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EFFECTIVENESS OF INTRAOSSEOUS INFILTRATION OF AUTOLOGOUS PLATELET-RICH PLASMA
IN THE AREA OF THE BONE MARROW EDEMA IN OSTEOARTHRITIS OF THE KNEE JOINT

Lychagin AV, Garkavi AV, Islaieh Ol &, Katunyan PI, Bobrov DS, Yavlieva RH, Tselisheva EYu

I.M. Sechenov First Moscow State Medical University, Moscow, Russia

Osteoarthritis (OA) affects both elderly people, for whom it is one of the main causes of disability, and people of active working age and is an urgent clinical and
social problem of resistance of pain syndrome to therapy. The disease is characterized by both destruction of intra-articular and paraarticular structures, such
as subchondral bone. While OA is an important sign of pathological changes believe the bone marrow edema (BME). This work examines the effect of BME on
development osteoarthritis, and therapeutic approaches to the management of patients with OA. The aim of the study was to develop a method of treatment of
BME in OA of the knee joint by locally intraosseous injection of autologous thrombotic-rich plasma (PRP) into the edema zone. In this study 17 patients with the
diagnosis: Osteoarthritis II-IV Grade. according to the classification of Kellgren-Lawrence, in which areas of local inflammation in the form of BME were detected
on MRI in the subchondral zone in accordance with the international classification of WORMS (Whole Organ Magnetic Resonance Imaging Score). The mean age
of patients was 41,7 + 14,3 years, 10 of them were women and 7 men. Patients were treated with autological platelet-rich plasma under x-ray control injected
from extra-articular intraosseous access in the area of BME. Evaluation of effectiveness of treatment performed by VAS, WOMAC and KOOS scales, before the
introduction of autoplasma, after 1 and 3 months after the start of treatment. Three months after the manipulation, there was a statistically significant decrease in
the intensity of inflammatory syndrome: for WOMAC by 17.5%, for KOOS by 19.4% and for VAS by 33,1% (p < 0,01). Thus, the efficiency of intraosseous Infiltration
of autologous platelet-rich plasma in the treatment of patients with OA, accompanied by edema of the bone marrow in the subchondral zone, was proved.
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9®PEKTUBHOCTb BHYTPUKOCTHOIO BBEOEHUA AYTONTIOMMYHOW OBOrALLEHHO TPOMBOLIMTAMUA
MNJIASMbl B 30HY OTEKA KOCTHOINO MO3IA NP OCTEOAPTPOS3E KOJIEHHOIO CYCTABA

A. B. IlbiaruH, A. B. Tapkasn, O. L. Ncneinx =2, 1. L. KaTtyHsH, [. C. Bobpos, P. X. denueBa, E. FO. Llenviesa
MNepBblit MOCKOBCKMIA FrOCYAaPCTBEHHbIN MEAMUMHCKMIA yHMBEPCUTET MeHn V. M. CedeHoBa (CeveHoBckmin YHBepenTeT), Mockea, Poccus

OcTeoapTpos (OA) nopavkaeT Kak NoXXUAbIX MFOAEN, ANS KOTOPbIX OH OfHA 13 OCHOBHBIX MPUHMH MHBaNMAHOCTY, Tak 1 L, TPYAOCTOCOOHOro BO3pacTa v SBnseTcs
AKTYaNTbHOW KIIMHNHECKON 1 COLMarbHOM NPOGIeMOoit BBIOY YCTOMHMBOCTH BOSIEBOrO CHAPOMA K MPOBOAVMMON Tepanum. 3ab0nesaHno xapakTepHa AeCTPYKLMS
BHYTPUCYCTaBHbIX 1 NMapaapTUKyNSPHbIX CTPYKTYP, Taknx Kak cyoxoHApaibHas KocTb. [Mpy OA BaXkKHbIM MPU3HAKOM NaTOMOMMHECKMX UBMEHEHUI CIY>KUT OTeK
kocTHoro mosra (OKM). B pabote paccmoTpeHbl Bonpock! BivsiHUS OKM Ha pasBuTe roHapTpOo3a, a Takke TepaneBTUYeckme Noaxoabl K BEAEHWIO NauneHToB
¢ OA. Llenbto nccnepnosaHus 6bina padpaboTka metoamki nedeHnss OKM npr OA KOIEHHOro CcycTaBa MyTeM JIOKASTbHOrO BHYTPMKOCTHOIO BBEAEHWS B 30HY
oTeka ayTonornyHon oboratleHHor TpomboumTami nnasmel (PRP). Viccneposanu 17 naumeHToB ¢ avarHo3oM «OcTteoapTposd -V cT.» no knaccudukaummn
Kellgren-Lawrence, y koTopbix Ha MPT B cybxoHapaibHOM 30He BbisiBIEHb! 061acTy TokanbHoro Bocnanenuns B Buae OKM B COOTBETCTBUN C MEXAyHaPOAHOM
knaccudrkaumen WORMS. CpefHuii BO3pacT naumeHTos coctasmn 41,7 + 14,3 net. MNaupeHtam BHYTPUKOCTHO 13 BHECYCTaBHOrO AocTyna B 3oHy OKM Beogum
ayToNorn4Hyto oboraLLieHHyo TPOMBOLMTaMM NasMy Nof PEHTFEHOCKONMUHYECKM KOHTPoneM. OLeHKy aheKTUBHOCTY feHeHs MPOBOAVAM MO Lukanam BALLI,
WOMAC 1 KOOS po BBefeHus aytonnasmel, H4epes 1 1 3 Mecsiua nocne Hadana nedeHust. Yepea 3 Mecsiia nocne MaHunysumm oTMeqanocb CTaTUCTUHECKN
3HAYMMOE CHIDKEHWE MoKasaTenen MHTEHCMBHOCTY BocnanmTensHoro cuHapoma: no WOMAC Ha 17,5%, KOOS Ha 19,4% 1 no BALL Ha 33,1% (p < 0,01).
Taknum 06pasoM, fokasdaHa IPHEKTVBHOCTb BHYTPUKOCTHOMO BBEAEHWUS ayToNorMyHol oboralleHHor TpomboumTamy nnasmbl B neveHun nauyeHtos ¢ OA,
conposoxaatoLmest OKM B cybxoHApasbHOM 30He.

KnioyeBble CoBa: OTeK KOCTHOTO MO3ra, OCTE0APTPO3, ayTONOrMyHas 06oralleHHas TPOMEOLMTaMM Nna3ma, BHYTPUKOCTHOE BBEAEHNE, KAYECTBO >KV3HN

Nndbopmaums o Bknage asTopos: A. B. JlbidaruH 1 O. W. Vicneinx — nnaHmpoBanmne nccnefoBaHns, noadop MMTepaTypbl, MHTepnpeTaumns AaHHbIX, MOAroTOBKa
YepHOoBVKa pykonucw; A. B. Mapkasn — nnaHnpoBaHve NCCNeA0oBaHns, HTepnpeTaums aaHHblx; M. V. KaTyHsH — nnaHmpoBaHmne nccnegoBaHns, NOAroToBKa
yepHoByka pykonucw; . C. Bobpos, P. X. Asnnesa v E. HO. Lienviesa — nnaHvpoBaHme nccnegoBaHus.

CobnioaeHne 3TUHECKNX CTaHAAPTOB: CCIEA0BaHNE 000OPEHO NOKabHbIM KoMUTETOM MO 3Trke GIAOY BO Mepsbiit MITMY nmern V1. M. CeveHoa (MpoTokon
Ne 06-18 ot 06 noHsa 2018 ). Bce naumeHTbl noanmcanyt O6POBONLHOE NHAOPMUPOBAHHOE Corflacye.

><] Ons koppecnoHaeHumun: Ocama Vbpaxium Vicnenmnx
yn. bonbLon TuwrHCKNA nepeynok, A. 26/15, r. Mocksa, 123557; osaibso@yahoo.com

Cratbsi nonyyeHa: 12.07.2019 CtaTbsi NnpuHsATa K nevatu: 26.07.2019 Ony6nukoBaHa oHnaiiH: 20.08.2019

DOI: 10.24075/vrgmu.2019.053

According to the WHO, 11 to 13% of the world's population suffer
from osteoarthritis (OA). OA affects both the elderly, for whom it is
one of the main causes of disability, and the working age people
[1-4]. Peculiar to the disease are chronic pain, destruction and loss
of articular cartilage, remodeling of subchondral bone, formation
of osteophytes, inflammation of the synovial membrane of varying
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degree, involvement of both intraarticular and paraarticular
structures in the pathological process [5].

For a long time, it was the articular cartilage that was believed
to be the driver of OA development. However, in the last decade
the role of the subchondral bone (SB) has been attracting
attention both from the point of view of etiopathogenesis and
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that of its clinical significance in the processes [6]. It was proved
that SC remodeling plays an important part in OA pathogenesis
[7]. The changes therein can come first and trigger OA of
they can be a consequence of the developing degenerative
dystrophic processes [8-10].

An important sign of pathological changes in SC with OA in
the background is the MRI-detected bone marrow edema (BME).
This term was first registered in 1988; it is increasingly used to
describe an MR signal alerting of an OA-associated pathology
[11, 12]. BME is usually found in the subchondral sclerosis zone,
aggravated by the increased share of the bone tissue volume
and trabecular layer compaction [13]. As OA advances, BME
tends to grow, which is considered an important risk factor in
the subsequent progressive destruction of articular structures
[2, 14, 15]. BME and joint deformation were shown to be the
predictors of OA transition to the rapid progression stage [4].
Moreover, focal cartilage lesions often develop next to BME, and
the MR signal intensity typically reflects the degree of cartilage
tissue destruction [16, 17]. a number of researchers consider BME
one of the reasons behind the associated severe pain.
OA patients complaining about intense pain around the affected
joint had a BME measuring over 1 sq cm (as detected by MRI)
more often than those who did not report pain as severe [14, 18].
Patients with BME were showing significant progression of
cartilage destruction accompanied by pain [19]. Thus, BME
can be considered a predictor of the onset of cartilage degradation
and pain even before manifestation of all typical clinical symptoms
of OA. At the same time, some researchers believe that BME
can also be a sign of osteonecrosis, which causes pain at
rest [20, 21].

Despite the increasing attention paid to the BME's influence
on OA lately, a consensus has not yet been reached. Treating
subchondral bone pathology in the context of a complex OA
therapy is one of the most-discussed topics. When the nature
of articular cartilage and subchondral bone interrelation was
understood, the importance of changes in this bone became
more apparent. The interrelation was called the osteochondral
(functional) unit. It was shown that BME is closely associated with
the progression of intraarticular structures degeneration and joint
pains intensification. Thus, the likelihood of arthroplasty as the
optimal therapy grows together with the expansion of BME [22, 23].

Genetic and histological analysis of the bone marrow
samples taken from the affected zone revealed that pain
linearly correlates not only with the OA progression status but
also with changes in the subchondral BME microenvironment
[24]. BME zones have shown to host intense metabolic activity
that implies expression of genes involved in the inflammatory
processes [24]. Thus, it is assumed that bone metabolism
rate in a BME is high, as is the accumulation of cytokines and
angiogenic factors, which drives growth of new vessels and
nerve endings in this region [25].

There is a subchondroplasty technique applied to treat
OA-associated bone and cartilage pathology that implies
introducing calcium phosphate to the affected subchondral
bone under arthroscopic control. a trial on 133 gonarthrosis
patients that also had BME has proven the technique effective,
although 2.5 years after the procedure 25% of them reported
no improvements and agreed to joint replacement [23].
Another paper describes a trial of the same technique on 164
gonarthrosis patients that were recommended to have their joint
replaced. After subchondroplasty, 70% of them reported significant
improvement and decided to refuse the replacement [26].

Currently, a growing number of practitioners turn their
attention to a group of techniques implying intraosseous
administration of autologous platelet-rich plasma [27-29].

The mechanisms behind the good results registered after
injection of autologous platelet-rich plasma (PRP) are still being
investigated, however, its anti-inflammatory and regenerative
effects are no longer called into question. in this connection, it
seems promising to seek development of an OA therapy that
would revolve around administering PRP to the BME locus.

This study aimed to develop a PRP therapy against OA-
associated BME that implies local intraosseous injections into
the edema zone.

METHODS

The study involved 17 patients (41,7 + 14,3 years), 15 of them
with grade II-IV knee OA (Kellgren-Lawrence classification)
concomitant with MRI-detected BME primarily located in the
medial (inner) parts of the knee joint [30]. Inclusion criteria:
patients of both sexes in age from 40 to 80 years; predominance
of the knee joint arthrosis, joint pain score more than 3 points
on VAS; radiological 2 and 4 degrees of the disease severity
according to |. Kellgren and |. Lawrence classifications
with bone marrow edema in the subchondral zone; body
mass index 20-33; opportunity for observation during the
entire study period; mental adequacy, ability and willingness
to cooperate and implement the doctor's recommendations.
Exclusion criteria: bilateral arthrosis of the knee joints with
synovitis; body mass index > 33; polyarthritis; severe limb
deformation — varus curvature of the diaphysis more than
4 °C and valgus — more than 16 °C; arthroscopy less than
1 year before treatment; intraarticular injections of hyaluronic
acid over the past 6 months; systemic autoimmune diseases;
poorly controlled diabetes mellitus (glycosylated hemoglobin
above 9%); blood diseases (coagulopathy, anemia with HB < 90);
ongoing immunosuppressive therapy, treatment with warfarin
or other anticoagulants; treatment with corticosteroids for
6 months before inclusion in the study; patient refusal from
further participation in the study; identification of objective
contraindications to surgery; lack of the possibility of dynamic
monitoring and control during the established period.

The duration of the disease ranged from 1 to 9 years
(5,2 + 4,5). The patients were diagnosed with OA based on
their complaints, history and clinical-radiological examination.
All patients had their knee joints x-rayed in two projections,
anteroposterior and lateral, with tibia flexed at 30 (Table1).

MRI provided the data needed to evaluate the condition
of the subchondral zone and BME in all patients. We used
WORMS (Whole Organ Magnetic Resonance Imaging Score)
to describe the bone marrow edema. The Score is designed to
assess signal intensity on T2-weighted images [2]. The lesions
were evaluated in points; we measured the maximum diameter
of the edemas using RadiAnt DICOM Viewer 4.6.9 (64-bit)
software (Medixant; France). Table 2 contains the diagnosis
criteria. Figures 1 and 2 are tomograms depicting severe BME
in some of the patients participating in the study.

Upon admission, all patients had their pain level evaluated
with the help of VAS and filled the WOMAC and KOOS
questionnaires [31-33]. The values of the same indicators
were registered further on, in 1 and 3 months after the
studied procedure.

PRP preparation and method description
We used a Regenlab PRP kit (REGEN ACR technology,
2011, Switzerland) to prepare PRP injections. The kit allows

making a preparation that persists for a specific period of time
after intraosseous administration. We distributed 30 ml of
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autologous venous blood into three tubes: two REGEN BCT
tubes to prepare autologous platelet-rich plasma and one
REGEN ATS tube to obtain autologous thrombin serum used to
activate the preparation (step 1). All tubes were centrifuged for
5 minutes at 3100 rpm (step 2). Then, under sterile conditions,
we mixed PRP from REGEN BCT and autologous thrombin
serum from REGEN ATS in a syringe at 10:1 ratio (step 3) (Fig. 2).
The PRP was injected into the BME zone as identified on the
T2-weighted images, i.e. in the medial or lateral condyle of
femur or tibia. For the manipulation, the patients were put on to
the operating table, supine, under the influence of intravenous
anesthesia (step 4) (Fig. 2).

The preparation was administered through a stylet with a 13
gauge mandrin (Stryker, USA); the process was monitored with the
help of an electron-optical converter (EOC). The lesion received
5 ml of the preparation through the needle that reached it (Fig. 3).

For the days following the procedure, the patients were
recommended to apply cold locally, limit loads for up to 1 week,
restrain from increased loads for up to 2 weeks, take 4 g of
paracetamol a day (orally) if in pain. No selective non-steroidal
anti-inflammatory drugs were used.

Statistica 13.3 software (StatSoft; USA) enabled statistical
analysis of the data.

Table 1. The patients
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RESULTS

According to MRI, 2 patients had minimal BME, in 7 patients the
edema was moderate and in 8 it was qualified as severe (Fig. 4).

After PRP administration, the pain, as measured with VAS,
subsided significantly over time. Before the treatment, it was
identified as "severe" (51.4 + 6.9 points); 1 month after, the
score decreased by 36.4 points, which corresponds to "minor"
(15.0 = 8.3, p < 0, 01), and 3 months later the value was
18.3 = 11.6 points, (p < 0.01), which is also within the "minor"
range (Fig. 5).

WOMAC figures also reflect significant improvement of the
indicators. The average score (summed) at admission was
57.38 + 12.85 points, 1 month after drug administration —
76.45 + 5.91 points (o < 0.01), and after 3 months it reached
75.33 + 8.41 (p < 0.01) (Fig. 5).

KOQOS figures followed the same pattern: the average score
at admission was 52.78 + 13.38 points, a month after PRP
injection — 72.00 + 7.35 points (p < 0.01), and 3 months later
it reached 72.13 + 8.50 points (p < 0.01) (Fig. 5).

Since KOOS includes 5 subscales that consider various
aspects of the knee joint condition, it is of interest to evaluate
them individually (Table 3). Relative to the beginning of the

Female 10 (58.8%)
Gender (number of patients)
Male 7 (41.2%)
Average age (years) 41.7 £+ 143
Knee joint disease duration (years) 52+45
Average time under medical supervision (months) 55+25
Affected joint (amount) One side 17 (100%)
| 0
Il 5 (29.4%)
Kellgren—-Lawrence grade based on x-ray
n 10 (58.8%)
1\ 2 (11.8%)

Table 2. WORMS diagnosis criteria

BME degree Lesion diameter (mm) WORMS score
None 0
Minimal <5 1
Moderate 5-20 2
Severe > 20 3

WL: 381 WW: 825 [D]
T: 3.0mm L: -119.8mm

Blagova G.A.
PMU
23.10.1966 F

1MGMU Sechenova

1
knee~dinical libraries
=3

.2018 14:32:38|

Fig. 1. Measuring the BME with the help of RadiAnt DICOM Viewer 4.6.9 (64-bit), WORMS. A. BME in the lateral condyle of the femur, size 1.17 cm. B. BME in the
medial condyle of the tibia, size 3.14 cm
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treatment, all indicators have shown significant positive
dynamics. It should be noted that the most pronounced
improvement in the average values was recorded in the Sport
and Recreation Function (from 25.83 + 21 to 53.33 + 28.86)
and the Quality of Life (from 24.08 18.39 to 54.18 21.48)
subscales by the third month. The pain subsided by the first
month and then increased slightly by the third months but still
remained significantly less intense.

It is important to note that the majority of KOOS subscales,
as well as VAS and WOMAGC, revealed that the improvement
peaks 1 month after administration of the preparation, and by
the third month the average values deteriorate slightly, although
the change was not always significant.

Step 1

DISCUSSION

The intraosseous subchondral PRP injection technique we
developed is a minimally invasive and affordable modality to
treat gonarthrosis with BME. The PRP preparation made with
the Regenlab PRP kit offers a prolonged therapeutic effect.
Previously, it was shown that BME is a zone of high bone
metabolism and accumulation of cytokines and angiogenic
factors, which is essentially translates into local inflammation
[24, 25]. The improvement of the patients' condition after
administration of PRP supports the theory that such plasma
produces a pronounced anti-inflammatory effect when applied
topically. Despite the fact that PRP contains angiogenic and

Step 3

Fig. 2. Preparation of PRP. 1: Blood collection. 2: Centrifugation. 3: Mixing (10 : 1 ratio). 4: Injection

Fig. 3. EOC-controlled administration of PRP into the BME zone, medial condyle of the femur. EOC image: needle in the femur's medial condyle

Moderate
41.2%

Fig. 4. Patients by BME severity, WORMS

Minimal
11.8%
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KOOS
Il 3 months

Fig. 5. Dynamics of the average values, VAS, WOMAC and KOOS. 17 knee OA patients were injected PRP in the BME zone. Their condition was assessed before

injection and 1 and 3 months after treatment.

Table 3. Functional scale, KOOS subscales

Before 1 month after treatment 3 months after treatment
Symptoms 62.85 + 10.28 74.28 + 10.53" 71.43 +6.18*
Pain 53.70 + 7.18 74.40 + 11.87* 70.36 + 12.52*
Activites of Daily Living 53.36 + 15.41 73.04 +10.21 74.51 + 4.24*
Sports and Recreation 25.83 + 21 58.33 + 19.66 * 53.33 + 28.86 *
Quality of Life 24.08 + 18.39 40.62 + 23.30 * 54.18 + 21.48*
Final index 52.78 + 13.38 72.00 + 7.35* 7213 +£8.50*

Note: * — statistically significant change of the value compared to the initial measurements, p < 0.01.

profibrotic growth factors, there was not reported a single
case of aggravation.

The data we obtained in the context of this research effort
are largely consistent with those of other authors who injected
PRP intraosseously to treat gonarthrosis [27-29]. One of the
papers describes treating 14 gonarthrosis patients (severe
condition) with three intraarticular injections of 8 ml of PRP in
combination with subchondral intraosseous injections of 5 ml
of PRP (delivered to the medial tibial condyle and the medial
condyle of the femur); after 6 months, all patients reported less
pain and improved KOOS scores, which echoes our results
[29]. In our case, the drug was administered intraosseously, once,
and the clinical improvement was recorded 3 months earlier.

Nevertheless, it must be recognized that by the third month
the achieved effect fades, although clinical tests still show that
the improvement is significant.

The most pronounced improvements, which were recorded
in the Sport and Recreation Function and the Quality of Life
subscales, probably result from the emotional state of the
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