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ABSTRACT

In recent years, there is a growing interest in the application of regenerative medicine methods in the treatment of degenerative injuries of
the musculoskeletal system. Knee osteoarthritis (gonarthrosis) is one of the most common reasons of a patient visit to orthopedic surgeons.

THE PURPOSE of the study was to evaluate the quality of life in patients with different stages of gonarthrosis after application of leukocyte-rich
platelet-rich plasma (LR-PRP) and leukocyte-poor platelet-rich plasma (LP-PRP).

MATERIALS AND METHODS. The results of the treatment of 48 patients with gonarthrosis grades 1-3 according to Kellgren-Lawrence after
intra-articular injection of LR-PRP or LP-PRP were compared. The quality of life questionnaires were used.: visual analogue scale, Lysholm
Knee Score and Oxford Knee Score before treatment, after the first injection, every 2 weeks before the end of treatment and every 3 months
for 1 year.

RESULTS. Evaluation of the treatment results obtained at stages 1 and 2 of knee osteoarthritis showed a positive result for both groups of
patients during 12 months of follow-up and at stage 3 a significant improvement was achieved for up to 6 months. There was no significant
difference between the results of LR-PRP and LP-PRP injections for 9-12 months. After using LP-PRP treatment, the dynamics of quality of
life during the year was stepless and more Steady, without periods of regression, while after LR-PRP injections there was a clear significant
short-term reduction in the treatment effect for about 6 months, compared to both baseline and values of the previous period at 1 and 2 stages
gonarthrosis with further improvement and a stable positive effect for up to 12 months.

CONCLUSIONS. The application of platelet-rich plasma improved the quality of life for 12 months in patients with stage 1-2 gonarthrosis and
for 6 months at stage 3. The obtained positive results substantiate the need for further research to determine the prospects for the application
of platelet-rich plasma in the complex treatment of knee osteoarthritis compared to other methods.
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Regenerative therapy is the newest interdisciplinary field of medicine
which studies the use of cell technologies and new materials to ensure
reparative or physiological regeneration at various diseases, including
musculoskeletal system [34]. Knee osteoarthritis (gonarthrosis) is one
of the most common reasons of a patient visit to orthopedic surgeons.
Therefore, this pathology is a promising object of application of modern
cell technologies. The high efficacy of regenerative medicine and wide
range of its application in orthopedics are of interest to clinicians and
contribute to its active implementation in routine care. However, the
need for fundamental knowledge and understanding of key processes

in physiology and regeneration of cartilage, as well as the lack of large
clinical trials make regenerative techniques vulnerable and compromise
them.

Platelet-rich plasma (PRP) is autologous plasma in which the plate-
let concentration is increased several times compared to peripheral
blood by stepwise centrifugation. Leukocyte-rich platelet-rich plasma
(LR-PRP) is autologous plasma with increased compared to baseline
concentrations of platelets (> 1 million/uL) and leukocytes. Leukocyte-
poor platelet-rich plasma (LP-PRP) is platelet-rich plasma with a mini-
mal number of white blood cells [5, 6, 15].
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While platelet concentration is given sufficient attention by clinicians,
the role of leukocytes in PRP remains unstudied. It is proved that leuko-
cytes are able to secrete a large number of proinflammatory cytokines,
enzymes (interleukin (IL-1pB), metalloproteinase (MMP-9), tumor necro-
sis factor a (TNF-a), etc. which can cause increased catabolism of the
extracellular matrix and inhibition of regeneration processes [16, 25]. In
addition, the formation of leukocyte-platelet aggregates (PLAs) plays an
important role in the pathogenesis of diseases associated with chronic
systemic inflammation. Increased concentrations of PLAS occur in pa-
tients with cerebral ischemia [13] at acute coronary syndrome [12, 22,
24], ischemic stroke [13, 24], HIV-1 [26], systemic lupus erythematosus
and rheumatoid arthritis [14].

THE PURPOSE of the study was to evaluate the quality of life in pa-
tients with knee osteoarthritis (gonarthrosis) at different stages after
treatment with leukocyte-rich platelet-rich plasma and leukocyte-poor
platelet-rich plasma.

MATERIALS AND METHODS

The results of the treatment of 48 patients with knee osteoarthritis of
different stages (25 men and 23 women) treated at the Scientific Center
for Tissue and Cell Therapy of the Institute of Traumatology and Orthope-
dics of the National Academy of Medical Sciences of Ukraine from 2015
to 2020 were evaluated. At the beginning of the treatment the average
age of the patients with stage 1 gonarthrosis was 40.5 + 7.3 years, the
patients with stage 2 — 50.6 + 9.4 years, the patients with stage 3 —
61.9 + 7.1 years. Patients were divided into two groups: the first group
included 27 patients treated with LR-PRP, the second — 21 patients treat-
ed with LP-PRP (Table 1).

Intra-articular injections of 4-5 mL PRP under ultrasound control
into the knee joint and 10-12 mL of platelet-poor plasma paraarticularly
with an interval of 7 to 14 days between injections were performed. The
total treatment course consisted of 5 injections.

All patients underwent a comprehensive clinical and laboratory ex-
amination before the treatment. A blood test to assess the white blood
cell count and differential as well as erythrocyte sedimentation rate was
performed using a hematology analyzer Celltax Alpha (Nihon Kohden,
Japan). Biochemical analysis of blood for total protein, bilirubin, urea,
creatinine, as well as determination of C-reactive protein, anti-strepto-
lysin-0, rheumatoid factor was performed using a biochemical analyzer
Pentra-400 (HORIBA ABX, France) and the appropriate diagnostic kits of
the same manufacturer. Additionally, a rapid immunochromatographic
combined tests «PROFITEST» (InTec Products. Inc., China) were per-
formed to detect antibodies to human immunodeficiency virus type 1
and 2 (HIV 1/2), hepatitis B surface antigen (HBsAg), hepatitis B core
antibody (HBcADb), antibodies to hepatitis C (HCV), antibodies to Trepo-
nema pallidum.

Absolute contraindications to PRP therapy included: hypofibrinogen-
emia, fever within a week before the treatment, skin rash in the knees,
cancer anamnesis, infectious diseases, anemia with a hemoglobin level
less than 100 g/L, thrombocytopenia less than 1¢10° cells/L, transmis-
sible infections (HIV, hepatitis B, hepatitis C).

LR-PRP and LP-PRP were obtained by differential centrifugation. We
separated 50 mL of venous blood with the dextrose citrate as an anti-
coagulant into plasma and blood cells at 250 xg for 10 minutes using a
centrifuge CM-3 (MICROmed, China). Plasma and pellet containing leu-
kocytes (buffy coat) were collected to obtain LR-PRP. Only plasma was
used to obtain LP-PRP. After that, the selected plasma for both products
was centrifuged at 2300 x g for 5 minutes. The platelet pellet was re-
suspended in 4-5 mL of platelet-poor plasma, obtained after the second
centrifugation.

To evaluate the results of the treatment, we used questionnaires:
the visual analog scale (VAS), the Lysholm Knee Score, the Oxford Knee
Score. The results were evaluated before the treatment, 2-5 days after
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Table 1. Distribution of the patients with gonarthrosis by groups.

GRADE GROUPS
(ACCORDING TO J. KELLGREN) TOTAL
LR-PRP LP-PRP
1 15 9 6
2 18 10 8
3 15 8 7
Total 48 27 21

Note: LR-PRP — leukocyte-rich platelet-rich plasma, LP-PRP — leukocyte-poor
platelet-rich plasma.

the first injection, then every 2 weeks before the end of the treatment
and every 3 months after its completion for at least 12 months from the
start of PRP therapy.

The variables were processed by the methods of descriptive statis-
tics and presented as mean and standard deviations. Parametric Fish-
er's F-test was used as a criterion for reliability after Shapiro-Wilk test
for normality. The difference was considered statistically significant at
p < 0.05. Pearson’s correlation coefficient was used to determine the lin-
ear association between variables.

RESULTS AND DISCUSSION

The evaluation of the clinical results in patients with stage 1

gonarthrosis.

During the first month, the decrease in pain and increase in the knee
functional ability had a positive trend in patients of both groups. In the
patients of the first group treated with LR-PRP, the average pain index
by the VAS before the treatment was 34.1 + 3.8 mm, while in the pa-
tients of the second group it was 35.0 + 6.3 mm (Fig. 1). One month later,
the pain intensity decreased to 22.8 + 6.2 mm in the group one and to
27.3 £ 6.2 in the group two.

In both groups, there was a further regression of pain by the VAS,
but, in the period from the 1stto 3 months from the start of the treat-
ment, in the first group there was a kind of «plateau» or a slowdown.
Subsequently, the patients in both groups showed a decrease in pain in-
tensity, after 6 months the VAS values were 11.7 £ 2.2 mm in the first and
12.5+ 7.6 mm in the second group. After 12 months, the pain by VAS de-
creased to 1.1 £ 2.2 mm in the first group and 0.7 + 0.5 mm in the second
group (Fig.1). There was no difference in the VAS comparing LR-PRP and
LP-PRP treatment in patients from both groups for 12 months.

The mean values of knee functional ability at the beginning of treat-
ment by the Lysholm Knee Score were 72.4 + 2.1 points for patients of
the first group and 67.8 + 3.2 points for the second group (Fig. 2). During
the first month from the start of the treatment, the Lysholm values in
patients after LR-PRP injection increased to 81.6 = 4.3 points, and after
LP-PRP increased to 73.3 + 3.8 points. Positive dynamics in both groups
maintained throughout the observation period: after 9 months the average
value was 93.9 + 2.4 points, after 12 months it was 92.2 + 1.7 points in
the first group, as well as 93.9 + 2.4 and 90.2 + 2.9 points after 9 and 12
months, respectively, in the second group of patients.

The mean value of the knee performance at the beginning of the
treatment by the Oxford Knee Score was 134.8 + 8.8 for the first group
and 138.5 + 5.2 points for the second group. When assessing joint func-
tion by the Oxford Knee Score 3 months after the start of the treatment,
the mean values were 152.1 + 2.3 points after LR-PRP treatment and
145.7 + 5.1 points after LP-PRP injections.

After 6 months in the first group, the Oxford Knee Score values
were 166.0 + 5.2 points with a subsequent increase to 185.5 + 2.4 and
191.2 + 5.3 points after 9 and 12 months. In patients of the second



group, the values of knee function were 166.0 + 6.2 6, 187.0 + 4.2 and
190.0 + 6.9 points after 6, 9 and 12 months, respectively.

There was a high negative correlation according to Pearson’s correla-
tion coefficient between the values of the VAS and the assessment of the
knee functional ability by the Lysholm Knee Score (Fig. 3) and the Oxford
Knee Score (Fig. 4) in patients with stage 1 gonarthrosis in both groups.
Thus, we can conclude that the decrease in the pain was accompanied by
an increase in the knee functional ability.

Fig. 1. The 1-year dynamics of the pain by the VAS in the patients of the
groups 1 (n=9) and 2 (n = 6) with stage 1 gonarthrosis; M + m.
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The evaluation of the clinical results in patients with stage 2

gonarthrosis.

In the patients of the first group during a month there was a decrease
in pain by the VAS to an average value of 25.5 + 9.3 mm (initial value of
44.5+11.2 mm) and up to 29.4 + 9.1 mm (initial value of 42.5 + 12.2 mm)
in the patients of the second group (Fig. 5).

In both groups, the reduction in pain by the VAS remained for up to
12 months from the start of the treatment, but in the period from 1 to 3
months in the patients of the first group, as at stage 1 gonarthrosis, there
was a «plateau», a slowing down of the dynamics for up to three months
after the treatment. Subsequently, patients in both groups showed a de-
crease in pain intensity to 12.0 + 2.6 mm and 12.5 + 5.3 mm in the first
and 13.1 £ 0.5 mm and 15.0 = 0.5 in the second group after 9 and 12
months, respectively (p < 0.05). In the patients from both groups, there
was no significant difference in the VAS scores (Fig. 1), comparing the
treatment with LR-PRP and LP-PRP for 12 months (p > 0.05).

At the beginning of the treatment, the average knee functional ability
in patients with stage 2 gonarthrosis by the Lysholm Knee Score for the
first and second groups were 64.8 + 7.4 and 65.6 + 5.6 points, respec-
tively. According to the Oxford Knee Score, the values were 116.4 + 3.9
and 110.4 + 3.9, respectively (Fig. 6).

During the first month from the beginning of the treatment, the values
by the Lysholm Knee Score in the first group increased to 74.1 + 5.1, and
in the second — to 73.3 + 4.3. Subsequently, up to 3 months in the first
group there was a slowdown in the dynamics (75.0 £ 3.5), with a further
increase to 84.1 = 2.5 after 6 months and 87.3 + 2.5 after 12 months of the
treatment (p < 0.05). In the second group, the increase in the knee func-
tional ability was stepless and more steady it was 80.8 + 5.1 after 3 months,
84.4 + 3.3 after 6 months and 87.8 + 3.3 after one year of treatment
(p <0.05). In patients from both groups, there was no difference in the im-
provement of joint function according to the Lysholm Knee Score (Fig. 6 A),
comparing treatment with LR-PRP and LP-PRP for 12 months (p > 0.05).

Fig. 2. The 1-year dynamics of values of knee function according to the Lysholm Knee Score (A) and the Oxford Knee Score (B) in the studied patients of the

group 1 (n=9) and 2 (n = 6) with stage 1 gonarthrosis; M = m.
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Fig. 4. Pearson’s correlation between the Visual Analogue Scale and the Oxford Knee Score in the studied patients of group 1 (A) and 2 (B) with stage 1

gonarthrosis.
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During the first month of the treatment, the values by the Oxford Knee
Score in the first group increased to 141.9 + 4.8, in the second they in-
creased to 130.0 = 4.1 (Fig. 6 B). In 3 months, the mean values were 150.5
+ 8.6 in patients of the first group and 152.8 + 4.7 in the second group.
As by the Lysholm Knee Score, in the period up to 3 months there was
a slowdown in the dynamics of values in the first group. After 6 months
in the first group, the average Oxford Knee Score value was 173.0 + 8.6
with a subsequent increase to 185.6 + 4.1 and 188.4 + 7.3 after 9 and 12
months (p < 0.05). In the second group, the increase in knee function ac-
cording to the Oxford Knee Score was more uniform: 173.0 + 3.7 after 6
months, 182.0 + 2.5 and 185.6 + 8.2 after 9 and 12 months, subsequently
(p < 0,05). In the patients of the first and second groups, there was no
significant difference in the improvement of knee function by the Oxford
Knee Score (Fig. 6), comparing the methods of treatment with both types
of PRP for 12 months (p > 0.05).

There was a high negative correlation according to Pearson’s test
between pain by the VAS and assessment of the knee functional ability
by the Lysholm (Fig. 7) and Oxford (Fig. 8) Knee Scores in the patients
with stage 2 gonarthrosis in both study groups. Thus, the increase in the
functional knee ability correlated with a decrease in the values of the VAS
scale.

The evaluation of the clinical results in patients with stage 3

gonarthrosis.

In the patients with stage 3 gonarthrosis, regardless of the cellular
product used, a reduction in pain and a slight improvement in knee func-
tional ability were achieved within 6 months. Subsequently, patients in
both groups showed a gradual regression of positive symptoms.

In the patients with stage 3 gonarthrosis during the first month there
was a decrease in pain by the VAS to an average of 33.8 + 6.4 mm in the
first group (55.6 + 11.8 mm at the beginning) and up to 45.1 £ 10.0 mm in
the second (55.0 + 7.1 mm at the start) (Fig. 9) (p > 0.05). In both groups,
the positive dynamics of the VAS reduction remained for up to 6 months
from the start of the treatment: the values were 26.9 + 5.3 and 25.0 + 4.1
mm, respectively, after which in 12 months there was a gradual increase
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Fig. 5. The 1-year dynamics of the VAS in the group 1 (n = 10) and
2 (n = 8) of patients with stage 2 gonarthrosis; M + m.
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of pain to 31.3 + 4.4 mm by the VAS in the first group and 32.1 £ 2.7 mm
in the second (p < 0.05). The patients of both groups had no difference in
the reduction in pain by the VAS, comparing LR-PRP and LP-PRP treat-
ment for 12 months (p > 0.05).

At the beginning of the treatment, the average knee functional abil-
ity in patients with stage 3 gonarthrosis by the Lysholm Knee Score was
52.8 + 4.5 in the first group of patients and 52.4 + 4.3 in the second.
According to the Oxford Knee Score, the values were 115.4 + and
112.3 + 7.1, respectively (Fig. 10).

Evaluation of the knee functional ability in the patients showed posi-
tive dynamics with a peak of efficiency within 3 months with an increase
to 72.1 + 3.3 points in the first and 70.6 + 2.3 in the second group. It was

Fig. 6. The 1-year dynamics of the values of knee functional ability by the
[ Lysholm Knee Score (A) and the Oxford Knee Score (B) in the patients of
groups 1 (n=10) and 2 (n = 8) with stage 2 gonarthrosis; M £ m.
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Fig. 7. Pearson’s correlation between the Visual Analogue Scale and the Lysholm Knee Score in the studied patients of groups 1 (A) and 2 (B)

with stage 2 gonarthrosis.
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Fig. 8. Pearson’s correlation between the Visual Analogue Scale and the Oxford Knee Score in the studied patients of groups 1 (A) and 2 (B) with
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a gradual decrease in the achieved effect to 59.8 + 4.9 and 51.6 £ 18.7
points, respectively, in 12 months after the treatment (p > 0.05).

According to the Oxford Knee Score, the peak of efficacy was
138.0 + 0.7 points for the first and 123.1 + 0.7 for the second group which
also occurred in 3 months from the start of the treatment with subsequent
regression. After 12 months, the mean values were 119.8 + 8.7 points in
the first and 113.0 + 8.7 in the second group (p > 0.05). There was not
found a significant difference in the knee functional ability of the joint by
the Lysholm and Oxford Knee Scores for 12 months, after comparing the
effect of the treatment in patients from both groups (p > 0.05).

There was a middle negative correlation according to Pearson’s
correlation coefficient between pain by the VAS values and assessment
of the knee functional ability by the Lysholm (Fig. 11) and Oxford (Fig. 12)
Knee Scores in patients with stage 3 gonarthrosis in both study groups. It
is possible to make assumptions about the correlation of knee functional
ability with decrease in pain by the VAS values.

Comparing the results of the treatment of patients with gonarthro-
sis of different stages, we can highlight several important points. The
main complaint of the patients, regardless of the stage of the disease
was pain (85 % of patients). Restriction of the movement as an isola-
ted symptom was found only in 12.5 % of cases (5 patients with stage
2 and 1 with stage 3 gonarthrosis). Pain during walking was distinctive for
44 % patients (11 patients with stage 1 gonarthrosis, 10 — with stage 2),
constant pain was characteristic of 35 % patients (11 patients with stage
3 gonarthrosis, 4 — with stage 2, 2 — with stage 1). In other cases, the pain
was intermittent.

In our opinion, the increased pain during the first days of LR-PRP
injection, is directly related to the presence of leukocytes and proinflam-
matory interleukins in the cellular productwhich enhance inflammation.
These cytokines also increase the expression of genes that promote cata-
bolic changes in cartilage tissue and enhance inflammatory processes,
including pro-inflammatory interleukins (IL-1B, IL-6 and IL-8), inducible
NO-synthase (iNOS), cyclooxygenase 2 (COX2) and metalloproteinases
1and 13 (MMP1, MMP13) [1, 29, 30, 32]. In particular, iNOS is respon-
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Fig. 9. The 1-year dynamics of the VAS in the studied patients
of groups 1 (n =8) and 2 (n = 7) with stage 3 gonarthrosis; M + m.
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sible for the synthesis of NO that is one of the main pro-inflammatory
mediators at osteoarthritis [19]. Increase in the concentration of metal-
loproteinases MMP1 and MMP13, belonging to collagenases, can cause
the destruction of extracellular collagen type Il. It is known that increased
levels of these metalloproteinases are characteristic of osteoarthritis and
rheumatoid arthritis [4].

In addition, proinflammatory cytokines IL-1B and TNF-a reduce the
synthesis of the main components of the extracellular matrix in the car-
tilage tissue of aggrecans and collagen II, increase chondrocyte death
by apoptosis and increase the formation of reactive oxygen forms that
contribute to oxidative cartilage damage [33]. However, plasma contains
a significant amount of anti-inflammatory factors, in particular IL-1 re-
ceptor agonist (IL-1Ra). It inhibits the activation of IL-1 by blocking its
interaction with its own receptor. In addition, plasma contains a signifi-
cant amount of anti-inflammatory interleukins IL-4, IL-10 and IL-13. They
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of groups 1 (n=8) and 2 (n = 7) with stage 3 gonarthrosis; M + m.

Fig. 10. The 1-year dynamics of the values of knee functional ability by the Lysholm Knee Score (A) and Oxford Knee Score (B) in the studied patients

o

80
70 b 0 /\F
= '\I
’ \ 120 i —
8 50 > 8 100
w w
3 40 3 e
{= (=
X X
g 30 c 60
© ©
S 20 S 40
> >
— —
10 20
0 0
0 1 3 6 9 12 0 1 3 6 9 12
months months
—&— group 1 (LR-PRP) —— group 2 (LP-PRP) —&— group 1 (LR-PRP) —i— group 2 (LP-PRP)
Fig. 11. Pearson’s correlation between the Visual Analogue Scale
r=-0.67 ° and Lysholm Knee Score in the studied patients of groups 1 (A)
90 and 2 (B) with stage 3 gonarthrosis.
= -0.68 (B )
80
£ o
® 5 70 -
O &)
- o 60
E © 50 u u
2 Q n
g 30 S 0
et} = 30
20 2 20
10 @
10
%
0 : : : : : : : . 0 T T T T T T "
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70
Visual Analogue Scale Visual Analogue Scale
Fig. 12. Pearson’s correlation between the Visual Analogue Scale and Oxford Knee Score in the studied patients of groups 1 (A) and 2 (B)
with stage 3 gonarthrosis.
=051 () r=-0.29 o
160 140
140 :E;H . © 120 [ ] [ ]
® 2
= 120 - o ]
8 ] [] = & 100 L
o 100 [}
[} (0] 80
2 80 N
~
o 60 -g 60
S X a0
)
40 o
(e}
20 20
0 . . . . - - - : 0 . . . : - - .
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70

Visual Analogue Scale

inhibit the synthesis of prostaglandin E2 under the influence of TNF-a.
This may explain the gradual and noticeable reduction of pain in patients
with different stages of gonarthrosis [17, 28].

Neutrophils are one of the first cells to appear in the area of acute
inflammation. This is a response to cytokines such as interleukins (IL-1,
IL-8) and TNF-a along with many others. Under physiological circum-
stances, neutrophils undergo apoptosis and are completely destroyed by
tissue macrophages [2, 27]. Under certain conditions, such as the lack
of macrophages, neutrophils undergo necrosis which releases all their
intracellular content that causes an increase and prolongation of the in-
flammatory response.

Monocytes are able to inhibit the presentation of antigens and pro-
duction of cytokines. Usually, LR-PRP contains a significantly increased
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(up to 3-6 times from baseline) concentration of monocytes, and an in-
creased concentration of platelets can stimulate the migration of mono-
nuclear cells [11, 31]. This should neutralize the effects of significant con-
centrations of neutrophils but some studies suggest that it also causes an
increase in the concentration of proinflammatory interleukins which en-
hance the inflammatory response in the early period. In addition, mono-
cytes migrate to the site of the lesion and differentiate into macrophages
and dendritic cellswhich initiates, in contrast to neutrophils, a long-lasting
immune response (months, but not days compared to neutrophils) [18,
32]. However, the frequency and severity of pain in the first few days after
injection were significantly higher than in patients after LP-PRP regard-
less of the stage of the disease in the group of patients that received
LR-PRP treatment (p < 0.05). In the same group of patients, the clinical



effect appeared in an earlier period (after 1-2 injections compared with
4-5 injections) than after the use of LP-PRP (p < 0.05).

After using LR-PRP treatment in patients with stage 1 and 2 gon-
arthrosis, there was a typical decrease in the achieved clinical effect
within 1-3 months and reaching a «plateau». Patients noted a slowdown
in the reduction of clinical manifestations such as pain, joint stiffness,
edema, synovitis, etc. However, these phenomena were temporary and
the exa-mination 6 months after the start of treatment revealed positive
dynamics in comparison with both the baseline and previous periods of
observation (p < 0.05). In our opinion, the reduction of pain led to a short-
term improvement in the knee functional ability in the patients with stage
3 gonarthrosis.

The slowdown in the dynamics of 1-3 months is typical for patients
receiving LR-PRP. In our opinion, it is associated with the activation of
another pathway for the implementation of the anti-inflammatory effect,
namely activation of endogenous multipotent mesenchymal stromal cells
(MMSCs). Comparing with LR-PRP treatment, a positive therapeutic ef-
fect was observed in the patients a bit later (3-4 weeks) after the start
of treatment. The activation of MMSCs is partially mediated by the che-
mokine stromal cell-derived factor-1a (SDF-1a, also known as CXCL12)
contained in platelet alpha granules. This effect of enhancing the migra-
tion of progenitor cells is used in the treatment of osteoarthritis and car-
tilage defects such as microfracture, tunneling during surgery. The lack
of pronounced and long-term clinical effect in patients with stage 3 gon-
arthrosis, compared with patients with stage 1-2, can be explained by de-
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generative changes in joint and periarticular tissues, severe subchondral
sclerosis, trophic disorders that limit the clinical effectiveness of the PRP
therapy and prevent proliferation and migration of MMSCs. At the same
time, the stimulation of regenerative processes, even in such an unfa-
vorable situation, allowed to achieve a significant reduction in pain, the
severity of clinical symptoms and improved the quality of patients’ life.

In addition, abundant platelet vascular endothelial growth factor
(VEGF) and platelet-derived growth factor (PDGF) promote the migration
of MMSCs as well as macrophages and fibroblasts [3, 8, 21].

Yin W. et al. concluded that at the same platelet concentration in LP-
PRP and LR-PRP, a higher concentration of leukocytes causes the activa-
tion of different signaling pathways of regeneration [29]. In the model of
osteoarthritis in laboratory animals, LR-PRP caused a significant increase
in the level of proinflammatory cytokineswhich negatively affected the re-
generation processes, cartilage metabolism and counteracted the positive
effects of growth factors [29].

Other studies have also demonstrated the benefits of using LP-PRP
in the treatment of knee osteoarthritis at various stages and its ability to
recruit MMSCs into regeneration processes [7, 9, 10, 20]. The opposite
data are demonstrated in the study of Oltulu I. et al., the best results were
obtained in the group of patients after the use of LR-PRP [23]. However,
in this study, the cell composition draws attention, namely a significantly
higher concentration of platelets in LR-PRP compared to LP-PRP and
almost unchanged concentration of leukocytes in LP-PRP compared to
baseline.

N\

The assessment of treatment outcomes after 12 months compared to baseline in stages 1 and 2 gonarthrosis showed a positive result for
both groups of patients after using LR-PRP and LP-PRP treatment, and in stage 3 a significant improvement was achieved for the period up
to 6 months. There was no significant difference between the results of LR-PRP and LP-PRP treatments in the periods of 9-12 months.

After using LP-PRP injections, the 1-year dynamics of quality of life was stepless and more steady without periods of regression while for LR-

PRP treatment there was a clear significant short-term reduction in the effect of treatment for about 6 months compared to both the baseline
and values of the previous period in the 15 and 2" stage of the disease with further improvement and stable effect for up to 12 months.

J
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