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Pestome

Lenb. OueHntb 3G PeKTUBHOCTL KYPCOBOrO BBEAEHMA 030HO-KUCIOPOAHOM CMeCH B NepuapTUKY/IAPHbIE TKaHM KONEHHOro CycTaBa y MauueHToB
C OCTE0apTPUTOM, NepeHecIlnX TOTalbHOe 3HAOMPOTE3MPOBaHNEe OAHOrO M3 CyCTaBOB U U3YUYNTb BAUAHNE 3TON METOAUKM Ha COCTOAHME NepeKnc-
HOFO OKWUC/IEHNA IMMUA0B Y @aHTUOKCUAAHTHON CMCTEMbI 3alMTbl OPraH3Ma OTHOCUTE/IbHO TPaANLIMOHHBIX METO/,0B BOCCTaHOBUTENIbHOTO IeHeHMA.
Marepuans u MeToabl. B nccneposarme BktodeHo 120 60/1bHBIX, C A4BYCTOPOHHUM FOHapTPO30M, MOC/Ie SHAOMNPOTE3UPOBAHUA OJHOMO U3 KOJIEHHbIX
cyctaBos. CpeAHMii BO3pacT naumueHToB cocTasun 60 [46; 76] neT. B 3aBUCMMOCTU OT cnocoba peabuanTaLMoOHHOIO eYeHNs NaLueHTbl Bblin pas-
AeneHbl Ha 3 paBHble rpynmbl (n=40): 1-i rpynne 6bina HasHauYeHa NepUapTUKYNSpHan MOAKOXKHAsA 030HOTEpaNus B COMETaHUM C ie4e6HOMN UKy /b-
TYpOW, 2-V rpynne — MarHUTOTepanus 1 31eKTpopopes Ha 061acTb KOJIGHHOTO CycTaBa B KOMOUHALIMK C 1Ie4ebHON GpU3KYAbTYPOIA, 1 3-1 rpynne —
TO/ILKO KOMT/IEKC Ie4e6HOM GU3Ky/IbTYpbl. Y BCex 60/bHbIX Nepe, peabuanTalMoHHbIM IeYeHreM 1 nocie Hero (Yepes 14 gHeil u Yepes 3 Mecsua)
6bl1a NpoM3BeseHa OLeHKa KIMHUKO-PYHKLMOHANBHOMO COCTOSAHMA C NnoMoLybto Wwkanbl Western Ontario and McMaster Universities Osteoarthritis
Index n nccneoBaHbl NoOKasaTe/ I MHTEHCUMBHOCTU Te4eHUA npoLeccos CBOGOAHOpaAMKaanOFO OKUC/IEHNA N aKTUBHOCTU aHTVIOKCVI,anTHOl‘/lI 3a-
wmnTbl. PesynbTaTsl. Npu geTanbHOM aHanM3e KAMHWUKO-PYHKLMOHANBHOTO COCTOAHMA Cpeamn 60NbHbIX 1-I rpynnbl OTHOCUTENBHO 2-i 1 3-I1 6bin
BbISIB/IEH HAW/YYLINIA «OTAANEHHbINM» Pe3y/bTaT: BbIpaXeHHOe CHUKeHue ypoeHsa 6oam (p <0,05, p <0,0001), ckosaHHocTm (p <0,05, p <0,0001),
orpaHuyeHus ¢usmnyeckoit aktusHoctu (p <0,01, p <0,0001) — 3a cyeT ynyuyweHUs Ha GpOHe NPOBOAMMON TEpanuUU OCHOBHbIX MOKa3aTeNein aHTu-
OKCUAAHTHO CUCTeMbI 3aluTbl: KaTanassl (p <0,01) u cynepokcnaancmyTassi (p <0,01). 3akntoueHue. [puMeHeHMe NeprUapTUKYNAPHO 030HOTe-
panun nossonseT A06UTbCA 60/1ee CTOMKOrO NONOKMTEbHOTO 3ddekTa y 60/bHBIX MOC/Ne TOTa/bHOrO 3HA0MNPOTE3NPOBAHMA KOJIGHHOTO CyCcTaBa
OTHOCUTE/IbHO TPAANLIMOHHbIX METOAO0B BOCCTAHOBUTE/IbHOIO Jie4eHUA, 3@ CHET BbIPpaXK€HHOro aHTUOKCUAAHTHOro AeﬁCTBMH, HanpaB/ieHHOro Ha
CTabnan3aLmio NPOLLeCCOB NePEKNCHOIO OKUCIEHNA MM/ OB.

Kntro4eBbie c/10Ba: ocmeoapmpum; peabunumayuoHHoe ne4eHue; NepuapmuKynapHas 030Homepanus
KoH$AukT nHtepecos
ABTOpr 3aABNAKOT, YTO AaHHaA pa6o1'a, eé TeMa, npeaMeT u cogepxaHue He 3aTparmBatoT KOHKYpPUPYHOLWKUX MHTepecoB

McTouyHnkmn $puHaHcMpoBaHus
ABTOPpbI 3aABNAIOT 06 OTCYTCTBUM pUHAHCUPOBAHWA NPY NPOBEAEHUN NCCNEA0BAHNA

CooTtBeTcTBUE NpUHUUNAM 3TUKU
MccnepoBaHme 66110 0406pEHO SI0Ka/IbHBIM 3TUHECKUM KoMuTeToM GTBOY BO OpIMY Munsgpasa Poccuu (npotokon Ne 235 ot 27.09.2019 ).
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Abstract

Purpose. To evaluate the effectiveness of the course administration of an ozone-oxygen mixture into the periarticular tissues of the knee joint in
patients with osteoarthritis who underwent total arthroplasty of one of the joints and to study the effect of this technique on the state of lipid
peroxidation and the antioxidant defense system of the body relative to traditional methods of restorative treatment. Materials and methods. The
study included 120 patients with bilateral gonarthrosis after endoprosthetics of one of the knee joints. The average age of the patients was 60 [46;
76] years. Depending on the method of rehabilitation treatment, the patients were divided into 3 equal groups (n=40): the 1st group was prescribed
periarticular subcutaneous ozone therapy in combination with therapeutic exercise, the 2nd group — magnetotherapy and electrophoresis on the
knee joint area in combination with therapeutic exercise, and 3rd group — only the complex of therapeutic exercise. In all patients, before and
after rehabilitation treatment (after 14 days and 3 months), the clinico-functional status was assessed using the Western Ontario and McMaster
Universities Osteoarthritis Index scale and the indicators of the intensity of the free radical oxidation processes and the activity of antioxidant
protection were studied. Results. A detailed analysis of the clinico-functional state among patients of group 1 relative to group 2 and 3 revealed
the best “long-term” result: a marked decrease in pain (p <0.05, p <0.0001), stiffness (p <0.05, p <0.0001), limitations physical activity (p <0.01,
p <0.0001) due to the improvement of the main indicators of the antioxidant protection system against the background of ongoing therapy: catalase
(p <0.01) and superoxide dismutase (p <0.01). Conclusion. The use of periarticular ozone therapy makes it possible to achieve a more stable positive
effect in patients after total knee arthroplasty relative to traditional methods of restorative treatment due to its pronounced antioxidant effect aimed
at stabilizing the processes of lipid peroxidation.
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APS — antioxidative protection system, ROI — reactive oxygen intermediate, VAS- visual analogue scale, DC — diene conjugates, BMI — body mass
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rheumatoid factor, SOD — superoxide dismutase, CRP — C-reactive protein, SRO — free-radical oxidation, TEP — total endoprosthetics, NO — nitrogen
oxide, WOMAC — Western Ontario and McMaster Universities Osteoarthritis Index

Introduction ) , _ _
a cascade of consecutive reactions to induce expressing

Patients, whose osteoarthritis (OA) is resistant to  genes, encoding antioxidative protection system (APS)

the standard therapy, need total endoprosthetics (TEP)
of the joint. This method can resolve the pain syndrome
and improve physical functioning. However, the positive
result of surgery in a majority of patients can be com-
pletely negated without sufficient rehabilitation mea-
sures in the post-surgery period [1].

As of today, periarticular ozone therapy is gaining
popularity; this method is based on the use of the cura-
tive properties of ozone/oxygen mix (OOM) in the pro-
jection of operated joints. Biological effects of ozone are
associated with a jump in the levels of reactive oxygen
intermediate (ROI) in the injection site, which triggers

enzymes [2-3].

A drawback of this method is the lack of a clearly
approved algorithm to use the calculated OOM doses in
para-articular administration in order to achieve thera-
peutic effects, which is why this study is so relevant.

The objective of the study is to assess the efficiency of
a course of OOM administration to periarticular tissue of
the knee joint (KJ) in patients with OA, who underwent
TEP of one of the joints, and to study the effects of this
method for lipid peroxidation (LPO) status and body APS
in comparison to the standard rehabilitation treatments.
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Patients and methods

The medical rehabilitation ward No. 1 of the Regional
Centre for Medical Rehabilitation was used as the site
for the study of 120 patients (74 females and 46 males)
aged 45 to 80 years with bilateral K] OA (based on the
OA ACR classification criteria (Altman et al., 1991) [4],
after endoprosthesis replacement of one K], who were
referred to the third stage of rehabilitation. The mean age
of patients was 60 [46; 76] years; body mass index (BMI)
[5] — 30.60 [27.00; 32.40] kg/m?. The average clinical
duration of KJ OA was 16 [2; 30] years; first complaints
were recorded approx. at the age of 29 [25; 32] years of
age. The median post-surgery period was 4 [3; 5] months.

Inclusion criteria for rehabilitation therapy were: 45
to 80 years old; post-surgery period of 3 to 6 months.

Exclusion criteria were: other rheumatoid conditions
with articular syndrome; acute conditions or exacerba-
tion of chronic diseases during the study; malignancies;
recurrent thromboembolic complications.

The study was approved by the Local Ethics Commit-
tee at the Orenburg State Medical University of the Min-
istry of Health of Russia (Minutes No. 235 dated Septem-
ber 27, 2019).

According to the rehabilitation treatment strategy,
patients were randomised to three equal groups (n = 40)
using the stratified randomisation for preliminary defi-
nition of the parameters, which could affect the varied
efficacy of rehabilitation (age, gender, BMI, disease
duration and onset, X-rate stage and clinical functional
presentation (pain, extra-articular and infra-articular
oedema, limitation of active and passive movements
in the operated KJ), caused by surgery). Thus, we have
taken into account those parameters, which could affect
the rehabilitation therapy efficiency. All patients were
recommended a set of rehabilitation exercises for post-
TEP patients (10 days). Patients in group 1 had periar-
ticular subcutaneous ozone therapy combined with reha-
bilitation exercises; group 2 — physical therapy (magnet
therapy and electrophoresis with 3 % potassium iodide
and 2 % Novocaine on their KJ) combined with rehabili-
tation exercises; and group 3 — only a set of rehabilita-
tion exercises.

Magnet therapy was administered using Polyus-2m
(Russia) for 20 minutes prior to electrophoresis. Electro-
phoresis with 3% potassium iodide and 2 % Novocaine
(Potok-1, Russia) lasted for 20 minutes. A cycle of physi-
cal therapy comprised 10 daily sessions before rehabilita-
tion exercises.

The ozone/oxygen mix produced by Medozon VM-03
(Russia), where ozone concentration was 5,000 pg/L,

administered every other day after rehabilitation exer-
cises in a volume of 20 mL. The total cycle included seven
sessions.

Clinical functional status of patients with gonar-
throsis after K] TEP was determined with the help of
WOMAC (Western Ontario and McMaster Universities
Osteoarthritis Index) (N. Bellamy et al., 1998) [6].

Laboratory tests were performed to measure serum
C-reactive protein (CRP) and rheumatoid factor (RF).

The interdepartmental biochemistry laboratory of
the Orenburg State Medical University of the Ministry of
Health of Russia was engaged in assessing APS enzymes
in all patients before and after rehabilitation therapy
(14 days and three months later): superoxide dismutase
(SOD) and catalase (CAT) in RBC hemolysate (spectro-
photometer GENESYS 5); and LPO product levels: diene
conjugates (DC) and malonyldialdehyde (MDA) in dark
blood (spectrophotometer BeckmanCoulter DU 800
(Germany)).

For pain management, patients used non-steroidal
anti-inflammatory drugs (NSAIDs) symptomatically.

Statistica 10.0 software was used for statistical data
processing. Results were presented as a median value
(Me) or interquartile range (25th; 75th centile). Quali-
tative variables were presented as absolute and relative
values. In order to compare three independent groups in
terms of quantitative attributes, the level of significance
of p was determined using Kruskal-Wallis test; if there
were significant differences (p < 0.05) or trends, a further
pairwise analysis was performed for the study groups
using non-parametric Mann-Whitney U test. A corre-
lation analysis was conducted, where Spearman’s rank
correlation was calculated. Differences were statistically
significant at p < 0.05.

Results

The WOMAC scale (Table 1) was used to assess
changes in the clinical functional status before and after
rehabilitation therapy (14 days and three months later)
in patients with gonarthrosis after KJ TEP.

As shown in Table 1, when clinical functional param-
eters were compared, patients after K] TEP were compa-
rable in all subscales of the WOMAC questionnaire to
values before rehabilitation therapy. In the pairwise com-
parison of WOMAC values, the closest rehabilitation
therapy result (14 days later) was recorded in patients
on complex therapy, comprising physical therapy and
rehabilitation exercises (p < 0.001). However, the best
long-term outcome (three months later) vs. baseline data
was observed in group 1: marked abatement (p < 0.001),
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Table 1. Distribution of the WOMAC index values before and after rehabilitation treatment in both groups

. 1st group 2nd group 3rd group
The period of therapy (n=40) (n=40) (n=40) P
Before treatment 13,00 12,50 12,70 w./
(8,505 14,00] [9,50; 14,00] (8,505 13,50] n.r.
3 <0,05%
g 6,50 5,50 7,50 ’
=] > > >
£ After 14 days . - o~ <0,001
3 (3,505 9,50] (4,505 7,00] (5,505 10,00] 20,0001
= <0,05*
3,80 4,50 8,00 ’
After 3 months ? o ? - > <0,01*
(2,505 4,00] (3,005 4,70] (5,50; 8,50] 20,0001
Before treatment 6,00 6,00 6,00 na/
(4,005 6,00] [4,50; 8,00] 4,005 6,00] nr.
o
=
= 4,50 4,00 5,00 w./
= After 14
5 fter 14 days 4,005 5,00] [2,00; 5,00]** [3,00; 5,00] n.r.
5]
2,50 3,50 5,00 <0,05%
After 3 months [2,00; 3,50]** [2,00; 4,00]** [3,05; 5,50] <0,01°*
Before treatment 47,20 48,00 48,00 w./
g [45,00; 48,00] 42,005 50,00] [42,00; 50,00] n.r.
kst
g 34,00 30,00 38,00
£ ) : , .
= After 14 days [30,00; 37,00] [19,00; 33,50]** [33,50; 43,50] <0.05
9
z <0,05°
£ 23,50 27,00 38,50
~ After 3 months ) oox ) o~ ; <0,001*
[18,50; 28,00] [18,50; 34,00] 33,00; 42,00] 00001
Before treatment 64,50 63,00 64,50 w./
(57,505 71,50] (53,005 69,50] (57,505 71,00] n.r.
[
Bt
g 45,00 37,50 52,50
Q > > > ##
= After 14 days [34,00; 53,50] [24,50; 46,50]** [45,00; 59,50] <o.001
=
o <0,01%
29,00 34,00 53,00
A h > ’ ’ ,001%
fter 3 months [26,50; 35,00]*** [24,50; 37,50]* [46,50; 59,50] :000%% L

Note. n.r. — not reliable; reliability in relation to the initial data (before treatment): ** — p <0,01, *** — p <0,001; * — comparison of patients of 1st and 2nd groups, * — comparison

of patients of 2nd and 3rd groups, “* — comparison of patients of 1st and 3rd groups

Table 2. Dynamics of the main parameters of the APS and POL products before and after rehabilitation therapy

Group The period of therapy CD, nmol/ml MDA, mcmol/l CAT, mcmol H,O,r'c?! SOD, U/ml
1,30 5,60 48,80 98,10
Before treatment [0,80; 1,40] [4,50; 8,80] 34,205 60,80] [57,50; 126,90]
1st group 1,20 5,40 52,30 104,00
After 14
(n=40) fter 14 days [0,90; 1,50] [4,10; 8,30] [33,90; 59,10] [78,90; 144,90]
Afer 3 monthe 0,70 3,60 66,50 149,60
(0,30 0,90]** [2,80; 8,20]** [60,80; 71,701 [126,10; 237,021
5,60 49,50 98,90
Before treatment 1,20 [0,75;1,40] [4,10; 6,10] [31,70; 56,90] [77,605139,70]
2nd group 0,90 4,70 58,30 123,60
(n=40) After 14 days [0,80; 1,40 3,505 9,70] * 33,90; 59,10] ** (83,40 112,20]**
Afier 3 months 0,80 4,40 61,20 126,00
[0,70; 1,20]* 3,305 9,10] * [44,50; 63,40] ** (78,90; 144,90]**
Before treatment 1,20 350 47,80 97,70
[0,70; 1,50] 3,80; 7,00] 39,30; 57,80] [49,20; 84,90]
3rd group 1,00 . " 53,70 110,60
(n=40) After 14 days [0,60; 1,10] 470 [3,0157,60] [36,40; 82,80] [126,10; 237,02]*
1,10 5,00 52,20 105,30
After 3 months [0,80; 1,40] (3,305 9,10] (33,905 59,10] [83,40; 112,20]

Note. Reliability in relation to the initial data (before treatment): * — p <0.05, ** — p <0.01; reliability in relation to data obtained 14 days after treatment: ' — p <0.01
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Table 4. Correlation coefficients between the clinical and functional indicators of the WOMAC scale and laboratory

parameters after 3 months of treatment

| WOMAC | CD, nmol/ml | MDA, mcmol/l | CAT, mcmol H,O,r'c" SOD, U/ml
Tenderness 0,38*% 0,53* 0,38 0,54%*
Swelling 0,22 0,34 0,41*
Physical function 0,41* 0,57** 0,44* 0,62**
Final score 0,42* 0,59** 0,42* 0,58**

Note. * — p <0,05; ** — p <0,01; **** — p <0,0001

improvement in stiffness (p < 0.01) and limited physi-
cal activity (p < 0.001). Moreover, only group 1 demon-
strated significant reduction in the mentioned WOMAC
values, obtained three months later, vs. results for the
first 14 days (p < 0.01), evidencing the more significant
efficiency of periarticular ozone therapy in combination
with rehabilitation exercises, if compared to rehabilita-
tion exercises alone or combined with physical therapy.

Assessment of laboratory results showed lower CRP
and RF values after the rehabilitation therapy; however,
there were no statistically significant difference between
groups (p = 0.08).

On day 14 of rehabilitation therapy, patients with
gonarthrosis after K] TEP demonstrated lower concen-
trations of LPO products (DC and MDA) in all three
groups vs. baseline; however, 25 % reduction in DC levels
was recorded only in group 2 after rehabilitation exer-
cises in combination with physical therapy (p < 0.05).
MDA levels reduced by 4% (p > 0.05) after periarticular
ozone therapy, whereas a set of rehabilitation exercises,
either alone or with physical therapy, resulted in signifi-
cant reduction in its concentration by 14% (p < 0.05)
and 16 % (p < 0.05), respectively. After three months of
therapy, significant reduction in DC and MDA levels in
group 1 by 41% (p < 0.01) and by 43% (p < 0.01) was
observed vs. baseline, respectively; and in group 2 — by
34% (p < 0.05) and 20 % (p < 0.05). Group 3 patients did
not demonstrate significant reduction in these values at
the mentioned time points.

It has been shown that the use of a set of rehabilita-
tion exercises combined with magnet therapy results in
significantly higher activity of APS enzymes within the
shortest period of time (14 days): plasma CAT activity
increased by 15% (p < 0.01), SOD levels rose by 25%
(p < 0.01) vs. baseline. Patients in this group had per-
sistently higher APS activity three months later; how-
ever, there was no significant difference vs. data for the
first 14 days of rehabilitation therapy. At three months,
marked increase in CAT and SOD activity was observed
in group 1 vs. baseline (p < 0.01) and first two weeks of

rehabilitation (p < 0.01). After three months of rehabili-
tation exercises, patients in group 3 demonstrated minor
reduction in enzyme activity of the antioxidant system
(p > 0.05) vs. first 14 days.

The comparison of clinical functional and laboratory
data was followed by a correlation analysis in order to
assess the correlations between qualitative parameters of
the status of gonarthrosis patients before and after reha-
bilitation therapy. It has been shown that with ageing,
patients have lower blood SOD (r = -0.45, p < 0.05),
whereas there were no age-related effects for CAT activ-
ity (r = -0.16, p > 0.05). There was positive correlation
between MDA and increased BMI (r = 0.32; p < 0.05),
irrespective of the rehabilitation method. Then we anal-
ysed the correlation between clinical functional param-
eters of WOMAC and post-therapy LPO and APS status.

Fourteen days after rehabilitation therapy initiation,
patients in group 2 demonstrated that lower WOMAC
pain levels and limited physical activity were associated
with plasma MDA concentrations (r = 0.32, p < 0.05 and
r = 0.32, p < 0.05, respectively) and elevated SOD activ-
ity (r = -0.32, p < 0.05 and r = -0.32, p < 0.05, respec-
tively).

Long-term data (three months after rehabilitation ini-
tiation) for group 1 patients, who had a cycle of periar-
ticular ozone therapy, showed that low WOMAC values
were associated with lower LPO process intensity (MDA
and DC levels) and antioxidant system activation (SOD
and CAT activity) (see Table 3).

Discussion

KJ TEP is a method to get rid of pain and improve
physical functioning; it is most efficient at the later
stages of OA. However, the positive result of surgery in
a majority of patients can be completely negated without
active rehabilitation measures in the post-surgery period
[1], which correlates with the findings in this study. All
patients referred to rehabilitation therapy were com-
plaining of pain, morning stiffness for approx. 30 min-
utes and limited mobility in the operated KJ.
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Given the above, adequate rehabilitation remains
an important aspect of the management of post-endo-
prosthetic patients. Currently, there are numerous
approaches to physical therapy of patients undergoing
KJ TEP [7], aiming to strengthen muscles, reduce swell-
ing, increase mobility of the affected limb, and normalise
walking. Patients in this study (n = 40) were indicated a
set of physical therapy (magnet therapy and electropho-
resis of KJ region) for 10 days combined with a set of
rehabilitation exercises. A combination of magnet ther-
apy and electrophoresis is known to affect free-radical
mechanisms, thus considerably reducing the intensity
of LPO processes due to APS activation [7]. The find-
ings in this study confirmed it: the short-term therapy
(14 days) resulted in significant reduction in DC levels
by 25% (p < 0.05) and MDA levels by 16% (p < 0.05);
as well as marked increase in plasma CAT activity by
15% (p < 0.01) and CAD activity by 25% (p < 0.01) vs.
baseline. An assessment of the clinical functional status
of group 2 patients showed a significant reduction in
WOMAC parameters (pain, stiffness, limited physical
activity) in 14 days (p < 0.001); the positive result lasted
for three months after therapy initiation (p < 0.001).

Over the past decade, ozone/oxygen mix injections to
the joint projection to treat OA have been gaining popu-
larity. Positive effects of periarticular ozone therapy in
OA patients have already been demonstrated in numer-
ous clinical trials and is associated with a sharp, short-
term rise in free radicals in the injection site, triggering a
cascade of consecutive reactions to induce expression of
genes, which encode APS enzymes [2-3]. As compared to
groups 2 and 3, patients in group 1 showed the best long-
term result measured using the WOMAC scale (signifi-
cant reduction of pain and stiffness, improved physical
activity), and changes in the main parameters of APS,
evidencing more pronounced efficiency of periarticular
ozone therapy combined with rehabilitation exercises,
vs. rehabilitation exercises alone or in combination with
physical therapy.

Therefore, ozone-oxygen injections in periarticu-
lar tissue are based on marked anti-inflammatory and
analgetic effect due to pronounced antioxidant action.
Although ozone-oxygen injections do not provide fast
positive effects vs. traditional physical therapy, the use of
ozone therapy provides for long-lasting, long-term posi-
tive effects in patients with gonarthrosis after KJ TEP.

However, this study was limited to a period of three
months, which can have affected the study results.
Besides, there is no information on OA phenotyping
(age-related, metabolic, post-traumatic, biomechanical,

mixed) [8] and comorbidities, which might have an
impact on clinical functional parameters of efficiency
of the rehabilitation therapy and intensity of free radical
oxidation processes, antioxidant protection activity, and

might limit our conclusions.

Conclusion

Periarticular ozone therapy provides for a more long-
lasting positive result vs. traditional rehabilitation meth-
ods: pain relief, improvement in stiffness and physical
activity, as seen on the WOMAC scale, by significantly
reducing the LPO processes due to APS activation. Thus,
correction of oxidative stress typical for degenerative
dystrophic joint conditions is an element of the pathoge-
netic justification of the use of this therapy in the com-
prehensive rehabilitation of patients with gonarthrosis
after KJ TEP.

Bknap aBTOpOB:

Bce aBTOpbI BHEC/IM CYLLLECTBEHHbIV BK/1a B MOATOTOBKY paboTbl, TPOYM
1 0A06punu GrHaNbHYIO BEPCUIO CTaTbk Nepes nybavkaLuein
PeukyHoBa O.A.: KOHLENUMA 1 AN3alH UCCNIEA0BAHUSA, NONYYEHNE [aH-
HbIX, aHa/M3 U MHTEpMpeTaLmsa AaHHbIX, HafNMcaH1e CTaTby, yTBEpKae-
H1Ee UTOrOBOrO BapMaHTa TeKCTa pyKOMUCH.

YepHbiwesa T.B.: KOHLENUMA 1 A13aiiH UCCNEA0BaHNA, NONYYEHNe aH-
HbIX, aHa/M3 U MHTEpNpeTaLmsa AaHHbIX, HaNMcaH1e cTaTby, yTBEpKae-
H1Ee UTOrOBOrO BapyaHTa TeKCTa pyKOMMCH.

KpusoTynoea W.A.: KOHUENUMA U AM3aiiH UCCe0BaHMUA, NOyYeHne
AaHHbIX, aHa/N3 U MHTEpNpeTaums AaHHbIX, HaNUCcaHWe CTaTby, YTBEPK-
/leH1e UTOroBOro BapyaHTa TeKCTa pyKOMUCH.

Lapanosa H.B.: koHLenuua 1 An3aiiH NCCNeA0BaHMSA, NOJyYeHUe faH-
HbIX, aHa/NM3 U MHTEpNpeTaLmsa AaHHbIX, HaNMcaH1e cTaTby, yTBEpKae-

HMe UTOrOBOro BapuUaHTa TEKCTa PYKOMMUCH.
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