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Abstract
Objective To investigate the variations in clinical effectiveness among patients diagnosed with knee osteoarthritis 
who underwent intra-articular administration of platelet-rich plasma using single, triple, or quintuple injections.

Methods One hundred twenty patients with grade I-III knee osteoarthritis were randomly assigned to three 
groups: PRP1 group, who received a single injection of platelet-rich plasma; PRP3 group, who received three PRP 
injections one week apart; PRP5 group, who received five PRP injections one week apart. The patients’ conditions 
were evaluated using the Visual Analogue Scale (VAS) and the Western Ontario and McMaster Universities Arthritis 
Index-VA3.1 version (WOMAC-VA3.1) at baseline and 6, 12, 24, and 52 weeks 52 weeks follow up.

Results Out of the total participants, 106 patients (30 males and 76 females) completed the study. The primary 
outcome measure, WOMAC pain score, registered significant improvements across all groups when compared to 
pre-treatment levels. However, the application of 3 and 5 injections of platelet-rich plasma was substantially more 
effective than that of a single injection in reducing knee pain and stiffness, as well as enhancing physical function in 
patients with knee osteoarthritis. No statistically discernable difference was observed between PRP3 and PRP5 at all 
follow-up intervals, and there was no discernable difference between 3 and 5 PRP injections either. Mild side effects 
occurred in all three groups.

Conclusions The administration of three or five injections of platelet-rich plasma is safe, substantially more effective 
than single injections, and leads to remarkable clinical improvement by significantly reducing knee pain, improving 
joint stiffness, and enhancing physical function in patients with grade I-III knee osteoarthritis. Furthermore, no 
significant difference was observed in the efficacy of three or five injections. Therefore, we recommend using three 
injections of PRP in the treatment of patients with knee osteoarthritis of grade I-III.
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Introduction
Knee osteoarthritis (KOA) is a degenerative pathol-
ogy distinguished primarily by knee pain and functional 
impairment, arising from progressive deterioration of 
the articular cartilage due to multiple influence of met-
abolic, biomechanical, and biochemical factors. These 
factors lead to to an imbalance between anabolic and 
pro-inflammatory/catabolic processes, resulting in carti-
lage degradation. KOA is widespread among middle-aged 
and elderly population, with more than half of individu-
als aged 65 and above being afflicted. This condition has a 
significant economic impact on the family and society at 
large [1–4].

There is currently no cure for KOA, and no drugs or 
treatments are available to stop or reverse existing dam-
age. Drug interventions can only temporarily relieve pain, 
while physical therapy, exercise, and other therapies pri-
marily serve as adjunct measures with limited effective-
ness. The current treatment strategy for KOA includes 
improving function, reducing disability, and alleviating 
pain, thereby enhancing the quality of life. While these 
approaches may slowing down the progression of struc-
tural and functional changes associated with KOA, they 
cannot completely cure KOA [5–7]. Platelet-rich plasma 
(PRP) therapy, which has regenerative and reparative 
effects on tissues, offers new hope for the treatment of 
KOA.

PRP is derived from autologous venous blood and, 
through centrifugal concentration, produces a concen-
trate with platelet counts exceeding the baseline blood 
levels. This concentrate is rich in high-concentration 
platelets, relevant growth factors, and other bioactive 
components. PRP may induce a regenerative response by 
enhancing the metabolic function of damaged structures 
and demonstrated a positive effect on cartilage formation 
and mesenchymal stem cell proliferation [8]. Moreover, 
PRP can also influence the inflammatory and angiogen-
esis processes, as well as the synthetic and breakdown 
metabolism balance in cartilage formation, and alter the 
existing microenvironment during disease development 
[9]. PRP therapy utilizes the biologically active regenera-
tion cascade to stimulate natural healing responses and 
promote tissue healing. Orthopaedics and sport medicine 
doctors use PRP injections frequently for bone, ligament, 
and tendon injuries [10], as well as cartilage injuries 
and osteoarthritis [11–15]. Although PRP is a widely 
used minimally invasive treatment method in orthope-
dic and sports medicine fields to promote tissue healing 
and regeneration, there are still some unanswered ques-
tions remain, particularly regarding the optimal num-
ber of injections required for achieving the best clinical 
outcomes in treating KOA. Currently, no clinical guide-
lines or expert consensus on the optimal number of PRP 
injections required for the treatment of KOA.As a result, 

a consistent clinical standard for the optimal quantity of 
injections required for PRP treatment of KOA does not 
exist yet.

Despite the existing researchs, a consensus on the 
optimal number of PRP injections for the treatment of 
KOA remains elusive. Therefore, the aim of this study 
is to examine the clinical effects of varying numbers of 
PRP injections on KOA and establish the ideal number 
of injections that are necessary for successful treatment. 
Conducting such a study will enhance our comprehen-
sion of the effectiveness of PRP injections for KOA and 
provide valuable guidance for clinicians with respect to 
the number of injections they should administer to their 
patients. To achieve this objective, well-designed ran-
domized controlled trials with appropriate sample sizes 
will be necessary. In this study, therefore, we aimed to 
compare the effectiveness of single, three and five doses 
of IA PRP in early stages of KOA.

Materials and methods
Study design and eligibility criteria
This study was a single-blind, three-arm, prospective, ran-
domized, superiority trial (1:1:1 parallel allocation) study, 
and the study protocol was thoroughly reviewed and 
approved by the appropriate ethics committee (Ethical 
Lot Number: 2,018,057). Additionally, written, informed 
consent was obtained from all participating patients. 
The study protocol was registered with the China Clini-
cal Trials Registry (Registration Date:09/02/2021, Clini-
cal Registration Number: ChiCTR2100043259) to ensure 
transparency and accountability. We declare that all 
methods have been conducted in accordance with the 
relevant guidelines and regulations.

According to the previous study by Patel et al.(16), the 
change in the Visual Analog Scale (VAS) was chosen as 
the primary outcome measure for calculating the sample 
size. To achieve a study power of 80% (beta = 0.2) and a 
false-positive rate of 5% (alpha = 0.05), considering a 
predicted mean difference of 1.5 in VAS scores between 
treatment groups and a standard deviation of 0.6, it was 
determined that 35 patients per treatment arm would 
be required. To account for potential loss to follow-up, 
40 patients were recruited per treatment arm, bring-
ing the total sample size to 120 patients. Patients suffer-
ing from chronic (> 4 months) pain or swelling, along 
with grades 2 to 3 osteoarthropathy (graded according 
to the Kellgren Lawrence Tibiofemoral Joint Degen-
eration Scale) as determined by X-ray. Patients suffering 
from chronic (> 4 months) pain or swelling, along with 
grades 2–3 osteoarthropathy (according to the Kell-
gren Lawrence Tibiofemoral Joint Degeneration Scale) 
as determined by radiography at the Henan Provincial 
People’s Hospital between February 2021 and September 
2022, were included. Conversely, the exclusion criteria 
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included knee joint pain or swelling caused by rheuma-
toid arthritis, gout, serious cardiovascular disease, blood 
disease, malignant tumor, or infectious diseases. Immune 
impairment, anticoagulant treatment, nonsteroidal anti-
inflammatory drug use within the past five days, hemo-
globin count less than 11  g/dl, and platelet count less 
than 150,000/mm3 were also exclusion criteria.

Patients who met the inclusion criteria were classified 
into three groups, using a computer random method to 
ensure comparable baseline characteristics: PRP1, PRP3 
and PRP5 group, with each group comprising 40 patients. 
The PRP1, PRP3, and PRP5 groups received one, three, 
and five PRP injections, respectively.The baseline charac-
teristics included age, sex, course of disease, initial plate-
let concentration, and body mass index (BMI). The pain, 
stiffness, and physical function scores of the Western 
Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) subscales were measured at baseline and at 
weeks 6, 12, 24 and 52 weeks follow up. A flowchart of 
the study is shown in Fig. 1.

During the first visit, each patient underwent a pre-
liminary assessment from a rehabilitation physician, and 

their medical history was recorded. Additionally, patients 
received a detailed instruction booklet and the WOMAC 
questionnaire, which they had to complete and bring on 
subsequent visits.

Randomization and allocation concealment
The patients were allocated into three groups (PRP1, 
PRP3 and PRP5) through a randomization process 
conducted by an independent allocator. The process 
employed block randomization with block sizes varying 
randomly between two, four, and six, while maintaining 
concealed block sizes. The allocator generated random 
cards using computer-generated random numbers, which 
were subsequently placed in sealed envelopes. A dupli-
cate set of sealed envelopes was created to address any 
potential need for code-breaking on an individual basis. 
During trial counseling and informed consent proce-
dures, the sequentially numbered sealed envelope con-
taining the patient’s allocation was opened and disclosed. 
As a result, the patients were categorized into the PRP1, 
PRP3 and PRP5 groups.

Fig. 1 CONSORT flow diagram
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In the study, all injections were administered by a 
skilled rehabilitation attending physician. Both the 
patients and the attending physician in the rehabilitation 
department were unaware of the random grouping to 
minimize any potential bias. To ensure unbiased outcome 
evaluations, a dedicated observer who was oblivious of 
the group assignments completes all patient evaluations. 
Thereby maintaining objectivity and reducing any poten-
tial influence on the evaluation process. Additionally, the 
evaluators and the laboratory staff were kept blinded to 
the specific grouping of patients, further ensuring the 
integrity and impartiality of the study.

PRP preparation and injection
PRP is obtained through a process of secondary cen-
trifugation. Using aseptic techniques, a mixture of 
2  ml of sodium citrate anticoagulant (product lot num-
ber: 190,228,266, Sichuan Nangal Biotechnology Co., 
Ltd.) and 18 mL of blood is extracted from the patient’s 
median elbow vein. This mixture is then subjected to 
low-speed centrifugation (model H1850, Hunan Xiangyi 
Centrifuge Instrument Co., Ltd.) with a first centrifugal 
force of 200  g during 10  min and a second centrifugal 
force of 200 g during 20 min. Following the initial centrif-
ugation, the whole blood was separated into three layers. 
The supernatant, junctional layer, and a layer of red blood 
cells approximately 3 mm in thickness beneath the junc-
tional layer were collected for the second centrifugation. 
Upon completion of the centrifugation process, approxi-
mately 3/4 of the upper plasma layer was removed, leav-
ing behind approximately 4 mL of PRP. A sterile syringe 
with a capacity of 5 mL was used to extract the remaining 
portion. Blood and PRP samples were randomly and reg-
ularly collected from patients receiving treatment. Both 
types of samples were analyzed using a blood analyzer 
(Sysmex XN-9100, Sysmex Corporation, Japan) to verify 
the correct preparation of PRP and ensure compliance 
with manufacturer specifications. The platelet concentra-
tion in the PRP prepared using this method is approxi-
mately four times higher than the baseline level. The 
initial platelet concentration was 235.61 ± 38.47 × 109/L. 

The average concentration of PRP obtained from blood 
samples was 928.57 ± 39.78 × 109/L, which contained leu-
kocytes and a small amount of red blood cells. Accord-
ing to the latest new classification and coding system 
pertaining to platelet-rich plasma for the management of 
KOA [16], the PRP codes in this study are 29-11-00. The 
PRP characteristics in this study are detailed in Table 1.

The injection technique entailed the patient assuming 
a supine position while naturally extending both lower 
limbs, thereby exposing the entire injection site. Follow-
ing the placement of sterile towels and the application 
of sterile coupling agents, 4mL of PRP was injected into 
the suprapatellar capsule under the guidance of Konica 
Minolta Co., Ltd.‘s Sonimage HS1 Plus model ultrasound 
system(Fig.  2). The same rehabilitating attending phy-
sician administered the PRP injections for all patients. 
After the injection is completed, patients were advised 
to rest for 30 min while being closely monitored for any 
potential adverse events. Additionally, patients were 
instructed to refrain from water contact at the injection 
site for 1  day and to avoid engaging in vigorous activi-
ties for a week. The different groups were established to 
evaluate the potential effects of varying numbers of PRP 
injections on the outcome measures being assessed in the 
study. In the study, the PRP injection treatment interval 
was one week. The patients in the PRP1 group received 
a total of one PRP injection, whereas the PRP3 group 
received three PRP injections over the course of three 
weeks. Similarly, the PRP5 group received a total of five 
PRP injections administered once a week for five consec-
utive weeks. Aspirin, acetaminophen, and non-selective 
non-steroidal anti-inflammatory drugs (NSAIDs) inhibit 
platelet aggregation and can reduce the effectiveness of 
PRP. Therefore, their use was avoided throughout the 
duration of this study [17]. Patients were solely permit-
ted to use COX-2-selective NSAIDs and cold compress 
as analgesics [18]. All patients underwent comprehen-
sive health education before the injection, encompassing 
consistent guidance on home-based exercise, moderate 
aerobic training, lifestyle modifications, adherence to a 
nourishing diet, weight management, refraining from 

Table 1 Baseline Characteristics of Participant
Groups N Gender Age K-L classification Initial platelet 

concentration
Platelet concen-
tration in PRP

Leukocyte 
concentration 
in PRP

BMI (k/
m2)

male female (years, 
x̄ + s )

Grade 
I

Grade 
II

Grade 
III

(*109/L, x̄ + s ) (*109/L, x̄ + s ) (*109/L, x̄ + s ) (k/m2, 
x̄ + s )

PRP1 36 11 25 58.75 ± 8.88 8 13 15 241.44 ± 31.98 969.44 ± 104.49 14.92 ± 3.04 25.63 ± 1.99
PRP3 35 9 26 59.88 ± 8.34 9 10 16 232.68 ± 28.02 965.74 ± 89.89 15.80 ± 3.25 26.01 ± 2.06
PRP5 35 10 25 59.54 ± 7.49 10 11 14 229.61 ± 28.76 959.80 ± 117.51 16.10 ± 2.96 26.37 ± 2.08
χ2/F 0.207 0.177 0.029 1.178 2.346 1.718 1.157
P 0.902 0.838 0.971 0.313 0.098 0.182 0.318
No: number, BMI: body mass index. NOTE. Quantitative variables were expressed as mean standard deviation. Qualitative variables were shown as absolute and 
relative frequencies. P < 0.05 was considered statistically significant
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engaging in mountain climbing and weightlifting endeav-
ors, limitations on climbing stairs, avoidance of squatting 
and sitting cross-legged. All participants were strongly 
advised to strictly adhere to these recommendations.

Outcome measures
The primary outcome involved the use of the Western 
Ontario and McMaster University Osteoarthritis Index 
Scale -VA3.1 version (WOMAC-VA3.1) to evaluate the 
knee joint function of patients, which mainly included 
the WOMAC total score, pain, stiffness, and function 
scores. The secondary outcomes comprised the VAS 
scores, changes in WOMAC total score and VAS scores 
at 6, 12, 24 an52 weeks follow up, and the percentage of 
decrease in these scores relative to baseline.

The assessment of the patients’ knee joint pain and 
function was conducted at baseline, 6, 12, 24 and 52 

weeks follow up by the same rehabilitation therapist. This 
evaluation employed the WOMAC and VAS. Notably, 
the scale evaluation was performed by nonexperimental 
personnel.

Data analysis
Statistical analyses were conducted using SPSS version 
26.0 software (IBM Corp., Armonk, NY, USA). Descrip-
tive data were expressed as the mean ± standard deviation 
(SD) or median (min, max) for continuous variables, and 
the frequency and percentage for categorical variables. 
Normality was assessed using the D’Agostino Pearson 
test. Where appropriate, chi-squared and Fisher’s exact 
tests were used to compare categorical variables between 
study groups. To assess the changes in WOMAC and 
VAS scores at different time intervals within each study 
group, repeated measures analysis of variance (ANOVA) 

Fig. 2 Platelet-rich plasma injection guided by ultrasound. F: Femur, Q:Quadriceps tendon, N:Needle, S:Suprapatellar bursa
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was performed. Subsequently, the Bonferroni post-hoc 
test was used to examine pairwise comparisons between 
the time periods. One-way ANOVA and Tukey post-hoc 
test were applied to to compare the scores among the 
three study groups at each time interval. Moreover, the 
ANOVA was used to compare the average age, hemo-
globin levels, white blood cell counts, and platelet count 
among the three study groups. The significance level was 
set at α = 0.05 (two-sided), with P < 0.05 indicating statis-
tical significance.

Results
Patients characteristics
The study enlisted 120 eligible patients at the Henan Pro-
vincial People’s Hospital between February 2021 and Sep-
tember 2022. Of the initial patient cohort, four patients 

in the PRP1 group and five patients each in the PRP3 and 
PRP5 groups withdrew from the study. Consequently, 
a total of 106 patients successfully completed the study 
(refer to Fig. 1). The baseline characteristics of the three 
groups were comparable with respect to the patients age, 
sex, disease duration, initial platelet concentration, mean 
platelet, and white blood cell counts, and BMI. No dis-
cernible differences were observed in the clinical demo-
graphics among the three groups (Table 2).

Clinical results
The means, standard deviations, P-values, and 95% con-
fidence intervals of the three groups were compared, 
revealing significant mean differences between PRP1 
and PRP3, as well as PRP1 and PRP5 (P < 0.001). From 
Table  3, No statistically significant differences (p > 0.05) 
were observed in the WOMAC total, pain, stiffness, 
and function scores, as well as the VAS score at baseline 
among the patients in the PRP1, PRP3, and PRP5 groups. 
However, significant differences were observed in the 
WOMAC and VAS scores among the PRP1, RP3, and 
PRP5 groups at the 6, 12, 24, and 52-week follow up post-
intervention (P < 0.001). The scores across all three groups 
were the highest at baseline and decreased post-interven-
tion, with the PRP1 group reaching the lowest score at 6 
weeks follow up and gradually increase thereafter until 
the 52-week mark. The PRP3 and PRP5 groups reached 
their lowest scores at 12-week follow up, followed by a 
gradual increase, peaking at 52 weeks. Despite a statisti-
cal difference (P > 0.05) in WOMAC and VAS scores for 
the PRP1 group between 52 weeks post-intervention and 
at baseline, the difference was deemed clinically insig-
nificant due to its small magnitude. In comparison to the 
baseline, significant differences were noted in WOMAC 
and VAS scores for the PRP3 and PRP5 groups at 6, 12, 
24, and 52-week follow up (P < 0.05). Additionally, no 
statistically significant difference was observed in the 
WOMAC and VAS scores between the PRP3 and PRP5 
groups at 6, 12, 24, and 52-week follow up post-interven-
tion (P > 0.05).

Figures  3 and 4 illustrate the trajectory of WOMAC 
total and VAS scores from baseline to weeks 6, 12, 
24,and 52 following the treatment.It can be observed 
that patients in the PRP3 and PRP5 groups experienced 
a decline in WOMAC and VAS scores at 6 and 12 weeks 
post-intervention. Notably, the decline was more pro-
nounced in the PRP5 group, with a gradual increase 
observed after 24 weeks. Conversely, the PRP1 group 
exhibited an upward trend in WOMAC total and VAS 
scores starting from 6 weeks, reaching its peak at 52 
weeks. The increase was more significant in the PRP1 
group (P < 0.01). Overall, the WOMAC and VAS scores 
of all three groups increased after 24 weeks follow up, 
with the maximum increase observed at 52 weeks.

Table 2 Classification Features of PRP
Parameter Values
PRP preparation

Initial blood volume 18 ml
Anticoagulant 2.5% sodium citrate 

2 ml
System Close
Centrifugation Yes
Number 2
First centrifugal force 200×g for 10 min
Second centrifugal force 200×g for 20 min
Final PRP volume 4 ml

PRP characteristics
PRP type 29-11-00
Initial blood platelet concentration 235.61 ± 38.47(109/L)
Platelet concentration in PRP 962.57 ± 39.78(109/L)
Does it contain red blood cells? (0 = No, 

1 = Yes)
1

Does it contain white blood cells? (0 = No, 
1 = Yes)

1

Initial leukocyte concentration 5.36 ± 1.63(109/L)
Leukocyte concentration in PRP 15.80 ± 3.25(109/L)
Mode of activation(0 = Endogenous activa-

tion, 1 = Activation prior to injection.)
0

Calcium agent used for activation(0 = No, 
1 = Yes)

0

Application characteristics
Formulation type Liquid
Administration route Intraarticular
Dosage A treatment session is 

conducted once a week
Volume Intraarticular injection: 

4 ml
Dose (range of platelets) Intraarticular injec-

tion:3.67 × 109–
4.03 × 109

Tissue Cartilage, synovium, 
subchondral bone

Pathology Knee joint degeneration



Page 7 of 14Zhuang et al. Journal of Orthopaedic Surgery and Research          (2024) 19:284 

Figures 5 and 6 show the percentage decrease of VAS 
and WOMAC score relative to baseline over the course 
of 6 to 54 weeks follow up. At 6, 12, 24, and 52 weeks fol-
low up, both PRP3 and PRP5 groups demonstrated signif-
icant percentage improvement compared to the baseline 
in PRP3. Significant improvement was observed between 
PRP5 and PRP1 groups (P < 0.05) but not between the 
PRP3 and PRP5 groups. The percentage improvement 
compared to baseline in the PRP3 and PRP5 groups 

peaked at 12 weeks follow up and gradually declined after 
24 weeks, reaching its lowest point at 52 weeks. This sug-
gests that the efficacy of PRP treatment is most optimal 
within the initial 24 weeks, progressively diminishing 
thereafter, with the least efficacy observed at 52 weeks. 
Importantly, there were no statistically significant differ-
ences in the VAS score compared to the baseline in the 
PRP1 group at 52 weeks(P = 0.05).

Table 3 Comparison of WOMAC and VAS scores at each follow-up stage baseline and post-treatment in the 3 groups
Follow-up cP Value

Treated Groups Group Baseline 6 weeks 12 weeks 24 weeks 52 weeks
W.Total Mean 
(95%CI)

PRP1 68.67(65.01,72.32) 44.89(41.75,48.02) b 47.28(43.77,50.69) b 55.00(51.29,58.71) b 61.03(57.13,64.93) b 0.001
PRP3 68.69(64.34,73.03) 33.31(30.52,36.11) a 25.89(23.89,27.88) a 28.89(26.52,31.25) a 31.80(29.22,34.38) a < 0.001
PRP5 69.40(65.18,73.72) 29.91(27.94,31.89) a 23.40(22.09,24.71) a 25.97(24.11,27.84) a 28.17(26.01,30.33) a < 0.001
P Value 0.958 < 0.001 < 0.001 < 0.001 < 0.001

W.Pain PRP1 15.11(14.57,15.65) 10.97(10.48,11.47) b 11.61(11.07,12.16) b 13.14(12.58,13.69) b 14.14(13.61,14.66) b 0.08
PRP3 14.97(14.42,15.53) 7.14(6.60,7.68) a 5.43(5.07,5.78) a 6.00(5.66,6.34) a 6.80(6.46,7.14) a < 0.001
PRP5 15.29(14.77,15.80) 6.54(6.19,6.89) a 5.06(4.76,5.36) a 5.49(5.16,5.81) a 6.23(5.86,6.60) a < 0.001
P 0.706 < 0.001 < 0.001 < 0.001 < 0.001

W.Stiffness PRP1 4.39(4.08,4.69) 3.06(2.79,3.32) b 3.17(2.87,3.36) b 3.42(3.12,3.71) b 3.92(3.61,4.22) b 0.13
PRP3 4.17(3.80,4.54) 2.31(2.04,2.59) a 1.57(1.38,1.76) a 1.69(1.47,1.90) a 2.00(1.75,2.25) a < 0.001
PRP5 4.14(3.77,4.52) 2.11(1.83,2.40) a 1.43(1.19,1.67) a 1.49(1.22,1.75) a 1.80(1.50,2.10) a < 0.001
P 0.542 < 0.001 < 0.001 < 0.001 0.007

W.Function PRP1 49.17(46.05,52.28) 30.86(27.96,33.76) b 32.50(29.46,35.54) b 38.44(35.21,41.68) b 42.97(39.49,46.44) b 0.002
PRP3 49.54(45.86,53.23) 23.86(21.35,26.37) a 18.89(17.17,20.61) a 21.20(19.03,23.37) a 23.00(20.51,25.49) a < 0.001
PRP5 49.98(46.31,53.64) 21.26(19.45,23.07) a 16.91(15.71,18.12) a 19.00(17.24,20.76) a 20.14(18.16,22.13) a < 0.001
P 0.946 0.001 < 0.001 < 0.001 < 0.001

VAS PRP1 7.81(7.49,8.12) 5.72(5.43,6.01) b 6.03(5.74,6.31) b 6.81(6.53,7.08) b 7.36(7.08,7.64) b 0.015
PRP3 7.60(7.19,8.01) 4.57(4.06,5.09) a 4.40(3.72,5.08) a 5.11(4.40,5.83) a 5.71(4.93,6.49) a < 0.001
PRP5 7.54(7.16,7.93) 4.23(3.68,4.78) a 3.86(3.14,4.57) a 4.34(3.59,5.09) a 4.66(3.92,5.39) a < 0.001
P 0.562 0.001 < 0.001 < 0.001 < 0.001

W: WOMAC. a-statistically significant differences between groups at each time point compared with the PRP1 group(P < 0.05), b Significant difference from PRP3
、PRP5 group. cp-Significant difference from baseline within each respective group(P < 0.05). SD: standard deviation

Fig. 3 the changes of WOMAC total score variables from baseline to 6,12,24 and 52 weeks
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Adverse effects
PRP therapy for KOA is generally considered safe as it 
utilizes the patient’s own blood components. However, 
some potential adverse effects should be be considered, 
such as infection, post-injection pain or discomfort, 
injection site bleeding, and allergic reactions. During 
treatment and follow-up, no significant complications 
were observed, except for a temporary increase in local 
pain or swelling. The main adverse reaction of PRP 
therapy reported in this study were pain in the injec-
tion site and discomfort, comprising 16 occurrences. 
Among them, 3 occurrences were in the PRP1 group, 5 
occurrences were in the PRP3 group, and 8 occurrences 

were in the PRP5 group. The pain symptoms were rela-
tively mild, and patients reported relief of pain within 
48 h through bed rest or local cold compress. No adverse 
events such as injection site infection or allergic reactions 
occurred.

Discussion
While numerous clinical studies examined the use of PRP 
for treating KOA at various injection frequencies, con-
siderable variations exists in PRP preparation methods, 
such as inclusion of white blood cells in PRP, injection 
techniques, dosage, use of activators and local anesthet-
ics, and other factors. Moreover, different studies employ 

Fig. 5 the percentage decrease of WOMAC relative to baseline

 

Fig. 4 the changes of VAS score variables from baseline to 6,12,24 and 54 weeks post-treatment
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varying evaluation methods for assessing efficacy and 
have diverse follow-up periods. Consequently, no cur-
rent definitive consensus exists on the ideal treatment 
frequency for intra-articular PRP injections to effectively 
manage KOA.

Currently, 9 clinical studies investigated the effects of 
different injection regimens on the efficacy of PRP treat-
ment forKOA (Table 4). Of these studies, eight compared 
the efficacy of multiple versus single PRP injection, while 
one study compared the efficacy of two against four injec-
tions. All of these studies concluded that PRP injections 
are effective in treating KOA, resulting in significant pain 
reduction and improvement in knee joint function [19–
27]. One study found no statistically significant difference 
in efficacy between single and double injections [19], as 
well as between single and triple injections [22]. Six stud-
ies reported that multiple injections were more effective 
than single injections [19–27]. In one study compar-
ing the efficacy of single and double injections, double 
injections were found to be superior [24]. Five studies 
compared the efficacy of single and triple injections and 
concluded that triple injections were more effective. Two 
studies suggested that triple injections were more effec-
tive than both single and double injections [22], with 
one study recommending a minimum of two injections. 
One study compared the clinical efficacy and levels of 
inflammatory factors in synovial fluid between two and 
four injections for the treatment of KOA. Both doses 
significantly improved the clinical symptoms of patients 
with KOA, with no statistical difference between the two 
groups. However, neither regimen had an impact on the 
levels of inflammatory factors, such as interleukin-6, 
interleukin-1β, and TNF-α n the synovial fluid.However, 
the use of PRP activation and application of activators 

vary among the studies.In five studies, calcium chlo-
ride was used to activate PRP, while one study utilized 
10% calcium gluconate for activation. Three studies did 
not use any activator to activate PRP. Most of the stud-
ies did not administer local anesthesia at the injection 
site before PRP injection, except for two studies that used 
lidocaine for local anesthesia prior to injection. Six stud-
ies did not classify the PRP preparations used. One study 
classified them as P2Bb according to the Platelets, Acti-
vation, White cells (PAW) classification, and two studies 
classified them as 2  A and 4B according to the Mishra 
classification. Additionally, the volume of PRP per dose 
used in each study also varies, with most studies using a 
volume of 4-5mL and the maximum volume being 8mL. 
The time intervals between the two PRP injections also 
varied significantly. Two studies had a one-week inter-
val, three studies had a two-week interval, three studies 
had a six-week interval, and one study had a one-month 
interval. The follow-up duration also differed among the 
studies with a minimum follow-up of three months and 
a maximum follow-up of two years. Four studies had a 
six-month follow-up, while three studies had a one-year 
follow-up. The aforementioned 9 clinical studies exhibit 
substantial variations in research methods, inclusion cri-
teria, PRP preparation methods, types of PRP, presence 
of white blood cells, injection methods, PRP activation 
and activators, injection doses, use of local anesthetics, 
follow-up period, efficacy evaluation methods, and other 
aspects. Consequently, their findings diverge significantly 
and even result in contradictory conclusions (Table  4). 
In addition, the effectiveness of PRP treatment for KOA 
is not only influenced by the frequency of treatment, 
but also by the quality of the PRP, which is determined 
by factors such as patient age, immune status, presence 

Fig. 6 the percentage decrease of VAS relative to baseline
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of concurrent metabolic diseases, and medications used 
[28].

Based on these studies, three intra-articular PRP injec-
tions can yield favorable clinical outcomes for knee joints. 
However, we hypothesize that additional injections 
may be necessary to achieve even better clinical results. 
For instance, undergoing a treatment consisting of five 
injections might lead to improved outcomes. Therefore, 
we compared the effectiveness between groups receiv-
ing three and five injections. Considering the insights 
derived from these studies, we adopted a standard-
ized approach in preparing PRP, ensuring consistency 
in the composition of its various components. Depend-
ing on the concentration of white blood cells, it can be 
divided into leukocyte-poor and leukocyte-rich PRP. The 
leukocyte-rich PRP used in this study has a better anti-
inflammatory effect [29]. Research has shown that local 
anesthetics may have a toxic effect on knee joint carti-
lage cells and can affect platelet activation by altering 
the intra-articular pH. Therefore, local anesthetics were 
not used prior to PRP injection [30]. Based on the sub-
stantial clinical evidence supporting the efficacy of PRP 
in treating KOA, we excluded a placebo control group or 
other injection interventions, such as steroids or hyal-
uronic acid,, as comparators. We selected patients with 
bilateral KOA at KL 1–3 stages as our study population, 
with simultaneous injection and functional assessment 
conducted on both knees of each patient. Building upon 
previous research that primarily compared the effects of 
three PRP injections with single or two PRP injections, 
we investigated the differences in efficacy between single, 
three and five PRP injections. Each injection consist of 
4mL of PRP per joint, with a one-week interval between 
injections.

Ultrasound-guided injection was demonstrated to 
be more precise and accurate compared to blind injec-
tions in existing literature [31]. Therefore, we employed 
ultrasound guidance for intra-articular PRP injections, 
which was one of the contributing factors for achieving 
improved therapeutic outcomes in this study.

The results of this study demonstrate that, compared to 
baseline, the VAS scores and WOMAC index of all three 
groups improved at 6 weeks, 12 weeks, 24 weeks and 52 
weeks after intervention. This indicates that intra-artic-
ular PRP injections significantly enhance the function 
and alleviate joint pain in patients with KOA, which is 
consistent with the findings of previous studies. How-
ever, at the same time points after intervention, both the 
VAS and WOMAC scores of the PRP3 and PRP5 groups 
were statistically superior to those of the PRP1 group 
(P < 0.05). This suggests that multiple injections have bet-
ter clinical efficacy than a single injection, which aligns 
with the conclusions of previous studies. Görmeli G et 
al. [20] discovered that three injections of PRP showed 

superior efficacy compared to single injections for 
patients with early KOA. Similarly, Kavadar G et al. [21] 
suggested that two PRP injections had a better prognosis 
than a single injection. Mehdi et al. [23] found that two 
PRP injections were more effective than a single injec-
tion and both were more effective than hyaluronic acid 
injections, which aligns with our findings. A most recent 
meta-analysis incorporating seven clinical studies involv-
ing 575 patients suggests that triple-dose PRP therapy 
may be more effective than single-dose PRP in the treat-
ment of KOA [32]. Additionally, the VAS and WOMAC 
scores showed a decreasing trend after 6 months of PRP 
intervention, which became more pronounced after one 
year of intervention. Although this result suggests that 
multiple are more effective than single injections in the 
treatment of KOA, the principle of “more is better” does 
not necessarily apply. The results of this study revealed 
no significant difference (P > 0.05) in VAS and WOMAC 
scores between the PRP3 and PRP5 groups at the same 
time points following PRP intervention. Our research 
findings primarily suggest that three injections provide 
the maximum benefit to patients and may serve as a 
potential option for delaying KOA surgery or as substi-
tute surgical treatment.

The possible mechanism for the better effect of mul-
tiple injections compared to a single injection in this 
study could be attributed to the growth factors in PRP 
that continue to promote cartilage and tissue metabolism 
with a cumulative effect. In vitro experiments on PRP 
therapy for KOA have shown significant dose and time 
dependence in terms of the quantity and metabolic activ-
ity of chondrocytes [33]. Moreover, a clinical study indi-
cates that PRP therapy has a dose-dependent cumulative 
effect. In this study, multiple injections of PRP combined 
with PRF (Platelet Rich Fibrin) were administered, with 
a maximum of four injections. This treatment approach 
could alleviate pain, improve knee joint function, func-
tion, and delay the need for knee replacement surgery, 
with the clinical effects becoming more evident with a 
higher number of treatment sessions [34].

However, there was no significant difference in clini-
cal efficacy between the 3 and 5 injections, and the rea-
sons for this result are remain unclear. Nevertheless, 
this finding is consistent with many clinical studies that 
recommend a three-injection treatment protocol. These 
findings align with that of Ngarmukos et al. (25) where 
they observed that despite dosage variations between 
the group receiving two and four injections, both groups 
demonstrated improvement in clinical scores without 
any statistically significant difference in clinical efficacy.

PRP contains a variety of growth factors and cyto-
kines, such as platelet-derived growth factor (PDGF), 
transforming growth factor-beta (TGF-β), and vascular 
endothelial growth factor (VEGF), which promote cell 
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proliferation, differentiation, and tissue repair. PRP is 
extensively used in clinical practice for conditions such 
as tendinopathies and cartilage injuries. The mechanism 
of action behind PRP injections for KOA lies in its high 
concentrations of platelets and growth factors, including 
PDGF, TGF-β1, basic fibroblast growth factor (bFGF), 
and VEGF. These substances can stimulate the produc-
tion of fibroblasts and collagen, regulate the joint micro-
environment, enhance cell viability [35, 36] promote 
angiogenesis, and facilitate myogenic cell proliferation 
[37]. KOA is characterized by the degeneration of artic-
ular cartilage, local synovial inflammation, joint capsule 
contracture, and ligamentous laxity or contracture [38]. 
The synergistic effects of growth factors present in PRP 
can promote cartilage regeneration and metabolism, 
potentially exerting a chondrogenic effect.

In KOA, which is characterized by synovial inflamma-
tion, cartilage erosion, and infiltration of inflammatory 
cells, PRP treatment can work through several mecha-
nisms: (1) First, it promotes tissue repair and regenera-
tion. The growth factors and cytokines in PRP stimulate 
the proliferation and synthesis of chondrocytes, promot-
ing the repair and regeneration of damaged tissues [39, 
40]. (2) Second, PRP exhibits anti-inflammatory proper-
ties. The growth factors in PRP also possess anti-inflam-
matory effects, reducing the infiltration of inflammatory 
cells and alleviating associated inflammatory reactions. 
This helps to relieve the symptoms of arthritis [41]. (3) 
Third, PRP improved joint lubrication and function. The 
introduction of PRP into affected joints can enhance 
the viscoelasticity and lubricating properties of synovial 
fluid, leading to improved joint mobility and function 
[42]. (4) Finally, PRP therapy offers analgesic effects. PRP 
therapy can potentially relieve pain symptoms by reduc-
ing inflammation and promoting tissue repair. These 
mechanisms collectively contribute to the effectiveness 
of PRP in the treatment of KOA [41]. Additionally, neo-
vascularization facilitated by PRP can nourish contracted 
muscles and tissues, thereby slowing down the progres-
sion of KOA. These effects can function independently or 
even interact additively and synergistically [37].

This study has certain limitations. While implementing 
patient blinding would have bolstered the validity of our 
findings, it would have necessitated the administration of 
placebo injections, a course of action deemed ethically 
inappropriate. Furthermore, this study is constrained by 
its exclusive reliance on a single clinical research center 
and a relatively small sample size. To ascertain the opti-
mal frequency of PRP treatment for KOA, more robust 
clinical evidence is still warranted. Conducting large-
scale, multicenter clinical trials utilizing randomized 
double-blind controlled methodologies, extending the 
follow-up duration, assessing treatment efficacy com-
prehensively, and observing the long-term effects of PRP 

are imperative. Additional fundamental research is indis-
pensable in elucidating the precise mechanisms underly-
ing the therapeutic use of PRP in the treatment of KOA.

Conclusion
In conclusion, this study provides evidence that, when it 
comes to treating knee osteoarthritis with PRP therapy, 
multiple injections (3 and 5) result in superior clini-
cal outcomes compared to a single injection. However, 
no significant difference was observed in the efficacy of 
three or five injections. Therefore, we recommend using 
three injections of PRP in the treatment of patients with 
knee osteoarthritis of grade I-III.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13018-024-04736-6.

Supplementary Material 1

Supplementary Material 2

Author contributions
WZ and TL take responsibility for the integrity of data and the accuracy of 
their analysis. WZ, TL and WL contributed to the conception and design of 
the study and writing of the manuscript. WZ, TL prepared the figures and 
tables.TL, WL, YL, JG, QD, XW, YZ, QH and all contributed substantially to the 
literature search, data extraction and analysis, data interpretation, and quality 
assessment.

Funding
This work was supported by Henan Science and Technology Project 
(232102310266) and Henan Province Medical Science and Technology 
Research Program (SBGJ20210203).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors declare that there were no financial or commercial ties that might 
be viewed as having a potential conflict of interest.

Ethics statement
The study protocol was reviewed and approved by the Ethics Committee of 
Henan Provincial People’s Hospital. The patients/participants provided their 
written informed consent to participate in this study.

Received: 5 February 2024 / Accepted: 13 April 2024

References
1. Hawker G, Croxford R, Bierman A, et al. All-cause mortality and serious 

cardiovascular events in people with hip and knee osteoarthritis: a popula-
tion based cohort study. OSTEOARTHR Cartil. 2014;22(S37–S38). https://doi.
org/10.1016/j.joca.2014.02.089.

2. O’Brien P, Bunzli S, Lin I, et al. Tackling the Burden of Osteoarthritis as a Health 
Care Opportunity in Indigenous Communities-A call to action. J Clin Med. 
2020;9(8). https://doi.org/10.3390/jcm9082393.

https://doi.org/10.1186/s13018-024-04736-6
https://doi.org/10.1186/s13018-024-04736-6
https://doi.org/10.1016/j.joca.2014.02.089
https://doi.org/10.1016/j.joca.2014.02.089
https://doi.org/10.3390/jcm9082393


Page 13 of 14Zhuang et al. Journal of Orthopaedic Surgery and Research          (2024) 19:284 

3. Sharma S, Alam S. Review literature of osteoarthritis epidemiology in females 
ijhs. 2022; https://doi.org/10.53730/ijhs.v6ns5.11161.

4. Tang X, Wang S, Zhan S, et al. The prevalence of symptomatic knee osteoar-
thritis in China: results from the China Health and Retirement Longitudinal 
Study. ARTHRITIS RHEUMATOL. 2016;68(3):648–53. https://doi.org/10.1002/
art.39465.

5. Rehart S, Wickler B, Nitschmann S. Osteoarthritis of the knee: physical therapy 
or intra-articular corticoid injection. INTERNIST. 2020;61(10):1087–90. https://
doi.org/10.1007/s00108-020-00867-0.

6. Bichsel D, Liechti FD, Schlapbach JM, et al. Cross-sectional analysis of 
recommendations for the treatment of hip and knee osteoarthritis in clinical 
guidelines. ARCH PHYS MED REHAB. 2021;103(3):559–e5695. https://doi.
org/10.1016/j.apmr.2021.07.801.

7. Krishnamurthy A, Lang AE, Pangarkar S et al. Synopsis of the 2020 US 
Department of Veterans Affairs/US Department of Defense Clinical Practice 
Guideline: The Non-Surgical Management of Hip and Knee Osteoarthri-
tis. MAYO CLIN PROC. 2021; 96 (9): 2435–2447. https://doi.org/10.1016/j.
mayocp.2021.03.017.

8. Andia I, Maffulli N. Blood-derived products for tissue Repair/Regeneration. Int 
J Mol Sci. 2019;20(18):4581. https://doi.org/10.3390/ijms20184581.

9. Andia I, Maffulli N. A contemporary view of platelet-rich plasma therapies: 
moving toward refined clinical protocols and precise indications. Regen Med. 
2018;13(6):717–28. https://doi.org/10.2217/rme-2018-0042.

10. Rai D, Singh J, T Somashekharappa, et al. Platelet-rich plasma as an effective 
biological therapy in early-stage knee osteoarthritis: one year follow up. 
SICOT J. 2021;76. https://doi.org/10.1051/sicotj/2021003.

11. Thi Thanh P, Mai N, Ha N, et al. Platelet-rich plasma and its application in clini-
cal trial. MPS. 2021;37(3). https://doi.org/10.25073/2588-1132/vnumps.4346.

12. Qiu Y, Zhang Y, Wen L. AB0870-HPR Global trends in PRP and osteoarthritis: 
a bibliometric and visualized study. Ann Rheum Dis. 2021;80(Suppl 1):1458. 
https://doi.org/10.1136/annrheumdis-2021-eular.2849.

13. Sneed D, Wong C. Platelet-rich plasma injections as a treatment for Achil-
les tendinopathy and plantar fasciitis in athletes. PM&R. 2023. https://doi.
org/10.1002/pmrj.12965.

14. Xiong Y, Gong C, Peng X, et al. Efficacy and safety of platelet-rich plasma 
injections for the treatment of osteoarthritis: a systematic review and 
meta-analysis of randomized controlled trials. Front Med (Lausanne). 
2023;10:1204144. https://doi.org/10.3389/fmed.2023.1204144.

15. Costa LAV, Lenza M, Irrgang JJ, et al. How does platelet-rich plasma compare 
clinically to other therapies in the treatment of knee osteoarthritis? A system-
atic review and Meta-analysis. AM J SPORT MED. 2022;51(4):1074–86. https://
doi.org/10.1177/03635465211062243.

16. Kon E, Di Matteo B, Delgado D, et al. Platelet-rich plasma for the treatment of 
knee osteoarthritis: an expert opinion and proposal for a novel classification 
and coding system. EXPERT OPIN BIOL TH. 2020;20(12):1447–60. https://doi.
org/10.1080/14712598.2020.1798925.

17. Gupta A, Jeyaraman M, Maffulli N. Common medications which should 
be stopped prior to platelet-rich plasma injection. Biomedicines. 
2022;10(9):2134. https://doi.org/10.3390/biomedicines10092134.

18. Kao David S, Zhang Stephanie W, Vap Alexander R. A systematic review 
on the effect of common medications on platelet count and func-
tion: which medications should be stopped before getting a platelet-
rich plasma injection? Orthop J Sports Med. 2022;10(4):. https://doi.
org/10.1177/23259671221088820.

19. Patel S, Dhillon MS, Aggarwal S, et al. Treatment with platelet-rich plasma is 
more effective than placebo for knee osteoarthritis: a prospective, double-
blind, randomized trial. AM J SPORT MED. 2013;41(2):356–64. https://doi.
org/10.1177/0363546512471299.

20. Görmeli G, Görmeli CA, Ataoglu B, et al. Multiple PRP injections are more 
effective than single injections and hyaluronic acid in knees with early osteo-
arthritis: a randomized, double-blind, placebo-controlled trial. KNEE SURG 
SPORT TR A. 2015;25(3):958–65. https://doi.org/10.1007/s00167-015-3705-6.

21. Kavadar G, Demircioglu DT, Celik MY, et al. Effectiveness of platelet-rich 
plasma in the treatment of moderate knee osteoarthritis: a randomized pro-
spective study. J PHYS THER SCI. 2015;27(12):3863–7. https://doi.org/10.1589/
jpts.27.3863.

22. Uslu Güvendi E, Aşkin A, Güvendi G, et al. Comparison of efficiency between 
corticosteroid and platelet Rich plasma injection therapies in patients with 
knee osteoarthritis. ARCH RHEUMATOL. 2017;33(3):273–81. https://doi.
org/10.5606/ArchRheumatol.2018.6608.

23. Simental-Mendía M, Acosta-Olivo CA, Hernández-Rodríguez AN, et al. 
Intraarticular injection of platelet-rich plasma in knee osteoarthritis: single 
versus triple application approach. Pilot study. ACTA REUMATOL PORT. 
2019;44(2):138–44. PMID: 31243258.

24. Tavassoli M, Janmohammadi N, Hosseini A, et al. Single- and double-dose of 
platelet-rich plasma versus hyaluronic acid for treatment of knee osteoarthri-
tis: a randomized controlled trial. World J Orthop. 2019;10(9):310–26. https://
doi.org/10.5312/wjo.v10.i9.310.

25. Subramanyam K, Alguvelly R, Mundargi A, et al. Single versus multi-dose 
intra-articular injection of platelet rich plasma in early stages of osteoarthritis 
of the knee: a single-blind, randomized, superiority trial. ARCH RHEUMATOL. 
2021;36(3):326–34. https://doi.org/10.46497/ArchRheumatol.2021.8408.

26. Ngarmukos S, Tanavalee C, Amarase C, et al. Two or four injections of platelet-
rich plasma for osteoarthritic knee did not change synovial biomarkers but 
similarly improved clinical outcomes. Sci Rep. 2021;11(1):23603. https://doi.
org/10.1038/s41598-021-03081-6.

27. Yurtbay A, Say F, Çinka H, et al. Multiple platelet-rich plasma injections are 
superior to single PRP injections or saline in osteoarthritis of the knee: the 
2-year results of a randomized, double-blind, placebo-controlled clinical trial. 
ARCH ORTHOP TRAUM SU. 2021;142(10):2755–68. https://doi.org/10.1007/
s00402-021-04230-2.

28. Andia I, Maffulli N. Some patients (and some of us) respond better to some 
biological therapies: the as yet unsolved conundrum. J Orthop Traumatol. 
2018;19(1):1. https://doi.org/10.1186/s10195-018-0505-z.

29. Assirelli E, Filardo G, Mariani E, et al. Effect of two different prepara-
tions of platelet-rich plasma on synoviocytes. KNEE SURG SPORT TR A. 
2014;23(9):2690–703. https://doi.org/10.1007/s00167-014-3113-3.

30. Mishra A, Woodall J, Vieira A. Treatment of tendon and muscle using platelet-
rich plasma. CLIN SPORT MED. 2009;28(1):113–25. https://doi.org/10.1016/j.
csm.2008.08.007.

31. Bum Park Y, Ah Choi W, Kim YK, et al. Accuracy of blind versus ultrasound-
guided suprapatellar bursal injection. J CLIN ULTRASOUND. 2011;40(1):20–5. 
https://doi.org/10.1002/jcu.20890.

32. Xinyu TAO, Ai Ling AA, Jie LJ, et al. Three doses of PRP therapy may be more 
effective than one dose of platelet-rich plasma (PRP) in the treatment of knee 
osteoarthritis: a systematic review and Meta-analysis. Arthroscopy. 2023. 
https://doi.org/10.1016/j.arthro.2023.05.018.

33. Hahn O, Kieb M, Jonitz-Heincke A, et al. Dose-dependent effects of 
platelet-rich plasma powder on chondrocytes in Vitro. AM J SPORT MED. 
2020;48(7):1727–34. https://doi.org/10.1177/0363546520911035.

34. Cheeva-Akrapan V, Turajane T. The 36-Month Survival Analysis of Conservative 
Treatment using platelet-rich plasma enhanced with Injectable platelet-rich 
fibrin in patients with knee osteoarthritis. Cureus. 2023;15(3):e35632. https://
doi.org/10.7759/cureus.35632.

35. Riewruja K, Phakham S, Sompolpong P, et al. Cytokine profiling and intra-
articular injection of autologous platelet-rich plasma in knee osteoarthritis. 
Int J Mol Sci. 2022;23(2). https://doi.org/10.3390/ijms23020890.

36. Rodríguez-Merchán EC. Intra-articular platelet-rich plasma injections in knee 
osteoarthritis: a review of their current Molecular mechanisms of Action and 
their degree of efficacy. Int J Mol Sci. 2022;23(3). https://doi.org/10.3390/
ijms23031301.

37. Sheean AJ, Anz AW, Bradley JP, Platelet-Rich, Plasma. Fundamentals and clini-
cal applications. Arthroscopy. 2021;37(9):2732–4. https://doi.org/10.1016/j.
arthro.2021.07.003.

38. Zhang L, Xing R, Huang Z, et al. Synovial fibrosis involvement in Osteoarthri-
tis. Front Med (Lausanne). 2021. https://doi.org/10.3389/fmed.2021.684389. 8 
684389.

39. Szwedowski D, Szczepanek J, Paczesny Ł, et al. The effect of platelet-rich 
plasma on the intra-articular microenvironment in knee osteoarthritis. Int J 
Mol Sci. 2021;22(11). https://doi.org/10.3390/ijms22115492.

40. Li T, Li Y, Li W, Wang X, Ding Q, Gao J, Zhang Y, Zhuang W. Impact of 
autologous platelet-rich plasma therapy vs. hyaluronic acid on synovial fluid 
biomarkers in knee osteoarthritis: a randomized controlled clinical trial. Front 
Med. 2023;10:1258727. https://doi.org/10.3389/fmed.2023.1258727.

41. O’Donnell C, Migliore E, Grandi FC, et al. Platelet-Rich plasma (PRP) from 
older males with knee osteoarthritis depresses chondrocyte metabolism and 
upregulates inflammation. J ORTHOPAED RES. 2019;37(8):1760–70. https://
doi.org/10.1002/jor.24322.

https://doi.org/10.53730/ijhs.v6ns5.11161
https://doi.org/10.1002/art.39465
https://doi.org/10.1002/art.39465
https://doi.org/10.1007/s00108-020-00867-0
https://doi.org/10.1007/s00108-020-00867-0
https://doi.org/10.1016/j.apmr.2021.07.801
https://doi.org/10.1016/j.apmr.2021.07.801
https://doi.org/10.1016/j.mayocp.2021.03.017
https://doi.org/10.1016/j.mayocp.2021.03.017
https://doi.org/10.3390/ijms20184581
https://doi.org/10.2217/rme-2018-0042
https://doi.org/10.1051/sicotj/2021003
https://doi.org/10.25073/2588-1132/vnumps.4346
https://doi.org/10.1136/annrheumdis-2021-eular.2849
https://doi.org/10.1002/pmrj.12965
https://doi.org/10.1002/pmrj.12965
https://doi.org/10.3389/fmed.2023.1204144
https://doi.org/10.1177/03635465211062243
https://doi.org/10.1177/03635465211062243
https://doi.org/10.1080/14712598.2020.1798925
https://doi.org/10.1080/14712598.2020.1798925
https://doi.org/10.3390/biomedicines10092134
https://doi.org/10.1177/23259671221088820
https://doi.org/10.1177/23259671221088820
https://doi.org/10.1177/0363546512471299
https://doi.org/10.1177/0363546512471299
https://doi.org/10.1007/s00167-015-3705-6
https://doi.org/10.1589/jpts.27.3863
https://doi.org/10.1589/jpts.27.3863
https://doi.org/10.5606/ArchRheumatol.2018.6608
https://doi.org/10.5606/ArchRheumatol.2018.6608
https://doi.org/10.5312/wjo.v10.i9.310
https://doi.org/10.5312/wjo.v10.i9.310
https://doi.org/10.46497/ArchRheumatol.2021.8408
https://doi.org/10.1038/s41598-021-03081-6
https://doi.org/10.1038/s41598-021-03081-6
https://doi.org/10.1007/s00402-021-04230-2
https://doi.org/10.1007/s00402-021-04230-2
https://doi.org/10.1186/s10195-018-0505-z
https://doi.org/10.1007/s00167-014-3113-3
https://doi.org/10.1016/j.csm.2008.08.007
https://doi.org/10.1016/j.csm.2008.08.007
https://doi.org/10.1002/jcu.20890
https://doi.org/10.1016/j.arthro.2023.05.018
https://doi.org/10.1177/0363546520911035
https://doi.org/10.7759/cureus.35632
https://doi.org/10.7759/cureus.35632
https://doi.org/10.3390/ijms23020890
https://doi.org/10.3390/ijms23031301
https://doi.org/10.3390/ijms23031301
https://doi.org/10.1016/j.arthro.2021.07.003
https://doi.org/10.1016/j.arthro.2021.07.003
https://doi.org/10.3389/fmed.2021.684389
https://doi.org/10.3390/ijms22115492
https://doi.org/10.3389/fmed.2023.1258727
https://doi.org/10.1002/jor.24322
https://doi.org/10.1002/jor.24322


Page 14 of 14Zhuang et al. Journal of Orthopaedic Surgery and Research          (2024) 19:284 

42. Ghai B, Gupta V, Jain A, et al. Effectiveness of platelet rich plasma in pain 
management of osteoarthritis knee: double blind, randomized compara-
tive study. Braz J Anesthesiol. 2019;69(5):439–47. https://doi.org/10.1016/j.
bjan.2019.06.003.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.bjan.2019.06.003
https://doi.org/10.1016/j.bjan.2019.06.003

	The varying clinical effectiveness of single, three and five intraarticular injections of platelet-rich plasma in knee osteoarthritis
	Abstract
	Introduction
	Materials and methods
	Study design and eligibility criteria
	Randomization and allocation concealment
	PRP preparation and injection
	Outcome measures
	Data analysis

	Results
	Patients characteristics
	Clinical results
	Adverse effects

	Discussion
	Conclusion
	References


