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PenapaTuBHIMH TIpoIiecaMu TpH TI0-
IIKO/PKCHH] CYXOXHWIJIKIB (DaxiBIll IIKAaBHIIN-
¢ 1€ 3 JaBHIX 4YaciB, BUBYAIOYM CTaIiIMHICTE
I[LOTO MPOLIECY 1 HAMAraroYMCh MPUIIBUIIIIN-
T 111 mporecu. [Tuporos M.1. y cBoix mparisax
BKa3yBaB Ha BAXJIMBY pPOJIb HHU3BKOAH(eEpe-
HIIIOBaHUX KJIITUH KPOB’SHOTO 3rOpTKa Ta
napaTeHoHa JUIs pereHeparii CyXOKHIIKIB.
Sk mokazanm JOCIHIKEHHS, 1€ B CEpelIrHI
XX CTOMITTS OCHOBHHM JDKEPEIIOM pereHe-
patii CyXOXXWJuIl € HaBKOJMIIHI M’sSKi TKa-
HUHM (EK30T€HHMM HUIAX) 1 mpoiideparis
BJIACHE KJIITHH YIIKO/KEHOTO CYXOXHIUIS Ta
¢bi6pobaacTiB (eHaoreHHu nusIx) [6,35,39].

Ha nanuit MOMEHT y4eHi BUIUISIOTH 4
OCHOBHI (ha3u pemapaTMBHOTO MpoIecy, SKi
BIJIOYBAIOTHCSI B YIIKOJKEHUX CYXOKHIUIAX.
[Tepmra aza — 3amaneHHs BiIOyBa€EThCS MPO-
TATOM NEpIIUX TPHOX - IT'SATH JHIB MiCIs Tpa-
BMU. BoHa xapakrepusyeTbcs Mirpamiero i
npodideparicro  KIITHH 3  HaBKOJIMIIHIX
M’SIKMX TKaHWH (ITapaTeHOH, IMAMIKIPHA KHU-
poBa KiiTKOBUHA 1 (actii), Ta mpomidepari-
€10 BJIACHE KJIITUH CYXOXXWJUIS (€MITEHOHY Ta
napaTeHoHy). TakuM 4uHOM AedeKT TKaHUH
CIOYATKy 3allOBHIOETBCS TPAHYISIIHHOIO
TKAaHMHOIO €K30T€HHOTO MOXO/KeHHs. Dib-
polIacTH, 10 MITPYIOTh y 30HY TpaBMH, BO-
JOMIIOTh (aroUTapHUMU BIACTUBOCTSIMHU 1
3HAXOAATHCS B MEXaX YIIKOHKEHOTO CyXO-
ot Y 1o (asy 3amaneHHs 30Ha aedexty
3all0BHEHA YIIKOJDKEHOI0 TKAaHMHOIO, IO
BKJIFOYA€E B ceO€ 3aJIMIIKA PO3iPBAHUX CYXO-
JKWJIb, TEMAaTOMH 1 OioMeXaHiyHa MII[HICTh

Experts were interested in regenera-
tion processes in damaged ligaments since
ancient times, studied the stages of this pro-
cess and trying to fasten it. Pirogov in his
works pointed to the important role of cells
in blood convolution and paratenon for lig-
aments regeneration. Studies have shown
that even in the middle of the XXth century
the main sources of tendon regeneration
were the surrounding soft tissues (exoge-
nous path) and proliferation of own cells of
damaged tendons and fibroblasts (endoge-
nous path). [6,35,39]

Nowadays scientists distinguish 4
basic phases of reparative process that oc-
curred in damaged tendons. The first phase
is the inflammation that occurs during the
first three to five days after the injury. It is
characterized by migration and proliferation
of cells from the surrounding soft tissues
(paratenon, adipose and fascia), and prolif-
eration the tendon’s own cells (epitenon and
paratenon). So the defect of tissue originally
is filled with granulation tissue of exoge-
nous origin. Fibroblasts, migrating into the
zone of injury have phagocyte properties
and are within the damaged tendon. In this
phase the inflammation area defect is filled
with damaged tissue that includes the re-
mains of torn tendons, hematoma and bio-
mechanical strength of this area depends on
the fibrin fibers that are charging the edges
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miei  TUISHKH  3aJIeKATh Big  (iOpHHOBUX
BOJIOKOH, IO CTATYIOTh Kpai YIIKO)KEHOTO
cyxoxuwuid. Ha n'stuil news miciast TpaBMu
¢$i6pobnacTy, sIKi MIrpyBajld B 30HY YIIKO-
JDKEHHS, MOYMHAIOTh CUHTE3yBaTH KOJIareH.
CrniouaTky BIICYTHS IIE€BHA OpIiEHTAIlisSl HOBOC-
TBOPEHHUX KOJIATEHOBHX BOJIOKOH, a (hiOpoo-
JacTU € JOMIHYIOUYMM THIIOM KIITHH Y 30HI
VIIKOKECHHSI, KUIBKICTh KOJIareHy Oe3mepe-
PBHO MPOTATOM 4 THDKHIB MICIIs TpaBMH 30i-
JBIIYETHCS. Y KIHII YeTBEPTOTrO THXKHS 30i-
JBIIY€EThCS Tpoiideparis ¢piOdpodiacTiB eH-
noreHHoro mnoxokeHHs. L1 ¢gidbpobmactu B
OCHOBHOMY TMOXOJSTh 3 €HIOTEHOHY, BOHU
aKTUBHO PEMOJICTIOIOTh KonareH. BinOysa-
€THCSI TO3pIBAaHHS KOJIATEHOBHX BOJIOKOH, X
NepeopieHTallisl B3JIOBXK OCI (DYHKI[IOHAIBHO-
ro HampyxeHHs cyxoxwusi. g ¢aza pere-
Hepallli BiIOyBa€eThCSA MPHOIU3HO MPOTITOM
IBOX MicswiB micas TpaBMu. OcrarodHe pe-
MOJICTIIOBAHHSI TMPOXOJUThH TiJ Ji€l0 HaBaH-
TakeHHs. [Ipu 1boMy BimOyBaeThCs Tpoliec
3IIMBAaHHSA KOJIATEHOBUX BOJIOKOH, IIIO BeJe
710 3pOCTaHHSI MILHOCTI BiJIHOBJIEHOTO CYXO-
xwsi. KpiM TOro, KollareH TpeThoro THITY
MOCTYIIOBO 3aMIHIOETHCS HAa OUTBII MIITHUH
KOJIareH TEPIIOoro THUITY, 10 MOP(OJIOTIYHO
Ta (QYHKIIOHAJIBHO HAONMKAE YHIKOJKECHY
30HY JI0 3[IOPOBOTO CYXOXHJUIS, X04a JOCIHi-
JOKEHHS TTOKa3yl0Th, 110 HaBITH 4yepe3 14 Mi-
CSAIIIB TICTST TPAaBMH y BIJTHOBJIEHINM 30HI MO-
&Ke 30epiratuch MiABUILEHUH BMICT KOJareHy
TPETHOTO THUITY, IO BEJE 10 3HUKCHHSI eJac-
TUYHUX Ta MIITHOCHUX XapaKTEPUCTHUK CyXO-
KW, MOro MepeBaHTaXEHHsS Ta JereHepa-
1ii, 10 MOK€ MPU3BECTH 10 HOTO PO3PUBY B
nogansiomy [18,21,22,28,35,39].
Pesynbratu cyyacHUX JOCHIIKEHb MOKa3y-
I0Th, IO Pi3HI (AKTOPH POCTY BIIITPAIOTh
KIIIOYOBY pOJIb Y Tepediry mporeciB penapa-
11ii, CTUMYJTIOIOYU TPOIECH HEOBACKYIISIPU3a-
1ii, mposmideparii 1 gudepenitiamii KIITHH Ta
CHUHTE3y MIKKIITUHHOTO MaTpPUKCY B 30HI
yimkoxenss ( Tabd 1.1) [37].

of the damaged tendon. On the fifth day after

the injuries of dermal fibroblasts, which mi-
grated into the area of damage begin to syn-
thesize collagen. First, missing a certain ori-
entation of newly formed collagen fibres,
and dermal fibroblasts are the dominant type
of cells in the area of the damage amount of
collagen continuously for 4 weeks after the
injury. At the end of the fourth week in-
creases proliferation of fibroblasts of endog-
enous origin. These dermal fibroblasts are
mainly derived from the endotenon, they ac-
tively remodel collagen. Maturation of col-
lagen fibres shifts along the axis of the func-
tional stress of the tendon. This phase of re-
generation takes place for about two months
after the injury. The final remodelling takes
place under the influence of the load. At that
occurs the process of Collagen fibres cross-
linking, leading to an increase in the
strength of reconstructed tendon. In addi-
tion, the collagen of third type is gradually
replaced by a more durable collagen of first
type, which morphologically and functional-
ly brings the damaged area to the condition
of healthy tendon, although studies show
that even 14 months after injury in the re-
stored area could be high content of collagen
of the third kind, which leads to a reduction
of elastic and strength characteristics of the
tendon, its overload and degeneration, which
can cause it to break in the future. [18, 21,
22, 28, 35 and 39]

The results of modern studies show
that various growth factors play a key role in
the course of repair processes by stimulating
processes of angiogenesis, proliferation and
differentiation of cells and the synthesis of
intercellular matrix in the zone of damage
(Table 1.1). [37]
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Tabmuus 1.1

Bruiue akTopiB pocTy Ha pi3HUX CTAIisIX peHapaTHBHO-BIIHOBHUX MPOIIECIB B CYXOXKHUIIISIX

Table 1.1

Effect of growth factors at different stages of reparative-regenerative processes in the tendons

®daza [Iponecn, mo mnpoxoasarh B 30HI | DakTopu POCTy, IO BIUIMBAIOTH
pereHepaiii | yIIKOHKSHHS Ha IpoIIeC
Phase of Processes that take place in the zone | Growth factors that affect the
regeneration | of damage process of
3ananeHHs Crumymoe mirpanito ¢idpobmacris i | IGF-1 [1,13,31]
Inflammation | 3ananpHux KimiTHH Y Micii  ymko- | TGF-B [32,33,48]
JOKECHHS
Stimulates the migration of fibro-
blasts and inflammatory cells at the
site of injury
Perymoe ekcmnpecito Ta arpakuito | PDGF [30,45,47]
1HIUX (aKTOPiB POCTY
Regulates the expression and at-
traction of other growth factors
Ctumyioe HeoaHTioreHe3
Stimulates neoangiogenesis VEGF, bFGF [9,40,42,46,53]
[Mpomidepamii | [Ipomidepartis kmnituH, cuaTe3 JJHK IGF-1, PDGF, TGF-B, bFGF,

Proliferation

Proliferation of the cells, DNA syn-
thesis

Ctumynsinist CHHTE3y KOJareHy Ta
MDKKJIITHHHOTO MaTPHUKCY
Stimulation of the synthesis of colla-
gen and intercellular matrix

CuHTe3 KoJareHy 3-oro TUIy
Synthesis of 3™ type collagen

GDF-5,-6,-7[1,11,41]

IGF-1, PDGF, bFGF [1, 9,10,41]

TGF-B, GDF-5,-6,-7[11]

Judepentiartii
Differentiation

PemonentoBanHus MDKKJIITHHHOTO
MaTpPUKCY

Remodeling the intercellular matrix
[Tpunuuenus nporecis npoideparii
KJIITHH

Termination of cell proliferation pro-
cesses

CuHrte3 Konareny 1-oro tuny

Synthesis of 1* type collagen

IGF-1[1,13,31]

TGF-p[11]

PDGF
[11,41]

,TGF-B, GDF-5,-6,-7
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I maitke 3 MOMEHTY BIIKpHUTTS (PaKTo-
pIB POCTY BYEHI HaMarajucCh MPHUIIBUAINIATH
Ta MOKPAIIUTU MPOIIEC pereHepartii 3a paxy-
HOK MIPUBHECEHHSI B 30HY YIIKOHKCHHS J10/1a-
TKOBO1 KiJIbKOCTI ()aKTOPIB POCTY K ayTOJIO-
TIYHOro, TaK 1 OIOCHMHTETUYHOI'0 ITOXOKCH-
HSL

Ictopist mociimkeHHS (PAKTOPIB pOCTY
noyanacs me B 50-X pokax MHHYJIOrO CTO-
piaus. YV 1952 pomi mokrop Levi-Montalcini
JOCHIJUKYIOUH  KYJNbTYpy KIITHH ITyXJIHMHH
MOMITHIIA, 110 HASBHICTh MyXJIMHHUX KIIITUH
CTUMYIIIOE PICT HEPBOBUX BOJIOKOH eMOpioHa
Kypel y Oe3mocepenHiit 0JIM3bKOCTI BiJl BOT-
HUIA TyXJIuHA. [[OMITUBIN HAsSBHICTH CIie-
U(pIYHAX PEYOBHH, aBTOP MPOJIOBKUIIA J10C-
JDKEHHS. B IbOMY HampsMKy 1 B 1957 pomi
ciniapHO 3 Stanley Cohen Buminuia 1o pe-
YOBHUHY, 1[0 oTpumainia Ha3By Nerve Growth
Factor (¢axrop pocty HepsiB). Iloganpiia
CHIBIIpaIsl IUX YYCHHUX JO3BOJIUJIA BUIUIUTH
Epidermal Growth Factor- daktop pocry
enigepmicy, SKuid e(OEKTUBHO CTUMYITIOE
npounidepaniro eniTenianbHUX KIITHH [12].

VY 60 -70-x pokax XX CTONITTS BHUIIIIH-
U Tpyny (GakTOpiB POCTY MPHU JOCIIHKEHHI
MPOIIECiB POCTY MyXJIMH. Byro BcTaHOBIEHO,
mo 30arayeHa TpoMOOLUTaMM IUIa3Ma, Ha
BiIMIHY BiJ O1AHOI TPOMOOIHMTAMHU ILIA3MH,
MMO3UTHBHO BIUIMBAaE Ha pICT Ta mpodidepa-
iI0 emigepMalbHUX KITHH. Tomi x OyIo
BH3HAYCHO, 10 B aib(da-rpanynax TpomoOo-
IUTIB MICTATBCS  MPOTEIHU, SIKI JIOKATHHO
BILUIMBAIOTh Ha TpoJidepartito Ta gudepeHiii-
ariro kimitvH. HasgiBHI Ha TOW 4ac TEXHOJIOTII]
HE JO3BOJISUIM BHJUIMTH OKpeMi (akTopH Ta
BU3HAYUTH iX MeXaHi3M Aii.
Jlume B 1979 pomi 3 ambda-rpa”ysn Tpo-
MOoruTiB OyB BuauteHuiit Platelet derived
growth factor (PDGF), BcTaHOBiE€HO CTpPYK-
Typy #oro ¢opM Ta BUBYEHO crenu(iuHuUi
BIUIMB Ha Tpodjiidepaltifo KITHH CIOTyqHOT
TKaHUHH [25].

VY 1982 pomi Gary Knighton mocmia-

And almost from the moment of
growth factors discovery, scientists have
tried to speed up and improve the process of
regeneration by infusing the area of damage
with additional quantities of growth factors.

History of the research of the factors
of growth began in the 50’s of the last centu-
ry. In 1952, Dr. Levi-Montalcini was explor-
ing the culture of the cells of the tumour and
has noticed that the presence of tumour cells
stimulate the growth of nerve fibres of
chickens embryo in close proximity to the
hearth of tumours. Having notified the pres-
ence of specific substances, the author con-
tinued the research in this direction and in
1957, jointly with Stanley Cohen distin-
guished this substance called Nerve Growth
Factor (nerve growth factor). Further coop-
eration of scientists allowed selecting Epi-
dermal Growth Factor that effectively stimu-
lates proliferation of epithelial cells. [12]

In the 60 -70’s years of the XXth
century a group of growth factors have been
distinguished in the study of the processes of
tumours growth. It was established that en-
riched Platelet-Rich Plasma unlike poor
platelet-rich plasma, positively influences on
epidermal cells growth and proliferation.
Then it was defined that the alpha granules
of platelets contain proteins that are locally
affect by proliferation and differentiation of
cells. Available technology at that time did
not allow selecting individual factor and de-
termining mechanism of action thereof. On-
ly in 1979, with alpha-granules of platelets
Platelet derived growth factor (PDGF) was
established, structure of forms thereof was
defined and the specific impact on cell pro-
liferation of connective tissue was stud-
ied. [25]
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KYIOUM HEOAHTIOTeHe3 Ta CHUHTE3 KOJIareHy
MIPU 3arO€HHI paH y JNOCTIAHUX KPOJIB BKa-
3aB, 10 MPOAYKTH, BHIJICHI 3 TPOMOOIIUTIB,
3okpema PDGF, 3naTHi cTUMYIIOBaTH HEOaH-
riorenes , ¢iOpoIIa3iro Ta CHHTE3 KOJareHy
NpU 3aro€HHI paH. ABTOp TMOSICHHB IOPY-
IIEHHS MPOIIECIB 3arOEHHS PaH y MAaLli€HTIB 13
TPOMOOIIUTONICHIEI, JEUKOICHIEI0 Ta TIOPY-
HICHHSM KOAryJisllii, a TaKOX 3alpOIIOHYBaB
y TaKuX BUMAIKAX TpaHCPy3ito TpomOoOIMTa-
pHoi macu [5].Ha 1ieit MoMeHT i3 TpomOoOITH-
TiB Ta IUIa3MH BUALUIEHO OUIbII HixK 30 BUAIB
dakTopiB pocTy, MO B TiM YW IHIINA Mipi
BIUTMBAIOTh Ha mpodiidepartito, audepeHiiia-
I[if0 KIIITUH, CHHTE3 KOJIATCHY Ta IHIINX pe-
YOBHH TPH YIIKOMKEHHI TKaHWH. B OCHOB-
HOMY Ha penepTaTUBHO-BITHOBHI MPOLIECH B
CIIOJIYYHIN TKaHWHI BIUIMBAIOTh PDGF,
TGF-0,B, FGF, IGF, PDEGF, PDAF - (Ta0.
1.2). Omgni 3 HuX MicTaThcs B anbda-
rpaHyjiax TPOMOOLUTIB, 1HIII - PO3YMHEHI B
mia3mi. Ha et MOMEHT iICHYIOTh peKOMOiHa-
HTHI aHaJOTH MaiKe BCIX BIIOMUX (PaKTOpPiB
pocTy i noBeneHa eeKTUBHICTD /il KOXKHOTO
3 HUX Ha SKYCh MEBHY JIaHKY pernapaTuBHOTO
nporiecy. Po3risiHeMo 1le THUTaHHS JTOKJIaj-
HilIe.

Ha manmii MOMeHT mpoBeneHO Oarato
IOCIIIKEHD, II Yac SKUX BHUBYAIU 130JIb0-
BaHMI BIUIMB Ta MEXaHI3M il TOro 4w iH-
mIoro (akTopy poCTy Ha 3arO€HHS CYXOXKHJI-
KiB.

PDGF (Platelet derived growth factor)
abo0 TpoMOoIuTapHUil (PaKTOp POCTY IHIYKYE
nito iHmux (akropiB pocty (IGF-1) y mep-
mriit asi 3aroenns. Kpim toro, gociimKeHHs
HA TBapUHHHUX MOJEISAX TMOKa3alaW, M0 BiH
CTUMYJIIOE TIpoIiecu mposideparii Ta gude-
peHmiamii KITHH, J0303aJIEKHO CTHMYJIIOE
CHHTE3 KoJareHy B (a3l pemMozenmtoBaHHS .
3acrocyBaHHS IILOTO (AKTOPY POCTY, 0CO0-
muBo B komOinamii 3 IGF-1 ta bFGF, =Ha
MI3HIX CTaigX pernapallii Bele 10 YTBOPECHHS
(GYyHKIIOHATBHO OLIBII MOBHOLIHHOTO CYXO-

In 1982 Gary Knighton, researching
angiogenesis and collagen synthesis in
wound healing in experimental rabbits,
pointed out that the products separated from
the platelets, namely PDGF are able to stim-
ulate neoangiogenesis and collagen synthe-
sis in wound healing. The author explained
deviations of wound healing processes in
patients with thrombocytopenia by leukope-
nia, and coagulation disorders, and suggest-
ed transfusion of thrombocytes in such cas-
es. [5] Nowadays over 30 types of growth
factors are separated from platelets and
plasma and all of them at some extent affect
proliferation, differentiation of cells, synthe-
sis of collagen and other substances at the
damaged tissue. Mostly the following influ-
ence on reparative processes in connective
tissues: PDGF, TGF-a, B, FGF, IGF,
PDEGF, PDAF (table 1.2). Some of them
are contained in the alpha-granules of plate-
lets, others are dissolved in plas-
ma. Nowadays there are recombinant ana-
logues of almost all known growth factors
and efficiency of each of them on any ele-
ment of reparative process is
proved. Consider this issue more precisely.

At the moment, many researches are
conducted to study insulated influence on
mechanism of each certain growth factor’s
influence on healing ligaments wounds.

PDGF (Platelet derived growth fac-
tor) induces the action of other growth fac-
tors (IGF-1) at the first stage of healing.
Moreover, research on animal models has
shown that it stimulates the processes of
cells proliferation and differentiation, stimu-
lated synthesis of collagen at the stage of
remodelling depending on dose.

Application of this growth factor,
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Taomums 1.2
dakTopu PocTy TPOMOOIUTIB Ta TUTa3MHU KPOBI, 110 BIUIMBAIOTh HA PEMapaTUBHI MPOLIECH B
CTOY4HIN TKAaHHUHI

DOAKTOPHU POCTY JIKEPEJIO KJITUHU MIIITEHI TA JIIsA

PDGF (Platelet derived | TpombomuuTH, Mae MITOTHYHY aKTHBHICTh. 3yMOBIIIOIO€ IIPOJIi-
growth factor) — Tpom- | enmoTenianbHi (epamito Ta CTPYKTypHY OpraHizamilo TKaHHH
OotuTapHuii  (haKkTOp | KIITHHH, KIITHHH | ME3€HXIMAJILHOTO  IOXO/DKCHHS  (CIIOJIy4YHOT,
pocTy ILUTALIEHTHA M’513eBO1 TKAaHWHH, HEOAHTIOTEHE3), € HEOOXITHIM

YUHHUKOM moniny ¢iopobiacti[30,41,45,47]

TGF- (Transforming

Benmka KigbKiCTh

KouTpontoe nporecu npoiideparttii, audepeHii-

MaJIbHUH (haKTOp POCTY

growth factor beta) | TumiB xmitiH, y | aumii ¥ iHmG QYHKIIT B OUIBIIOCTI THITIB KIITHH,
Tpanchopmyrounii TOMY YHCII  O- | MOKE 3yMOBIIIOBaTH alloNTO3 KIITHH. € HEOOXiI-
(haxTop pocty-f3 rpagyaun  Tpom- | HuM s aktmBarii CTGR (Connective tissue
OonuTiB growth factor) dakTop pocTy croxy4HOi TKAHUHH.
Crumymnioe cuHTe3 KojareHy 1-ro Tumy [11,

32,33,48]
EGF (Epidermal | Makpodaru  Tta | Ctumymtoe cuntes JJHK. Binirpae BaxiuBy posb
growth factor) emimep- | TpoMOoIHTH y peryismii KITHHHOTO LUKy, mpomdeparii i

JuQepeHLioBaHHl KIiTHH [16]

VEGF (Vascular
endothelial growth
factor) rpyna ¢axropis
pOCTy CYOMHHOTO €H-
JOTENi10

TpomboruTet T2
Me3eHXiMabHi
CTpOMaNbHI  KJIi-
TUHH

CtuMmymioe Mirpariro, MiTo3 Ta Mpoideparito
EHJIOTEIIII0, 3yMOBIIIOIOYM HEOaHrioreHes, (exec-
TpaIlif0 HOBOCTBOPCHUX CYAHMH Ta Ba30UJISATAIIIFO.
Takox Mae XeMOTAaKCHYHI BJIACTUBOCTI Ha TpaHy-
JIOUUTH Ta Makpodaru [7]

FGF (Fibroblast growth
factor) I'pyma axTopiB
pocty idpobiactiB

TpomboruTH,
Makpodarm,
3eHXIMaJbHl KIIi-

MC-

THHHU, XOHJIPOIH-
TH, OCTE00IaCTH

[ponidepawis Ta mirpamiss pi3HUX THIIIB KIITHH
ME3EeHXIMaJIbHOTO TOXO/DKEHHS, y IepIry Yepry,
¢i0poOnacTiB, cMHTE3 MIKKIITHHHOTO MaTpPHUKCY

[9,10]

IGF-1 (Insulin growth
factor) iHCYIiHOMIOMIIO-

(daktop  pocTy
MEPIIOTro THITY

HUN

ITmazma

AmnaboniyHui eeKT Maike Ha BCi TUIM KIIITHH.
Crpuunnse rineptpodilo CKEJISTHUX M’S3iB, iH-
TYKYIOYM CHHTE3 MPOTEiHIB Ta OJOKYIOUM iX aT-
pooiro[1,13,31]

PDEGF (platelet
derived epidermal
growth factor) Tpomo6o-
[ATApHUHN emigepMaiTb-
HUH akTop pocTy

Ta

PDAF (platelet derived
angiogenesis  factor)
TpoMOOTIUTApHUIT (hak-
TOp aHTiOTeHE3y

O-TPaHylId TPOM-
OoLUTIB

Brutuarots Ha npostidepariiro Ta qudepeHIiariiio,
B OCHOBHOMY - CHJOTEINI0 CYIHWH, ajieé TaKOX
CTHMYJIOIOTh Makpo(daru, CTpoMalibHi Ta ITianbHi
KJIITHHU Ta JesAKi BUAU emitenito [43]
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Table 1.2

Platelet growth factors and blood plasma, that affect the reparative processes in the

connective tissue

GROWTH
FACTORS

SOURCE

TARGET CELLS AND ACTION

PDGF (Platelet de-
rived growth factor)

Platelets, endothe-
lial cells, the cells
of the placenta

Has mitotic activity. Activates proliferation and
structural organization of mesenchyme tissues
(connective tissue, angiogenesis), is an essential
factor in the division of fibroblasts [30,41,45,47]

TGF-B (Transforming
growth factor beta)

A large number of
cell types including
a-granules of plate-
lets

Controls the processes of proliferation and differ-
entiation, as well as other functions in most types
of cells; could provoke cells apoptosis. It is neces-
sary to activate CTGR (Connective tissue growth
factor). Stimulates the synthesis of 1* type colla-
gen. [11,32,33,48]

EGF (Epidermal
growth factor)

macrophages and
platelets

Stimulates the synthesis of DNA. Plays an im-
portant role in regulation of the cell cycle, prolif-
eration and differentiation of cells. [16]

VEGF (Vascular

factor)

endothelial growth

Platelets and mes-
enchyme stromal
cells

Stimulates the migration, proliferation and mitosis
of endothelium, activates neo-angiogenesis, fenes-
tration of the newly formed blood vessels and
vasodilatation [7]. Also has hemotoxic influence
on granulocytes and macrophages.

FGF (Fibroblast
growth factor)

platelets, macro-
phages, mesen-
chyme cells, chon-
drocytes, osteo-
blasts

Proliferation and migration of various types of
cells of mesenchyme origin, first of all of fibro-
blasts, the synthesis of intercellular matrix [9,10]

IGF-1 (Insulin
growth factor)

Plasma

Anabolic effect on almost any cell types. [1,13,31]
Causes hypertrophy of skeletal muscles by induc-
ing synthesis of proteins and blocking atrophy
thereof [1, 13, 31]

PDEGF (platelet

growth factor)
and

factor)

derived epidermal

PDAF (platelet de-
rived angiogenesis

a-granules of plate-
lets

Influence on proliferation and differentiation of
mainly endothelium of vessels, but also stimulate
macrophages, stromal and glial cells and some
types of epithelium [43]
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YKUJUISL B MIIOCHITHUX TBapuH. PazoMm 3 TumM,
Nesikl BUEHI BKa3yloTh, IO HaAMIpHA J03a
PDGF moxe npurHiayBaTH MPOLECH IPOJi-
¢beparii kritun [30,41,45,47].

TGF-B (Transforming growth factor
beta) - Tpanchopmyrounii paktop pocry dera
BiZlirpae BaXJIMBY pPOJIb Y TPOLECI 3arO€HHS
VIIKOJIKEHOTO CYXOXKWJUIS, PEryaioloud Ha-
npsiMOK ~ mirpanii  ¢i6po06macTiB, MmpoIecH-
HEOBACKYJISIpU3allii Ta CEKpellii Mo3aKIIiTHH-
HOTo MaTpukcy, npokonareny tumy I i III. 3a
HOro MPUCYTHOCTI BIAOYBAETHCS 1HIYKITiS
excrpecii konareny | 1 Il TtumiB, mokpamry-
IOThCSl MEXAHIYHI BJIACTUBOCTI CYXOXHUJUIS Ta
MIPUCKOPIOETHCSL  TPOIIEC HOro  3arO€HHS.
KpiMm TOrO moBeneHo, 1o OJHOpPa30BE A0AA-
BanHs TGF- B nocratHe mis iHmyKuii Mirpa-
i Me3eHXIMaJIbHUX CTOBOYPOBHX KJIITHH Y
3ony ymkokeHHs. [is TGF- B Bupakaerbcst
Ha MOYaTKY MPOIIeCy pernapariii CyXoxXWuIs y
¢asi 3ananenss (Ha 4-7 AHIi), MiCIs 4Oro Ha
2- 4 TWKHI, TpU TMOYATKY HaBaHTAKCHHS,
Bene no 3HwkeHHs ekcrnpecii TGF. Ha 3a-
KIIIOYHUX eTamax pereHeparii CyXOKuus
TGF- B Moxxe Takox cripusiTi anonTosy ¢io-
POIUTIB, IO CIIOCTEPITaiocss B JOCHIIax Ha
nrypax, KOJW MpU YHIKOJKEHHI pOTaTOPHOI
MaHXETH Ha 8 TIKHI CIIOCTEPIranocs IiJIBU-
IICHHS eKcrpecii 1boro (akropy. 3 UM MO-
e OyTH TIOB’Si3aHA aKTHUBI3aIlisl MPOIIECIB
3amaJIeHHs B 1IeH Mepioj] MICIs YITKOHKEHHS.
[30o51b0Bane opgHOpazoBe 3actocyBaHHs TGF-
B migBUIIyE MEXaHIYHY MIIHICTh AXIIOBO-
ro CyXOXKHJIJIS IIIYPIB MICJIsST HOTO TpaBMaTH4-
HOTO YIIKOJ/DKEHHS, Y TOW 4ac, K JOJlaBaHHs
antutin 10 TGF- B n1ocTOBipHO 3HMKYE CHH-
Te3 KOJIareHy B 30H1 ymKokeHHa 10 30%.
JlocikeHHsT TMOKaszaiu, [0 3aCTOCYBaHHS
TGF- [ xapakTtepu3yeTbcsl 10303aTEKHUM
e(deKTOM BITHOCHO JI0 CUHTE3Y KOJareHy, ane
HaJMipHa /1032 HOro MPHU3BOAWTH A0 TOPY-
IIEHHSI CHIBBIAHOIIEHHS KOJAareHy MepIioro
Ta TPETHOTO TUMY B OiK 30UIBIIEHHS KUTBKOC-
Ti OCTaHHBOTO, IO BeAe a0 (opMyBaHHS

especially in  combination with IGF-1
and bFGF on the later stages of repair leads
to the formation of  functionally  more
full-fledged tendon in experimental ani-
mals.However, some scientists point out that
excessive dose of PDGF can inhibit cell pro-
liferation processes. [30,41,45,47]

TGF-B (Transforming growth factor
beta) plays an important role in the process
of damaged tendons healing by regulating
the direction of migration of fibroblasts, new
vascularization processes and secretion of
extracellular matrix, procollagen type | and
I11. In presence thereof induction of expres-
sion of collagen I and 111 occurs and the me-
chanical properties of the tendons and speed
of the healing process is improved. It is also
proved that single addition of TGF-f inducts
migration of stem cells into the area of dam-
age. Effect of TGF-p is expressed at the be-
ginning of the tendon repair process in phase
of inflammation (4-7 days), and later on 2rd-
4th weeks, at the beginning loading; and
leads to decrease in TFG expression. At fi-
nal stages of tendon regeneration, TGF-f
may also promote apoptosis of fibrocytes,
observed in experiments of rats, when in the
damaged rotator cuffs improvement of this
factor was observed at 8" week. This could
be connected with intensification of inflam-
mation processes in this period after inju-
ry. Isolated single use of TGF-B increases
the mechanical strength of rats” Achilles
tendon after traumatic injury thereof, while
adding the antibodies to TGF-B reliably re-
duces the synthesis of collagen in the zone
of damage in up to 30%. Studies have
shown that effect of TGF-f3 application de-
pends on dose thereof, although outstanding
dose thereof leads to disorders in inter-
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(G YHKIIOHAJIEHO HEMTOBHOI[IHHOTO CYXOKHJUIS
[11,32,33,48].VEGF (Vascular endothelial
growth factor ) - rpymna ¢aktopiB pocty Cy-
IUHHOTO €HAOTENII0 HeOOXIIHAa i1 HEeOoBac-
KyJIsIpu3aiii Ha MOYaTKOBIM CTajii 3aroe€HHs
CYXOXWJIUIA. Y HOPMI Ha Mi3HIX CTaJisfX 3aro-
€HHS CyJIUHHM 3HUKA€, B 1HAKIIOMY BHIIAJKy
HOTIPIIYIOTBCS MEXaHIYHI BJIACTHUBOCTI CY-
XOXKWJUIS BHACHIJIOK PYHHYBaHHS KOJIarcHy.
Hocmimkenn Y. HOU Ta Koyer mokasaju, o
nis VEGF xapakTepu3yeThcsi 10303aIeKHUM
eexToM, TIpH OMY 301IBIIYETHCS HEOBAC-
KyJIsipH3allisi 30HW yII-Ko/uKeHHs 3 1 g0 8
TH)KHIB Ticisg po3puBy. JlokanbHe BBEICHHS
B 30HY yumkokeHHss VEGF nokpaiye mexa-
HiYHI BJIACTUBOCTI CYXOXWUIS Ha MEpIIUN
TUXJICHb TICIS PO3PHBY, MPOTE HA APYTrUi
(pi3HUIA TIOPIBHSHO 3 KOHTPOJBHOIO TPY-
MOI0) Maike 3HUKA€E, a HAUIMIIOK (DaKTOpy
(0coOMMBO Ha MIi3HIX CTAisAX pernapaTUBHO-
BIJIHOBHOTO TIpoIlecy) Beae 10 (OpMYyBaHHS
(YHKII0HAJTbHO HEMOBHOILIIHHOTO CYXOXKUJLIS
Ta MOCUJICHHS JIeT€HEPaTUBHO-AUCTPODIUHUX
IpOIECiB Yepe3 pyHHYBaHHS KOJIAT€HOBHUX
BOJIOKOH, IIIO IIOB’sI3aH€e 13 30UIBIIIEHHSIM BMi-
CTy METaJIoNpoTe3a B 30HI PEMOJIETIOBAHHS.
V¥ 3B’s3ky 3 iuM, VEGF k0pcTKO KOHTpOIIIO-
€ThCSI MPOTATOM YCHOTO IMPOLIECY 3aro€HHS
cyxoxkmwuisa mia aiero TGF- . T. Pufe ta W.
Petersen y cBOIX IOCHIIKEHHSIX TOBEJH, IO
Ha T npurdiveHHs VEGF epocratunom y
¢da3i pemoAenOBaHHS, MOXHa JOCSITHYTH
KpaluX T[MOKa3HWKIB MEXaHIYHOi MIITHOCTI
Ccyxoxus [7].

FGF (Fibroblast growth factor) - ¢ak-
Topu pocty (ibpodnacrtiB. K. M. Chan ta C.
Fu mosenu, mo FGF ctmyitoe npomidepaitito
¢i06pobmacTiB Ta CHHETE3 MIKKIITHHHOTO
MaTpHuKcy, ocobnuBo konareny III tumy, mo
BaXJIMBO CaMe Ha PaHHIX eTamax 3aro€HHs. Y

nepmui TwKAeHb michs ymkopkeHas FGF

relation between the 1% and the 3" type to
decrease of the 3" type and leads to for-
mation of functionally disabled tendon [11,
32, 33, 48] excessive dose it leads to disrup-
tion ratio of VEGF (Vascular endothelial
growth factor) is necessary for the angio-
genesis at the initial stages of healing ten-
don. Normally on the later stages of blood
vessels healing, mechanical properties of
tendon worsen or even most valuable char-
acteristics thereof disappear due to destruc-
tion of collagen. Studies by Y. Hou et al.
showed that influence of VEGF is character-
ized by a dose-dependent effect, thus in-
creasing the damaged zone angiogenesis
during from 1 to 8 weeks after the rupture.
Local input of VEGF into the zone of dam-
age improves the mechanical properties of
the tendon on the first week after the rup-
ture, but at the second week the difference
(compared to the control group) almost dis-
appears and the excessive factor (especially
on the later stages of the reparative process)
leads to the formation of functionally disa-
bled tendon and strengthening of degenera-
tive-dystrophic processes due to collagen
fibres destruction associated with the in-
crease of metal device in the area of remod-
elling. In this regard, VEGF should be strict-
ly controlled throughout the complete pro-
cess of healing the tendon under the influ-
ence of TGF-B. T. Pufe and W. Petersen in
their research have proved that upon oppres-
sion of VEGF by endostatine in remodelling
phase, one can achieve the best indexes of
mechanical strength of the tendon. [7]
FGF (Fibroblast growth factor).
K. M. Chan and C. Fu have proved that FGF
stimulates proliferation of fibroblasts and
synthesis of intercellular matrix, especially of
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CTUMYJIIOE YTBOPEHHS METaJoNpoTe3a, Mo
OTIOCEPEIKOBAaHO Befie 0 (OopMyBaHHS J10/1a-
TKOBOTO TIPOCTOPY JUIsl HOBUX TEHOOJIACTIB Ta
TegouuriB. Came 3 UM II0B’s13aHE 301/1b-
IICHHSI KUIBKOCTI KIITUHHHMX €JIEMEHTIB Y
30HI YIIKOUKEHHS Ha MOYaTKOBHX (ha3ax
3aroeHHs. Lli KIITHHH yTBOPIOIOTH MIXKKJIi-
TuHHUK Matpukc. IlizHime y ¢a3i pemone-
JIIOBaHHS aKTUBHICTH (pakTopa cmajaae, a i
BruiiBoM TGF-B, skuit 3ymoBitoe amomnTo3
KJIITHH, CITIBBITHOIICHHS KJIITUH Ta MaTPUKCY
nounHae HopmamizyBatucsa. [is FGF, sx i
iHIIKX (aKTOPiB POCTY, XapaKTEPU3YETHCS
JI0303aJIEKHUM €(PEeKTOM, a HOro mepeno3y-
BaHHS BEJIE JI0 MOPYIICHHS CIiBBiIHOIICHHS
konareny I ta III TumiB 1 KJIITHHHUX eleMEH-
TiB y OIK 3MeHIIEHHS KojareHy | Tumy Ta
dbopmyBaHHS (YHKIIIOHAJIbHO HEMOBHOI[IH-
Horo cyxoxmuisi. Kobayashi D nmpu moci-
mxeHH1 13omp0BaHoil 1ii FGF Ha ymkomkeny
MEePEAHIO XPECTOMOMIOHY 3B’S3KY BIJIMITHB
HeraTuBHUM edekT ¢akTopa B pa3i MpOIOB-
KEHHs i1 1poro (akropa micis 3-ro THXKHS
micis ymkomkeHHs [9,10].

IGF-1 (Insulin growth factor) a6o iHCy-
JiHONOMIOHMH (DaKTOp POCTY MEPIIOrO THUITY
BILUIMBA€E Ha PEMapaTHBHO-BITHOBHI MPOIIECH,
SIK O€3IMM0CePETHHO CTUMYITIOIOUN MITparlito Ta
nposidepariro ¢GpidpoOIacTiB Ha paHHIX CTa-
TisX BIAHOBIIEHHS, TaK 1 PETYyTIOIOYH IO
iHImMX (akropiB pocry. R. James Big3HauuB,
mo IGF-1 moxe OyTu mpuUCYTHIH y BUIIISI
HEaKTHUBHOTO OiNKa-monepeHrKa B HOpMa-
JBHUX CYXOXKWJUISIX, alie MICHsl TPaBMH, ITiJI
BIUTUBOM (pEPMEHTIB BiOYyBa€ThCS MOTO aK-
tuBanis. IlizHime, y a3l pemoaentoBaHHs,
IGF -1 mo3o3amexHO CTUMYIIOE€ CHHTE3 KO-
JIareHy W 1HIIMX KOMIOHEHTIB MO3aKIITHHHO-
ro matpukcy. Kurtz CA BUBHYa04M 130J1b0Ba-
Hy nito pekomOininTHoro IGF-1 mpu TpaBma-
TUYHOMY YIIKO/DKEHHI AXUIJIOBOTO CyXO-
KWIISL TIypiB MTOKa3as, M0 Yepe3 24 ToauHI

collagen type 11 that is important on the ear-
ly stages of healing. During the first week
after injury, FGF is stimulated by metal
prosthesis, and this leads indirectly to creat-
ing additional space for new tenoblasts and
tenocytes. Increase of cellular elements in
the area of damage during the initial phases
of healing in connected with this fact. These
cells form its exterior matrix. Later, during
remodelling stage activity of this factor de-
creases and under the influence of TGF-B,
which defines apoptosis of the cells, the ra-
tio of cells and matrix begins to normal-
ize. Effect of FGF as well as of other growth
factors is dose-dependent, and overdose
leads to violation of parity between collagen
of I and Il types and cellular elements,
mainly to decrease of | type collagen, thus
forming functionally disabled tendon. Ko-
bayashi D., studying insulated influence of
the FGF on the damaged anterior cruciate
ligament noted the negative effect of this
factor in case of its continued influence after
the 3rd week after damage. [9,10]

IGF-1 (Insulin growth factor) or in-
sulin-like growth factor of the first type of
effect on the reparative-regenerative pro-
cesses, directly stimulating the migration
and proliferation of fibroblasts on the early
stages of recovery and regulating the action
of other growth factors. R. James noted that
IGF-1 can be presented in form of an inac-
tive predecessor of protein in normal ten-
dons, but after an injury, under the influence
of enzymes it is activated. Later in remodel-
ling phase dose-dependent IGF-1 stimulates
the synthesis of collagen and other compo-
nents of the extracellular matrix. Kurtz CA,
studying activity of IGF-1 in traumatic dam-
age of the Achilles tendon of rats showed
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Micysl BBEICHHs ()aKTOpy B 30HY IBa (PyHK-
IIOHATBHUHN 1HIEKC AXIJUIOBOTO CYXOXKHJUIS
OCHOBHOI Ipyn# OyB BHILUM, HI)X y KOHTpO-
JBHOI, 1 L mepeBara 30epiraiacs IpoTIroM
yChOTO TEpioay AOCHiIKEHHS Ha MpoTs3i 15
nHiB. Letson AK Takox mpoBOIWB JOCTiA-
KEHHS Ha IIypax 13 YIIKO/DKEHHS MeJlialbHO-
iKonaTepaJibHOT 3B’S3KM Ta 3aCTOCOBYBAB
BBEJICHHS B 30HY po3puBY ( 0€3 BiAHOBJICHHS
3B’s13km) cymimn IGF-1ta FGF. Ilicnst BuBe-
JICHHS TBApUH 3 €KCIEPUMEHTY Ha 12 JeHb B
OCHOBHIM TpyIi MiIHICTh MEIiabHOI KoOJa-
TepalbHOI 3B A3KH Oyna BUIIOK0 Ha 58%, HIX
y JOCHiHUX IIypiB, [0 HE OTPUMYBAIU Bij-
noBigHuX (akTopis pocry [1,13,31].

Takum yuHOM, PaKTOPH POCTY MOXKHA
YMOBHO TOJUIMTH Ha Ti, [0 MAalOTh INepeBa-
JKHO CTUMYJTIOIOUHMHA €(DEeKT Ha MPOIECH Mir-
parii, mpomidepartii Ta tudepenmiarnii KITHH
Ta CHUHTE3y MDKKIITHHHOTO  MAaTpUKCY
(VEGF, TGF-B, FGF) ta Ti, 10 BOJOIIIOThH
MEPEBAKHO PETYIIOIYOI0 JI€I0 Ha iHII (ak-
topu pocty (IGF-1 Tta PDGF). Hdis nepmux
SICKPaBO TPOSIBISIETHCS TMOCHICHHSIM Ta TIPH-
IIBUIICHHSM TPOIECIB  pereHepaiii mpu
JOCJTIJDKEHHSX, TMPOBEACHUX In VIivo Ta in
vitro. I[Ipu nboMy, pu JOCIIHKEHHAX 1N Vitro
B pa3i mepeno3yBaHHS ab0 3acTOCYyBaHHS Ha
Mi3HIX CTafisfX, BIAMIYAETHCS TOPYIICHHS
OanaHcy mnpoueciB mpodideparii Ta CUHTE3Y
MDKKJIITUHHOTO MaTpPUKCY, 10 TPU3BOAHUTH
10 (opMyBaHHS (YHKIIOHAJIBHO HEMOBHO-
miHHOTO CcyXxoxwmuia. Jlis ¢dakTopiB pocty
JIpyroi TPymu MEHII BUPa)KE€HA,0COOJIUBO in
vivo. BOHM HecyTT€BO NPHUIIBUAIIYIOTH aK-
THUBHICTh TNpOoMipepaTHBHO-BIAHOBHUX IIPO-
[ECiB, alleé eKCIEePUMEHTH in Vitro TOBOISATH
X 3aTHICTH ONTUMI3yBaTH Ta HOpMaJlizyaBa-
TH TIPOIIECH peraparii, HUIIXOM IPUTHIYEHHS
npoideparii KIITHH Ha CTaAil peMoIeoBa-
HHS Ta HOPMAaJIi3yIO4H CITIBBIJHOIICHHS KO-
nareny I ta III Tumis [1, 11,13,31,41].

that 24 hours after the introduction of the
suture zone, functional index of Achilles
tendon in the first group was higher com-
pared to control one, and this advantage re-
mained throughout the complete period of
study, during 15 days. Letson A. K. also
conducted studies on rats with damaged me-
dial collateral ligament and applied into the
area of the rupture (without restoring ties)
the mixture of IGF-1 and FGF. After the an-
imal removal from experiment, on the 12th
day in the main group strength of medial
collateral ligament was 58% higher com-
pared to experimental rats that did not re-
ceive appropriate growth factors. [1,13,31]

Thus growth factors can be divided
into those that have mostly stimulating ef-
fect on migration processes, proliferation
and differentiation of cells and the synthesis
of intercellular matrix (VEGF, TGF-B, FGF)
and those that have a predominantly regula-
tive effect on other growth factors (IGF-1
and PDGF). Activity of the first ones is viv-
idly reflected by increased and fastened re-
generation processes in studies conducted
in vivo and in vitro. At that in case of in
vitro studies in case of overdose at the latest
stages one could observe disorders in prolif-
eration and intercellular matrix synthesis,
which leads to the formation of functionally
disabled tendon. Influence of growth factors
from the second group is less evident, par-
ticularly in vivo. They inessentially fasten
the activity of proliferative-reducing pro-
cesses, but experiments in vitro prove their
ability to optimize and normalize the pro-
cesses of healing by inhibition of prolifera-
tion of cells at the stage of remodeling and
normalize the ratio of collagen of I and Il
types. [1, 11,13,31,41]
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O1xe, onTUMAJIBLHUM 1 OOTPYHTOBAaHUM
MOXHa BBa)KaTH 3aCTOCYBaHHS KoMOiHarlii
(hakTOpiB pOCTY B IEBHOMY CITiBB1THOIIIEHHI -
TaK 3BaHUMN «CYIOBUM Habipy», a HaWKpanum
BBOKAETHCS  3aCTOCYBaHHS  ayTOJOTIYHHX
(bakTOpiB POCTY, IXKEPEIOM SKUX B OpTraHi3Mi
€ ayTOJIOT14HI TPOMOOIMTH Ta Ija3Ma KpOBi
narienrta. [Ipu nentpudyryBanHi Kposi Bif-
OyBa€eThCsl PO3IiICHHS KpOBI Ha ¢pakiii Ta
OC1TaHHS TPOMOOIUTIB y TuIa3mi. TakuM 4u-
HOM, Y IJIa3Mi 3pOCTa€ KOHIIEHTpAIlis TPOM-
OOLIMTIB, IO BIAMOBIAHO 30UIBIIYE KOHIIEHT-
pamito (akTopiB pocTy, AKi MICTATbCA B O-
rpanynax TpomOouutiB. Ilpu npomy He mo-
pyuIyeTbes OanaHc i CIiBBiTHOLICHHS (PaKTO-
piB pOCTy, a J03yBaHHS MOXE PETYIIOBATHCS
BUKOPUCTaHHAM Pi3HOI KOHIEHTpamii TpoM-
oonwutiB [14]. Takum yrHOM, 36aradeHa Tpo-
MOoruTamu 1utazma (3TIT) mictuTh 3061nbIIe-
HY KOHIICHTPAIlIF0 TPOMOOITUTIB IMOPIBHSHO 3
KOHIICHTpAIIi€I0 1X y KpoBi [14].

Kniniune Bukopuctanns 3TII mounna-
€Tbcst 3 Apyroi momoBuHu 90-x pokiB XX
CTONITTS, KOJIM B CTOMATOJOTii, Xipyprii Ta
o(ranpMoIIOrii MUPOKO PO3MOYAIUCS TOCHTi-
mxeHHs1 BBy 3TII Ha 3aroeHHs «mpoobiie-
MHO» 32)KMBalOYUX paH Ta Bupa3ok. Lli moc-
JDKEHHSI TI0Ka3ajy, M0 T'ellb, MPUTOTOBIIE-
HUW TP 3TOPTaHHI TUIa3MH, B SKIA KOHIICHT-
pariss TpomMOoruTiB Bume | muH. Ha 1 M
IUTa3MH, JIOCTOBIPHO JI03BOJISIE OKPAIIUTH
3aro€HHs paH Ta BUPA30K Yy Micisoneparii-
HOMY niepioi [14].

Buxopucranns 3TII B TpaBMarosorii Ta
opromeAii posmoyanocs 3 JocuipkeHb E.
Anitua, skuii Briepiie 3acTocyBaB ii B Ipyii
MaIi€HTIB 13 XPOHIYHUM CMIKOHIUTITOM, IO
TPUBAJIO 1 OE3pe3yNbTaTHO JIKYBaJIUCS Tpa-
TUIIAHIME ~ METOJaMU  KOHCEPBATUBHOTO
JKyBaHHS. ABTOp BIIEpILE MOKa3aB e(eKTu-
BHICTh JIaHOTO METOJY NIpHU JETeHEPaTUBHO-

IUCTPO(DIYHUX YIIKOKEHHSIX CYXOXKHIIKIB

So, a combination of growth factors
in a certain ratio-the so-called "soup set"”
could be considered the best and most effec-
tive, and the best is use of autologous
growth factors, the source thereof in the
body are authologous platelets and blood
plasma of the patient. Thus, concentration of
platelets increases in blood plasma, and con-
sequently increases growth factors concen-
tration contained in a-granules of platelets.
At that the balance and ratio of growth fac-
tors is not violated, and the dosage can be
adjusted using different concentrations of
platelets. [14] Thus, platelet-rich plasma
(PRP) contains a larger concentration of
platelets compared to their concentration in
the blood. [14]

Clinical use of PRP starts from the
second half of the 90-th of the XX century,
when experts in dentistry, surgery and oph-
thalmology began to study widely the influ-
ence of PRP on healing "problem™ wounds
and ulcers. These studies have shown that
the gelm, prepared with the closing of the
plasma, in which the platelet concentration
is above 1 million per 1 ml of plasma, al-
lows to improve healing of wounds and ul-
cers in the postoperative period. [14]

Use PRP in orthopedics and trauma-
tology began with the research E . Anitu,
who was the first to apply it in the group of
patients with chronic epicondylitis, whose
treatment by traditional methods of con-
servative treatment was continious and inef-
fective. The author for the first to show the
efficiency of this method in degenerative-
dystrophic ligaments damages [3]. Accord-
ing to Peter A.M. Everts, over 1000 articles
have been published as of the year 2013, and
the number of notification about positive



ﬁd THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2015 Ne 2 (2)

67

[3]. 3rigno manux Peter A.M. Everts na 2013

pik omybsikoBaHo moHas 1000 crareit Ta mo-
BIJIOMJICHB Ha IIF0 TeMY, aje KUIbKICTh IOBI-
JTOMJIEHb, UIO0 BKa3ylOThb Ha TIO3UTUBHUMN
edexT Bix 3acrocyBanHsa 3TII HaOmmkaeTbes
0 KUTHKOCTI MOBIJJOMJIEHB, 1110 CBiAYaTh MPO
OTpUMaHI HeraTuBHI pe3ynbraTh. Lle moxe-
OyTH TIOB’SI3aHO HE JUIIE 3 TOPYIICHHSIM
texHosoriii BurotosneHds 3TII, ane 1 3 pi3-
HuMm ckiagom 3TII, mo 3actocoByBaBca B
PI3HUX KIIHIYHUX JOCITIHKEHHAX [34].

E. Anitua na dpopymi AAOS, mipucss-
yeHoMy nuTaHHIo 3actocyBaHHs 3TII B Tpa-
BMATOJIOTii Ta opTomnenii BiA3HAYUB, IO «HE
Bci 3TII ogHakoBO KOpUCHI» 1 Te, IO € OI-
TUMAJIBHHUM JUIS OJTHI€T TIAaTONOTiT MOXe OyTH
HaBITh MIKIJIMBUM B IHIIOMY BUIAAKY [3].

Cnouarky st orpumanis 3TII Buko-
PUCTOBYBaJMCS  METOAMKH  OJHO(]A3HOTO
HEeHTpU(YTYyBaHHSI Ta MEXaHIYHOTO 3a0opy
HEOOXITHOTO Mapy IIa3MH Ticas ii po3mi-
JeHHsS Ha mmapu. Taki MeTOAM TO3BOJISUIN
OTPpUMATH HEBUCOKY — MaKCUMaJbHO B 3,5
pa3u BUILY KOHIICHTPAILlil0 TOPIBHIHO 3 BUXi-
THOI. BuKopucTaHHS aHTUKOATYJSHTIB, IO
3MIHIOIOTh Oy(epHICTh KpPOBI Ta, TAKUM YH-
HOM, TIOTIEPEIKYIOTh aKTHUBAIII0 TPOMOOIIN-
TIB Ta YTBOPEHHS 3TOPTKIB, JTI0O3BOJIUJIO TIe-
pedtu 10 ABOX(a3zHOro i OUIBII TPUBAIOTO
HEHTPU(YTyBaHHS Ta OUIBII €PEeKTUBHO KOH-
[EHTPYBaTH TPOMOOIIUTH, a BUKOPHUCTAHHS
cremiagi3oBaHuX  KOMIUIEKTIB  JTO3BOJIAIIO
JMOCATHYTH KOHIIEHTpaIlii TPOMOOIUTIB, IO
Oinpire, HIX y 8 pasiB, mepeBakae 0a3oBy.
CyyacHl X KOMIT'IOTEPHU30BaHI CHCTEMH 3
BapiabeIbHICTIO TTPOTpaM J03BOJISIOTh OTPH-
MaTH 3MIHHY KOHIICHTPAIIII0 TPOMOOITUTIB Ta
BapilOBaTH BMICT JICHKOITUTApHOI (pakiii B
3TII[14, 8].

His 3TII mampsMy 3aiexuth Big ii
CKJIay Ta criocoOy BBe/eHHS. 3MiHA KOHIICH-
Tpauii TpOMOOLMTIB, HAsBHICTh YU BIACYT-
HICTh (pakiii JIEHKOIMTIB, HASIBHICTh YH

results is approaching the number of notifi-
cation about negative ones. It could be con-
nected not only with the cases of violating
technologies of PRP production, but also
with different composition of the PRP ap-
plied in different clinical studies. [34].
E. Anitua on AAOS Forum, devoted to PRP
application in traumatology and orthopae-
dics noted that "not all PRP are equally use-
ful” and what optimal for one pathology
may even be harmful otherwise. [3]
Originally to obtain single-phase PRP
centrifuge techniques and mechanical sam-
pling of necessary layer of plasma after the
separation of the layers were applied. These
methods allowed receiving quite low concen-
tration - maximum in 3.5 higher compared to
the original one. Use of anticoagulants,
changing PH of blood and thus preventing the
activation of platelets and formation of
thrombs allowed to go to the two phases and
longer centrifuging and more effectively con-
centration of platelets; and use of specialized
Kits allowed achieving concentration of plate-
lets, which is in more than 8 times higher
than the original one. Modern computerized
system with variability of programs allows
getting variable concentration of platelets,
and varies the contents of the leucocytes fac-
tion in the PRP. [14, 8].

Activity of PRP depends on its com-
position and method of inputting. Changing
the concentration of platelets, the presence
or absence of a fraction of leukocytes, the
presence or absence of an activator essen-
tially reverses the effect of PRP application.
Nowadays over 50 different methods of PRP
production are developed and applied, dif-
ferent in PRP content, and this in turn allows

comparing theresults of treatment of the
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BIICYTHICTh aKTHBAaTOpa CYTTEBO 3MIHIOE
edexTBin 3acrocyBanus 3TI1.

Ha meit gac po3po0sieHO Ta 3aCTOCOBY-
€Thes OLmbie 50 pi3HUX METOJIMK OTPUMAHHS
3TII, ski XapakTepU3ylOTbCS 3HAYHUM Pi3-
HoMaHITTsM cknany 3TII, mo, y cBoto uepry,
HE Jla€ 3MOTy TOpPIBHATHU pe3yJbTaTH JIKY-
BaHHS XBOPHUX 1 OJ[HI€I0 MATOJIOTI€I0 TPU BH-
KopucTaHHi pi3HuX 3a ckinaaoM 3TTI, ockimb-
KH II€ BCE PIBHO, IO MOPIBHIOBATH 1 A0JyKa, 1
arneasCHHH, 1 6aHanu [3].

[Tepmra cripo6a kimacudikarii mpoTOKO-
niB orpumanss 3TII Oyna 3pobnena David
M. Dohan Ehrenfest y 2009 poui. 3rigHo
fioro kiacudikarii 6yno BuaizgeHa yucra (0e3
neiikonuriB) 3TII (P-PRP) Ta neiikouurap-
Ha 3TII (L-PRP), a Takox 36aradueHuii TpoM-
oouutamu GiOpUH, KWK, B CBOIO Yepry, Io-
TISBCS HA YMCTUW Ta JICHKOIUTApHHUI pure
pialetet- rich fibrin (P- PRF) Ta leucocyte and
platelet-rich fibrin (L-PRF). Lls knacudikarris
703BOJIsIE Kiacu(ikyBaTH, MepiI 3a BCe, 0COo-
ONMMBOCTI TEXHOJOril Ta MPOTOKOJIIB OTPH-
MaHHs, ajle He KUJIbKICHUM Ta SKICHHI CKJIa
3TII (ta6. 1.3) [15].

[Tounnaroun 3 2011 3HaunHy yBary ¢a-
X1BIIIB IPUBEPHYJIN POOOTH, 110 CTOCYBAIHCS
nutanb kmacudikamii 3TII. Hainpocrtima 3
Hux 3anpononoBaHa A.Mishra B 2011 porri.
Bona Bkitouae B ceOe MOKa3HUKU KOHIICHT-
parii TpoMOOIUTIB, (Ppakiii JTEHKOIUTIB Ta
3aCTOCYBaHHs akTUBATOPIB — (Tad. 1.4) [36].
Posmmpena knacudikauis 3TII Oyna 3anpo-
nonoBana Jeffrey M. DeLong B 2012 pormi
(puc. 1). OcTaHHs BKJIIOYA€E CTYIMIHb KOHIICH-
Tpamii TpoMOouMTiB, IudepeHIitoe HasB-
HICTh HEUTpodiNiB y ppakuii neikouuTis. Lle
OB’ S13aHO 3 THM, [0 TIPOTEONITHYHI pepme-
HTU HEUTPO(DUIIB MOXKYTh MaTH YIIKOJKYIO-
9y Jif0 Ha KITHHA Ta MUKKITITHHHHA Mart-
PHUKC Y 30HI1 YIIKO)KEHHS, II0 MOXXE TOrip-
myBaTH €(QEKTHBHICTh TEPArieBTUYHOTO 3a-
crocyBanns 3TII [14].

patients with similar pathology by applica-
tion of different combinations of PRP, be-
cause it will be the same as comparison of
apples, oranges and bananas. [3].

The first attempt to classify protocols
of PRP production was made by Da-
vid M. Dohan Ehrenfest in 2009. This clas-
sification distinguished pure (without blood)
PRP and leucocytes-and-PRP, as well as
platelets rich fibrin, also subdivided into
pure and platelet-and-leucocytes rich fibrin.
This classification allows classifying, first of
all, peculiarities of technologies and proto-
cols of production thereof, but not qualita-
tive and quantitative characteristics. (table
1.3) [15] Table 1.3

Beginning from the year 2011, con-
siderable attention has been attracted to the
researches devoted to the matters of PRP
classification. The simplest of them was of-
fered by A.Mishra in 2011. It includes indi-
cators of platelets concentration, the fraction
of white blood cells and application of acti-
vators (table 1.4). [36]

Extended classification of PRP was
proposed by Jeffrey M. DelLong in 2012.
The last mentioned include the extent of
concentration of platelets, differentiates the
presence of neutrophils in white blood cells’
fraction. It is due to the fact that proteolysis
ferments of neutrophils could damage cells
and intercell matrix that could impair the ef-
fectiveness of the therapeutic application of
PRP. [14]

According to the provided classifica-
tion, concentration of platelets may be low,
moderate, high and very high:

Low concentration of platelets (P1):
less than 1 x of the basic level of platelets
cannot provide sufficient cell response.
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Taomums 1.3
Knacudikamist mpotokosnis orpumanns 3TIT 3a Dohan Ehrenfest D. M. 2009 [0]
KirouoBuit CybmapameTtp Busnauenns
napameTp
A Butpathi Al Bara ta po3mip Baxxa ta rpomisika

KOMIIJICKTH Ta

HeHTpudyru HeooXi -

Jlerxka KoMITakTHA

TH Ta JIEUKO-

KPOBI y BiJTHOIIICHHI JI0

HEHTPUPYTH | HUH JUIT METOAUKH Baxka , aie MOXITMBE BUKOPUCTAHHS allbTep-
HATHBHHUX JIETIIIHX CHCTEM
A2 Tpusanicts npoue- | [lIBunka ( menmie 20 xB)
nypu ( Big 3a6opy kpo- | Tpusana ( 20-60 xB)
Bi J10 BBE/ICHHS) Jyxe TpuBana ( 6ibine 1 roauHm)
A3 Bapricts (3aransHa | Hagnemesa ( MeHie 5 €Bpo)
BapTICTh MpUJIAIY Ta Hemera ( 5-50 eBpo)
OJTHOPA30BHUX KOMIUICK- | BapTicHa ( BapTicTh OJHOPA30BOTO KOMILIEK-
TiB) Ty nopoxue 50 €Bpo)
A4 EproHomiuHicTh Hyxe mpocra (++)
BUKOHaHHs npouenypu | IIpocra (+)
Cknamna (*)
Hanckmanna (*)
B tpombonm- | Bl kiHneBuit 06’em Benukuii — Ginbie 25% BiJ KITBKOCTI KPOBI

Manuii — menmie 25%

PUHOTEHY 1 IIUTBHICTD
¢bidpuny

LIUTH 3a0paHOTO MaTepiary Moske 3MiHIOBaTHCS
B2 edexTuBHicTh KOH- | Bimminnaa — Bume 80%
neHTpauii Tpombouutis | JToopa 40-80%
B3 edexruBHicTh KOH- | Huspka — menme 40%
[EHTpaIlii JeHKOLTIB BapiabenbHa — iHKOIIM HEBigoMa
be3 nelkonuTiB — AKIO METO JO3BOJISE BU-
KJIFOUUTH JIEHKOIIUTH 3 KIHIIEBOTO MPOIYKTY
B4 36epexxenns tpom- | Heymkomkeni
OOIIMTIB 1 JIEHKOIINTIB VimkomKeni
Hesimomo
AKTHBOBaHI — y pasi, AKIIO KoaryJsiiis Ha-
CTYTIA€ TIiJ1 Yac MeHTPUPYTyBaHHS
C ®i6pun C1 Konnenrparist ¢i6- | Bucoka miiapHICTh

Husbka ninbpHICTh

C2 Tumn monimepu3artii
bi6puny

CunpHuil, B OCHOBHOMY 3 TPUMOJIEKYJISIPHU-
MU 200 pPIBHOCTOPOHHIMH TIEPEX0AaMHu

Crnabkwii, B OCHOBHOMY 3 TETPAMOJIEKYIISP-
HUMH 200 TBOCTOPOHHIMH TIEPEX0AaMHU
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Table 1.3

Classification protocols of PRP production by Dohan Ehrenfest D. M. 2009 [15]

The key Sub-parameters The definition of
parameter
A. Consum- [ Al the weight and size of | Heavy and cumbersome
able kits the centrifuges required Lightweight compact
and centri- | for the method Heavy, but it is possible to use alternative
fuges lighter container systems
AZ2 duration of procedure | Fast (less than 20 min.)
(from blood sampling to | Long-term (20-60 min.)
insertion) Very long (over 1 hour)
A3 cost (the total cost of | Very cheap(less than 5 euro)
the device and disposable | Cheap (5-50 EUR)
kits) Cost (the cost of a single set of expensive 50
euros)
A4 Ergonomics of proce- | Very simple (+ +)
dure Simple (+)
Complex(*)
Very complex(*)
B platelets B1 final volume of blood | Big — more than 25% of the amount of blood
and white in relation to the enclosed | Small — less than 25%
blood cells | material May vary
B2 efficiency of platelets | Excellent — above 80%
concentration A good 40-80%
B3 efficiency of leuko- Low — less than 40%
cyte concentration sometimes unknown
No white blood cells — if the method allows to
exclude the assessment "of the final product
B4 preservation of plate- | Undamaged
lets and leukocytes Damaged
Unknown
Enabled — if coagulation occurs during centri-
fuging
C Fibrin C1 the concentration of High density
fibrinogen and fibrin den- | Low density
sity
C2 type of fibrin Strong
polymerization Weak, mostly from bilateral transitions




ﬁd THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS 2015 Ne 2 (2) 71

Tabmanis 1.4
Knacudikaris 3TTI 3a A.Mishra 2011[36]

KinpKicTh JIEHKOLINTIB 3acTocyBaHHsI aKTHBATOPIB
Tumo 1 [TinBuIIeHa TOPIBHSHO 3 KPOB 10 Hi
Tumo 2 [TinBuIIeHa TOPIBHSHO 3 KPOB 10 Tak
Tum 3 MiniManpHa a00 BIICYTHS Hi
Tum 4 MinimasibHa a00 BIJCYTHS Tak

A KOHIIEHTpaIlisi TPOMOOLUTIB Y 5 pa3iB BHIIA MOPIBHIHO 3 KPOB’IO

B: xoH1eHTpartist TpoMOOIMTIB BHINIA, MEHIIT HIXK Y 5 pa3iB MOPIBHSIHO 3 KPOB'10

Table 1.4
PRP classification by A. Mishra 2011[36]
The number of white blood cells Application of activators
Type 1 Increased compared with the blood No
Type 2 Increased compared with the blood Yes
Type 3 Minimal or no No
Type 4 Minimal or no Yes

And: the concentration of platelets in 5 times higher compared with blood

In: the concentration of platelets is higher for less than 5 times in comparison with the
blood

3rigHo HaBeneHoi Kinacudikaiii, KOH-
IEHTpaIlis TPOMOOIIUTIB MOXE€ OyTH HH3b-
KOI0, TIOMIPHOIO, BHCOKOK 1 HaJ3BUYAHHO
BUCOKOIO  (cymepkoHueHTpauis):  Husbka
KOHYyeHmpayis mpomboyumis (P1): Menmel-
X 0a30BOro piBHSI TPOMOO-IIUTIB HE MOXKE
3a0€3MeYNTH JOCTATHIO KJIITHHHY BiAMOBIIb.
Yacto meill TMI BUKOPUCTOBYETHCS B SIKOCTI
KOHTPOJIO OiHOI TpoMOOLMTaMH IUTa3MH 1
1oKa3aB He3HaYHy epekTuBHICTH [14].

Ilomipna ronyewmpayis mpomodoyu-
mie (P2). (0impm 1-x , ame MeHI HiK 4-X),
(6impmre 6azoBoro a0 750000 TpomMOOIUTIB).
bimbmicte MeTOmUK TEeHTpUGYTYBaHHS J0-
3BOJIAFOTH OTPUMATH KOHIICHTPAIIII0 TPOMOO-
[UTIB, MO JAOpiBHIOE abo MeHe, HiX 750
000 TpomOoumTiB. Halibinbia KiTbKICTh KITi-
HIYHUX JOCIIKEHb MTPOBEJICHA caMe 3 TaKUM
piBHeM TpomOoruTiB. M. Sanches Ta kosieru
B 2007 pori BBOIWIN €K30T€HHOAKTHBOBA-
Huii PRP 3 3-kpaTHOIO KOHIEHTpalii Tpom-
OOIUTIB y 30HY HIBa AXIJUIOBOTO CYXOXKUJUIS
moauHU. BOoHU BUSBUIIN 3HAYHE MOJIMIIECHHS

This type is very often used as a control of
plasma poor in platelets and demonstrates
low efficiency [14].

Moderate concentration of platelets
(P2) (over 1x, but less than 4x), (exceeding
the basic base to 750,000 platelets). Most
centrifuging methods allow reaching con-
centration of platelets equal to less than
750 000 units. The majority of cell studies
have been conducted using this level of
platelets. Sanches et al. in 2007 applied PRP
3-multiple platelet concentration in human
Achilles tendon suture zone. They observed
significant improvement and earlier return to
sport activities compred to the control group
patients. Another study showed that similar
composition of PRP improves the processes
of ligamentisation of tendon graft during an-
terior cruciate ligament plastics, and histo-
logic  research through 6 and 24 months
showed improvement in connective tissue
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3TII "PAW" xnacudikamiitHa cuctema

Puc

1.

Jeffrey M. DeLong B 2012 [14]

Pic.
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PRP “PAW?” classification by Jeffrey M. DeLong in 2012
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1 paHillle TOBEPHEHHS JI0 CIIOPTUBHUX HABaH-
Ta)X€Hb, Y TIOPIBHSIHHI 3 TAIlIEHTAMHA KOHTPO-
JbHOI rpynu. [HIIE AOCHITKEHHS IMOKa3alo,
aHasoriyHa 3a ckinagom 3TII mokparnrye mpo-
[IeCH JIiraMEHTH3allll TpaHCIUIaHTaTa CyXo-
JKUJUISL TiJ] 4ac MJIACTUKH MepeaHbOi XpecTo-
momiOHOI 3B'SI3KM, a TICTOJOTIYHI JOCHI-
JOKEHHS yepe3 6 Ta 24 MicsIll oKa3aIn MOK-
pAalleHHS PEeMOICIIOBAHHS CIIOIYYHOT TKaHU-
HU B TOPIBHSIHHI 3 HEOOPOOJICHUMHU TPAHCII-
nantaramu Sanchez M, Anitua E, 2010 [14].
Graziani F. Ta itoro rpyna B 2007 pori goc-
nmimkxyroun BrumB 3TI1 pisHOiKoHIIEHTpAITiT (
B 2,5, 3,5 Ta 4,5 pa3u Buie nmopiBHsIHO 3 0a-
30BOI0) JOBENIM , 110  KOHIEHTpAIis
550 000TpoMOoTMTIB/MIT  HaleEeKTHBHIIIE
BIUTMBAaE Ha mpouidepartiito GidpodmacTiB Ta
ocreobnacTiB [23]. Ane oTpuMaHi pe3ynbTa-
TH 1N VIVO HOCIIDKEHb HE TO3BOJIIIOTH OLli-
HUTH BIUIMB YCHOTO KOMIUIEKCY (haKkTOpiB
pOCTy, TaK SIK BUKJIIOYalOTh BIUIMB aHTiOTeHe-
3y Ta MOBHOIIHHICTh CHHTE3Y MIKKJIITHHHOTO
MaTpPUKCY, TOMY MOBHOIIIHHO HE MOXYTb Iie-
PEHOCUTHCS HA KIIHIYHI JOCTIKEHHS.

Bucoxa konyemmpayis mpomboyumis
(P3): (Bim 4-X mo 6-x), (> 750000 mo
1800000 TpombGonutiB / mi). Kinbkicts mpo-
BeneHux 3 takuMm 3TII gocmimkeHb, 3HAYHO
MEHIIIA, OCKIJIBKH JIJI1 OTHMAaHHS BiAmoOBigHOT
KOHIICHTpALli, K MpaBUiIo, MOTpiOHE crieria-
mizoBane oOmagHaHHsA. Weibrich G (2004)
JOCIIJDKYIOYH BIUIMB Pi3HOI KOHIEHTpaii
3TII Ha 3aroeHHs nedeKTy KICTOK Yy KpOJIB
JIOBIB, II0 ONTHMAJBHOIO JAJs Tepe0yaoBH
TpaHCIUIaHTaTa € KOHIIEHTpallis B 5-6 pasiB
Hik 0a30Ba, y TOW 4yac sIK HU3bKa KOHIIEHTpa-
11151 Maii>ke He BIIMBAIa Ha MPOILIECH peMojie-
JIOBaHHSA, a HaATO BUCOKa ( moHan 9 pasi
BUIIIC BHXIJHOTO PIBHS) MOXE 3I1HMCHIOBATH
napajoKCanbHUN, TOOTO iHTIOyIOUMi BIUIUB
[51]. Giusti I (2009) mopiBHIOIOYH if0 Pi3-
Hux koHueHtpaniii 3TII Ha enmoTemanbHI
KJIITHHU JIOBiB, IO OiJBII BHCOKA KOHIIEHT-
pamist TpoMOOUHMTIB (MakCHMajJbHOIO Oyia
1500000/mut) 3ymoBIIOE Kpamty mposmidepa-
IO CHAOTETIAIbHUX KIIITHH in vivo [24].

VY nocnimax Per Aspenberg (2012) na
296 mypax, 13 MeXaHIYHUM YIIKOJKCHHIM

remodeling compared to raw trans-
plants Sanchez M, Anitua E, 2010. [14]

Graziani Fand and his group in 2007,
exploring the influence of different concen-
trations of PRP (2.5, 3.5, and 4.5 times
higher compared to basic) prooved that the
concentration of 550 000 plateletes/ml af-
fects the most efficiently on proliferation of
fibroblasts and osteoblasts. [23] But the re-
sults obtained in vivo do not allow us to as-
sess the influence of the entire set of growth
factors as well as to eliminate the effect of
angiogenesis and the adequacy of the syn-
thesis of intercellular matrix, so completely
may not be carried on clinical research.

The high concentration of platelets
(P3): (from 4x to 6x), (> 750 000 to
1,800,000 platelets/ml) number of the fol-
lowing PRP research, much less, as more
appropriate concentration usually requires
specialized equipment. Weibrich G (2004)
exploring the effects of different concentra-
tions of PRP on the healing of bone defect in
rabbits proved that the optimal adjustment
for graft is the concentration in 5-6 times
than the base, while the low concentration of
almost no influence on the processes of re-
modeling, and too high (more than 9 times
the original level) can make a paradoxical
meaning. [51] Giusti 1.(2009), comparing
the effect of different concentrations of PRP
on endothelial cells has proved that the high
concentration of platelets (the maximum
was 1,500,000/ml) makes a better prolifera-
tion of endothelial cells in vivo.[ 24]

In  experiments Per Aspenberg
(2012) 296 rats with mechanical injury to
Achilles tendon using PRP with concentra-
tion 1,500,000/ml, activated with the help
of autotrombine as a control was used
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AXIUIIOBOTO  CYXOXKHJUIS, 3aCTOCOBYBHIIU
3TII 3 konnentparmieo 1500000/mm, akTuh-
BOBAaHOTO MPH JOMOMO31 ayTOTpoMOiHy. VY
SIKOCT1 KOHTPOJIIO BUKOPUCTOBYBAJIACS JOCIHi-
JTHA TPYyIIa, M0 JiKyBajacs OiJHOI0 Ha TPOM-
oouuTH TIazMy. 3 MM Je(eKT 3aloBHIOBA-
BCsl 30aradyeHuM TpPOMOOIIMTaMH TeJIeM B OC-
HOBHIH Tpymi Ta O6iTHUM TpoMOOIMTaMH re-
JIeM y KOHTpOJIbHIA. BcTaHoBneno, mo 3 14-
oro i 1o 28 aHs MeXaHiYHa MIIHICTh Ha PO3-
pPHUB B OCHOBHIH TpyIli mepeBaxana - MakCH-
MaibHa nepeBara Ha 31% Bigmiuanacs Ha 21
neHb. JKOpCTKICTh CYyXOXKUILIS OCHOBHOI Tpy-
A TaKOXK MepeBakasia BiAMOBIIHI TapaMeTpu
KOHTPOJBHOI TPYMHU 1 Jocsrajia MaKCUMyMY
Bke Ha 11 geHb. A eHepris MOTJIMHAHHSA J0-
csirajla MakCUMyMy Ha 21 eHb JOCHiHKESHHS
1 HaBITh MepeBakaja BIAMOBIIHUN MMapaMeTp
HE OnepoBaHUX IIypiB. TakuM 4uHOM, 3aCTO-
cyBauHs 3TII 3 BHCOKOIO KOHIICHTpAIli€l0
TPOMOOIUTIB TPU3BOAUTE 10 MPUCKOPEHHS
penapaTUBHUX TIPOLIECIB TpHU 3alOBHEHHI
nedeKkTy AXIJUIOBOTO CyXOXHUJUIA ITypiB, aje
HE JTO3BOJISIE B TOBHIM Mipi OIL[IHUTH 3aJIeXK-
HICTh LIUX TPOIIECIB BiJl KOHIIEHTpALil TPOM-
OOLMTIB Ta HAABHOCTI (paKilii JICHKOIHTIB y
3TII dyepe3 BIACYTHICTH TICTOJIOTIYHHMX Ta
010XIMIYHHX JOCIIKCHB [4].

Cynep Konyenmpam mpomoOOYumie
(P4): (Bumie HIX y 6-X MOPIBHAHO 3 BUXIJ-
HuMm), (Bume HibK 1800000/mi). KimbkicTh
JOCIIJKEHb 3 TaKOI0 KOHIICHTpPALI€l0 BKpai
HU3bKA 4Yepe3 OOMEeXEeHY MOXKIHUBICTD st
(haxiBIiB 0 OCTAaHHHOTO YACY OTPUMYBATH
HAJBUCOKY KOHIIGHTpAIlIl0  TPOMOOIIUTIB.
JlocnmipkeHHs, TPOBEJCHI IpH 3aloBHEHHI
nedeKTiB KiCTOK y KPOJIiB, CBiI4aTh, 110 HA-
BHCOKAa KOHIICHTPAIlis TPOMOOIIUTIB MOXE
1HIyKyBaTH aronTo3 KIITUH Ta 3A1HCHIOBATH
napagoKcalbHUN 1HTiOylounidi edexkr Ha me-
pelir pemnapaTUBHUX IPOLECIB y TKAaHHMHAX
[51].

Chris Hyunchul J 8 2012 porti omy6uti-
KyBaB JOCJIPKEHHS BIUIMBY Pi3HOI KOHIICH-

research group that was treated poor in
platelets plasma. 3 mm defect filled platelet-
rich gel in the main group and platelet-rich
gel in the control installed with 14th and
28th day mechanical strength at the gap in
the main group prevailed-maximum ad-
vantage of 31% was on the 21st day. The
tightening of the tendon of the test group al-
so prevailed indications of the control group
and reached a maximum on 11" day. Energy
acquisitions reached a maximum on 21th
day and even exceeded this indication of not
operated rats. Thus the application of PRP
with the high concentration of platelets leads
to an acceleration of the reparatory process
when filling defect of Achilles tendon of
rats, but not allow you to fully appreciate the
dependence of these processes of concentra-
tion and platelet fraction of leukocytes in
PRP due to lack of histological and bio-
chemical research. [4]

Chris Hyunchul J in 2012 published
a study of the influence of different concen-
trations of PRP on the proliferation
tenocytes tendon rotator cuff person.
Tenocytes rotator human cuffs were cultured
for 15 days under the influence of PRP vary-
ing concentrations of 100, 200, 400, 800,
1000, 2000, 4000, 8000, and 16,000 x 10°,
and two control groups with poor platelet
plasma or group where the tenocytes were
cultured in fetal serum. Researches have
shown that proliferative activity tenocytes
increases with increasing concentration of
platelets, reaching a maximum at a concen-
tration of platelets to 4,000,000/ml. With
further growth of the concentration, prolif-
erative activity remained at this level, with-
out effect of inhibition.In this case
study in vivo also does not allow you to
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tparii 3TII Ha mpomidepariito TEHOPUTIB CY-
XOXKWJUIL POTATOPHOI ~ MaHXeTH  IjIeda
JIOMMHUA. TEHOIMTH pOTATOPHOI MAaHXKETU
JIOAWHU KYJIbTUBYBAJIUCS TpoTAroM 15 i
nig BrumBoM 3TII piznoi koHmenTpamii 100,
200, 400,800, 1000, 2000, 4000, 8000, Ta
16,000 x 10°, Ta xBi KOHTpONBHI TpymH- 3
011HOI0 TPOMOOLMTAMM TJIA3MOI0 Ta TpyIa,
JIe TCHOLIUTH KYJIbTUBYBAJIUCA B (eTanbHIN
Ouvauiii cupoBarmi. Pesympratu  mocii-
JOKEHHb TIOKa3aliy, 10 mpojidepaTUBHA aK-
TUBHICTh TEHOIIWTIB 3pOCTAE 13 MiABUIIECHHSIM
KOHIICHTpaIlii TPOMOOITUTIB, TOCATAIOYN MaK-
CUMyMYy TIpH KOHIIEHTpaIii TpOMOOIIUTIB
4000000/mn. Ilpu mnomampIioMy 3pOCTaHHI
KOHIIEHTpalii mponidepaTuBHa aKTHUBHICTbH
3aJMIIAETHCSA HA 1IbOMY PiBHI, TOOTO iHTiOY-
touoro edexty He Biamiuvanocs. [Ipu npomy
IOCIIDKEHHS 1N VIVO TakOX HE JI03BOJISIE B
MOBHIH Mipi OIIHUTH BECh KOMIUIEKC BIUIMBIB
daxTopiB pocty, mo micrutees B 3T, Ta He
MOKa3ye BIUIUB (paKxilii JCHKOIUTIB Ha perna-
paTHBHI MTPOIECH B CYXOXKHILIIX[27].

Taxkum YMHOM, Ha JAHWM Yac OCTaTOYHA
BiJIMIOBIIb III0JI0 BUKOPUCTAHHS ONTUMAIIBHOT
koHIeHtpaiii TpomOoruTie y 3TII ans Haii-
Kpalloro BiJHOBJIEHHS YIIKOJKEHUX CYXO-
KHWIKIB BIACYTHS. JletikoyumapHa ¢pakyis:
NUTaHHS MPO BKJIIOYCHHS a00 BUKIIIOUEHHS
dpaxkmii neikornuTi 13 3TII mmpoko AuCKy-
tye. Dohan Ehrenfest DM (2009) noBoauTs,
oo JelkonuTapHa Qpakimis, i 0COOIHBO,
HEUTpO(DiM, BUAUIAIOUN MPOTEONITHYUHI (e-
PMEHTH, MOXKYTh MPU3BOJUTH 10 OUJIBII 3HA-
YHOTO YHIKOJDKEHHS TKaHUH, y TOH dYac, sK
1HIII BKa3yloTh Ha HYJIbOBUH ab0 HaBiTH IO-
3UTUBHUI e(eKT, MOB'A3aHUN 3 aHTUMIKPOO-
HOIO JII€I0 JICUKOIUTIB MPHU 3arO€HHI IMICIISI0-
nepariinoi paau. JlocmiKeHb 11010 BIUTUBY
¢pakuii TeHKOUUTIB HA TKAHUHY CYXOXKUJUIS

He mpoBomuiocs [15]. IMumannus axmueayii

mpomooyumié € HAO36UUAUHO BANCTUBUM.
Otpumannsa 3TII cepennpoi Ta HU3BKOI KOH-
[IEHTpallii He BUMarae TpUBajIoro LeHTpudy-

fully evaluate all the complex effects of
growth factors contained in PRP and does
not show the influence of fraction of leuko-
cytes on the reparative processes in tendons.
[27]

So now the final answers on the use
of the optimal concentration of platelets in
PRP to restore the damaged ligaments inju-
ries.

Leukocyte fraction: The issue of in-
clusion or exclusion of the fraction of leuko-
cytes with the PRP widely discuss-
ing. Dohan Ehrenfest D. M. (2009) shows
that the leukocyte faction, and especially
neutrophils, exuding a proteolytic enzymes,
can lead to more significant tissue damage,
while others point to zero or even positive
effects associated with antimicrobial action
of white blood cells during healing of Post-
operative wound. No studies of the influence
of leukocytes fraction on the tendon’s tissue
have been conducted. [15]

Platelet Activation Issues is extreme-
ly important. Getting middle and low con-
centration of the PRP does not require long-
er centrifuging, i.e. activation of the platelets
and the release of growth factors happens
later. As to obtain a high concentration of
platelets need to prevent premature activa-
tion of the platelets with long-term centri-
fuge for this used Heparin anticoagulants are
ineffective, it only blocks the formation of
clot, but does not block the activation of
platelets, and release of growth fac-
tors. Therefore, to prevent the activation of
platelets used sodium citrate and sodium cit-
rate dextrose. Increasing the PH of blood
they prevent premature activation of plate-
lets, but this kind of plasma in the future re-
quires reactivation and recovery of PH ions
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TyBaHHS, TO aKTUBAIlisl TPOMOOITUTIB Ta BHBI-
JBHEHHST  (aKTOpPIiB  POCTY  BIIOYBAETHCS
mi3Hime. OCKiTbKA AJI1 OTPUMAHHS BHCOKOT
KOHIIEHTpaLii TPOMOOIUTIB NOTPiOHO mMome-
pEIUTH TepeIIacHy aKTHUBAIlII0 TPOMOOITUTIB
MPU TPUBAJIOMY IIEHTPU(YTYBaHHI IS [ILOTO
3aCTOCOBYIOTh AHTUKOATYJISIHTH. [enapuH €
Hee(EeKTUBHUM, OCKUIBKM BiH JIUIIE OJIOKYy€e
dbopmyBaHHS 3TOpTKa, ajge He OJIOKYe aKTH-
BaIlif0 TPOMOOITUTIB Ta BUBUIBHEHHS (haKTO-
piB pocty. Tomy 3 MeTol monepemKeHHs
aKTUBAaIlli TPOMOOIIUTIB 3aCTOCOBYETHCSI IIUT-
paT HaTpilo Ta IUTpaT ASKCTpo3u. [ligBumry-
1oun OypepHiCTh KpOBi, BOHH TOMEPEIHKYIOTh
nepeayacHy akTUBAIil0 TPOMOOIMTIB, aie
Taka Iia3Ma B MOJANbIIOMY NOTpedye peak-
TUBAIll Ta BiIHOBIEHHS Oy(pepHOCTI i0HAMH
KaJIBLIO.

[Ipu 1 exmitHomy 3actocyBanHi 3TII
JUISL aKTHBAILlli TPOMOOIIMTIB Ta BUBUILHEHHS
anb(a-TpaHysl  JAOCTaTHBO MDKKJIITHHHOTO
KaJIbIit0. Y pasi & 3aCTOCYBaHHS BIJIKPUTHUX
METOAMK BBEJCHHS -HEOOXIJHE YTBOPCHHS
3ropTka. s bOTO 3aCTOCOBYIOTH 1HIII aK-
TUBATOPH — TPOMOIH, KaJbIIIO XJIOPH, KOJIa-
rex [14].

TpoMOiH BUKIMKA€E IMIBUAKY arperairo
TpoMOonwmTiB. [1IBHKA akTUBAILIisI MOXKE TIPH-
3BECTH JI0 HaaMIpHOI KOHJIEHCAIll MaTpHili
($i0puHy 1 3HaYHE BTATYBAHHS 3TOPTKa, TOOTO
OJIOKYBaHHS YaCTHUHH TPOMOOIIMTIB y cepe-
JMHI 3TOPTKA, Yy MOPIBHAHHI 3 MEHII IIBUJ-
Ko1o (iziosnoriyHoro akTtuBamiero. Lle moxe
TaKOX TPUBECTH [0 3HWKEHHS 3arajbHoi
KUTBKOCT1 (DaKTOpiB POCTY, AOCTYIMHUX IS
BIJTUBY Ha 30HY YIIKOJKCHHS, OCKIIbKH JIe-
AKi (paKTOpPH POCTY MAIOTh KOPOTKHH mepiof
HamiBposnany [2]. Okpim Toro, y pasi BUKO-
pUCTaHHS OMYAavOTO TPOMOIHY MOMIIMBO BH-
KJIMKaTH IMyHHY peakiito[26].

XJ0pua KanbIlilo SIK €K30T€HHUN aK-
TUBaTOp OYB 3alPOTIOHOBAHMI 3aMiCTh OWYa-
yoro TpomoOiHy. Bin BimHOBIIOE OydepHICTh

of calcium. When injection PRP to Platelet
Activation and the release of Alpha granules
enough intercellular calcium. In the case of
application of the open input methods nec-
essary to the formation of convolution. For
this purpose apply other activators-
thrombin, calcium chloride, collagen. [14]

Thrombin: Thrombin causes rapid
aggregation of platelets; faster activation can
lead to excessive condensation of fibrin ma-
trix and significant involvement of clot,
blocking part of the platelets in the middle
of convolution, compared to less rapid phys-
iological activation. It can also lead to a de-
crease in the total number of growth factors,
available to influence the area of damage,
because some of the growth factors have a
short half-life. [2] In addition in the case of
the use of bovine Thrombin may trigger the
immune reaction. [26]

Calcium chloride as exogenous acti-
vator was proposed instead of bovine
thrombin. It restores blood PH after the ad-
dition of citrate, which leads to a slow and
physiological activation of platelets, and the
gradual release of growth factors however
because of the low pH of the introduction of
calcium chloride causes pain in the pa-
tient. [19] .

Combined application of calcium
chloride and Thrombin enables significantly
compromising the negative factors of both
methodologies in these conditions, growth
factors in the generated clot stand out more
slowly and not coming to their breakup. [38]

To activate the platelets, collagen
type 1 can be used and it is as effective acti-
vator of platelets as thrombin.

In research in vivo release of growth
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KpOBI MICIIS TOIaBaHHS IUTPATY, 1110 BEJE 10
MOBLIBHOT Ta (Hi310JIOTIYHOT aKTHBAIlli TPOM-
OOIIUTIB Ta MOCTYNOBOI'O BHUBUIBHEHHS (hak-
TopiB pocty. IIpore uepe3 Hu3bKuii PH BBe-
JIEHHS XJIOPUY KaJlbI[I0 BUKIUKAE OOTHOBUH
CHHIpOM Yy marmienTa [19].

[Toennane 3acTocyBaHHS TPOMOiHY Ta
XJIOPHULy KaJbIiI0 JO3BOJISIE CYTTEBO 3HiBE-
JIIOBAaTU HETraTHBHI YMHHUKU 000X METOJIUK.
VYV mux ymoBax (akropu pocty B chopmoBa-
HOMY 3TOPTKY BHUIUIAIOTHCS MOBUIBHIIIE 1 HE
HacTae ix po3nan [38].

Jnst akTuBamii TPOMOOIUTIB MOXKE
OyTH BUKOpUCTaHHMH KojiareH | Tumy, mo €
e(EeKTUBHIM aKTUBATOPOM TPOMOOIHTIB fIK 1
TpOMOiH. Y TOCHIKEHHSX in Vivo TOpPIBHIO-
BAJIOCS] BUBUIbHEHHS TpoMOouuTamu (hakto-
pIB POCTY MiA Ji€l0 KOJAareHy Ta OM4adoro
tpom6OiHy. Komaren I Tuny BukiIukae aHaio-
riune BuBinbHeHHs PDGF 1 VEGF, ane tpu-
Basie Ta po3TarHeHe B yaci BuBiibHeHHS TGF
MOPIBHSHO 3 Ji€r0 TpoMOiny [20]. Ayrosori-
YHUW TPOMOIH HE BUKIIMKAE IMYHHOI PeaKIlii,
a BUKOPHUCTaHHS HOr0 B HEBUCOKIN KOHIICHT-
patii 103BoJis€ aKTUBYBATH (Pi310JOTIUHUI
nporiec (hopMyBaHHS 3rOpTKa Ta BHBIJIBHEH-
Hs (hakTopiB pocty [14].

3a METOIMKOI0 BUKOPUCTAHHS Ta aK-
tuBatii 3TII noxingerscs Ha:

- pIOKY 1H€KIIHY - BHKOPHCTOBYETHCS
JUISL 1H €KITIN - aKTUBAIls MPU [OMY Bif0y-
BAa€ThCS TMEPEBAXKHO 32 PAXYHOK KaJbIlIO
MDKKJIITUHHOTO TIPOCTOPY, XO4Ya MOJKIIMBE
JIOJTaBaHHS XJIOPUIY KabIlII0 O€3MT0CePETHbO
nepes iH’ eKINEN0;

- crpell — BUKOPUCTOBYETHCS MPHU OTepa-
TUBHOMY JIIKYBaHHI - HAHOCUTHCS HA PAaHOBY
MOBEPXHIO — aKTHBAIliA B1IOYBAETHCS 3a pa-
XYHOK €HJIOTeHHUX (PaKTOpiB - MIKKJIITHHHO-
ro Kalbllif0 Ta KojareHy abo mpu moxaa-
BaHHI TPOMOIHY Ta XJIOPUAY KaJbIIO;

- TeJIb — MOJIIOHO JI0 CIPEIo, aje ISl IIBU-
JIKOi aKTUBAIlli BUKOPUCTOBYIOTHCS €K30TCHHI
YUHHHUKY - TPOMOIH Ta XJIOPU]T KaJBIIiIO;

factors by collagen and bovine thrombin was
compared. Collagen of 1% type causes a sim-
ilar release of VEGF and PDGF, but longer
release of TGF compared to the influence of
thrombin. [20]

Autotrombine does not cause im-
mune reactions, and use it in low concentra-
tion allows you to activate the physiological
process of forming clot and release of
growth factors. [14]

On how to use and activate the PRP
is divided to:

- Liquid injection-is used for injec-
tion-activation when this happens mainly
due to calcium intercellular space, although
it is possible to add the calcium chloride
immediately before injection.

- The spray is used in operational
treatment-is applied to the wound surface-
activation occurs due to endogenous factors-
intercellular calcium and collagen or when
adding Thrombin and calcium chloride.

- The gel-like spray but for quick ac-
tivation used exogenous factors of thrombin
and calcium chloride

- Fibrin clot is formed usually dur-

ing centrifuging by adding calcium chloride
before centrifuging. [14]
Recently studies indicate that the PRP pro-
vides not only local, but also the system ef-
fect. Amy S. Wasterlain (2013) conducted
research on 25 volunteers to define the con-
tent of human hormones, IGF-1, IGFBP-
3, bFGF, VEGF, and PDGF-BB and proved
that in 15 minutes after injection of 3-6 ml
of PRP, content of these hormones and
growth factors in blood starts increasing and
varies during 7 days. It can serve as an indi-
cator of PRP use as doping in athletes. [50]

Thus, the individual results of PRP



78 TMTPOBJIEMU TPABMATOJIOT'TI TA OCTEOCUHTE3Y 2015 Ne 2 (2)

ﬁ’d

- (iOpUHOBHI 3TYCTOK — (HOPMYETHCS,IK
MpaBUJI0, Ha eTari NEeHTPU(YTYBaHHS IILIs-
XOM JIOJAaBaHHS XJIOPUAY KaJbIIO Mepen
neHTpudyrysanssm [14].

OcTaHHIM YacoM MPOBOISATHCS JOCi-
JOKEHHSI, 10 BKa3yloTh Ha Te, mo 3TII 3mific-
HIOE HE JHIIE JIOKAJIbHUM, ajie i CUCTEMHUM
edekT. Amy S. Wasterlain (2013) npoBoasumn
JOCTIKEHHST Ha 25 M0OpOBOMNBISX HOCHTIA-
KyBaB BMICT TOpMOHY pocty oanHu IGF-1,
IGFBP-3, bFGF,VEGF ta PDGF-BB 10B8is,
mo 4epe3lS XBuiawH micns iH’ekmii 3-6 i
3TTI BMiCT X TOPMOHIB Ta (PaKTOPIB POCTY
B KpOBI TOYHMHAE 3pPOCTaTH, 3MIHIOIOYHCH
npotsirom 7 1i6. Lle Moxe ciyXuTH iHIUKA-
topoMm BukopuctanHs 3TII sk pomiary B
ciopremenis [50].

TakuM YHWHOM, OKpeMi pe3yJbTaTH
IIOCIIKEHD 3 3actrocyBanHs 3TII mnpu
VIIKO/DKEHHI CYXOXKHJIKIB Ta BeJMKa Bapia-
OCIBHICTh TIEPEMIHHUX TapaMeTpiB HE JI0-
3BOJISIIOTH HAa JIAHOMY €Talll BH3HAYUTHUCH 3
ontuManbHuM ckianoM 3TII gt mMakcuma-
JTHHOTO TIOKPAIIEHHS Ta MPHILIBU/IICHHS TIe-
pediry pereHepaTOpHHUX MPOIIECIB MPH JIIKY-
BaHHI naHoi maronorii. Ciig BpaxoByBaTu
HEJIOCTaTHIO BUBYEHICTh IMPOIIECIB pereHepa-
1ii B MICIIi IIIBa y BUITAJIKY BiIHOBJICHHS TTiC-
T 3aCTapiIMX YIIKOKEHb CYXOXHIIKIB Ta
ocobnmBocteit 3actocyBanHs 3TII mpu 3a-
CTapUIMX BUITAJIKaX.
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application in damaged ligaments and wide
range of variable parameters do not allow
defining optimal composition of PRP at pre-
sent stage required for maximum improve-
ment and fastening of regenerative processes
while treatment of this pathology. Lack of
information about processes of regeneration
in the area of suture in case of recovery after
extend traumas of ligaments and peculiari-
ties of PRP application in extended cases
should be also taken into consideration.
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