

Experimental study of microcirculatory parameters in-
dices was performed using a non-invasive LDF method
with the LAKK-OP device (version 2) (SPE “Lazma”, Russia).
The advantages and operation mechanisms of this analys-
er are more detailed discussed in the previous articles de-
voted to this subject [6, 7].

LDF-diagrams were recorded for at least 10-11 min,
with the transducer placed on the dorsal surface of the foot
in the projection of the proximal part of the 1st metatarsal
bone of the injured extremity. The microcirculation index
(M) was assessed; a specific feature of this device is also
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the registration of additional narrowly focused parameters,
such as: shunt index (SI), maximum amplitudes of cardiac
(Ah) and respiratory (Ar) oscillation ranges.

LDF diagnostics was performed at the same time
of day, at the same room temperature (21-23 °C). Before
the microcirculation study, the examinees did not ingest
food or liquids, did not smoke, and did not assume an up-
right position.

All studies were performed in the early postoperative
period, from the day 1 to the day 10 on daily basis. Based
on the shuntindex (SI) and microcirculation, the shunt com-
ponent of the microcirculation index (M shunt.) and nutri-
tive microcirculation index (M nutr.) were determined us-
ing the same formulas as in the previous study [7].

The cumulative analysis of the obtained data is the op-
timal study of microcirculation, since the isolated assess-
ment of one of the parameters does not give a complete
picture of the ongoing pathophysiological processes [8].
Thus, for a comprehensive complete and objective study
in LDF-diagnostics of local disorders of microcirculatory
processes the index of microcirculation, including the state
of oscillatory processes associated with arterial inflow (Ah)
and venous outflow (Ar) is of great importance.

It was obligatory for patients to sign informed con-
sent to participate in the study in accordance with the eth-
ical principles of the World Medical Association Declara-
tion of Helsinki (1964, 2013 ed.). The study was approved
by the Ethical Committee of the Irkutsk State Medical Uni-
versity (extract from minutes No. 2 dated April 16, 2014).

For the purpose of statistical data processing, MS Ex-
cel 2010 (Microsoft Corp., USA) and Statistica 10.0 for Win-
dows (StatSoft Inc., USA) software were used. Based
on the distribution of data, non-parametric (Mann - Whit-
ney) or parametric (Student’s t-test) criteria were used
in the analysis. The data obtained were summarized us-

TABLE 2

ing median, 25th and 75th percentiles or mean values
and standard deviation.

RESULTS AND DISCUSSION

In this study we will dwell in more detail on the lo-
cal blood circulation disorders using the interpretation
of the laser Doppler flowmeter LAKK-OP (version 2) (NPP
“Lazma”, Russia).

Table 2 summarizes the studies of the clinical compar-
ison group and the main group.

The study revealed that the microcirculation index had
no statistically significant difference between the patients
of the main group who underwent LIOS surgery and the clin-
ical comparison group in the early postoperative period
(days 1-10). These findings indicate local circulatory disor-
ders of the compensatory ischaemia type. The experiment
also revealed that the ratio of the proportions of the shunt
and nutritive components of the microcirculation indices
evidenced the violation of local circulatory disorders of is-
chaemic type, and the proportion of the shunt component
compared to the nutritive component was 18.32 % higher.

Animportant point to be noted is that a striking param-
eter confirming the presence of ischaemia is a 39.01 % de-
crease in cardiac range amplitude (Ah) in the main group
compared to the clinical comparison group.

No statistically significant difference was revealed when
interpreting the respiratory range amplitude (Ad) amplitude
parameters, indicating the absence of congestion and com-
pensation of the ischaemic form as a result of the process-
es discussed further.

The ratio of heart rate and respiratory amplitude is une-
quivocally greater than 1 in the main group, which also ev-
idences the existence of ischaemia [8].

MICROCIRCULATION PARAMETERS IN THE MAIN AND THE COMPARISON GROUPS

Main group Clinical comparison group
Parameters

I I m v
M 5.86 (5.77-6.37) 5.95+0.33 6.46 (5.2-8.38) 6.72+2.26
SI 2.27 (1.39-1.76)* 245+ 0.36¢ 1.65 (0.83-2.04)* 1.57 £0.32%

The proportion of M nutr. 243 243 - -

The proportion of M shunt. 3.52 3.52 - -
Ah 0.15(0.11-0.16)* 0.14+£0.01% 0.23 (0.19-0.28)* 0.24 £ 0.04%
Ar 0.11(0.10-0.13) 0.11+£0.01 0.13(0.1-0.16) 0.13+0.02

Ah/Ar 1.26 1.26 - -

Note. Data from the first (1) and third (II1) columns are presented as median with lower and upper quartiles (25th and 75th percentiles); data from the second (II) and fourth (IV) columns are presented as mean values

and standard deviation; * — statistically significant differences between groups (p < 0.05).
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A statistically significant increase of 56.1 % in the shunt
rate in the main group reveals the inclusion of shunt ves-
sels and evidences the significant role of shunts in com-
pensating ischaemia to restore blood circulation with-
in the bone, since during surgery, the nail being inserted
disrupts blood flow in the endosteum, which is not con-
trary to the basic study “Bone Regeneration and Blood
Supply” [9].

We hypothesize that LIOS is followed by destruc-
tion of endosteal internal blood flow during surgery, after
which the arterial supply to the operated extremity is im-
paired. This change is registered by a 39.01 % decrease
in heart range amplitude (Ah). The other parameters con-
firming ischaemia in the injured extremity include such pa-
rameters as the proportion of shunt component of micro-
circulation compared to nutritive component, increased
by 18.32 %, and increase in the ratio of heart to respiratory
range amplitude greater than 1. This is followed by addition-
al mechanisms that activate anastomoses or shunts, caus-
ing the values of the shunt index parameter to be 56.1 %
higher than those of the clinical comparison group (healthy
individuals). As a result, the blood circulation of the injured
extremity is replenished, which is reflected by the value
of the microcirculation index (M), which is not statistically
significantly different from that in the clinical comparison
group. No circulatory stasis was also observed, as the am-
plitude of respiratory range of variation (Ar) was not statis-
tically significantly different from that of the clinical com-
parison group.

Considering the wide variety of obtained indicators
of microcirculatory disorders, a compensatory ischaemia
type of local blood circulation was revealed. These values
indicate a decrease in arterial blood inflow to the extremi-
ty, which is associated with damage to the bone endoste-
um and intraosseous feeding artery by the internal blood
flow nail during the surgery with subsequent compensa-
tion of ischaemia by including anastomoses, since dur-
ing this surgery there is minimal damage to soft tissues
and periosteum, and there is no surgical access at the frac-
ture site, due to which the deficit of blood supply to the ex-
tremity is levelled, and the healing process is accompanied
by a stable venous outflow of blood throughout the en-
tire study period.

CONCLUSION

According to the present study, it was revealed that pa-
tients with diaphyseal fracture of the tibia bones who un-
derwent surgery with an intramedullary locking nail have
a compensated ischaemic-type circulatory disturbance
in the injured extremity in the early postoperative period.
Consequently, tissue regeneration occurs under conditions
of reduced arterial blood flow, decreased microcirculation
and normalized venous outflow caused by the inclusion
of anastomoses to compensate for the destroyed vessels,
which seems to be related to the nail damage of the in-
ternal blood flow to the bone endosteum and intraosse-
ous feeding artery during surgery.

Conflict of interest
The authors of this article confirm that there is no con-
flict of interest.

REFERENCES

1. Martynenko NP. Practical experience in the treatment
of fractures of the distal and proximal tibia metadiaphysis by lock-
ing intramedullary osteosynthesis. Science & Healthcare. 2014; (2):
114-115.(In Russ.). [MapTbiHeHKo H.I1. [TpakTnyecKui onbIiT neveHuns
nepesioMoB AMCTaNIbHOIO U MPOKCMManbHOro metadr3os 6onblLue-
6epLoBOI KOCT MeTOAOM GNOKMPYIOLEro UHTPaMeayIIsPHOro
ocTeocuHTe3a. Hayka u 30agooxparerue. 2014; (2): 114-115].

2. Kavalerskiy GM, Yakimov LA, Kashcheev AA, Kalinskiy BM,
Donchenko SV, Kalinskiy EB, et al. Technique of reduction and in-
tramedullar nailing of distal metaphyseal fractures with intraop-
erative hybrid external fixation. The Department of Traumatology
and Orthopedics. 2015; (2): 4-7. (In Russ.). [KaBanepckui I'M., Aku-
moB J1.A., Kawees A.A., KanuHckuin b.M., oHueHko C.B., KanuH-
ckun E.b., n gp. MNprumeHeHne cnocoba NHTpaonepaLnoHHOM
peno3nunn n NHTPamMedyniapHOro OCTeOCHHTe3a NepesioMmoB
AVcTanbHoro Metadusa 6onbluebepLoBor KocTu. Kagedpa mpas-
mamoJsiozuu u opmoneduu. 2015; (2): 4-71.

3. Kolesnikova LI, Rychkova LV, Kolesnikova LR, Darens-
kaya MA, Natyaganova LV, Grebenkina LA, et al. Coupling of li-
poperoxidation reactions with changes in arterial blood pressure
in hypertensive ISIAH rats under conditions of chronic stress. Bul-
letin of Experimental Biology and Medicine. 2018; 164(6): 712-715.
doi: 10.1007/510517-018-4064-3

4. Shemyakina NA, Namokonov EV, Darenskaya MA, Kole-
snikov S, Kolesnikova LI. Advanced glycation end products
and glutathione status in patients with type 2 diabetes mellitus
and macroangiopathy of the lower limbs. Free Radic Biol Med. 2018;
120(1): 60-61. doi: 10.1016/j.freeradbiomed.2018.04.200

5. Miromanov AM, Mironova OB, Uskov SA, Namokonov EV,
Shapovalov KG. Dynamics of indicators of microcirculation
and components of the vascular tonus at patients with the un-
complicated and complicated course of fractures of long tubular
bones in the early postoperative period. Siberian Scientific Medical
Journal. 2011; 31(3): 12-17. (In Russ.). [MupomaHoB A.M., Mupo-
HoBa 0.b., Yckos C.A., HamokoHoB E.B., LLlanoBanos K.I. JnHamurka
nokasaresiell MUKPOLVPKYIALMN U KOMMNOHEHTOB COCYANCTOrO
TOHYyCa Y 60/bHbIX C HEOCJIOXKHEHHBIM U OCJTOKHEHHbIM TeUeHeM
nepesioMoB AJIMHHbIX TPyOUaTbIX KOCTEN B paHHEM nocsieonepa-
unoHHoM nepuoge. Cubupckuli Hay4YHbIl MeOUYUUHCKUU XypHArl.
2011;31(3): 12-171.

6. Plakhov Al,Vinogradov VG, Angarskaya EG.The use of laser
Doppler flowmeters in traumatology. Siberian Medical Journal
(Irkutsk). 2015; 138(7): 52-56. (In Russ.). [Mnaxos A./., BuHorpa-
noBB.I, AHrapckas E.I. icnonb3oBaHue na3epHbix AOMMIEPOBCKUX
dnoymeTtpos B TpaBmaTonoruu. Cubupckuli MeOUYUHCKUU XypHan
(Mpkymck). 2015; 138(7): 52-56].

7. Plakhov Al, Kolesnikova LI, Korytov LI, Vinogradov VG,
Darenskaya MA. Changes in indicators of microcirculation
in the early postoperative period in the treatment of diaphyseal
fractures of the shin bones using a plate with limited contact. Acta
biomedica scientifica. 2019; 4(3): 58-62. (In Russ.). [[naxos A.U., Ko-
necHukosa J1.M., KopbitoB JI1.U., BuHorpapos B.I., JapeHckas M.A.

148



M3meHeHMs nokasaTtesieil MUKPOLVPKYISLUM B PaHHUIA NOCeo-
nepaumoHHbIV Neprog Npwu fneyeHnn gnadusapHbix Nepenomos
KOCTel rofieHn C NOMOLLbIO MIACTVHbI C OFPaHNYEHHbIM KOHTaK-
ToM. Acta biomedica scientifica. 2019; 4(3): 58-62]. doi: 10.29413/
ABS.2019-4.3.8

8. Krupatkin Al, Sidorov VV. Functional diagnostics of the state
of microcircular tissue systems: A guide for physicians. Moscow,

Information about the authors

2013. (In Russ.). [KpynaTtkuH A.N., Cugopos B.B. QyHkyuoHaneHas
0ua2HOCMUKA COCMOSAHUSA MUKPOYUPKYIAPHO-MKAHEBbLIX CUCMEM:
Pykosodcmao 0151 8payeti. M., 2013].

9. Lavrishcheva Gl, Karpov SP, Bachu IS. Bone regeneration
and blood supply. Kishinev; 1981. (In Russ.). [JlaBpuwesa "W,
Kapnos C.MN., bauy WN.C. PeceHepayus u kpogocHabxeHue kocmu.
KunwwHes; 1981].

Alexey I. Plakhov — Postgraduate, Orthopedic Traumatologist, Irkutsk State Medical University, e-mail: vasahplah@yandex.ru, https://orcid.org/0009-0006-6380-5086
Leonid 1. Korytov — Dr. Sc. (Med.), Professor at the Department of Normal Physiology, Irkutsk State Medical University, e-mail: korytovli@yandex.ru, https://orcid.org/0000-0003-1500-8219
Valentin G. Vinogradov — Dr. Sc. (Med.), Professor, Professor at the Department of Traumatology and Orthopedics, Irkutsk State Medical University, e-mail: vinogradov.travma@gmail.com,

https://orcid.org/0000-0002-6470-3800

Marina A. Darenskaya — Dr. Sc. (Biol.), Senior Lecturer at the Department of Normal Physiology, Irkutsk State Medical University; Leading Research Officer at the Laboratory of Pathophysiolo-
gy, Scientific Centre for Family Health and Human Reproduction Problems, e-mail: marina_darenskaya@inbox.ru, https://orcid.org/0000-0003-3255-2013
Sergei V. Makarov — Cand. Sc. (Med.), Docent, Associate Professor at the Department of Public Health and Healthcare, Irkutsk State Medical University, e-mail: orgnursing@gmail.com,

https://orcid.org/0000-0001-8364-5223

Authors’ contribution

Plakhov A.l. — collection of practical material; processing of the obtained data; preparation of the article for publication.

Korytov L.I. — editing of the article; preparation of the article for publication; analysis of study results.

Vinogradov V.G. — scientific supervision for the postgraduate student; discussion of clinical material and significance for practical healthcare.

Darenskaya M.A. — assistance in statistical processing of the obtained results.
Makarov S.V. — assistance in statistical processing of the obtained results.

149





