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Analysis of the vascular abnormalities of the patients
with ankle joint mild osteoarthritis
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Abstract. The vascular factor is one of the leading pathogenesis factors in the formation of ankle joint osteoarthritis.
Dystrophic and sclerotic changes in the joint tissues develop as a result of blood flow decrease. These mechanisms understanding
will allow to plan treatment and rehabilitation measures, as well as predict and prevent complications. The purpose of the work
is to study hemodynamic parameters in the main lower leg arteries of the in patients in follow-up period of mild ankle joint
osteoarthritis. Two groups of patients were examined. The first group — 82 patients with mild ankle joint osteoarthritis in the
follow-up period (10 years) and the second group — control (healthy) group of 58 people without ankle joint osteoarthritis.
Duplex scan of the main lower leg arteries was performed to all the patients. The state of arteries and hemodynamic parameters
were evaluated. Excell and STATISTICA 10.0 programs were used for statistical data processing. In patients with follow-up
of mild ankle joint osteoarthritis, the diameter of the arteries did not differ from the control group. In patients with mild ankle
joint osteoarthritis the thickness of the Intima-media complex in the lower leg arteries and walls pulsation were significantly
higher than those in patients of the control group (p <0.05). Analysis of hemodynamic parameters in patients with ankle joint
osteoarthritis revealed an increase in the linear velocity of blood flow with a further tendency to normalization and even decrease
in the follow-up compared with the control group. Signs of perfusion difficulty that accompanied the development of high blood
pressure syndrome in the lower leg arteries were observed in 122 (67.0%) patients, and the signs of perfusion difficulty were
bilateral in most of the cases (86.9%). Stenosis, deformation and arteries tortuosity were noted in 22% of patients with ankle joint
osteoarthritis. Thus, mild ankle joint osteoarthritis is accompanied by blood flow changes in the form of inadequate perfusion
and high-pressure syndrome in the lower leg arteries, which can cause secondary injuries and requires higher attention when
selecting treatment and rehabilitation actions.

Key words: ankle joint osteoarthritis, hemodynamic abnormalities, duplex ultrasonography screening, treatment, rehabilitation
Author Contributions. All authors were equally involved in writing the article.

Conflict of Interest Statement. The authors declare that the research was conducted in the absence of any conflict of interest.
Received 06.12.2019. Accepted 30.01.2020

For citation: Mombekov A.O., Karpovich N.I., Dogotar O.A., Dergunov A.V., Zagorodnyi N.B. Analysis of the vascular
abnormalities of the patients with ankle joint mild osteoarthritis. RUDN Journal of Medicine, 2020 Mar; 24 (1): 26—37.
DOI: 10.22363/2313-0245-2020-24-1-26-37

© Mombekov A.O., Karpovich N.I., Dogotar O.A., Dergunov A.V., Zagorodnyi N.B. 2020

This work is licensed under a Creative Commons Attribution 4.0 International License
E https://creativecommons.org/licenses/by/4.0/

26 TPABMATOJIOI 14



Mombekov A.O. et al. RUDN Journal of Medicine, 2020, 24 (1), 26—37

AHanuns coCTOsIHUSA COCYAUCTbIX HapyLLUEHUIN Y 60/IbHbIX
AedopMUpyoLwmUM apTpo3oM FrosIeHOCTONMHOrO cycTaBa
JNIerKOu cTeneHu

A.O. MombekoB!, H.W1. KapnoBuu!, O.A. [lororaps!, A.B. [leprynos?, H.B. 3aropogumii!

"Poccuiickuii yHUBepcUTeT /Ipy>KObI HapozioB, Mocksa, Poccuiickast deneparyis
*BoenHo-mMeauLMHCKast akazsiemust uM. C.M. Kupoga, Caukr-IletepOypr, Poccuiickas ®epeparius

Annotamms. OfHuM U3 BelyIux (akTOpOoB ratoreHe3a (hopMrpOBaHUs AehOpMUPYIOLIEro apTpo3a roleHOCTOITHOTO CyCTaBa
(JAT'C) saBnsieTcst cocyaucThii (akTop. B pesynbrare CHIDKeHHsI KPOBOTOKA Pa3BUBAIOTCS AUCTPOGHUUECKe U CKIIePOTHYUeCKHe
M3MeHeHUs B CYCTaBHBIX TKaHsX. [IOHUMaHHe 3TUX MeXaHU3MOB MO3BOJIUT TIJIAHUPOBATh JiedeOHble U peabu/TMTaliOHHbIE Me-
POTIPHUSITHS], @ TAK)Ke TIPOTHO3UPOBATh U MPeAyIPeXaTh 0C/0KHeHus. L]esib paboTbl — M3ydeHre ToKasartesield reMOJMHAMUKA
B MarucCTpajbHBIX apTepHsIX ToieHH Y O0bHBIX B oTaseHHOM Tiepuogie JAT'C B sierkoii crenenu. Vccie[oBaHbI 1Be TPYIIITbI
narieHToB. [TepBasi — 82 uenoBeka B otganeHHoM reproge (10 set) [JAT'C nerkoii creneHu TsSHKeCTHU M BTOpasi — KOHTPOJTb-
Hasl (370poBasi) rpyra u3 58 yenosek 6e3 JJAI'C. BceM naijpeHTam MPOBOMIOCH JYTUIEKCHOEe CKAaHUPOBaHHE MarkuCTPalbHBIX
aptepwii rosieHd. OLieHHWBa/Id COCTOSIHUE apTepuii ¥ reMOoJUHaMHuecKHe rokasatend. CTaThucTiueckast 06paboTKa JaHHbIX
TIPOM3BOJW/IACh C UcCTob3oBaHueM nporpamm Excell u STATISTICA 10.0. Y narmenToB Jyierkoii ¢popmel JJAT'C B oTameHHOM
Tiepuo/ie MaMeTp apTepyii He OT/IMYAJICS OT KOHTPOIbHOW TpymIibl. TosIMHa KOMIJleKca MHTUMa-Me/iia B apTepHsixX FoJIeHH,
a TaKkXKe My/IbCaL¥sl CTEHOK Oblia I0CTOBEPHO 0OJIbIIIe, UeM Yy MallieHTOB KOHTPOJIbHOM rpymisl (p<0,05). AHaIM3 reMoguHaMuU-
YyeCKHX ToKa3saresiel y nmaipieHToB ¢ [JAT'C BBISIBI MOBBIIIIEHHE JIMHEHHOM CKOPOCTH KPOBOTOKA C AaibHeHIIel CKTIOHHOCTBIO
K HOpMaJ/iM3aliuu 1 Jjayke CHIDKEHHIO B OTZIa/IeHHOM TTepHo/ie TI0 CPaBHEHHIO C KOHTPOJIbHOM rpymirol. [IpusHaky 3aTpyjHeHHON
riepy3un, CONPOBOJKAABIIIME Pa3BUTHe CHH/IPOMa TIOBBIIIIEHHOTO /IaBIeHHs] B apTepysiX rojieHn, oTMedaanch y 122 (67,0%)
TAL[eHTOB, TIPU 3TOM B TIOZAB/ISTIOLIEM OOMBIIMHCTBe cTyuaes (86,9%) Mpu3Haky 3aTpyfHeHHOH nepdy3un ObITH ABYXCTOPOHHH-
M. Y 22% naugueHToB ¢ JJAT'C Obl/ii 0TMeueHbl CTEHO3UPOBaHuUe, e opMaLiist 1 I3BUTOCTb apTepuil. Takum o6pasom, JATC
JIETKOM CTeTIeH! COTIPOBOKZAeTCsI M3MeHeHUsIMM KPOBOTOKA B BH/le Hea/leKBaTHOM repdy3un U CHHPOMA BbICOKOTO IaBIeHUs
B apTepHsIX TOJIeHH, UTO MOYKET CITyKUTh TIPUIMHOM BTOPUYHBIX OBPEXIeHUH U TpebyeT 6osiee MpUCTaIbHOTO BHUMaHHUS TIPH
nozibope eueGHBIX U peabUIUTalMOHHBIX MepPOTIPHSTHH.

KiroueBsle ci10Ba: 1edopMUDYOLIUM apTPO3 TOJIEHOCTOITHOTO CYCTaBa, TeMO/IMHaMUYeCKre HapyIleHus, JYTeKCHoe
CKaHWPOBaHWe, JieueHre, peabumTaLys

BKJ'[EI,LI dBTOPOB. Bce dBTOPBI OBLIN B paBHOﬁ CTereHu BOBJIeUeHbI B HAallMCaHKWe CTAaTbHU.

3asiBieHue 0 KOHGUIMKTe HHTePeCcoB. ABTOPHI 3asiB/ISIIOT, UTO MCC/IeZ0BaHKe TIPOBOJMIOCH ITPU OTCYTCTBHU KaKOrO-Tub0
KOH(JIUKTa MHTEpPeCOoB.
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The investigations managed in recent decades on
the problem of ankle joint osteoarthritis strongly show
that vascular factor dominates over the other numerous
endogenous and exogenous factors influencing the
formation and clinical progression follow-up of this
disease [1]. Angiospasm has high importance at the
early stage of local vascular pathology development
after the traumatic or any other ankle joint damage [2,
3]. Particularly it is defined that infragenicular arteries
react on mechanical excitation by unstriated muscles
contraction which can be either short or long-termed
[4]. Usually these vessels traumatic spasm is bilateral.
Large arterial trunks are more affected by this spasm
then small arteries. Spasm is mostly apparent in tibial
arteries as a result of their tension during the trauma [5].

Vascular spasm of traumatic genesis obligatory
influences the joint blood flow speed [6]. This spasm
may develop into ischemia with dystrophic and sclerotic
processes formation in joint tissue which in many ways
defines the particulars of clinical evidence of primary
ankle joint osteoarthritis and its delayed follow-up [7,
8]. The investigation of these mechanisms increases the
opportunities of complications prognosis and reveals
new horizons for treatment and rehabilitation procedures
planning.

Goal of the research: investigate the hemodynamic
indices in long-term period in lower leg arteries in
patients with mild ankle joint osteoarthritis.

Materials and methods

The study included two groups of patients. The firs
group — 182 patients at the age of 29—65 y.o. in long-
term period with mild ankle joint osteoarthritis (follow-
up 10 years) and the second group — control (healthy)
group — 58 people without ankle joint osteoarthritis.

To make comparative assessment of lower leg
arteries the duplex ultrasonography screening of lower
leg arteries was performed for all the patients both with
mild ankle joint osteoarthritis in long-term period and in
healthy group. The examination was done by standard
method of three dimensions scanning using linear
(frequency 7MHz) and sectoral (frequency 2.5MHz)
sensors of ultrasound system [9].

For the investigation of lower leg arteries state by
duplex ultrasonography screening in standard method

28

was evaluated the following parameters: vascular
permeability, presence, size and structure intravascular
changes, arteries diameter (during systole and diastole
with calculation of pulsation rate according to the
formula Dsyst / Ddiast), arteria pulsatility index (PI),
Intima-Media-Reflex (IMR), their diameter and peak
systolic velocity (Vps) [10, 11]. In all quantitative
parameters their average value measured in pair
segments of contralateral vessels was analyzed.

The path of lower leg artery was evaluated
(deformation presence or absence, visual appearance,
arc, C-shaped tortuosity, S-shaped tortuosity, loop-
shaped tortuosity), vessel lumen condition to exclude
stenosis-occlusive lesion in presence of atheromatous
plaque (determining the degree of stenosis by area) [11].

The degree of vessel stenosis was calculated taking
into account the area of the vessel and atheromatous
plaque area, using the computer of US-scanner
according to the formula A(%) = [(A1-A2)/A1] x100%,
where A1 — is the greater area and A2 — is the smaller
area. Moreover, we took into account the changes and
conditionally separated the following models of arteries
transformation: no changes, with less than 50% stenosis,
with path deformation, coexistent affection (stenosis
less than 50% and vascular tortuosity). The cases with
stenosis of one or more arteries more than 50% were
not included.

The scan was performed in patients in supine
position. The sensor was placed on the posterior surface
of low leg muscles for visualization. The examination
was performed using different modes — pulsed Doppler
mode (PW-mode), color Doppler coding (CD-mode)
and two-dimensional gray-scale sonography (B-mode).
In B-mode on both sides were measured: the diameter
of the leg artery at its lower third, the intima-media
complex thickness in the region of its maximum visual
thickening [9].

Excell and STATISTICA 10.0 programs were used
for statistical data processing.

Results
To determine the norm in all control group patients,
the diameters of the anterior and posterior tibial arteries
of the lower leg were measured, which amounted
to 5,77+0,47 mm u 4,91+0,34 mm respectively.
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The magnitude of vascular wall pulsation of the in the
vessels of the lower leg was equal to 1,33+0,13 mm.

Quantitative (linear) parameters of blood flow
in the lower leg arteries were: for the anterior tibial
artery- 67,85+22,1 sm/s; for the posterior tibial artery —
53,19+17,6 sm/s.

The ripple index in these arteries ranged from —
2,33+0,6. Vps in the control group for the anterior tibial
artery was 72,5+15,8 sm/s, and Vps for the posterior
tibial artery 61,9+14,2 sm/s.

When studying with the duplex scanning method
in patients in the long-term period of mild ankle joint
osteoarthritis, the diameter of the arteries did not differ
in absolute values from the diameter of the vessels in
the control group and corresponded to the anterior tibial
artery — 5,67+0,34 mm, to the posterior tibial artery —
4,88+0,48 mm. The thickness of the IMR in lower leg
arteries was significantly greater than in control group
patients (p<0,05) and rated 1,07+0,21 mm. The wall

ripple also exceeded the corresponding values in the
control group and amounted to 1,39+0,22 mm (p<0,05).

The blood flow in the lower leg arteries linearly did
not significantly differ from that in the control group
(p>0,05). In terms of absolute values, Vps in the anterior
tibial artery was slightly lower than in the control group
and amounted to 64.41+12.43 cm/s, in the posterior
tibial artery it was slightly higher and was equal to
57,41+13,5 cm/s. PI, which allows us to evaluate the
magnitude of peripheral resistance, corresponded to
2.28+0.33 and was unreliably higher than in control
group patients.

The overwhelming majority of patients in
the control group (32 patients — 94.2%) had no
intravascular changes and leg arteries disorders (Table
1). Of all the control group patients, only one (2.9%)
had a posterior tibial artery deformity the type of
S-shaped tortuosity, which, according to the scan, was
hemodynamically insignificant.

Table 1
The frequency of deformations, stenosis and tibial arteries combined lesions in patients in the follow-up period
of mild ankle joint osteoarthritis
Indexes Mild ankle jom: g;;eoarthrltls (n= Control group (n=58) P
No changes 142 (78,0%) 32 (94,2%) <0,05
Stenosis 6 (3,3%) 1(2,9%) >0,05
Deformation and tortuosity 34 (18,7%) 1(2,9%) <0,05

Stenosis was revealed in 6 (3,3%) patients with mild
ankle joint osteoarthritis, in 34 (18,7%) — deformation
and tortuosity were present. Moreover, in 6 of them
S-shaped tortuosity of both tibial arteries path of was
observed, which was to 3.3% in the group.

The analysis of hemodynamic parameters in
patients with a mild ankle joint osteoarthritis, compared
with those in the control group, showed an increase in
linear velocity of blood flow with a further tendency
to normalization and even decrease in the long-term
period (Table 2).

Table 2
Hemodynamic parameters in patients with mild ankle joint osteoarthritis at different follow-up periods
in comparison with the control group
Patient groups
; Patients with mild ankle joint osteoarthritis
Hemodynamic Indexes (1 821) Control group P
n=58
Follow-up period Acute period ( )
Linear velocity of blood flow systolic 76,01+12,91 94,35+12,70 77,03+11,23 P >0,05
Linear velocity of blood flow average 46,81+7,71 61,22+7,79 48,5616,53 P >0,05
Linear velocity of blood flow diastolic 33,427,224 45,16+7,74 35,19+8,29 P >0,05
Pl 0,82+0,11 0,79+0,12 0,74+0,21 P <0,05
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Signs of perfusion difficulty accompanying the
development of high blood pressure syndrome in the
lower leg arteries were observed in 122 (67.0%) patients,
while in the vast majority of cases (106 out of 122 cases,
86.9%), the signs of difficult perfusion were bilateral.

The main hemodynamic parameters in the low
leg arteries in different periods of mild ankle joint
osteoarthritis are shown in the table 3.

Table 3

The main hemodynamic parameters in patients with a mild ankle joint osteoarthritis at different observation times

patients with a mild ankle joint osteoarthritis (n=182)

Hemodynamic Indexes in low leg arteries

Follow-up period Acute period
Increased linear velocity of blood flow 52 (28,6%) 136 (75,6%)
Normal linear velocity of blood flow 26 (14,3%) 38 (20,0%)
Decreased linear velocity of blood flow 104 (57,1%) 8 (4,4%)
Increased PI 54 (29,7%) -
Normal PI 128 (70,3%) 148 (81,3%)
Decreased PI 0 (0%) -
Blood flow asymmetry 124 (68,1%) 142 (78,1%)

At the time of the examination in the long-term
period, in patients with a mild ankle joint osteoarthritis
the following blood circulation indices in the lower
leg arteries were revealed: in 52 (28.6%), a moderate
increase in the average linear velocity of blood flow;
26 (14.3%) had linear velocity of blood flow within
normal parameters; in 104 (57.1%) — linear velocity
of blood flow was reduced. Moreover, the asymmetry
of linear velocity of blood flow did not go beyond the
norm in 128 (68.1%) patients.

PI was determined within normal limits in 24 (13.2%)
patients, in the remaining 158 (86.8%), it significantly
exceeded the PI of control group. In all patients with
the syndrome of vegetovascular dystonia domination
in anamnesis, a significant increase in linear velocity
of blood flow in the lower leg arteries was detected,
mainly due to diastolic speed. In this group of patients,
PI was moderately increased in 54 (29.7%) patients, in
128 (70.5%) — it was within normal limits. PI increase
indicated the possible development of the syndrome of
high pressure in the lower leg arteries in patients.

Hemodynamic parameters in the acute period
of mild ankle joint osteoarthritis were obtained by
analyzing the primary documentation. The analysis of
the examined patient’s primary documentation showed
the increase in linear velocity of blood flow in 136
(75.6%), and a decrease in 8 (4.4%) patients during the
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acute period of ankle joint osteoarthritis. Normal linear
velocity of blood flow indicators was determined in 38
(20.0%) cases. Linear velocity of blood flow asymmetry
was observed in 142 (78.1%) patients, and normal PI
was observed in 148 (81.3%) patients.

Discussion

Large arteries are known to perform two main
functions in the human body. On the one hand, they
are an anatomical substrate for ensuring adequate blood
flow in various areas of the human body, on the other
hand, the continuous pressure gradient between arteries
and veins is formed as a result of their discrete work
(Nichols W.W.et al., 1998). Both of these functions are
interconnected and determine each other.

The state of IMR (thickness, echogenicity,
degree of differentiation into layers) is the main
ultrasound indicator that allows to indirectly assess
the presence of structural changes in the vascular
wall [12]. In most patients in the long-term period of
ankle joint osteoarthritis, a relatively equal increase in
the echogenicity of the IMR of the lower leg vessels
was observed with a complete or partial loss of its
differentiation into layers. Revealed changes can be
considered as signs of elastofibrosis and arteriosclerosis
[10, 13]. Actually, we measured IMR thickness to make
an objective assessment of the degree of its structural
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changes [11]. Along with the lower leg vessels walls
structural changes, their diameters also change, which
was observed in our patients. This phenomenon
occurrence, apparently, is of a compensatory nature
and is aimed at preventing of blood flow volume
level decrease. The degree of compensatory dilatation
depends both on the way of clinical disease course and
on the other factors such as the disease duration and
severity [6, 14, 15]. The increased influence of each
of them leads to an augmentation in the compensatory
dilatation degree, which is consistent with the results
of comparisons obtained for the IMR thickness [8].
Thus, according to medical records, a moderate
increase in the linear blood flow velocity in the lower
leg arteries was noted, with a further tendency towards
its normalization, and even decrease, in the majority of
patients with mild ankle joint osteoarthritis in the acute
period. At the same time, PI changes were directed
towards its increase, which indicated the possible
development of the increased pressure syndrome in
the leg arteries of the patients [10, 11, 16]. The outlined
trends were fully confirmed by examination of patients
in the long-term period of ankle joint osteoarthritis.

Conclusions

1. With a mild ankle joint osteoarthritis, hemodynamic
changes are observed in the form of inadequate
perfusion and impaired vascular autoregulation,
which can cause secondary damage.

2. Due to difficult perfusion, mild ankle joint
osteoarthritis develops high pressure syndrome
in the lower leg arteries. The linear velocity of
blood flow increase tends to normalize and further
decrease, and the PI, on the contrary, tends to
increase in the long term.

3. Changes in the lower third of the lower leg
arteries by the type of deformity, tortuosity and
stenosis in the long-term period of mild ankle
joint osteoarthritis are 22%, which indicates the
requirement to pay more attention in therapeutic and
rehabilitation measures selection for this category
of patients, due to underestimation of their general
condition.

TRAUMATOLOGY

WccnenoBanusi, IpoBe/ieHHbIe B TIOC/Ie[HUE Jle-
csTUeTus 1o npobseme fedopMUpyloLero apTposa
rojeHocTorHoro cycrara (JJAT'C), Bce 6oree yoexxiatoT
B TOM, UTO CPe/Ii MHOTOUMC/IEHHBIX SHZOTeHHBIX U K-
30reHHBIX (haKTOPOB, BAUSIOIIMX Ha (OpMUpPOBaHUe
1 KJIMHUYeCKoe TeyeHHue TOC/e[CTBUM 3TOTo 3a00-
JieBaHusl, JOMUHUDPYET cOCyauCThIi (akTop [1]. TTpu
TpPaBMaTHUeCKOM WK TF0O0M /IPYyroM MOBpeX/IeHUN
rO/IEHOCTOITHOTO CyCTaBa OoJbIloe 3HaueHre B (hopMu-
POBAHUM MeCTHOM BacKY/ISIPHOM TIaTO/IOTMK Ha PAHHUX
CTaZIUsIX €ro Pa3BUTHS TIPUIaeTCs Ba3ocnasmy [2, 3].
B uacTHOCTH, yCTaHOB/IEHO, UTO apTePUU rOJIeHH pea-
TYpYyIOT Ha MeXaHUUeCcKoe pas3/pakeHre COKpallieHheM
I71a/IKOW MYCKY/IaTypbl, KOTOPOe MOXKeT OBbITh Kak KpaT-
KOBPEMEHHBIM, TakK U 0oJiee Tpo/[0/DKUTETbHBIM [4].
TpaBmMaTHueCKuii Cria3M 3TUX COCYZ0B 00bIYHO Oua-
TepasbHbI. OCOOEHHO 3TOMY CIa3My MOJBEpPrarTCs
KPYTIHBIE apTepUabHble CTBOJbL. B MeHbI1el Mepe 310
OTHOCHUTCS K MeJIKUM apTepusiM. Cria3m rpeumyiije-
CTBEHHO BbIPaKeH B OEpIIOBBIX apTepusiX, KakK peakLusi
Ha TpPaBMY U BCJIe/ICTBHE X HaTsDKeHUs Tpu Hel [5].

CrnasM CcOCy/l0B TPaBMaTHUeCKOro reHe3a Hern30oex-
HO CKa3bIBaeTCsl Ha CKOPOCTU KPOBOTOKA B CycCTaBe [6].
OH MOXKeT TiepepacTarh B HILIEMHIO C (JOPMUPOBaHUEM
IUCTpo(rUeCKUX U CKIePOTUUeCKUX TIPOLIeCCOB B TKa-
HSIX CyCTaBa, YTO BO MHOTOM OTIpe/iesisieT 0COOeHHOCTH
K/IMHAYEeCKYX MTPOsIB/IEHNH, KaK Haua/lbHbIX MTPOsIB/IEHUI
OAT'C, Tak ¥ ero noc/ieACTBUI B OTJa/leHHOM Tepu-
ozie [7, 8]. I3yueHHne 3TUX MeXaHU3MOB pacCllpsieT
BO3MO)XHOCTH MPHY MMPOTHO3UPOBAHUU OCTIOXKHEHUHN
Y OTKpbIBaeT HOBbIe BO3MOXXHOCTH /1715 T/IaHWPOBAHUS
neyeOHBIX U peabUIUTAL[UOHHBIX MEPOTIPUSITHH.

Llens uccnenoBaHusi — U3yueHue rokasaresei
reMOZIMHAMUKH B MaruCTpa/bHbIX apTepHUsiX TO/IeH!
y 60/bHBIX B OoTAaieHHOM riepuoje JAT'C B jierkoi
CTereHw.

MaTepMaﬂbI n mMmeTobl

B uccnenoBanve ObUIA BK/TIOUEHBI /[Be TPYIIIbI
nauyeHToB. [lepBas — 182 yesioBeka B Bo3pacTte OT 29
[0 65 et B otanenHoM nepuoze (10 net) JAT'C ner-
KOW CTereHU TSKeCTH U BTopasi — KOHTPOJIbHas (340po-
Basi) rpymmna u3 58 uesnosek 6e3 [JAT'C. ViccnenoBanue
npoBoAMIoch Ha 6aze PI'BBOY BITO «BoeHHO-Menu-
1MHCKast akazemust uM C.M. KupoBa» 1 6b110 0100peH0
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3TUYeCKUM KOMUTETOM JJaHHOTO YUpeXX/eHus. Y Bcex
MaLeHTOoB T0/Iy4YeHO MH(OPMHPOBaHHOE Coriacue
Ha 00pabOoTKy repcoHa/IbHbIX [JaHHBIX M Ha y4acTHe
B MCC/Ie[JOBaHHUH.

Bcewm maiuenTam c jierkout crenensto JAT'C
B OCTPOM M OT/IaJIeHHOM Teprofax Mocje TpaBMblI IPo-
BO/IU/IOCh AIyT/IEKCHOe CKaHUPOBaHKWe MarrucTpasabHbIX
apTepuii roneHu. [1711 cpaBHUTETbHOM OL|EHKU JaHHOe
HCCrie/ioBaHKe TakKe MCI0/Ib30Bald U B KOHTPOJIbHOMN
37I0pOBOH rpyrire (0 OOIIeNPUHSATON METOMKE TyTeM
CKaHWPOBaHMUsI B TPeX IJIOCKOCTSIX C UCI0/Ib30BaHKEM
nvHeliHoro (yactora 7 MTI'11) U cekTopHOTO (4acToTa
2,5 MTI'1y) jaTumKoB yabTPa3ByKOBOM crcTeMbl Acuson
128XP/10 (CIIA)) [9].

B aprepusix rosieHu olieHBa/IU TakKKe rapamMeTphl:
MPOXOJUMOCTb COCY/IOB, Ha/IMuMe, pa3Mepbl U CTPYKTY-
Py BHYTPUCOCYAUCTBIX U3MEHeHUI; uaMeTp apTepuil
(B cuCTOMY M ;MACTO/TY C PACUETOM BeJTMUMHBI MMy IbCa-
1y 1o gopmysne Dsyst / Ddiast), UHAeKC Ty/IbCaliuu
aprepuu (PI), TonuuHy KoMIjieKca UHTUMa-Meua
(KUM), ux nraMeTp U MUKOBYIO CUCTOTMUECKYHO CKO-
pocTb KpoBoToKa (Vps) [10, 11]. CpeaHee 3HaueHue,
M3MepeHHOe B MapHbIX CerMeHTax KOHTpasiaTepaibHbIX
COCYJI0B, BO BCEX KOJIMYECTBEHHbIX [MapameTpax Moj-
Beprasioch aHaau3y ero.

17151 NCKMTIOYeHUsI CTeHO030-0K/TH03MPYIOLLEro rnopa-
YKeHUsl, TIPY HaJIMYMY aTepOCK/IePOTHUECKOM OJISIIIKN
OLIEHUBAJIOCh COCTOSIHME MPOCBETAa COCY/0B (C orpeze-
JIeHVeM CTelleHH CTeHO03a T10 TIOLa i), @ TakxKe XOZ, ap-
Tepuii rojieHy (HaiMure Uiv OTCYyTCTBHYe flehopMariui,
ux Buji — n3rub, C-obpa3Hasi U3BUTOCTh, S-00pa3Hast
WU3BUTOCTh, U3BUTOCTh TI0 TUITY TieTnin) [11].

C yueToM BbIsIB/IeHHbIX U3MEeHeHHH YCI0BHO BbI-
JleNsTMCh CIeAyIole MO/ie/iv MepecTPONKY apTepuii:
0e3 n3MeHeHHH, co cTeHO3aMu MeHee 50%, ¢ aedop-
MaLMsSMM X0/]a U COUeTaHHbIM MOPa’kKeHHeM (CTeHO3
MeHee 50% U U3BUTOCTH cocyfa). [Ipu aTom ciayuau
CO CTeHO3aMH MIPOCBeTa OIHOM U3 apTepuii bosee 50%
He YUWThIBa/IH.

CoriacHO NPOTOKOTy 00C/IeJ0BaHNsI CKAHUPOBAHKEe
TIPOBOJW/IU B NOJIO)KEHUH JieXKa Ha CrvHe. [1aTuuK yib-
TPa3BYKOBOM CHCTEMBI /i1 00eCrieyeHust ONTUMAa/TbHOU
BH3ya/M3aliuy pacriojiaraiy 1o 3a/jHel TOBePXHOCTH
MBILILL To/ieHel. MiccieoBaHue 0Cy1eCTBIs/IOCh C UC-
T0/1b30BaHKeM Pa3/MUHbIX PEKUMOB CKAHUPOBaHUS —
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HMMITY/TbCHOTO JIOTIIEPOBCKOTO pexkuma (PW-pexxum),
L[BETOBOTO JIOMIIEPOBCKOro KopupoBaHus (CD-pexxrm)
Y pe>kKruMa JIByMepHOU cepo-1IKaabHOU 3xorpaduu
(B-pexxum). B B-pexxume c 06enx CTOpOH u3Mepsi-
JIACh: IMaMeTp apTepyU roJleH! — Ha YPOBHE ee HYDKHel
TpeTH, TonmyHa KVIM B 061acTi ee MakCUMaTbHOTO
BU3yaJIbHOTO yTOmieHus [9].

Cratrctrueckasi 00paboTKa JaHHBIX TTPOU3BOIN-
J1ach C UCTI0J/Ib30BaHUEM TIPUK/IaZHbIX riporpamm Excell
u STATISTICA 10.0. OT/inumst cudTany CTaTUCTUUECKH
3HAaUMMBIMU MPU 3HAUEHUSIX JOCTOBepHOCTH P < 0,05.

PesynbraTbhl ucCnepgoBaHus

Ha nepBoMm 3Tare rnpoBoJjyU/IMCh UCC/Ie[0BaHUS
MarucTpanabHbIX apTepUil rojieH! y BCeX MaleHTOB
KOHTPOJIbHOM T'PyTIbl. BbiM onpesiesieHsl JuaMeTpbl
repefiHel U 3a/iHel 00sblIe6epIIOBBIX apTepuid ro-
JIEHU, COCTaBUBILIMX COOTBETCTBEHHO 5,77+0,47 MM
1 4,91+0,34 MM, a TakKe BeJTMYMHA MyJIbCal[dUd COCY-
JIICTOM CTEHKH B COCY/jaX rOJIeHH, KOTopasi paBHs/Iach
1,33+£0,13 mm.

3HaueHUst KOIMUeCTBEHHbIX (JIMHEeUHbIX) TTapame-
TPOB KPOBOTOKA B MarvCTpa/bHbIX apTEPUSX FOJIeHU
COCTaBWIH: JIJIsI IepeiHel 6ombIiebeplioBol apTe-
pun — 67,85+22,1 cm/c; agist 3aaHelt 6ombiiiebeprioBoi
aprepun — 53,19+17,6 cwm/c.

VPps B KOHTPOJILHOM TPyTITIe [/is1 Tiepe/iHeli OobIiie-
GeprioBoii aprepuu coctaBui 72,5+15,8 cm/c, a Vps st
3aHel OonbliiebepiioBoii aprepun — 61,9+14,2 cm/c.
WH/ieKc my/nbcaliy B apTepusix y JaHHOU KaTeropuu
o0cneoBaHHBIX Koebancs B rpegenax — 2,3340,6.

[1pu nccnef0BaHUM METOJOM JYTIJIEKCHOTO CKa-
HUPOBaHUs y NaLlMeHTOB B OTJa/IeHHOM Tepuo/ie Jier-
kot popmbl TAT'C auameTp apTepwii o abCOFOTHBIM
3HaueHUsIM He OT/IMYaJICs OT AraMeTpa COCY|0B B KOH-
TPOJILHOM T'PyTITie ¥ COCTAaBJIST [/1s1 TiepeiHel 60J1b-
mebep1joBou aprepu — 5,67+0,34 MM, 17151 3a1HeH
6osbiIeOep1ioBOi apTepun — 4,88+0,48 mm. TommHa
KM B apTepusix rosieHu Oblia ZOCTOBEPHO OoJibilLIe,
yeM y TallMeHTOB KOHTPO/IbHOM rpytirsl, (p<0,05) u co-
craBuia 1,07+0,21 mwm. [lynbcanys CTeHOK Takxe Tipe-
BbIllIa/1a COOTBETCTBYIOLIMe 3HAYeHUsI B KOHTPOJIbHOM
rpymre u coctasmsiia 1,39+0,22 mm (p<0,05).

Y nauueHToB c sierkoii crernieHsto JJAI'C KpoBoTOK
B apTepusiX T0JIeHU TI0 JIMHEMHbIM NapaMeTpaM /J0CTO-
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BEePHO He OT/INYaJICsl OT TaKOBOTO B TPyTIIie KOHTPOJIS
(p>0,05). ITo abcomoTHEIM 3HaUEeHHSIM VS B IepeHei
Gonbl11e0epLi0BOY apTepyy Oblla HECKOJIBKO HIDKE, UeM
B KOHTPOJILHOM TIpyTInie, U coctaBuma 64,41+12,43 cm/c,
B 3a7iHeH 00/1blIe0epIioBOM apTEPUH — HECKOJIBKO
BbIIIIe ¥ paBHsIach 57,41+13,5 cv/c. PI, mo3Bossitoruii
CYOUTB O BeJTMUMHe Tiepru¢)epruueckoro COpoTHUBIeHUS,
cootBeTcTBOBAJ 2,28+0,33 1 HEZIOCTOBEPHO OB BHIIIIE,
YyeM y TaliMUeHTOB KOHTPOJIbHOM I'PYTIMbI.

[TpeBanupytoiriee 6OIBIIMHCTBO KOHTPOJIBHOM
rpynnsl (32 uenoBeka — 94,2%) He UMeI0 HUKAKUX
BHYTPHUCOCY/IUCTBIX U3MEHEeHUM W HapyLIeHUM Xoza
aptepuii rosienu (Tab6. 1). 13 Bcex MarjeHTOB KOH-
TPOMBHOM IPyMIbI JIUILB Y ofHOro (2,9%) BCTpeTuiach
nedopMarius xozia 3aHel 60/bIIe6epIioBoi apTepun
1o TUMy S-00pa3HOi U3BUTOCTH, OFHAKO TI0 IaHHBIM
CKaHWPOBaHUs OHa Obl/Ta reMoJMHaMUYeCKU He3Haurma.

Tabnuya 1

YacTtoTa gedopmaLuii, CTEHO30B M COYETaHHbIX NMopaXkeHul 60/blue6epLoBbIX apTepuit
y 60NbHbIX B OTAaNEHHOM nepuoae nerkoi ctaguu JArC

Moka3zaTenu Jerkas ctagus JAIC (n= 182) KoHTponbHas rpynna (n=58) p
bes nameHeHui 142 (78,0%) 32 (94,2%) <0,05
CTeHo3MpoBaHue 6 (3,3%) 1(2,9%) >0,05
Ledopmaums M U3BUTOCTb 34 (18,7%) 1(2,9%) <0,05

Y 6 (3,3%) nauuenToB nerkoi crenenu JAT'C
OBL/IO BBISIB/IEHO CTeHO3UpOBaHue, v 34 (18,7%) —
nedopMaryst 1 U3BUTOCTb. [Ipruem y 6 U3 HUX Habmo-
Janach S-obpa3Hasi U3BUTOCTh X0Zia 00enx OoJbIiie-
0epLIOBBIX apTepuH, uTo cocTaBuIoO 3,3% 10 TpyIIIe.

[1pu aHanM3e remojJMHaMUYeCKUX MOKa3aresen

y NaLMeHTOB, MepeHecIInX jerkyr crtaguto JAT'C,
10 CPaBHEHUIO C T0Ka3aTeIssMUA B KOHTPOJIbHOM IpyT-
1ie Ob110 BhIsiBJIeHO ToBbiiieHre JICK ¢ panmbHeiiei
TeH/leHLIMel K HOpMan3aLyK 1 Ja)ke CHW)KEHUIO B OT-
naneHHoM repuoge (Tab. 2).

Tabnuya 2

MokasaTenu reMoAUHaMuUKK Y 60MbHbIX € Nierkoi cragueit [IAIC B pa3nuuyHble CPOKU KaTaMHECTMUYECKOro HabnogeHus
B CPaBHEHUU C KOHTPO/NbHOW rpynno

Ipynnbl nauueHToB
MNokasaTenu MauuenTbl ¢ nerkon ctaauent JLAIC osteoarthritis
reMoAvHaMMKM (n=182) KoHTponbHas P
OTpaneHHbli OcTpblii lpynna (n=58)
Mepuop Mepuop

JICK cuctonuyeckas 76,01£12,91 94,35+12,70 77,03+11,23 P >0,05
JICK cpepHan 46,8147,71 61,22+7,79 48,5616,53 P >0,05
JICK pnactonuyeckas 33,42+7,24 4516+7,74 35,19+8,29 P >0,05
Pl 0,82£0,11 0,79+0,12 0,74+0,21 P <0,05

[Tpu3Haku 3aTpyjHeHHOM nepdy3uy, CONPOBO-
JKZaBLIYe pa3sBUTHe CUH/POMA IOBBILIEHHOIO /laBjie-
HUS B apTepusix rojieHy, oTMeuanucs y 122 (67,0%)
TNalleHToB, PYU 3TOM B NOZaB/IsitoLL{eM OOJIbILIMHCTBE
ciyyaeB (106 u3 122 nabmogenuii — 86,9%) npu3Haku

TRAUMATOLOGY

3aTpyAHeHHO repdy3un 6bUN JBYXCTOPOHHUMH.

OcHOBHBIe reMoIMHAMUYeCKHe [10Ka3aTe/Id B apTe-
pusiX rojieHy B pasHele neprozsl JJAT'C nerkoit crerneHn
TpuBeieHbl B Tabuie 3.
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Tabnuya 3

OCHOBHble reMogMHaMMYeCcKue noka3aTesnu y NaLueHToB ¢ Jierkoi creneHbto [JAIC B pa3niMyHbie CPOKU HabGNOgeHuUs.

Moka3aTenu reMoAMHaMMNKWU B apTepUsiX roseHn

MauueHTbl ¢ nerkoit AAIC (n=182)

OTAaneHHbI nepuop, OcTpbin nepuog
YeenuyerHas JICK 52 (28,6%) 136 (75,6%)
HopmanbHas JICK 26 (14,3%) 38 (20,0%)
CHuxeHHas JICK 104 (57,1%) 8 (4,4%)
YBenuyeHHblit Pl 54 (29,7%) -
HopmarbHbiit Pl 128 (70,3%) 148 (81,3%)
CHWXeHHBI Pl 0 (0%) -
ACYMMETPUSA KPOBOTOKA 124 (68,1%) 142 (78,1%)
¥ narjueHToB c nerkoii cragueit [JAT'C Ha MOMeHT O6cyxaeHue

o0ceoBaHus B OT/Ia/IeHHOM TIepro/ie ObUTH BbISIB/IEHbBI
CJlefiyroIIye TIoKa3aTesiu KpoBooOpallieHst B apTepu-
X TosieHu: y 52 (28,6%) — yMepeHHOe yBeuueHue
cpenHeld MMHeHOW ckopocTu KpoBoToka (JICK); y 26
(14,3%) — JICK B npe[iesiax HOpMa/ibHbIX TIapaMeTPOB;
y 104 (57,1%) — JICK 6bi1a cHkeHa. [1py 3ToM acum-
Metpusi JICK He BbIxo/u/a 3a ripefiesibl HOpMbI y 128
(68,1%) marmeHTOB.

PI onpesiensinics B npesienax HOpMbI y 24 (13,2%)
nalyeHToB, y octanbHbix 158 (86,8%) — nocroBepHO
TpeBbIlIa/l [I0Ka3aTe/ v KOHTPOJIbHOW TPYIIBL. Y BCeX
O0MBHBIX, B KJIMHUUECKON KapTuHe 3a00/ieBaHUS KO-
TOPBIX TIpeob/1aziasl CUHIPOM BereTOCOCYAUCTOM U-
CTOHMH, OBbUIO 0OHAPY>KEHO /J0CTOBEPHOE TIOBBIIIIEHHEe
JICK B apTepusix TojieHH, IIpeuMYLL[eCTBeHHO 3a CYeT
[TMACTOJTUUECKOM CKOPOCTH. B 3TOM rpyrire 60/bHbBIX
PI 6bu1 yMepeHHO TOBbIIIeH y 54 (29,7%) GO/bHBIX,
y 128 (70,5%) — B nipejesiax HOPMbI. YBenuuyeHue
My/bCALJMOHHOTO UH/IeKCa CBU/ETE/TbCTBOBAJIO O BO3-
MO’KHOM Pa3BUTHH y OOBHBIX CUH/JPOMA MOBBIILIEHHOTO
JlaB/IeHUs] B apTepUsiX TOJIeHH.

lemoprHaMyuecKkye rokasaTe B OCTPOM IepU-
ofie yierkoii crereny JJAT'C nonyueHbl yTeM aHaiv3a
TePBUYHOM JOKYMeHTaI[uu. ¥ 00ce/JoBaHHbIX 00/Tb-
HBIX [PU aHaJ/lM3e NepBUYHOM JOKyMeHTal[ii OCTPOro
nepuoga JAT'C ysemmuenue JICK Habmomanocs y 136
(75,6%), a carkenre — y 8 (4,4%) nauyentoB. Coxpa-
HeHue Ti0Ka3areseii JICK B mpe/iesiax HOpMBbI OTipejie-
nsinock B 38 (20,0%) Habmonenusix. Acummertpust JICK
otmeuasnack y 142 (78,1%) 6onbHbIX, a PI B ipesenax
HopMbl — y 148 (81,3%) naijueHTOB.
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Kak 13BeCTHO, KpyIHbIe apTep1H BBITIO/HSIOT B Op-
raHu3Me uesioBeKa /iBe OCHOBHBIe GyHKIUH. C Of/HOM
CTOPOHBI, OHU SIBJISTFOTCST aHATOMHUUeCKUM CyOCcTpaToM
J1st obecrieueHus aIeKBaTHOTO KPOBOTOKA B Pa3/inuy-
HBIX 00/1aCTSX UesI0BeYeCKOoro Tesa, C JPyroi CTopo-
HBI, UMEHHO Os1arofiapsi UM B pe3yJibTaTe JUCKPeTHOMN
paboThI TPOUCXOAUT POPMHUPOBaHKE HETIPEPLIBHOTO
rpajiieHTa JjaBjeHust MeXAy apTepusMHU U BeHaMH
(Nichols W.W.et al., 1998). O6e 3Tu HDyHKIMH B3au-
MOCBSI3aHbI U IETEPMUHUPYIOT JPYT /IpyTa.

OCHOBHBIM y/bTPa3ByKOBBIM I0Ka3aTesieM, TI03BO-
JISTFOIIIUM KOCBEHHO OLIeHUTb HajTiuue CTPYKTYPHOM
MepecTPONKY COCY/IUCTOM CTEHKU, SIB/ISIETCSI COCTOSTHYE
KWM (ToniuHa, 5XOreHHOCTh, cTerneHb auddepen-
LIUPOBKH Ha c/1oM) [12]. ¥ GosbIIMHCTBA OO/TBHBIX
B oT/jaieHHoM niepuogie JJAT'C oTMeuanoch OTHOCH-
TeJIbHO paBHOMEPHOE MOBbILIeHKe 3XoreHHoctd KM
COCY/IOB T0JIEHH C TIOJTHOW WJTM YaCTUUHOM yTpaToi ero
I depeHLIMPOBKY Ha C/10U. BhisiB/sieMble U3MeHeHHst
MOTYT pacLieHMBaThCs Kak 0ToOpakeHue 3mactodubposa
1 apreprocksiepo3a [10, 13]. CobcTBeHHO, 151 00b-
€KTUBHOM OIIeHKU CTeleHU CTPYKTYPHBIX U3MeHeHUH
KHWM ripoBogsT n3MepeHye ero To/uHbl [11]. OgHo-
BPEMEHHO CO CTPYKTYPHOM NepeCcTPOMKOI CTEHOK COCY-
[JIOB TOJ/IeHU TIPOUCXOJUT U3MeHeHNe UX JUaMeTpOB, UTO
1 HaO/MI0ZIaoCh y HAIIMX TaleHToB. Bo3HMKHOBeHNe
JlaHHOTO (heHOMeHa, T0-BUJUMOMY, HOCUT KOMITeHCa-
TOPHBIM XapaKTep W HarpaB/ieHO Ha Mpej0TBpallieHre
CHIDKEHUs YPOBHsI 00beMHOTr0 KpOBOTOKa. CTerneHb
KOMITeHCATOPHOM AW/aTal[iy 3aBUCUT Kak OT BapyUaHTa
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K/IMHAYeCKOTO TeueHUsi 3abosieBaHMs, TakK U OT psifia
JpYyrux (pakTopoB — MPOAO/DKUTETBHOCTH U CTENIeHU
TsbKecTH 3aboneBanus [6, 14, 15]. YcuneHue BIussHUAS
Ka)X[J0r0 U3 HUX BeJleT K YBeJIMUEHUIO CTeNeHr KOMIIeH-
CaTOPHOM /iW/aTaLy, YTO COITIaCyeTCsl C pe3y/bTaTaMy
COMOCTaB/IeHUM, MOYyUeHHbIX /18 ToAuHbl KM,
YuurteiBas, 4TO BbILLIeNIepeYC/IeHHbIe U3MeHeHUs Ha-
O/TFO/ATOTCS Y TALMeHTOB C jierkoi cremneHbio JJAT'C,
He CTOUT HeZI00LIeHHBaTh UX 00Illee COCTOSTHUE TIPU
BBICTPAMBAHUM TaKTUKH JIeUeHUs U peabunmuraryu [8].

B xo[e nmpoBesjeHHOI0 UCC/IeJ0BaHUs B OCTPOM
repuoze c jerkou craaveit [IAT'C Obl0 BBISIBIEHO
yMepeHHOe TOBbIILIeHNe JIMHEeHHOM CKOPOCTH KPOBOTOKA
B MarvCTPasbHBIX apTepUsiX ToieH! y OOJIbIIIMHCTBA T1a-
LIMeHTOB, B Jja/ibHeMIIIeM Hab/rofianack HopMaIn3aLys
JICK u paxxe ee cHKeHue. B To »ke BpeMsl BbIsIB/IeHa
TeH/IeHLIUS K yBe/IMYeHUIO IyJ/IbCalJMOHHOI0 NH/eK-
ca, 4YTO CBU/IeTeTLCTBOBAIO O BO3MOKHOM pa3BUTUU
y JAHHOM KaTeropuy narjyieHTOB CMH/POMa MOBbILLIEeH-
HOTO /1aB/IeHHsI B apTepUsIX TOJIeHH, YTO COIIacyeTcst
¢ MHeHWeM /ipyrux aBTopoB [10, 11, 16]. HameueHHbIe
M3MeHeHUs Tpy 00c/iej0BaH|N OO/TBHBIX B OT/Ia/IeHHOM
nieprozie JJAT'C TakKe HallIA CBOe MOATBEPIKIEHHe.

BbiBogbl

1. TTpu nerkoii crenenu [TAT'C Hab/mozat0TCs M3Me-
HEeHUsl TeMOIJMHAMUKY B BU/le HeasleKBaTHOW nepdy3un
Y HapyLlleHUs BaCKY/ISIPHOU ayTOPeryJIsiLiiy, YTO MOXKeT
CTY>KUTb TIPUUMHON BTOPUUHBIX TTOBPEX/E€HUM.

2. Beriencrsue 3arpyaHeHHoM niepdy3uu ripu [JAT'C
JIETKOM CTereHU Pa3BUBAETCsl CUHAPOM BBICOKOTO /aB-
JIeHUsI B apTepusiX rojieHU. YBe/lMueHue JIMHeMHOM CKO-
POCTH KPOBOTOKA MMeeT TeHeHLIMIO0 K HOpMasu3aluu
Y JlaJIbHelIlIeMy CHI)KeHHUIO, a UHZEKC My/IbCaluu,
Hao00POT,— K yBeJMUEHHIO B OTAA/IEHHOM TepHO/e.

3. IamMeHeHus apTepuii HU)KHEW TpeTU ToJjieHU
1o TUny AedopMariyii, I3BUTOCTU U CTEHO30B B OT/a-
JleHHOM Tiepuoge sierkoit crenieHu JAT'C cocraBsieT
22%, 4TO CBH/IETEILCTBYET O HEOOXOIUMOCTH Y 3TOM
KaTeropyy raryeHToB 6osiee MPUCTaTbHOTO BHUMAHUS
ripu niozibope eyeOHBIX U peabuMUTaIMOHHBIX MepO-
TIPUSITHH, BBU/Iy HE/JOOLIEHKH KX OOIL[ero COCTOSIHUS.
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