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1. Introduction

Osteoarthritis (OA) is the most common chronic joint disease,
which has detrimental effects on the patients quality of life and
functional status. Overtime, the continuing progression of the
pathological process leads to involvement in inflammation and
degradation all structural components of the joint - capsule, liga-
ments, synovial membrane and periarticular muscles. The main
cause for the disease progression is development of disbalance
between the articular cartilage repairment and injury due to me-
chanical loading, every day damage and shift of the balance to the
catabolic processes.

The weight of OA in the general structure of the diseases is 12%,8

with the most commonly affected knees, hips and hands joints. The
prevalence of OA depends on age and sex (increasing with age,
slightly more prevalent among women); also it's worth mentioning
that epidemiologic data about OA is significantly influenced by the
geographic area of study and methods used for OA diagnostic
visualization. X ray methods of OA visualization are the most reli-
able for the disease prevalence determination. Among all joints the
knee is the most frequently affected joint (Fig. 1).4

According to classification there are two main pathogenetic
variants of OA: primary (idiopathic) and secondary, which develops
as a consequence of trauma and other damaging factors. Idiopathic
OA is mostly the disease of elderly with prevalence of the disease
50%e97% in ages between 65 and 75 years respectively; but sec-
ondary OA can develop in any age group and diagnosed in
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approximately 14% of patients under the age of 25.7

One of the most common cause of secondary knee OA in young
patients is trauma which leads to the preliminary cartilage degra-
dation and development of symptomatic disease in the first 3e5
years after trauma.

Recent studies have shown that the action of the joint to the
injury is systemic, and not just an isolated cartilage reaction. The
main mechanisms of the development of post-traumatic OA
include apoptosis of articular chondrocytes and activation of the
inflammatory cascade in the joint, which leads to degenerative
changes in the cartilage.

The initial injury results in acute tissue damage with the release
of matrixmolecules into the extracellular space, which prompting a
robust release of pro-inflammatory (IL-1, IL-6, Il-8, TNFa, chemo-
kines) and anti-inflammatory mediators (IL-10,IL-1RA) in the first
48 h after injury. Further inflammatory changes in the joint have
determined stages and terms of development.3

After the acute post-trauma phase, cytokines concentration
generally decreases but levels of IL-6, IL-8, and IL-1Ra are elevated
in the first week after injury. During the subacute period (from 1
week to 2 months), IL-6 level remains elevated, together with other
cytokines and chemokines. In chronic phase (from 2 months to> 1
year), the IL-6 and IL-8 are elevated, but IL-1Ra often falls lower
than normal. Level of TNFa is increasing in subacute phase and
persists the same level in the chronic phase (after 1 year after the
injury). It is important to note that the pro-inflammatory response
in some patients does not get adequate controlling time after
injury, there by chronic inflammation and tissue damage pro-
gresses further, leading to PTOA.1 Progressive synovial inflamma-
tion builds the background for the changes in synovial fluid
chemical composition, which, in combination with intensive
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Fig. 1. Incidence of symptomatic osteoarthritis fallon health plan (4).
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release of the proinflammatory cytokines, causes the development
of the wide range secondary alterations. Over time, articular
cartilage thinning and becomes less elastic, the articular surfaces of
the bones lose resilience properties, become polished and sealed,
which leads to the development of the subchondral osteosclerosis.
Further inflammatory involvement of the articular capsule, sub-
chondral bones, ligaments and muscles as well as deformation of
the joint leads to a continuous progressive course of the disease.5

According to the Osteoarthritis Research Society International
(OARSI) and the American Academy of Orthopaedic Surgeons
(AAOS) recommendations, the standard of OA treatment consists of
non-pharmacological interventions, pharmacologic treatment and
surgery (Treatment of Osteoarthritis of the Knee. 2nd edn. Rose-
mont: American Academy of Orthopaedic Surgeons, 2013). Non-
pharmacological interventions include body weight control, regu-
lar moderate physical activity, life style changes, use of multimodal
therapy and orthopaedic devices. In case of knee OA the treatment
program includes physical therapy, fitness walking and aerobic
exercises and training, which evidenced to improve joint function
in OA.2 Pharmacologic treatment aims mainly to keep pain and
inflammation under control but can't reverse the cartilage damage.
Surgery is only considered for severe cases when other treatment is
ineffective. Unfortunately, arthroplasty is not recommended for
young patients (usually the artificial implant has a lifespan limits in
15e20 years).6

The unsatisfactory final results and unacceptable side effects
associated with standard OA treatment warrant the continued
search for potential new therapy. At present the regenerative
methods which use different kinds of blood, mesenchymal and
Table 1
Main demographic and clinical characteristics of patients enrolled into the study.

Parameter KT group, n¼ 60

Group 1 N¼ 30 G

Mean age, years 31.83± 2.41 3
Women 13 1
Men 17 1
Time from trauma, days/months 20.23± 1.92 2

NOTE: PTOA: post-traumatic osteoarthritis. KT: knee trauma.
bone marrow derived compounds are rather widely investigated
for OA treatment. Among the mentioned methods the easiest in
performing is use of autologous patient plasma with different
number of platelets (platelet rich plasma, platelet normal plasma).
Autologous platelet plasma demonstrated anti-inflammatory and
regenerative effects in experiment and clinical practice which
makes it promising for OA treatment.

2. Objective

To investigate clinical efficacy and safety of platelet autologous
plasma (PAP) comparing to standard treatment in young patients
with symptomatic post-traumatic knee OA and in early period of
the knee injury.

3. Materials and methods

The prospective comparative study was conducted at the
Department of Family Medicine of the Shupyk National Medical
Academy of Postgraduate Education based on Kiev Regional Clinical
Hospital and approved by Academy Ethics Committee. Our study
included 122 patients (mean age 34.81± 4.28 years): 62 e with
established symptomatic post-traumatic knee OA (PTOA) (mean
time from trauma e 46.87± 2.09 months), I-II stage (X-ray) and 60
e in early period after intra-articular knee trauma (KT) (confirmed
by MRI, 20.15± 1.72 days after injury). The patients after knee
surgery, with inflammatory arthritis or any other uncontrolled
diseases and disorders were not included in the study. All patients
signed the informed consent forms to participate in study.
PTOA group, n¼ 62

roup 2 N¼ 30 Group 1 N¼ 30 Group 2 N¼ 32

1.97± 2.58 37.17± 3.91 38.26± 3.41
1 16 17
9 14 15
0.06± 1.48 46.9± 1.9 46.83± 2.29



Table 2
Dynamic changes in KOOS and VAS Score in patients with PTOA.

Parameter Before treatment Early observational period Late observational period

After 2 weeks After 4 weeks After 6 months After 12 months

Gr.1 Gr.2 Gr.1 Gr.2 Gr.1 Gr.2 Gr.1 Gr.2 Gr.1 Gr.2

KOOS:
� Pain 48.61± 6.46 47.22± 6.3 63.58± 6.44 67.36 ± 7.89* 69.26± 4.19 77.52 ± 5.48* 52.32± 5.75 76.04 ± 4.51* 49.17± 5.01 76.82 ± 5.85*
� Symptoms 45.75± 11.23 45.27± 12.3 57.33± 8.62 59.37± 5.03 64.29± 9.47 69.64 ± 5.29* 51.31± 5.82 70.2 ± 5.34* 48.57± 5.75 74.44 ± 3.86*
� Affect daily life 55.79± 5.39 56.21± 5.87 62.08± 3.91 70.22 ± 4.75* 69.02± 3.45 74.36 ± 4.4* 60.78± 3.03 79.37 ± 4.55* 61.31± 3.08 77.53 ± 3.13*
� Sport and Recreation 14.22± 6.74 13.68± 8.01 31.17± 5.52 35.16 ± 5.16* 34.33± 5.04 41.72 ± 6.91* 27.17± 6.39 54.2 ± 4.23* 17.17± 5.03 55.78 ± 4.77*
� Quality of Life 23.83± 8.01 23.9± 6.96 45.21± 7.99 50.2 ± 7.69* 48.33± 7.14 56.64 ± 10.16* 38.13± 6.84 61.52 ± 7.79* 27.83± 7.88 72.85 ± 4.66*
VAS 46.31± 2.89 45.64± 2.76 31.14± 1.74 26.31 ± 1.35* 22.15± 2.03 15.97 ± 1.26* 35.42± 1.92 19.33 ± 2.24* 37.33± 2.13 12.11 ± 2.53*

NOTE. KOOS Score: Knee injury and Osteoarthritis Outcome Score. VAS Score: Visual Analog Score for pain. PTOA: post-traumatic osteoarthritis.
*significant difference between Gr.1 and Gr.2, p < 0.05.
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Patients with established PTOA and knee trauma (KT) were
divided in 2 groups e first group received standard treatment
(NSAIDs, exercises, complex physiotherapy for patients with PTOA
and NSAIDs, complex physiotherapy for patients with KT), second
ein addition to the standard treatment received course of 3 intra-
articular injections of PAP. The demographic characteristics of
enrolled patients are given in Table 1.

PAP was prepared by standard method from patient venous
blood using special blood collection tubes with gel; tubes with 9ml
of the whole blood then have been centrifuged (3000 rpm for
5min at a 65e75� angle) to separate the platelet plasma suspension
from the components of the blood), obtained PAP (3e5ml) was
then injected into affected knee. Mean platelet concentration in
PAP was (280e320± 22.1� 106)/mL. Course of PAP treatment
consisted of 3 injections with 4 (±1) day intervals between. Efficacy
of treatment in both groups was evaluated by standard recom-
mended scales (KOOS questionnaire (Knee injury and Osteoar-
thritis Outcome Score) and VAS pain score (Visual Analog Scale).
Also all enrolled patients underwent standard complex evaluation
prior to the treatment (general clinical and joint examination, knee
X-ray/MRI; laboratory tests included hematology, ESR and plasma
hpCRP level). Complex of clinical and laboratory examinations,
questionnaires assessment was repeated in 2 and 4 weeks, 6 and 12
months after course of treatment.

All study data were imported and analyzed by SPSS v.21. For
comparing variables with normal distribution, ANOVAs test was
used. Qualitative variables were shown as frequency and percent.
For evaluating the relationship between quantitative variables,
correlation coefficients of Pearson and Sperman were used.
4. Results

During early observation period (first 4 weeks) all patients from
Table 3
Dynamic changes in KOOS and VAS Score in patients with KT.

Parameter Before treatment Early observational period

After 2 weeks Afte

Gr.1 Gr.2 Gr.1 Gr.2 Gr.1

KOOS:
� Pain 51.11± 8.11 51.3± 6.76 76.67± 2.97 80.19 ± 3.4* 78.8
� Symptoms 47.62± 7.22 47.14± 7.47 77.02± 4.93 83.33 ± 4.63* 78.1
� Affect daily life 51.81± 5.09 52.06± 4.31 80.19± 4.76 84.61 ± 5.14* 79.2
� Sport and Recreation 17.83± 7.39 17.67± 5.83 50.33± 5.86 59.33 ± 6.79* 52.8
� Quality of Life 27.83± 11.88 28.5± 8.44 49.17± 9.25 51.87± 6.6 50.2
VAS 61.17± 2.63 60.03± 2.16 43± 2.6 41.03 ± 2.54* 34.1

NOTE. KOOS Score: Knee injury and Osteoarthritis Outcome Score. VAS Score: Visual An
*- significant difference between Gr.1 and Gr.2, p < 0.05.
PTOA group demonstrated improvement in pain and functional
activity as it is shown in Table 2, in 2 weeks of active treatment of
OA exacerbation patients of both subgroups showed significant
improvement in pain, symptoms and quality of life comparing to
baseline values but patients from Gr.2 also had less affected daily
living activities and better points in sport and recreation subscale.
In 4 weeks the difference between subgroups were more promi-
nent, with better results of treatment in subgroup treated with PAP.
Later, during the late observation period second subgroup still
demonstrated better outcomes (both comparing to the baseline
and to the first subgroup); at that period of study one third of pa-
tients from Gr.1 experienced 1e2 OA exacerbations, in Gr.2 only
6.45% of patient had had 1 OA exacerbation (p< 0.05). By the end of
the 12 months the majority of Gr.2 patients still had better knee
functions and less pain comparing to the baseline, while Gr.1 pa-
tients showed no significant difference in all KOOS parameters. The
same dynamics of the investigated parameters were also observed
during treatment of patients in early period of knee trauma
(Table 3).

No significant complications were observed during PAP use,
except for temporary local pain at the injection site.
5. Conclusion

Use of PAP intraarticular injections in complex treatment of
symptomatic knee OA and in early phase after knee trauma helps to
improve both early and late results of treatment, decreases the
number of symptoms exacerbations during 12 months after
treatment.
6. Discussion

The application of PRP to the treatment was developed because
Late observational period

r 4 weeks After 6 months After 12 months

Gr.2 Gr.1 Gr.2 Gr.1 Gr.2

9± 5.68 84.81 ± 2.8* 79.07± 5.3 82.22 ± 3.97* 79.91± 3.27 81.85 ± 2.8*
1± 4.39 86.31 ± 3.98* 75.36± 6.52 87.14 ± 3.82* 78.57± 5.9 84.64 ± 3.65*
8± 5.5 87.01 ± 3.02* 80.05± 5.13 85.39 ± 2.5* 81.91± 4.48 84.02± 5.02
3± 7.27 61.33 ± 6.01* 53.17± 6.36 66.33 ± 5.07* 60.67± 4.09 68.67 ± 4.72*
1± 7.25 56.88 ± 6.84* 56.04± 7.24 69.17 ± 9.13* 59.17± 5.54 70.83 ± 6.83*
7± 2.18 32.23 ± 2.08* 30.57± 2.14 19.17 ± 1.93* 29.07± 1.96 12.27 ± 1.05*

alog Score for pain. KT: knee trauma.
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of the roles of growth factors expressed in platelets, which lead to
tissue regeneration. Intra-articular PRP injectionwas reported to be
effective in degenerative knees in several studies.

This study showed that PAP intra-articular injections in complex
treatment PTOA comparing to standard treatment leads to clinical
improvements in pain and knee functionality during 12 months.
Moreover the evidence shows that the use of PRP has similar effects
patients with knee trauma. Our study showed PRP did not increase
the risk of adverse events compared with standard treatment.

However, we believe efficacy of treatment intra-articular PRP
injection should be evaluated in a longer period of time. Conse-
quently the new clinical studies should do be oriented to analyze a
longer treatment or observational period.

A more effective therapy for knee OA can delay of some years
arthroplasty and this delay could lead to reduce the total OA eco-
nomic impact on Healthcare Systems.
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Appendix A. Supplementary data

Supplementary data related to this article can be found at
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