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Abstract: Background — According to the data from the published sources worldwide, about 10% of the world population suffers from 
osteoarthrosis. While searching for novel methods of osteoarthrosis treatment, we proposed administering intra-articular injections of 
autologous platelet-rich plasma.  
The goal of this clinical study was to evaluate the effectiveness of autologous platelet-rich plasma injections in osteoarthrosis patient 
treatment.  
Methods — This open-label parallel-group study was a pilot randomized controlled trial. An analysis of the treatment outcomes for 128 
patients with knee joint arthrosis was performed. All patients were split among three groups, and subjects in two of those were receiving 
conventional treatment. Clinical efficacy was calculated from pain intensity, determined using Visual Analog Scale, Lequesne index and 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Inflammatory response intensity was assessed by superoxide 
dismutase content and erythrocyte catalase activity.  
Results — It was demonstrated that administering platelet-rich plasma allowed achieving tangible clinical and laboratory results without 
any side effects and with very few contraindications. The latter included, for instance, blocking inflammatory process in the joints, thereby 
inhibiting the oxidative stress, which is the most pathogenetically substantiated treatment of osteoarthrosis.  
Conclusion — Thus, we have discovered that platelet-rich plasma injections had apparent anti-inflammatory and pain-relieving effects, 
along with inhibiting action of destructive processes in the cartilaginous tissue, hence improving life quality of the patients with 
osteoarthrosis. 
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Introduction  

As an ailment, osteoarthrosis is an important social and 
biological issue. According to the data from the published sources 
worldwide, about 10% of the world population suffers from 
osteoarthrosis (OA) [1-3]. Federal Statistics Service reported OA 
among the leading causes of disability in Russia [4], with a steadily 
increasing morbidity trend over the past two decades, virtually 
doubling the number of such patients over time [5, 6]. 
Epidemiological survey data stated that 13% of Russian Federation 
population has already been ill with OA of the knee and/or hip 
joint [7, 8].  

Inflammation is considered traditionally the cause of OA [9, 
10], while activation of free-radical oxidation processes initiates 
and promotes degenerative changes in the hyaline cartilage. As a 
result, metabolic impairment of the connective tissue takes place 
[10, 11]. The latter, in turn, results in articular cartilage 
degeneration, lipping, inflammation, synovial compaction, as well 
as damaged ligaments and articular capsule, all of which lead to 
chronic pain, stiffness, deformation, and movement disorders [12].  

There are multiple treatment approaches to OA. Previously, 
administering cartilage protectors, glucocorticoids, and non-
steroidal anti-inflammatory agents was considered to be the most 
efficient tactic [13, 14]. However, these medication groups have a 
number of disadvantages, as well as some adverse side effects 
[15]. 

The intra-articular injections of autologous platelet-rich plasma 
(PRP) were chosen in the process of searching for novel methods 
of pathogenetic OA therapy [16-19]. The aforementioned 
methodology had been first applied in 1965 at California University 
of Science and Medicine to stimulate osteogenesis in patients with 
maxillary injury [20]. 

PRP is a highly active agent containing, among others, high 
concentrations of the platelet-derived growth factor (PDGF), 
platelet insulin-like growth factor (IGF), vascular endothelial 
growth factor (VEGF) and transforming growth factor beta (TGF-β). 
These substances, acting locally on pathological lesion, induce an 
intensive anti-inflammatory effect stimulating tissue regeneration 
[23-25]. It was also proved that there are substances with both 
chondrogenic and osteogenic properties in the platelet alpha-
granules, which are also present in PRP [21, 22]. 
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Figure 1. Study design. 

 

Considering the discussed prerequisites, the urgency of 
searching for novel highly effective and safe methods of 
osteoarthritis treatment, and significant therapeutic potential of 
using autologous platelet-rich plasma, the goal of this clinical study 
was to evaluate the effectiveness of autologous platelet-rich 
plasma injections in osteoarthrosis patient treatment. 

 

Material and Methods 

Study design 

This open-label parallel-group study was a pilot randomized 
controlled trial aimed to evaluate the effectiveness of autologous 
PRP injections in OA patient treatment. The study design was 
based on the analysis of the treatment outcomes for 128 patients 
with knee joint arthrosis. The clinical diagnosis was identified 
sensu the Congress of Russian Rheumatologists (1993) [26]. Our 
research design is presented schematically in the Figure 1. The 
study inclusion and exclusion criteria were as follows: 

Inclusion criteria: 

- Signed and dated written informed consent form (WICF) 
for the study; 

- Clinically and radiologically confirmed primary 
osteoarthritis of the knee joint – grade 3, according to Kellgren and 
Lawrence classification criteria [29]. 

Exclusion criteria: 

- Secondary gonarthrosis; 

- Intra-articular pharmaceutical drug injections during six 
months prior to the study enrollment; 

- HIV infection; 

- Patient’s disagreement to participate in the study. 

All eligible patients were randomly allocated to three groups of 
comparable baseline traits: age and gender composition, illness 
duration, and severity of functional and morphological disorders.  
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Group 1 (experimental treatment) included 47 patients. 
Treatment plan in this group included intra-articular PRP injections 
once a week for 1 month (i.e., a total of 4 PRP injections 7 days 
apart). We used the conventional preparation technique for 
autologous plasma with platelet concentration approximately 
800×10

9
 per liter [27]. 

Group 2 (active control) comprised of 38 study subjects. The 
provided treatment included hyaluronic acid injections into the 
joint cavity once a week for 1 month. 

Group 3 (active control) encompassed 43 patients receiving 
conventional treatment: cartilage protectors (chondroitin sulfate 
*Alflutop ®+ was administered via 1 mL intramuscular injections 
once a day for 20 days), non-steroidal anti-inflammatory agents 
(Meloxicam 15 mg in intramuscular injections twice a day for 5 
days, followed by Celecoxib 200 mg orally twice daily for 14 days), 
proton-pump inhibitors (Omeprazole 20 mg twice a day orally for 
the entire period of the non-steroidal anti-inflammatory agents 
dosing), and physical therapy [28]. 

 

 

Table 1. Pain intensity dynamics sensu VAS in OA patients 

Patient groups 
Pain scale 

Baseline values 1 month 3 months 6 months 

At rest 
Group 1 (n=47) 5.8±0.3 4.6±0.4 3.2±0.1*,**,*** 2.1±0.2*,**,*** 
Group 2 (n=38) 5.4±0.5 4.1±0.3* 3.8±0.2* 3.3±0.3* 
Group 3 (n=43) 5.7±0.3 5.0±0.4 4.3±0.3 3.7±0.2* 

During walking 
Group 1 (n=47) 6.8±0.1 5.8±0.3 4.5±0.1*,**,*** 4.3±0.2*,** 
Group 2 (n=38) 6.7±0.3 5.4±0.3 5.0±0.2* 4.8±0.1* 
Group 3 (n=43) 6.8±0.2 6.1±0.4 5.1±0.2* 4.2±0.1* 

* – p≤0.05 compared with the appropriate baseline value; ** – p≤0.05 compared with Group 2 within the same follow-up period; *** – p≤0.05 compared 

with Group 3 within the same follow-up period. 

 

Table 2. WOMAC dynamics in OA patients 

Patient groups Symptoms Baseline values 1 month 3 months 6 months 

Group 1 (n=47) 

Pain severity 161.2±34.1 105.2±24.1 61.17±19.5* 39.24±15.1* 

Motion stiffness 63.2±25.1 30.7±19.1 18.5±14.3* 11.4±12.1* 

Functional impairment 224.7±36.2 149.4±23.2 103.4±18.9* 55.4±14.1* 

Group 2 (n=38) 

Pain severity 158.8±38.5 88.8±18.2* 75.7±17.1* 42.5±11.9* 

Motion stiffness 65.7±24.7 40.4±19.9 24±14.1 15.8±14.5* 

Functional impairment 226.8±40.1 151±26.1 121.1±15.6* 60.4±16.8* 

Group 3 (n=43) 

Pain severity 155.±39.1 121.5±21.4 88.4±15.1 55.4±11.4* 

Motion stiffness 66.7±28.1 49.1±20.4 32.8±16.4 19.8±16.1* 

Functional impairment 226.8±31.9 168.1±19.3 95.3±18.1* 71.2±15.1* 

* – p≤0.05 compared with the appropriate baseline value; ** – p≤0.05 compared with Group 2 within the same follow-up period; *** – p≤0.05 compared 

with Group 3 within the same follow-up period. 

 

Table 3. Lequesne index dynamics in OA patients 

Patient groups Baseline values 1 month 3 months 6 months 

Group 1 (n=47) 12.1±0.3 8.1±0.2*,**,*** 6.4±0.3*,*** 4.1±0.6*,*** 

Group 2 (n=38) 11.9±0.5 9.4±0.3* 6.8±0.2* 5.5±0.1* 

Group 3 (n=43) 11.9±0.2 10.1±0.3 9.5±0.3* 6.8±0.4* 

* – p≤0.05 compared with the appropriate baseline value; ** – p≤0.05 compared with Group 2 within the same follow-up period; *** – p≤0.05 compared 

with Group 3 within the same follow-up period. 

 

Table 4. Dynamics of biochemical parameters in OA patients 

Patient groups Parameters Baseline values 1 month 3 months 6 months 

Group 1 (n=47) 
Superoxide dismutase 757.8±194.1 877.2±124.2 1241.1±115.7*,**,*** 1378.4±175.1*,**,*** 

Erythrocyte catalase 54.9±11.1 35.2±13.4 27.4±9.8* 22.4±8.1* 

Group 2 (n=38) 
Superoxide dismutase 704.1±207.1 760.2±115.3 807.8±107.1 850.4±112.8 

Erythrocyte catalase 58.1±12.8 50.7±11.5 40.4±5.1 35.4±3.1* 

Group 3 (n=43) 
Superoxide dismutase 728.4±197.4 770.2±104.2 801.1±105.2 842.7±114.3 

Erythrocyte catalase 56.2±13.4 51.5±14.3 42.1±6.8 36.8±3.8 

* – p≤0.05 compared with the appropriate baseline value; ** – p≤0.05 compared with Group 2 within the same follow-up period; *** – p≤0.05 compared 

with Group 3 within the same follow-up period. 
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Study assessments  

The effectiveness of treatment was assessed from clinical and 
laboratory data. Among all other clinical parameters, pain intensity 
in the joint (at rest or while walking) was rated using the Visual 
Analog Scale (VAS). We used standard VAS, presented as a 10 cm 
line with descriptive anchors along it (0 = no pain; 1-3 = mild pain; 
4-6 = moderate to severe pain; 7-9 = very severe pain; 10 = worst 
possible pain). Functional state of affected joints was scored sensu 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) and Lequesne algofunctional index [30, 31]. Patient 
monitoring was carried out at the beginning of the treatment 
period (baseline value), as well as 1, 3 and 6 months after the 
completion of the treatment course. 

The laboratory data included assessment of the dynamic 
pattern for superoxide dismutase (SOD) content and erythrocyte 
catalase activity. Similar to clinical evaluation, laboratory tests 
were performed at the beginning of the treatment period 
(baseline value), as well as 1, 3 and 6 months after the treatment 
completion. 

To evaluate and compare the effectiveness of intra-articular 
PRP injections versus standard treatment, the statistical analyses 
of collected data were performed, using Statistica software, 
version 10.0 (StatSoft, USA). Prior to statistical comparisons, we 
tested our data for normality – both graphically and via Shapiro–
Wilk test. The descriptive statistics were presented as mean values 
(M), standard deviations and standard errors (m). To compare the 
parameters between the study groups, the ANOVA test was 
conducted. The patterns were considered statistically significant at 
p-values≤0.05.  

 

Results 

The dynamics of parameters characterizing the clinical 
effectiveness is presented in Tables 1-3. 

In the course of our study, we demonstrated that the 
differences in pain intensity among the patients from the study 
groups 1, 2 and 3 were already quite obvious after just a month in 
the post-treatment period, even though the differences from the 
baseline values were not statistically significant on most occasions 
(Table 1). Patients in Group 2 exhibited the best response to the 
treatment after 1 month: their pain intensities, according to VAS, 
were 4.1±0.3 (p=0.02) at rest and 5.4±0.3 (p=0.003) during 
walking. Reduction in pain intensity was observed in this group, 
compared both with the baseline value within this group and with 
other treatment groups. However, 3 months after the treatment 
completion, the situation has changed. The lowest pain intensities 
sensu VAS were registered in Group 1 with PRP administering: 
3.2±0.1 (p<0.001) at rest and 4.5±0.1 (p<0.001) during walking. 
These results were significantly lower, compared with other 
groups and the baseline values of this group. Such dynamics 
remained in place even 6 months after the treatment course 
completion. The analysis of collected data suggested that 
administering hyaluronic acid has inhibited the pain syndrome in 
the fastest way. However, long-term results demonstrated the 
superiority of PRP injections for pain relief. 

The analysis of WOMAC values showed similar results (Table 
2), although no statistically significant differences were found 
between the study groups. A month after treatment, the most 
effective technique of pain relief involved intra-articular injections 
of hyaluronic acid. In Group 2, the pain intensity sensu WOMAC 

was 88.8±18.2, which was lower than in other treatment groups at 
the same period. However, as for joint stiffness and functional 
impairment, patients in Group 1 had the best outcomes: 30.7±19.1 
and 149.4±23.2, respectively. In this case, similar tendency was 
observed throughout the whole follow-up period of the study. 
Also, pain intensity after 3 months in the group with PRP 
administering (61.71±19.5) was lower than in other groups, and 
compared with the previous assessment points within the group. 
These findings may suggest that PRP injections effectively relieved 
the pain, as well as reduced motion stiffness and functional lesions 
in OA patients. Thus, WOMAC values have demonstrated the 
superiority, or at least noninferiority, of PRP administering, 
compared with conventional treatment via anti-inflammatory 
medications and hyaluronic acid. 

The dynamics of disability changes exhibited the following 
trend (Table 3): in a month after therapy completion, for patients 
from all study groups, the Lequesne index showed the significant 
degree of disability and varied from 8.1±0.2 to 10.1±0.3. However, 
the smallest value of the disability index was observed in Group 1 
(8.1±0.2), which was significantly lower than in other study groups 
at the same period of time (p<0.001, compared with both Group 2 
and Group 3). Three months after the treatment completion, 
Lequesne index values in patients of Groups 1 and 2 have 
decreased moderately (6.4±0.3 and 6.8±0.2, respectively), while in 
Group 3, receiving standard treatment, its value was still high 
(9.5±0.3). After 6 post-treatment months, the following outcomes 
were obtained: the patients in Group 1 had the minimum 
Lequesne index value of 4.1±0.6 (p<0.001, compared with Group 
3), which matched the mild degree of joint dysfunction; subjects in 
Group 2 had its mean value of 5.5±0.6 (also considered mild 
dysfunction; and in Group 3, the index value was 6.8±0.4, implying 
a moderate to severe degree of disability. Based on provided data, 
it could be noted that PRP injections have significantly improved 
Lequesne index scores in OA patients, whereas the patients with 
standard treatment scheme (Group 3) exhibited the poorest 
improvement of disability. Based on this finding, we propose that 
PRP injections improve the quality of life in OA patients. However, 
further studies are needed to assess the PRP effect on long-term 
quality of life. 

One of the complex pathogenesis elements of cartilaginous 
degenerative changes in OA is an activation of the free-radical 
oxidation and lipid peroxidation [32]. Hence, reliable indicators 
reflecting the inflammatory response intensity in OA are 
superoxide dismutase (SOD) content and erythrocyte catalase 
activity level (Table 4). The baseline concentrations of SOD and 
scavenger enzymes in all study groups were far from their normal 
ranges (1092−1817 U/g Hb and 18.4−25.0 mU/g Hb, respectively 
[33]), which confirmed the ailment duration and severity of 
inflammatory process. In a month after the treatment course, an 
increase in SOD content of 877.2±124.2 was observed in patients 
of Group 1, compared both with the baseline value and with the 
parameter values in Groups 2 and 3 during the same period 
(760.2±115.3 and 770.2±104.2, respectively), although these 
changes were not statistically significant. The same dynamics was 
observed during the further follow-up period. In 3 months after 
the treatment completion, SOD content was normalized in Group 
1 (1241.1±115.7, p<0.001, compared with both Group 2 and Group 
3), while in Groups 2 and 3, this parameter values were still far 
from their normal range (807.8±107.1 and 801.1±105.2, 
correspondingly). 



 

ISSN 2304-3415, Russian Open Medical Journal 5 of 7 

2021. Volume 10. Issue 1 (March). Article CID e0111 
DOI: 10.15275/rusomj.2021.0111 

Traumatology and Orthopedics 

 

[ 

© 2021, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

Similar trend was observed during the assessment of changes 
in erythrocyte catalase activity level. The reduction of scavenger 
enzyme content to 35.2±13.4 in patients of Group 1, albeit not 
statistically significant, was noted already in a month after the 
treatment completion. However, this trend continued, and already 
in 3 months, the parameter has reached its normal values; 
whereas in Groups 2 and 3, decrease of catalase activity level was 
less prominent. A month after treatment, it was 50.7±11.5 and 
51.5±14.3 in Group 2 and Group 3, respectively, which did not 
differ significantly from the baseline values. Over the entire post-
treatment follow-up study period, we did not observe this 
parameter approaching normal values. Analysis of the laboratory 
data suggested that intra-articular PRP injections had the most 
apparent anti-inflammatory effect in OA patients, while the 
hyaluronic acid and chondroitin sulfate did not affect the dynamics 
of the inflammatory process noticeably. 

 

Discussion 

Choosing an effective management and treatment plan for OA 
is still controversial and debatable. Quite often, in this disease, 
administering hyaluronic acid injections is preferred, due to 
relatively rapid pain relief. However, habitually, the remission 
period lasts no more than 6−8 months, after which the second 
therapy course is required [13, 34]. The available published data 
indicated a large number of side effects caused by hyaluronic acid 
injections, both local and systemic, which can be reasonable 
explained by an abundant blood supply and lymph flow in the area 
of the synovial membrane [35]. Among oral medications, a group 
of cartilage protectors stands out. Their mechanism of action is 
aimed directly at the regeneration of cartilage tissue. However, 
this technique has several disadvantages, such as limited 
bioavailability of cartilage protectors, their low effectiveness in 
terms of pain relief, and a long period from the start of their 
administering to some substantial clinical effect [36, 37]. 

Based on the outcomes of this pilot study, we could 
recommend to administer the autologous human PRP as a 
treatment for OA. During the study, we discovered that PRP 
injections had a more evident effect, compared with hyaluronic 
acid and a standard therapy plan that included cartilage protectors 
for pain relief. Already in a month, the pain intensity in Group 1, 
according to the VAS score, was significantly lower than Groups 2 
and 3, both at rest and during walking. A similar pattern was 
observed when evaluating the WOMAC and Lequesne index 
values. 

We established a similar trend when analyzing biochemical 
changes. PRP exhibited superiority and greater effectiveness, 
probably, due to its mechanism of action. It is obvious that 
autologous PRP blocks the inflammatory process in the joints, 
thereby inhibiting the development of oxidative stress, which is 
the most pathogenetically substantiated treatment for OA. On the 
other hand, the action of hyaluronic acid is directed at the synovial 
fluid, blocking the inflammatory mediators and stimulating the 
cartilage synthesis. In turn, cartilage protectors usually affect the 
destruction process of macromolecular structures, while 
stimulating recovery in interstitial tissue and articular cartilage 
tissue, along with normalization of hyaluronic acid biosynthesis.  

To date, numerous studies described the positive effect of the 
autologous plasma use in the treatment of degenerative disorders 
of the musculoskeletal system. However, the mechanism of PRP 
action has not yet been fully understood. Sampson S. et al. has 

proved that autologous plasma, injected into the ears of rabbits as 
an injectable scaffold, stimulated chondrogenesis. These results 
were confirmed by the data of the biopsy histological examination 
and magnetic resonance imaging [38, 39]. According to Anitua E. 
et al., use of PRP in patients with osteoarthritis of the knee joints 
resulted in increase of the hyaluronic acid content and 
angiogenesis [40]. 

The results of the study by Chahla J. et al. demonstrated a 
statistically significant superiority of PRP, compared with 
hyaluronic acid injections, in the treatment of OA patients. The use 
of autologous plasma made it possible to achieve a more 
prolonged effect: after six months, the pain intensity was 
significantly lower than in patients treated with hyaluronic acid 
[41]. There is also reliable data on the successful use of PRP in 
lateral epicondylitis. The obtained results indicated a significant 
improvement of the joint function in patients treated with 
autologous plasma [42]. 

Therefore, the results of many studies implied the 
effectiveness of the autologous plasma use in the treatment of 
inflammatory and degenerative diseases of the musculoskeletal 
system. However, the mechanism of PRP action has not yet been 
fully understood, and possible adverse side effects and 
contraindications have not been yet studied. Hence, PRP 
administering in OA patients is a promising research area that 
requires further careful analysis. 

 

Conclusion 

The use of autologous PRP in the treatment of OA patients 
allowed us obtaining the superior, or at least noninferior, outcome 
according to both clinical (relieving pain syndrome, and reducing 
both functional impairment and motion stiffness) and laboratory 
(increasing SOD content and decreasing erythrocyte catalase 
activity level) parameters, compared with active comparator 
treatment schemes. Based on the results of this pilot study, with 
the certain limitations, PRP therapy could be considered an 
optimal method for treating OA patients. 

 

Limitations 

Although this clinical pilot study has demonstrated the 
effectiveness of intra-articular PRP injections for patients with 
osteoarthritis on a fairly large sample of patients, the obtained 
results should be interpreted with some limitations. In particular, 
the presented study was not a blinded and sufficiently controlled 
trial. Also, the goal of this pilot study did not involve a 
comprehensive assessment of the safety and tolerability of various 
treatment schemes, as well as evaluation of the impact on the 
quality of life in patients. These and other parameters require 
more detailed studies. Finally, for some of studied parameters, 
only hypothetical trends rather than confirmed statistically 
significant differences were shown. Partially, this was due to a 
fairly large variability of the studied parameters. As a 
consequence, a further study, completed on a much larger sample 
of patients, as well as their additional standardization by the 
baseline values of parameters, would likely lead to an increase in 
the statistical power and greater reliability of prospective results. 

 

Ethical approval 

All patients, willing to be included in clinical study, provided written 
informed consent prior to the study and any study-related procedures. All 
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