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Two or four injections of leukocyte-poor platelet-rich
plasma for osteoarthritic knee did not affect
changes of synovial cytokines and growth factors
but similarly improved clinical outcomes
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Abstract
We compared two and four intra-articular injections of platelet-rich plasma (PRP) in terms of changes of
synovial cytokines and clinical outcomes. One hundred twenty-�ve patients having knee OA underwent
leukocyte-poor PRP with a 6-week interval. Before each PRP injection, synovial �uid aspiration was
collected for investigation. Patients were divided into two or four intra-articular PRP injections (group A
and B, respectively). Changes in synovial cytokines and growth factors were compared with the baseline
levels of both groups, and clinical outcomes were evaluated until one year. Ninety-four patients who had
completed synovial �uid collection were included for �nal evaluation, 51 in group A and 43 in group B.
There were no differences in mean age, gender, BMI, and OA grading. The average platelet count in PRP
was 430,000/µL. There were no changes of synovial in�ammatory cytokines (IL-1ß, IL-6, IA-17A, and TNF-
alpha), anti-in�ammatory cytokines (IL-4, IL-10, IL-13, and IL-1RA), and growth factors (TGF-B1, VEGF,
PDGF-AA, and PDGF-BB) between baseline levels and six weeks in group A, and 18 weeks in group B.
Both groups had signi�cantly improved clinical outcomes from six weeks including visual analog scale
(VAS), patient-reported outcome measure (PROM; WOMAC and SF-12), with a signi�cant delayed
improvement of performance-based measure [PBM; time up and go (TUG), 5-time sit to stand test
(5×SST), and 3-minute walk test (3-min WT)]. In conclusion, two- or four-PRP injection at a 6-week interval
for knee OA demonstrated no changes of synovial cytokines and growth factors but similarly improved
clinical outcomes from 6 weeks until one year.

Introduction
Knee osteoarthritis (OA) is a signi�cant degenerative joint disease affecting patients' quality of life and
daily functions 1. Treatment options are based on the stage of the disease, the patient's condition, and
available medical facilities. Therefore, recommended methods range from non-surgical to surgical
treatments 2–6. However, in mild to moderate knee OA, non-surgical treatment options are in good
agreement between physicians and patients with a wide diversity of results reported in the literature 2–4, 6.

Although most signi�cant guidelines do not include or recommend against platelet-rich plasma (PRP), a
biologic product preparing from autologous blood 5–7, PRP with a variation of preparation protocol, has
become an attractive option for the non-surgical treatment of knee OA 8–12. Studies regarding PRP
applied in knee OA showed that it improved patient's clinical outcomes by releasing several growth
factors and cytokines, promoting reparation and minimization of the in�ammation occurring in the
process of degenerative arthritis 10–17. In addition, some studies reported that PRP injection for knee OA
provided better pain relief and improved functional outcomes than placebo control, hyaluronic acid, or
steroid injection 18–20.

Due to the heterogenicity of PRP preparation and protocol in knee OA treatment, including the amount of
collected blood, the method of centrifugation, the amount of white blood cell, the activation of PRP, the
number of injection, and the interval of each injection, a current consensus of French-spoken physicians
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suggested that the property of PRP for knee OA treatment should be an activated, leukocyte-poor, and 4–
8 mL in volume, and multiple PRP injections provide better results 21.

The present study evaluated the changes of in�ammatory, anti-in�ammatory cytokines, and growth
factors in the synovial �uid after two or four injections of activated, leukocyte-poor PRP at 6-week interval
in knee OA patients, as well as patient's clinical outcomes, including pain relief using the visual analog
scale (VAS), patient-reported outcome measure (PROM), and performance-based measure (PBM).

Methods
This study was approved by The Institutional Reviewed Board of The Faculty of Medicine, Chulalongkorn
University, Bangkok, Thailand (COA No. 804/2020 and IRB No. 040/63). All methods and experimental
protocols were carried out in accordance with relevant guidelines and regulations. Informed consent was
obtained from all patients participated in the study. From January to May 2020, all out-patients who had
knee OA and came to the orthopedic clinic were introduced to a biologic treatment of knee OA with intra-
articular injection of PRP. They also were informed that the method and protocol of treatment was not a
standard treatment for knee OA in this country. Selection criteria included 45–85 years of age, grade 1 to
4 of primary knee OA according to the Kellgren-Lawrence system 22, > 90-degree arc of motion, < 10-
degree anatomical deformity in the coronal plane, and no skin lesion around the affected knee. In
addition, all recruited patients had a 2-week washing-out period for any pain killers or no non-steroidal
anti-in�ammatory drugs (NSAIDs), as well as joint supplements. Also, patients agreed not to take these
medications during FU. One hundred twenty-�ve patients were voluntary in this study.

The synovial �uid aspiration without an anesthetic agent was somewhat painful in the pilot study,
especially in patients whose knees were not swollen. Therefore, patients were voluntary to choose 2-
injection protocol (group A) or 4-injection protocol (group B). Patients were evaluated for clinical
parameters at week 0 before the PRP injection and serial follow-up (FU) until one year.

PRP protocol and procedure
A leukocyte-poor PRP was prepared by drawing a 30-mL of peripheral blood from the cubital vein. A 3-mL
acid citrate dextrose (ACD) solution was added as an anticoagulant. The �rst centrifugation was
performed at 100G for 10 min to collect the platelet-poor plasma (PPP). After collecting the PPP, the
second centrifugation was again performed, setting at 400G for 8 min to collect the leukocyte-poor PRP,
and a 0.1% volume of CaCl2 was added before the injection.

Under a sterile preparation, the intra-articular injection was performed via the superolateral direction.
Before every injection of PRP at all FU visits, synovial �uid aspiration for molecular analysis was
performed using a 23-gauge needle and a 5-mL syringe without anesthetic in�ltration. First, a 1- to 2-mL
synovial �uid was aspirated. The aspirated syringe was then dislodged from the hand, and then the
syringe containing PRP was applied, and a PRP injection procedure was performed. All steps of
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aspiration and PRP injection were the same in all patients and all FU visits. Patients whose knee
aspirations resulted in negative joint �uid or blood contamination were excluded from the studied group.
The aspirated synovial �uid before the �rst PRP injection (week 0) was de�ned as the baseline. In
contrast, the rest were described as parameters after each intervention according to the time of FU.

After the PRP injection, patients were allowed to maintain their daily activities as usual. No pain killers or
anti-in�ammatory drugs (NSAIDs) were permitted for any reason; otherwise, patients would be dropped
out from the study. Patients in both groups were appointed for the next injection six weeks after the
previous injection. Therefore, the PRP injection was performed at weeks 0 and 6 in group A and week 0,
week 6, week 12, and week 18 in group B.

Molecular study
The synovial �uid sample was centrifuged at 3500 rpm for 10 min and then stored at -80°C until all the
synovial �uid samples of all patients at all FUs were collected. Analysis for the level of cytokines was
performed using the cytokine proteome array (Bio-Plex suspension array system, BioRad, Hercules, CA,
USA), which was reported in pg/mL. In addition, the molecular study, including levels of synovial
in�ammatory cytokines (IL-1ß, IL-6, IA-17A, and TNF-alpha), anti-in�ammatory cytokines (IL-4, IL-10, IL-13,
and IL-1RA), and growth factors (TGF-B1, VEGF, PDGF-AA, and PDGF-BB) of each patient were evaluated.
Molecular study of synovial �uid of patients in group A was compared between baseline values (week 0
before the �rst PRP injection) and those of week six before the second PRP injection. Similarly, the
baseline levels of molecular study of patients in group B were compared to week six, week 12, and week
18, before the second, the third, and the fourth PRP injections.

Clinical outcomes
The clinical outcomes were evaluated for clinical outcomes and followed until one year. The patient's
subjective pain using a visual analog scale (VAS), patient's report outcome measure (PROM) using
Western Ontario and McMaster Universities Osteoarthritis (WOMAC) index and Short Form-12 (SF-12),
and performance-based measure (PBM) using time up and go (TUG), 5-time sit to stand test (5×SST), and
3-minute walk test (3-min WT) were investigated before the �rst PRP injection (week 0) as baseline
parameters. At six weeks, 12 weeks, 18 weeks, six months, and one year from the intervention, all
parameters were evaluated and compared to baseline levels.

Statistical analysis
The GraphPad Prism version 9.0.2, GraphPad Software, San Diego, CA, USA, www.graphpad.com, was
used for statistical analyses. Descriptive statistics were performed for patient's demographic data. The
one-way ANOVA followed by Dunnett's multiple comparisons test was performed to evaluate parameters
among each group's baseline and other FU visits. The two-way ANOVA followed by Šidák's multiple
comparisons test was performed to assess differences between groups A (2 injections) and B (4
injections).

http://www.graphpad.com/
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Results
Among 125 patients in this studied group, 19 from 70 patients in group A and 12 from 55 patients in
group B were excluded due to the inability to collect synovial �uid before PRP injection at any time or
blood contamination in synovial �uid. Therefore, 51 patients in group A and 43 patients in group B were
available for the evaluation. The patients' demographic data and radiographic grading of knee OA
according to Kellgren-Lawrence (KL), ranging from KL 1, KL 2, KL 3, and KL 4, were shown in Table 1.
Female patients were dominant, with an average age of 67 years. There were no differences between
groups A and B in terms of mean age, gender, and BMI. The average PRP volume before injection was 6.7
ml. The average platelet count in PRP was 430,000/µL which was equal to 3.8 times of whole blood level,
and the average white and red blood cell counts were 200/µL, 30,000/ µL, respectively.

Regarding the molecular study of synovial �uid in both groups, all investigated parameters in group A
were compared between week 0 and week six, which were de�ned as parameters after one PRP injection.
All investigated parameters in group B were evaluated from baseline (week 0), week 6, week 12, and week
18, de�ned as parameters after one PRP injection, two PRP injections, and three PRP injections. There
were no signi�cant changes in in�ammatory cytokines (IL-1ß, IL-6, IA-17A, and TNF-alpha), anti-
in�ammatory cytokines (IL-4, IL-10, IL-13, and IL-1RA), and growth factors (TGF-B1, VEGF, PDGF-AA, and
PDGF-BB) in group A at six weeks compared to those at baseline as shown in Fig. 1. Similarly, there were
no changes in the same investigated cytokines and growth factors at six weeks, 12 weeks, and 18 weeks
compared to those at baseline, as shown in Fig. 2.

Both groups A and B had a similar pattern of improved clinical outcomes. The VAS and the PROM,
including the WOMAC index and SF-12, signi�cantly improved at six weeks after the baseline evaluation.
However, the PBM, including TUG, and 5×SST showed signi�cant improvement from 12 weeks, while the
3-min WT showed the latest progress from 18 weeks (Fig. 3). At one year FU, all parameters of clinical
outcomes remained signi�cantly improved from the baseline evaluation. Comparing clinical results
between both groups A and B, all investigated parameters had similar signi�cant improvement (Fig. 4).

Discussion
The present study was designed to evaluate changes in in�ammatory cytokines (IL-1ß, IL-6, IA-17A, and
TNF-alpha), anti-in�ammatory cytokines (IL-4, IL-10, IL-13, and IL-1RA), and growth factors (TGF-B1,
VEGF, PDGF-AA, and PDGF-BB) in synovial �uid and clinical outcomes related to two different protocols
of leukocyte-poor PRP injection at a 6-week interval. Patients in group A (2-injection protocol) were
compared to group B (4-injection protocol) and were followed until one year. The results demonstrated
three aspects. Firstly, no changes in synovial in�ammatory cytokines, anti-in�ammatory cytokines, and
growth factors in group A implied no changes of investigated parameters at six weeks after one PRP
injection. Secondly, no changes in synovial in�ammatory cytokines, anti-in�ammatory cytokines, and
growth factors in group B implied no changes of investigated parameters after one, two, and three
consecutive PRP injections. Lastly, there were early signi�cantly improved clinical outcomes from 6
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weeks, especially VAS and PROM (WOMAC index and SF-12), and delayed improved PBM (TUG, 5×SST,
and 3-min WT) from 12 weeks, with no differences between both groups at all visits of FU until one year.

Studies have shown that the level of in�ammatory cytokines in synovial �uid is related to the severity of
osteoarthritis 23–26. Thus, clinical symptoms of OA should relate directly to the level of these cytokines.
The present study evaluated four synovial in�ammatory cytokines, including IL-1ß, IL-6, IA-17A, and TNF-
alpha, four synovial anti-in�ammatory cytokines, including IL-4, IL-10, IL-13, and IL-1RA, and four synovial
growth factors, including TGF-B1, VEGF, PDGF-AA, and PDGF-BB. Therefore, any changes of the
molecular study from the baseline level related to multiple PRP injections of two different protocols
would objectively re�ect the effectiveness of PRP treatment. However, groups A and B had no signi�cant
changes in synovial cytokines and growth factors at all FU visits. In contrast, all patients have
signi�cantly improved clinical outcomes from 6 weeks until one year. So, we found no relationship
between levels of synovial cytokines and clinical outcomes, as well as the number of PRP injections.
Although the method of molecular research in the present study was a standard method in the
biochemistry and immunology laboratories, the changed level cytokines and growth factors in synovial
�uid might be too limited to be detected. Therefore, a molecular study using other joint tissues, such as
the synovial membrane, may be more appropriate.

In the present study, similarly improved VAS, WOMAC index, and SF-12 after PRP treatment improvement
agreed with several previous studies which reported signi�cant pain relief and improved WOMAC index at
one year of FU 8,9,20,27−29. A recent meta-analysis including 34 randomized controlled trials in 1,403 knees
concluded that PRP provided better WOMAC than placebo and hyaluronic acid injection and better VAS
than corticosteroid injection 30. Besides the VAS and PROM, the PBM including TUG, 5×SST, and 3-min
WT were added in the present study to evaluate objective parameters. These PBM re�ected a patient's
actual function without any bias related to the patient's attitude on PRP treatment. Although these three
tests signi�cantly improved, it took longer than the VAS and PROM to gain a signi�cant value. The 3-min
WT was found delayed signi�cant change comparing to TUG and 5×SST. The mean time to do TUG and
5×SST in each FU visit took a much shorter time and less energy than 3-min WT. Therefore, more time
and energy-consuming in the 3-min WT could be the primary cause to explain its delayed change among
PBM. According to differences of substantial time of improvement among investigated parameters, it is
the straight foreword that a patient should have signi�cantly improved pain and PROM before gaining
improved PBM, which relates directly to the consuming time, including TUG, and 3-min WT, respectively.

According to the PRP preparation protocol of the present study, we drew 30-mL peripheral blood with
double centrifugation, which resulted in a mean of 6.7 mL of PRP. It contained a 3.8-time higher platelet
cell count with poor leukocyte count. This PRP property was partially similar to that recommended in the
current consensus statement of PRP treatment of knee OA from French-speaking experts 21. This
consensus suggested that the PRP should be prepared with double centrifugation, resulting in 4–8 mL,
low leukocyte count, and 1- to 3-injection protocol several weeks apart. There were two different points of
our study from the recommendation of the consensus. Firstly, the PRP in the present study has a lower
platelet count than the recommended at 5-time or more concentration. Secondly, the present study
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included severe OA (KL 4) in both groups, which was not recommended by this consensus. However, in
the severe OA subgroup, our selection criteria included only limited angular deformity resulting in minimal
symptoms of mechanical knee pain causing patients to undergo surgery 31. The present study resulted in
a favorable clinical outcome, regardless of lower platelet concentration in PRP, and no change of
molecular study. We believe that several unclear factors affect the positive effects of this biological
treatment, and further studies to analyze the con�ict result between subjective and objective �ndings may
be helpful.

The weakness of the present study includes no control group. This study was previously designed to
prospectively evaluate changes of synovial cytokines and growth factors, as well as clinical outcomes
after PRP injection in knee OA patients compared with the control group using intra-articular saline
injection. However, the protocol which performs repetitive aspirations of synovial �uid and intra-articular
injections of saline solution to the knee joint did not get approval from the IRB. Therefore, we had to
modify the protocol, which compared baseline parameters with those evaluated at all visits of FU.
Nevertheless, there are some strengths of the present study. Firstly, we evaluated synovial in�ammatory
cytokines, anti-in�ammatory cytokines, and growth factors after single and three PRP injections which
was an invasive, and technical demanding at the time of synovial �uid aspiration, resulting in
indifference. Secondly, we demonstrated positive results of PRP with two different multiple injection
protocols which few studies focused in this issue.

Conclusions
Two- or four-intra-articular injection protocol of leukocyte-poor PRP for treatment of knee OA
demonstrated similarly no changes in synovial in�ammatory cytokines, anti-in�ammatory cytokines, and
growth factors at six weeks, 18 weeks after the �rst PRP injection, respectively. However, signi�cantly
improved VAS, PROM (WOMAC and SF-12) from 6 weeks until one year of FU with delayed signi�cantly
improved PBM (TUG, 5×SST, and 3-min WT).
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Figures

Figure 1

Demonstrating no differences in levels of synovial cytokines and growth factors of group A at 6 weeks of
FU, which the baseline levels were performed at week 0 before the �rst PRP injection. A: In�ammatory
cytokines including IL-1ß, IL-6, IA-17A, and TNF-alpha B: Anti-in�ammatory cytokines including IL-4, IL-10,
IL-13, and IL-1RA C: Growth factors including TGF-B1, VEGF, PDGF-AA, and PDGF-BB
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Figure 2

Demonstrating no differences in levels of synovial cytokines and growth factors of group B at 6 weeks,
12 weeks, and 18weeks of FU, which the baseline levels were performed at week 0 before the �rst PRP
injection. A: In�ammatory cytokines including IL-1ß, IL-6, IA-17A, and TNF-alpha B: Anti-in�ammatory
cytokines including IL-4, IL-10, IL-13, and IL-1RA C: Growth factors including TGF-B1, VEGF, PDGF-AA, and
PDGF-BB
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Figure 3

Demonstrating similarly changes of clinical outcomes of both group A and B from baseline (week 0) to 6
weeks, 12 weeks, 18 weeks (only in group B), 6 months, and one year of FU. The VAS, WOMAC index and
SF-12 signi�cantly improved from 6 weeks to one year in both groups. The TUG and 5×SST signi�cantly
improved from 12 weeks to one year in both groups. The 3-m WT signi�cantly improved from 6 months
and 18 weeks to one year in group A and B, respectively.
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Figure 4

Comparing changes of clinical outcomes, including VAS, WOMAC, SF-12, TUG, 5×SST, and 3-m WT
between group A and B from the baseline (week 0) to 6 weeks, 12 weeks, six months, and one year after
PRP injections with no signi�cant differences at all FU visits.
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