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Y NAIIMUEHTOB C HECTABWJIBHOCTBIO DHIAOIIPOTE3A
MOCJE IMEPBUYHON APTPOILTACTUKH KOJIEHHOI'O CYCTABA
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Iens. Onipenenuth B3auMocBs3b Mexay ypoBHsaMu SRANKL u BMP-2, IL1B, TNFa, I1L4 B
CBIBOPOTKE KPOBHU U ONPENEIUTh UX POJIb B MATOr€He3€e HECTAOUIBLHOCTH 3HJONPOTE3a y MalieH-
TOB IIOCJIE TIEPBUYHON apTPOIUIACTHKH KOJIEHHOTO CYCTaBa.

Mamepuanvt u memoowt. PerpocniekTuBHO 80 manueHToOB ObUIN pa3/ieeHbl Ha 2 TPYMIbL: B
1-r0 Bonum 40 ManKUEHTOB C OCTEOJIM30M M ACENTUYECKOW HECTAOMIIBHOCTHIO SHIOMPOTE3a KO-
JIEHHOT'O CyCTaBa, BOSHUKIIMMHU B CPOKHU 10 12 Mecs1eB nocie onepanuu; Bo 2-10 — 40 naiueHToB
C MMIUTaHTAT-aCCOIMMPOBAHHBIM BOCIIAJICHUEM, PAa3BUBIIUMCS B CPOKH OT 4 Helenb 10 12 mecs-
LIEB [10CJIe NEePBUYHOIN apTPOIUIACTUKU KOJIEHHOro cycTasa; 20 JOHOPOB-J00POBOJIBIEB COCTaBH-
i KoHTposbHyI0 Tpymnny. Coxepskanne SRANKL (nr/min, Biomedica, Austria), BMP-2 (rir/mu,
Ray Bio, USA), a taxxe nutokuaoB — TNFo (rir/mi), IL1J (nr/mi) u IL4 (ir/mon) (3A0 «Bexkrop-
bect», r. HoBocubupck, P®) B CbIBOPOTKE KPOBU ONpPEAEISIM METOJOM UMMYHO()EPMEHTHOIO
aHanmu3a. ComoCTaBUTENbHBIM aHANINU3 CTAaTUCTUYECKU 3HAYUMBIX IOKazaTeslell MpoBOIMIN C MO-
Mollbto onpeneneHus R-koadduirenta koppensauuoHHbIX paHroB CiupMmeHa.

Pesynomamer. Y nanuenToB 1-i rpynmnsl yepe3 1 Mec. mocie onepanuu oOHapy>KeHbI MO-
JOXKHUTENbHBIE CBS3M cpenHeil cuiabl Mexay ypoBHeM SRANKL u konnentpammsmu BMP-2,
TNFa u 1L4. Yepes 12 mMec. COXpaHSUIUCh MOJIOKHUTEIbHBIE CBSI3U U3y4aeMbIX NapaMeTpoB, OHa-
KO oTcyTcTBOBaja cBs3b ¢ |L4. ¥V manumenToB 2-if rpymnmsl yepe3 1 mec. mocie Xupyprudeckoro
BMEIIIAaTeNIbCTBA OTMEUAIIN MOSIBIIEHNE YMEPEeHHBIX oTpuuareiabHbix cBszeil SRANKL ¢ BMP-2 u
TNFa. Yepes 12 mec. coxpaHuiach oTpuiareiabHas cBsi3b cpenHeid cmuiel SRANKL ¢ BMP-2,
KpOMe TOr0 BO3HHMKJIM HOBBIE YMEpeHHbIE CBsi3U: oTpunatensHas — BMP-2 ¢ IL1B, monoxutens-
ueie — SRANKL ¢ IL1B u ¢ TNFa, IL1B ¢ IL4.

3akniouenue. 3aperucTpUpoOBaHO, YTO HapylIeHHE MeTa0O0JIMYECKHX IPOILECCOB KOCT-
HOW TKaHM, OKpPYXAIOIIeH MMIUIAHTAT, C Mpeo0IalaHueM TPOBOCHATHTENBHBIX ITUTOKUHOB,
AKTUBHUPYIOLIUX OCTEOKJIACTOI'€HE3, MOT'YT SIBIATHCSA MAaTOT€HETHYECKUMU (pakTopamMu hopMHu-
poBaHUS HECTAOMIBHOCTH SHAONPOTE3a Yy MAIMEHTOB MOCIE MEPBUYHON apTPOINIACTUKH KO-
JICHHOT'O CYCTaBa.

Kniouegvie cnoea: konennvlii cycmas; nepeuuHas apmponIacmuxa, HecmabuibHOCMb
9HOONnpomesa; MemaboIu3M KOCMHOU MKAHU, YUMOKUHBL.
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Aim. To define relations between serum concentrations of SRANKL and BMP-2, IL-1p,
TNFa, IL-4 as well as their role in endoprosthesis instability pathogenesis in patients following
primary knee arthroplasties.

Materials and Methods. 80 patients were retrospectively divided into 2 groups: there were
40 patients with osteolysis and aseptic instabilities of knee endoprosthesises that had developed
before 12 months after the surgery in the 1% group; the 2™ group was made up of 40 patients with
implantat-associated inflammations that had developed in 4 weeks to 12 months after primary
knee arthroplasties. 20 volunteer donors made up the control group. The enzyme-linked assay was
used to define serum content of SRANKL (pg/ml, Biomedica, Austria), BMP-2 (pg/ml, Ray Bio,
USA), cytokines TNFa (pg/ml), IL-1B (pg/ml) and IL-4 (pg/ml) (Vector-Best, CISC, Novosibirsk,
Russian Federation). The comparative analysis of statistically significant indicants was performed
defining Spearman rank correlation coefficient.

Results. Positive statistically valid relations of average force between concentrations of
SRANKL and BMP-2, TNFa, IL-4 were found in patients of the first group in 1 month after sur-
geries. In 12 months positive relations of the parameters under study subsisted although the rela-
tion with IL-4 absented. The emerging of moderate negative statistically significant relations of
SRANKL with BMP-2 and TNFa was observed in patients of the 2" group in 1 month after sur-
geries. In 12 months negative relations of average force between SRANKL and BMP-2 subsisted,
also new moderate relations emerged: negative relation of BMP-2 with IL-1p as well as positive
of SRANKL with IL-1p and TNFa, IL-1p with 1L-4.

Conclusion. We found that the disorder of metabolic processes in bone tissue surrounding
the implantat with the predominance of osteoclastogenesis activating pro-inflammatory cytokines
might be the pathogenic factors of endoprosthesis instability development in patients following
primary knee arthroplasty.

Keywords: knee joint; primary arthroplasty; endoprosthesis instability; bone tissue metabo-
lism; cytokines.

Large-joint replacement surgery is a
costly, technologically complicated procedure
that has the risk of development of post-
surgery complications including post-traumatic
endoprosthesis dislocations, periprosthetic in-
fecting, instability of the constructions and loss
of their functionality. According to literature
data, endoprosthesis aseptic instability may

result from osteoclast hyperfunction leading to
osteolysis of paraimplantat bone [1]. The key
role in the development of infectious inflam-
matory process in the area of surgical interven-
tion is being played by microorganism with
their ability to form special biofilms on the
surfaces of the implantats [2]. The bacterial
toxin activates mononuclear cells of various
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morphology and functional specialization re-
sulting in systemic and local hyperproduction
of cytokines in the area of inflammation [3].
Contemporary researchers have established
the involvement of cell interaction mediators,
cytokines and growth factors into the pro-
cesses of bone resorption and modeling in the
area of the implanted construction. The key
cytokine stimulating resorptive processes is
the receptor activator of nuclear factor kappa-
B ligand (RANKL) [4]. Osteogenesis pro-
ceeds due to growth factors (cytokines) syn-
thesis. One of their representatives is bone
morphogenetic protein-2 (BMP-2) [5]. Inter-
leukin-1p (IL-1pB) is a pro-inflammatory cyto-
kine and is the first representatives of the
family of structurally related cytokines. Its
production is a response to the microbial tox-
ins action and has pro-osteoclastogenic activi-
ty. Tumor necrosis factor-a (TNFa) is a long
known pro-inflammatory cytokine. It intensi-
fies production of other inflammatory media-
tors and is also a factor of the bone metabolism
resorptive component with both direct and in-
termediate actions to osteoclastogenesis. Inter-
leukin-4 (IL-4) belongs to anti-inflammatory
cytokines, its function is to block both sponta-
neous response and induced production of IL-
1B and TNFa synthesized by monocytes and
macrophages in the inflammation area [6].

Pathogenetic mechanisms of the devel-
opment of endoprosthesis instability are char-
acterized with the change in bone metabolism
as well as excessive production of mediators
including cytokines [7]. It appears important
to perform comparative analysis of bone me-
tabolism indicant levels as well as cytokines
in serum of patients with endoprosthesis in-
stabilities after primary knee arthroplasty.

The objective of the study is to define
interrelation between SRANKL and BMP-2
levels, and the contents of IL-1p, TNFa, IL-4
in serum as well as their role in
endoprosthesis instability pathogenesis in pa-
tients after primary knee arthroplasty.

Materials and Methods

80 patients of both sexes after primary

knee arthroplasty were the subjects of the re-

search. The patients suffering complications
were retrospectively divided into 2 groups.
The 1% group included 40 patients with
osteolysis and knee endoprosthesis aseptic
instabilities that had emerged before 12
months after surgeries. The 2™ group was al-
so made up of 40 patients with implant-
associated inflammations that had developed
in 4 weeks to 12 months after primary knee
endoprosthesis replacements. There were 20
volunteer donors in the control group. The
median cubital vein puncture was performed
for all patients in early morning hours before
the meals to take 5 ml blood samples. The
blood was then left at room temperature to
clot; it was later centrifuged at 2000 rev/min
for 10 minutes to receive serum. The enzyme-
linked assay was used to define serum content
of sSRANKL (pg/ml, Biomedica, Austria),
BMP-2 (pg/ml, Ray Bio, USA) as well as
TNFa (pg/ml), IL-1 (pg/ml) and IL-4
(pg/ml) (Vector-Best, CJSC, Novosibirsk,
Russian Federation) cytokines in accordance
with their use guidelines.

The results of the study were analyzed
with AtteStat software designed as Microsoft
Excel addin. The obtained data was processed
using nonparametric statistics methods and
Mann-Whitney U-test for two independent
samplings. The comparative analysis of statis-
tically significant indicants was performed
with the help of Spearman rank correlation
coefficient, at that the values of R<0.3 attest-
ed for loose relation between the features un-
der study, the values of R>0.3<0.7 attested
for average relation and >0.7 attested for
strong relation. The certainty index (p) was
calculated and defined as statistically reliable
at values of p<0.05. The preformed research
was approved by the Ethics Committee of
Federal State Budgetary Educational Institu-
tion of Higher Education Saratov State Medi-
cal University n.a. V.l. Razumovsky (research
protocol Ne6 of February 06, 2018).

Results and Discussion

Proceeding from the results we were
provided with the comparative analysis of in-
dicant levels for bone metabolism condition
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and cytokines in serum of patients of the 1%
group after 1 and 12 months after the surger-

ies we found a number of statistically valid
relations (Table 1).

Table 1
Correlation analysis of bone metabolism indicants and cytokines in patients
with aseptic instability of endoprosthesises after primary knee arthroplasty
Indicants SRANKL BMP-2 IL-1p TNFa IL-4
1 month after surgery
R=0.44 R=0.29 R=0.52 R=0.40
SRANKL p=0.031 p=0.178 p=0.009 p=0.051
BMP-2 R=0.44 R=0.02 R=0.11 R=-0.04
p=0.031 p=0.920 p=0.606 p=0.843
IL1p R=0.29 R=0.02 R=0.05 R=0.32
p=0.175 p=0.924 p=0.811 p=0.116
TNF R=0.52 R=0.11 R=0.05 R=0.07
p=0.009 p=0.606 p=0.811 p=0.730
L4 R=0.40 R=-0.04 R=0.32 R=0.07
p=0.052 p=0.843 p=0.116 p=0.730
12 months after surgery
R=0.51 R=-0.09 R=0.42 R=0.29
SRANKL p=0.011 p=0.648 p=0.041 p=0.169
BMP-2 R_:o.51 R=-0.10 R=0.19 R=0.05
p=0.011 p=0.639 p=0.352 p=0.832
IL1p R=-0.09 R=-0.10 R=0.17 R=-0.28
p=0.648 p=0.639 p=0.429 p=0.191
TNF R=0.42 R=0.19 R=0.17 R=0.06
p=0.041 p=0.352 p=0.429 p=0.768
L4 R=0.29 R=0.05 R=-0.28 R=0.06
p=0.169 p=0.832 p=0.191 p=0.768

Note: R — Spearman rank correlation coefficient, p — certainty index

Thus, in 1 month after surgeries posi-
tive statistically valid moderate relations be-
tween the level of SRANKL and BMP-2,
TNFa, IL-4 concentrations were found.
There was found no significant difference
between IL-1p level and all other indicants
under study. Positive moderate relation be-
tween sSRANKL and BMP-2 shows the in-
tensification of bone resorption and its re-
modeling as the response to surgical inter-
vention; initially it manifests itself with
osteolysis intensification [1]. Positive corre-
lations between SRANKL and TNFa as well
as IL-4 are most likely related with cytokine
regulation of bone resorptive activity in the
tissue around the prosthesis in the presence
of intensification of the immune system

humoral component synthesis which is con-
sistent with the literature evidences [8,9]. In
12 months after surgeries in this group of
patients positive moderate relations between
SRANKL level and BMP-2 as well as TNFa.
concentrations subsisted which was indica-
tive of intensification of osteoclasts matura-
tion and differentiation [10]. However no
statistically valid relations with other indi-
cants under study were found.

At comparative assessment of correlation
for the indicants under study it was found that in
the 2" group of patients in 1 and 12 months after
surgeries the presence of infectious inflammato-
ry complications resulted in the change of rela-
tions orientation and emergence of the valid
change for a number of correlations (Table 2).
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Table 2
Correlation analysis of bone metabolism indicants and cytokines in patients
with implant associated inflammation after primary knee arthroplasty
Indicants SRANKL BMP-2 IL1B TNFa IL4
1 month after surgery
R=-0.41 R=0.12 R=-0.39 R=-0.14
SRANKL p=0.051 p=0.583 p=0.051 p=0.513
BMP-2 R=-0.41 R=-0.22 R=0.23 R=-0.10
p=0.051 p=0.292 p=0.272 p=0.63
L1 R=0.12 R=-0.22 R=-0.03 R=0.32
p=0.584 p=0.294 p=0.863 p=0.117
TNFa R=-0.39 R=0.22 R=-0.03 R=0.11
p=0.052 p=0.302 p=0.864 p=0.623
ILa R=-0.14 R=-0.10 R=0.33 R=0.11
p=0.513 p=0.63 p=0.117 p=0.624
12 months after surgery
R=-0.40 R=0.45 R=0.35 R=0.55
SRANKL p=0.052 p=0.022 p=0.054 p=0.005
BMP-2 R=-0.40 R=-0.41 R=0.24 R=-0.36
p=0.052 p=0.044 p=0.251 p=0.082
IL1p R=0.45 R=-0.41 R=-0.12 R=0.59
p=0.022 p=0.043 p=0.561 p=0.002
TNFa R=0.35 R=0.24 R=-0.12 R=-0.07
p=0.054 p=0.251 p=0.561 p=0.743
L4 R=0.55 R=-0.36 R=0.59 R=-0.07
p=0.005 p=0.082 p=0.002 p=0.742

Note: R — Spearman rank correlation coefficient, p — certainty index

Thus, in 1 month after surgeries nega-
tive statistically valid moderate relations
between SRANKL concentration and BMP-2,
TNFa levels were observed. No significant
relations with IL-1p or IL-4 were found
besides the aforesaid as well as between
the levels of cytokines under study. In the
presence of implantat-associated inflamma-
tion the condition of metabolic homeostasis
of the bone around endoprosthesis worsens
acutely. The bacterial toxin takes part in the
activation of serum osteoclastogenic factor
(TNFa) causing bone catabolism and prevent-
ing its remodeling [11]. In 12 months after
knee endoprosthesis replacement in this group
of patients besides negative moderate relation
between SRANKL concentration and BMP-2
level moderate positive relations between
SRANKL and IL-1B, TNFa, IL-4 concentra-
tions emerged. The condition triggering bone

metabolic imbalances is the derangement of
immune mechanisms in the area of chronic
biofilm inflammation with the activation of
proresorptive cytokines at the intensification
of IL-4 synthesis [12]. In addition to the
aforesaid relation of BMP-2 to SRANKL it is
worth noting that the moderate negative rela-
tion between BMP-2 and IL-1p emerged. The
excessive IL-1B production in the post-
surgery period stimulates the release of
SRANKL thus causing significant bone loss.
The data we have received are coherent with
the data of Russian researches on cytokine
role in bone metabolism regulation [13]. Posi-
tive relation between IL-1p and IL-4 concen-
trations also proves the fact of cytokine regu-
lation for inflammatory response suppressing
osteogenesis. No valid relations between IL-4
concentration and concentrations of the rest
of indicants under study were found.
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Conclusion
We have found that derangement of
metabolic processes in bone tissue around
endoprosthesis with the predominance of

osteoclastogenesis activating pro-inflamma-
tory cytokines may work as pathogenic factors
for endoprosthesis instability development in
patients after primary knee arthroplasty.

JIureparypa

1. Caranoscku C., lenmepr M. Kietouno-moneky-
JISIpHBIE MEXaHWU3Mbl Pa3BUTHUS aCCNTHYECKOW He-
CTaOMJIBHOCTH 3HAONpoTe3a cycraBa // TpaBma.
2012. T. 13, Nel. C. 153-160.

2. Tuxunos P.M., llanoBanoB B.M. PykoBoacTtBo mo
SHJIONPOTE3UPOBAHHUIO Ta300€PEHHOI0 CYCTaBa.
CII6.; 2008.

3. Haymenko 3.C., Uenenesa M.B., I'ogoBeix M.B.
LUTOKMHBI 1 MHUKPOOHOIIEHO3 B IPOrHO3UPOBAHUHU
TEUCHHUS MOCIICONEePAIIIOHHOTO TIePHO/Ia Y MaIHeH-
TOB C MIEPUTIPOTE3HOHN MHPEKIHel Ta300eAPESHHOTO
cycTaBa Iocje yAaleHus HHUINPOBAHHOTO YHJ0-
npote3a / Hosoctu xupypruu. 2017. T. 25, Ne6.
C. 605-612. doi:10.18484/2305-0047.2017.6.605

4. CwmupnoB A.B., PymsaueB A.Ll. Ctpoenue n ¢yHk-
LMK KOCTHOM TKaHW B HOpMe M mpu martonoruu. Co-
o6mienue Il // Hedponorust. 2015. T. 19, Nel. C. 8-17.

5. Hurmarynmun P.T., llep6akos I.A., Mycuna JL.M.,
u 1p. HexoTopble acneKTbl IPUMEHEHNSI KOCTHBIX U
XPSIIEBBIX AJUIOTPAHCIDIAHTATOB // MeauIuHCKAH
BecTHHUK bamkoprocrana. 2012. T. 7, Ne4. C. 78-83.

6. [murpuesa JI.A., Jlebenes B.®., Kopmyrnora E.1O.
OcnoXHEeHHsT TIPH SHIOMPOTE3UPOBAHUU Ta300e-
PEHHOTO CycTaBa M CHOCOOBI MX MPOTHO3UPOBAHUS
(0630p mmreparypsl) // bromterenp BocTouHo-
CubupcKoro HayJHOTO IIEHTpa CHOHWPCKOTO OTAe-
seHust Poccuiickol akaieMun MEAULMHCKUX HayK.
2013. Ne2-1 (90). C. 153-158.

7. PoxnoBa O.M., [Ipoxopenko B.M., CamoBoit M.A.,
u np. [latorenerndeckue GaxTopsl HOPMUPOBAHUSL
ACeNTUYECKOW HEeCTaOMIBHOCTH SHIOIPOTE30B CyC-
TaBoB (0030p aureparypsl) / CHOUPCKHIA HAYUHBIN
MemuIHCKu xypHai. 2015. T. 35, NeS. C. 84-89.

8. Mertens M.T., Singh J.A. Biomarkers in Arthroplasty:
A Systematic Review // The Open Orthopaedics
Journal. 2011. Vol. 5. P. 92-105. doi:10.2174/
1874325001105010092

9. T'magkosa E.B., Kapskuna E.B., Ilapesa E.E., u ap.
OCOOCHHOCTH PEMOJCITHPOBAHUS KOCTHOW W Xpsi-
IIeBOH TKaHU Y MAIMEHTOB IOCIE YHAOIPOTEIUPO-
BaHMsA TaszoOenpeHHoro cycraBa // CapaToBCKHiA
Hay9IHO-MEOUIHUHCKUH xypHai. 2017. T. 13, Ne3.
C. 723-727.

10.Yenenera M.B., Yerypos O.K., Ky3uernosa E.W., u
ap. ITokazaTenn IMMYHHUTETA Y MAI[MEHTOB C acerl-
THYECKOH HECTaOMIILHOCTBIO KOJICHHOTO cycTasa //
Knuangeckast maboparopHas aumarHoctuka. 2014.
Ne 8. C.18-21.

11. Amarasekara D.S., Yu J., Rho J. Bone Loss Trig-
gered by the Cytokine Network in Inflammatory
Autoimmune Diseases // Journal of Immunology
Research. 2015. Vol. 2015. P. 832127. doi:10.1155/
2015/832127

12.Yebotapr U.B. MexaHu3MBl aHTHOHOIIICHOYHOTO
nvmmynurera // Bectauk PAMH. 2012, No2. C. 22-29.

13.Poxxaosa O.M., ®amameesa O.B., Cagosoii M.A.
[MaTo¢pu3nonorus KOCTHOI TKaH! IPU OCTEOMOPO3e
(0630p nuTepaTyphl) / MeXIyHApOIHBIA KypHAI
MNPUKJIAAHBIX U Q)YHHaMeHTaJ'ILHLIX I/ICCJ'IGZ[OBEIHI/IfL
2015. Ne9. C. 666-669.

References

1. Sagalovsky S., Schonert M. Cellular and Molecular
Mechanisms of Development of Aseptic Instability of
Hip Implant. Trauma. 2012;13(1):153-60. (In Russ).

2. Tikhilov RM, Shapovalov VM. Rukovodstvo po
endoprotezirovaniyu tazobedrennogo sustava. Sankt-
Peterburg; 2008.

3. Naumenko ZS, Chepeleva MV, Godovykh NV. Cy-
tokines and microbiocenosis in predicting the postop-
erative period course in patients with periprosthetic
infection of the hip joint after removal of the infected
implant. Novosti Khirurgii. 2017; 25(6):605-12.
d0i:10.18484/2305-0047. 2017.6.605 (In Russ).

4. Smirnov AV, Rumyantsev ASh. Bone tissue func-
tion and structure under normal and pathological
condition. Message Il. Nephrology. 2015;19(1):8-
17. (In Russ).

5. Nigmatullin RT, Shcherbakov DA, Musina LM, et
al. Some aspects of clinical use of bone and carti-
lage allografts. Bashkortostan Medical Journal.
2012;7(4):78-83. (In Russ).

6. Dmitriyeva LA, Lebedev VF, Korshunova EYu.
Oslozhneniya pri endoprotezirovanii tazobedrennogo
sustava i sposoby ikh prognozirovaniya (obzor
literatury). Byulleten’ Vostochno-Sibirskogo Nauch-
nogo Tsentra Sibirskogo Otdeleniya Rossiyskoy
Akademii Meditsinskikh Nauk. 2013;2-1(90):153-8.
(In Russ).

7. Rozhnova OM, Prokhorenko VM, Sadovoy MA, et
al. Pathogenic factors of aseptic loosening of joint
implants (review). Siberian Medical Journal. 2015;
35(5):84-9. (In Russ).

8. Mertens MT, Singh JA. Biomarkers in Arthroplasty:
A Systematic Review. The Open Orthopaedics
Journal. 2011;5:92-105. doi:10.2174/1874325001
105010092

9. Gladkova EV, Karyakina EV, Tsareva EE, et al.

POCCUNCKUN MEOUKO-EMONOMMYECKUA BECTHUK
nmeHn akapgemmka W.M. MaBnoea. 2020. T. 28. Nel. C. 5-12

I.P. PAVLOV RUSSIAN MEDICAL
BIOLOGICAL HERALD. 2020;28(1):5-12


https://elibrary.ru/contents.asp?id=33838032
https://elibrary.ru/contents.asp?id=33838032
https://elibrary.ru/contents.asp?id=33838032
http://dx.doi.org/10.2174/1874325001105010092
http://dx.doi.org/10.2174/1874325001105010092
http://dx.doi.org/10.2174/1874325001105010092
http://dx.doi.org/10.2174/1874325001105010092

DOI:10.23888/PAVLOVJ20202815-12

OPUITMHANbHOE UCCINEQOOBAHUE

ORIGINAL STUDY

The peculiarities of bone and cartilage tissue re-
modeling in patients after hip joint replacement.
Saratov Journal of Medical Scientific Research.
2017;13(3):723-7. (In Russ).

10. Cpepeleva MV, Cpegurov OK, Kuznecova El, et
al. Parameters of immunity in patients with aseptic
instability of knee joints. Clinical Laboratory
Diagnostics. 2014;8:18-21. (In Russ).

11. Amarasekara DS, Yu J, Rho J. Bone Loss Trig-
gered by the Cytokine Network in Inflammatory

Autoimmune Diseases. Journal of Immunology
Research. 2015;2015:832127. doi.org/10.1155/
2015/832127

12. Chebotar 1V. Mechanisms of antibiofilm immunity.
Annals of the Russian Academy of Medical Sciences.
2012;(2):22-9. (In Russ).

13.Rozhnova OM, Falameeva OV, Sadovoy MA.
Pathophysiology of bone tissue in osteoporosis
(review). International Journal of Applied and
Fundamental Research. 2015;(9):666-9. (In Russ).

JonoanutenasHast undopmanus [Additional Info]

Hcrounnk ¢uHancupoBanus. lccienoBaHue BBIOJIHEHO B paMKaX MHHULIMATUBHOIO IUIAHA, PErMCTPALMOHHBIA Homep AAAA-A18-
118011790046-8. [Financing of study. The study is performed as a part of the initiative plan, Registration Ne AAAA-A18-118011790046-8.]

KonduukT nHTEpecoB. ABTOPHI IEKJIAPUPYIOT OTCYTCTBUE SIBHBIX M IOTEHIHAJbHBIX KOH()IMKTOB MHTEPECOB, O KOTOPHIX HEOOXOAUMO COO00-
IIUTH B CBsI3U ¢ myOnmkanueit nanHoit crateu. [Conflict of interest. The authors declare no actual and potential conflict of interests which should
be stated in connection with publication of the article.]

Yuactue aBropos. [anammna E.A. — KoHUeNUus 1 qu3aiiH UCCIEN0BaHMs, HalTMCAHUE TeKCTa, YibsiHOB B.1O. — penaktupoBanue, ['nagkosa E.B.
— cbop u 00paboTka Marepuaia, Hanucanue Tekcta, [lnunsk C.I1. — cOop u 06paboTka MaTepuana, cTatucTideckas oopadorka, bonmgapenko A.C.
— M3aiiH uccnenoBanus, coop u obpadoTka marepuaina. [Participation of authors. E.A. Galashina— concept and design of the study, copywriting,
V.Yu. Ulyanov — editing, E.V. Gladkova — data acquisition and processing, copywriting, S.P. Shpinyak — data acquisition and processing, statisti-
cal processing, A.S. Bondarenko — study design, data acquisition and processing.]

Hudopmanus 06 aBropax [Authors Info]

*Tanammua Enena AnartonbeBHa — K.0.H., M.H.C. oTAena QyHIAMEHTANBHBIX M KIMHHKO-3KCIIEPHMEHTANBHBIX uccienoBanuii, HUU tpaBmaro-
noruu, opromemuu u HeWpoxupyprun PI'BOY BO CaparoBckuil rocynapcTBEHHBI MENUIIMHCKUE yHHBepcuTeT MM. B.M. PasymoBckoro
Munszapasa Poceun, Caparos, Poccus. [Elena A. Galashina — PhD in Biological Sciences, Junior Researcher of the Department of Fundamental,
Clinical and Experimental Researches, Research Institute of Traumatology, Orthopedics and Neurosurgery of Saratov State Medical University
named after V.l. Razumovsky, Saratov, Russia.]

SPIN: 4016-0672, ORCID ID: 0000-0001-6209-9120, Researcher ID: V-9086-2017. E-mail: koniuchienko1983@mail.ru

YabsinoB Baaaumup IOpbeBuY — 1.M.H., 3aM. IUPEKTOpa M0 HAYYHOH M MHHOBAlIMOHHOW aestensHocTH, HWU TpaBmaronoruu, opToneauu u
reiipoxupyprun ®I'BOY BO CapatoBckuii rocynapcTBeHHBIH MeANIMHCKHH yHHBepcHuTeT UM. B.M. PasymoBckoro Munsnpasa Poccun; mpodec-
cop kadenpsl xupypruueckux 6GonesHeit, Caparosckuii Mequuunckuii yausepcurer «PEABU3», Capatos, Poccus. [Vladimir Yu. Ulyanov —
MD, PhD, Deputy Director for Science and Innovations, Research Institute of Traumatology, Orthopedics and Neurosurgery of Saratov State
Medical University named after V.l. Razumovsky; Professor of the Department of Surgical Diseases, Saratov Medical University REAZIV,
Saratov, Russia.]

SPIN: 8280-3339, ORCID ID: 0000-0002-9466-8348, Researcher ID: A-4073-2014.

l".namcosa EKaTepuHa Bsiuecs1aBoBHA — K.6.H., Ha4dYaJIbHUK OTACIIa (i)yHZ[aMeHTaJ’[BHBIX 1 KIMHHUKO-OKCIICPUMEHTAIbHBIX MCCHeI{OBaHHﬁ, HUN
TpaBMaroJjoruu, opronenuu u Heiipoxupyprun @I'6OY BO CaparoBckuii rocynapcTBeHHbIH MEJUIMHCKUH yHUBepcuTeT uM. B.W. PazymoBckoro
Munsapasa Poccun, Caparos, Poccusi. [Ekaterina V. Gladkova — PhD in Biological Sciences, Head of the Department of Fundamental, Clinical
and Experimental Researches, Research Institute of Traumatology, Orthopedics and Neurosurgery of Saratov State Medical University named after
V.I. Razumovsky, Saratov, Russia.]

SPIN: 3837-3244, ORCID ID: 0000-0002-6207-2275, Researcher ID: V-9077-2017.

IInunasak Ceprei’l “eTpOBl/l‘l — K.M.H., M.H.C. OTZI€Jla UHHOBAIITMOHHBIX IIPOCKTOB B TPAaBMAaTOJIOTIUH U OPTONIEANH, HUN TpaBMaTOJIOTUH, OpTOIIE-
muu 1 Helipoxupyprun @I'BOY BO CapartoBckuil rocyaapcTBeHHbIH MeUIMHCKUE yHUBepcuTeT uM. B.M. PazymoBckoro Munsnpasa Poccun,
Caparos, Poccust. [Sergey P. Shpinyak — MD, PhD, Junior Researcher of the Department of Innovative Projects for Traumatology and Orthope-
dics, Research Institute of Traumatology, Orthopedics and Neurosurgery of Saratov State Medical University named after V.l. Razumovsky, Sara-
tov, Russia.]

SPIN: 6540-1764, ORCID ID: 0000-0002-0345-6287, Researcher ID: A-8021-2018.

Bounnapenko Anexcanap CepreeBuy — 3aM. iekaHa JieueOHOro paxynpTera u pakynaprera KimHudecko ncuxonoruu, ®I'EOY BO CapaToBckuit
roCyJapCTBEHHBI MEAMIMHCKHIT yHuBepcuTer uM. B.U. PasymoBckoro Munsapasa Poccun, Caparos, Poceust. [Aleksandr S. Bondarenko —
Deputy Dean of the General Medicine and Clinical Psychology Departments, Saratov State Medical University named after V.I. Razumovsky,
Saratov, Russia.]

SPIN: 6719-4520, ORCID ID: 0000-0001-6345-1851.

POCCUNCKUN MEOUKO-BUONOrMYECKUA BECTHUK
umeHn akapgemuka W.M. MNaenosa. 2020. T.28. Nel.C.5-12 11

I.P. PAVLOV RUSSIAN MEDICAL
BIOLOGICAL HERALD. 2020;28(1):5-12



OPUIMHANbHOE WUCCIEQOBAHME

ORIGINAL STUDY DOI:10.23888/PAVLOVJ20202815-12

HurupoBats: Nanamuua E.A., Yibsaos B.1O., I'mankosa E.B., [lInunsk C.I1., Bonnaperko A.C. ConocTaBUTENbHBINM aHAIN3 U3MEHEHUI CO-
CTOSIHHSL METAa0O0IM3Ma KOCTHON TKAHH M LUTOKHHOBOT'O MPOQUIISL y NALHEHTOB ¢ HECTAOMIBHOCTHIO YHIONPOTE3a MOCIIe NEPBUYHON apTPOILIACTH-
KA KOJeHHOro cycraBa // Poccuiickuii Memuko-Ononornueckuii BecTHHK uMeHH akagemuka W.II. ITaBmosa. 2020. T. 28, Nel. C.5-12.
doi:10.23888/PAVLOVJ20202815-12

To cite this article: Galashina EA, Ulyanov VYu, Gladkova EV, Shpinyak SP, Bondarenko AS. Comparative analysis of the change of bone tissue
metabolism condition and cytokine profiles in patients with endoprosthesis instability after primary knee arthroplasty. I.P. Pavlov Russian Medical
Biological Herald. 2020;28(1):5-12. doi:10.23888/PAVLOVJ20202815-12

Mocrymuna/Received: 08.07.2019
IMpunsra B neyars/Accepted: 31.03.2020

POCCUNCKUA MEOUKO-BUONOMMYECKUA BECTHUK I.P. PAVLOV RUSSIAN MEDICAL
umMeHn akagemuka W.M. MaBnosa. 2020. T.28. Nel.C.5-12 12 BIOLOGICAL HERALD. 2020;28(1):5-12



