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Efficacy of multiple autologous apheresis
platelet-rich plasma injections for treating
knee osteoarthritis and its influencing factors:
a retrospective cohort study
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Abstract

Background The lack of standardized Platelet-Rich Plasma (PRP) protocols for Knee Osteoarthritis (KOA), combined
with significant patient variability, leads to inconsistent PRP effectiveness across studies. This study aims to assess
the influence of PRP injection frequencies on KOA treatment and explore the role of patient characteristics and PRP
properties in the treatment’s effectiveness.

Methods A retrospective cohort study was conducted with KOA patients who received three PRP injections (4-week
intervals) at a hospital in Chongging. The Wilcoxon signed-rank test was used to analyze differences in self-reported
recovery rates across different treatment time points, with Bonferroni correction applied for significance level
adjustment (). The Mann-Whitney U test, Kruskal-Wallis H test, Spearman correlation analysis, and restricted cubic
spline models were used to assess the associations between sex, baseline Kellgren-Lawrence grade, age, PRP red
blood cell (RBC) concentration, PRP white blood cell (WBC) concentration, PRP platelet concentration, the multiple
of PRP platelet concentration relative to the baseline autologous level (Enrichment-PLT), and self-reported recovery
rates.

Results The study included 28 KOA patients. Significant improvement in self-reported recovery rate was observed 4
weeks after the first treatment (median: 30.0%, P < 0.008) and after the second treatment (median: 45.0%, P < 0.008).
However, no significant change was noted 4 weeks after the third treatment (median: 55.0%, P=0.058), and recovery
rates at 8, 12, and 24 weeks post-third treatment showed no significant differences compared to 4 weeks (all
P>0.008). Additionally, no correlations were found between sex, baseline Kellgren-Lawrence grade, age, PRP RBC
concentration, PRP WBC concentration, PRP platelet concentration, or Enrichment-PLT and self-reported recovery
rates.
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Conclusion At least two PRP injections are recommended, with effects lasting for at least 24 weeks. Factors such as
sex, age, baseline Kellgren-Lawrence grade, and PRP properties (prepared by apheresis) do not significantly affect

treatment outcomes.

Keywords Knee osteoarthritis, Platelet-rich plasma, Injection frequencies, Efficacy, Influencing factors

Introduction

Knee osteoarthritis (KOA) is a degenerative joint dis-
ease characterized primarily by joint pain, swelling, and
impaired mobility, significantly affecting patients’ daily
quality of life [1]. According to global epidemiological
data from 2019, the age-standardized prevalence of KOA
is 4.3% (95% CI: 3.8-4.9%) [2]. Age is a major risk factor
for KOA [3], with the prevalence significantly increasing
after the age of 35, and the prevalence among those over
40 is approximately 22.9% (95% CI: 19.8-26.1%) [4].

Currently, there is no cure for KOA, and existing treat-
ment options primarily focus on symptom relief and
slowing disease progression [5]. Treatment strategies
for KOA can be divided into non-pharmacological and
pharmacological approaches [6]. Non-pharmacological
treatments mainly include exercise, weight loss, physical
therapy, and the use of orthotics, while pharmacological
treatments include local anti-inflammatory drugs, oral
nonsteroidal anti-inflammatory drugs (NSAIDs), and
hyaluronic acid injections [7-9]. For severe KOA, knee
arthroplasty is a widely used final treatment option;
however, it is associated with limitations such as a finite
lifespan of artificial joints and surgical risks [10]. There-
fore, finding more effective non-surgical treatments has
become a key focus of current clinical research.

Platelet-rich plasma (PRP) is a concentrated form of
platelet plasma derived from blood through centrifuga-
tion. It is rich in growth factors, which contribute to its
role in enhancing tissue repair, promoting regenera-
tion, and providing anti-inflammatory effects [11, 12].
Recently, PRP has seen increased usage in treating KOA
[13]. Several studies have demonstrated that PRP can
effectively reduce pain and improve knee function in
KOA patients, yielding better results than hyaluronic
acid or NSAIDs [14-17]. However, other research has
found no significant difference between PRP treatment
and placebo [18], indicating that the effectiveness of PRP
in KOA may vary widely across different cases.

The variability in PRP efficacy may be attributed to
several factors, notably the lack of standardized treat-
ment protocols, which limits its widespread clinical
application [19, 20]. Specifically, the observed differences
in PRP efficacy are likely influenced by: (1) the prepara-
tion process, including the method of preparation (e.g.,
manual vs. apheresis), the number of centrifugation
cycles, and whether leukocytes are removed—these fac-
tors can significantly alter the concentrations of PLTs,
leukocytes, and other components in PRP, thus affecting

its therapeutic outcomes [21-26]; (2) treatment proto-
cols, such as the number of injections, injection intervals,
and dosage [23]; (3) patient-specific factors, including
age, gender, disease severity, and the properties of the
patient’s own blood [23, 27].

Traditional PRP preparation methods typically rely
on manual techniques, which present challenges in
standardization. With advancements in technology,
automated apheresis systems have been developed. Com-
pared to traditional methods, apheresis reduces the risk
of bacterial contamination, decreases the presence of
RBCs and WBCs in PRP, and improves the stability and
quality of the PRP product [28, 29].

Given these considerations, the aim of this study is to
evaluate the effectiveness of different PRP (prepared by
apheresis) injection protocols in the treatment of KOA,
and to investigate whether patient characteristics and
PRP properties influence treatment outcomes, thereby
providing a reference for the standardization of PRP
treatment for KOA.

Patients and methods

Study design and data collection

This study was a single-center, retrospective cohort study
conducted at a hospital in Chongqing, China. Patients
diagnosed with KOA and treated with PRP at the hos-
pital’s orthopedic department between April 2022 and
March 2023 were included in this study.Recovery data
were collected via telephone interviews and in-person
visits. The inclusion criteria were as follows: (1) patients
were diagnosed with KOA on the basis of clinical symp-
toms, signs, and imaging examinations, (2) patients who
received PRP treatment, and (3) patients aged 20-70
years. Exclusion criteria were (1) patients who did not
receive 3 PRP injections, and (2) patients without follow-
up data.

Study variables

The primary outcome variable of this study was the self-
reported recovery rate. Patients were asked to rate their
recovery on a scale from 0 to 10 (0 indicating no recov-
ery and 10 indicating complete recovery). Follow-up vis-
its were scheduled for the 4th week after each treatment,
with additional visits at the 8th, 12th, and 24th weeks
following the third treatment. The self-reported recov-
ery rate was calculated by dividing the patient’s score by
10 (ranging from 0 to 100%). The average self-reported
recovery rate was determined by summing the recovery
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rates at the 4th, 8th, 12th, and 24th weeks after the third
treatment and dividing by 4.

In addition, the study also included the following
potential variables that could influence PRP efficacy: the
patient’s sex, age, Kellgren—Lawrence grading of KOA
(based on radiographic assessment) before treatment; the
concentrations of PLTs, WBCs, RBCs in the PRP used,
and the multiple of PRP PLT concentration relative to
the baseline autologous level (Enrichment-PLT) [23, 27,
30-32].

Furthermore, the Magnetic Resonance Imaging (MRI)
cartilage injury grading system, as established by the
International Cartilage Repair Society (ICRS), was used
to objectively assess the severity of KOA before and after
treatment [33].

PRP Preparation

PRP was prepared via an automated blood component
separator (NGL-XCF-3000) with single-use consumables
(P-2000 IE; Nigale, China). The technical settings were
adjusted on the basis of the patient’s height, weight, sex,
and preoperative hematocrit and PLT concentrations.
The pre-apheresis settings were as follows: apheresis
speed: 50—80 mL/min; input speed: 50—80 mL/min; anti-
coagulant-to-whole blood ratio: 1:10—12 mL; PLT apher-
esis coefficient: 75-85 on the basis of the preoperative
PLT concentrations. All PRP and whole blood samples
were analyzed with an automated cell counter (XS-900i;
Sysmex, Japan).

Treatment procedure

Before injection, patients were placed in a supine posi-
tion with the knee fully extended. PRP was injected into
the suprapatellar bursa through a suprapatellar lateral

Table 1 Participant characteristics and PRP properties (n=28)

Characteristics Groups All
Sex, n(%) Male 13 (46.4%)
Female 15 (53.6%)
Side, n(%) Leftonly 12 (42.9%)
Rightonly  8(28.6%)
Bilateral 8 (28.6%)
Age, Mean+SD 498+99
Pre- WBC (10%/L), Median(Q1,Q3) 5.9(5.5,6.6)
PRP- WBC (10°/L), Median(Q1,Q3) 05(03,1.2)
Pre- RBC (10'%/L), Median(Q1,Q3) 48(4450)
PRP- RBC (10'%/L), Median(Q1,Q3) 0.1(0.1,0.1)
Pre- PLT (10%/L), Mean +SD 2319+728
PRP- PLT (10%/L), Median(Q1,Q3) 1542.0(1162.3,1883.8)
Enrichment- PLT, Mean £SD 7011

Note: Pre, The patient’s hematological parameters before Platelet-rich plasma
collection; PRP, Platelet-rich plasma product’s hematological parameters.
RBC, Red Blood Cell; WBC, White Blood Cell; PLT, Platelet; Enrichment-PLT, The
multiple of PRP platelet concentration relative to the baseline autologous level;
SD, standard deviation
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approach, and no local anesthesia was applied. After the
procedure, patients were advised to keep the knee immo-
bile for 10 min. Each patient received three PRP injec-
tions with a 4-week interval between treatments.

Statistical analysis

The normality of continuous variables was assessed using
the Shapiro-Wilk test. Normally distributed data were
presented as mean + standard deviation (SD), while non-
normally distributed data were reported as median and
interquartile range (Q1, Q3). Categorical variables were
expressed as frequency (n) and percentage (%). To com-
pare self-reported recovery rates at different time points,
the Wilcoxon signed-rank test was applied, with Bonfer-
roni correction used to adjust the significance level (x).
The Wilcoxon signed-rank test was also used to analyze
differences in ICRS scores before and after treatment.
The Mann-Whitney U test was employed to access the
influence of sex on self-reported recovery rates. The
Kruskal-Wallis H test was employed to analyze differ-
ences in self-reported recovery rates across different
Kellgren-Lawrence grades and age groups. Relationships
between age, PRP RBC concentration, PRP WBC con-
centration, PRP PLT concentration, Enrichment-PLT,
and self-reported recovery rates were examined using
Spearman’s rank correlation and restricted cubic spline
models. Data were analyzed using SPSS 27.0 and R 4.3.1
software. All tests were two-tailed, and the significance
level (a) was set at 0.05.

Results

Participant characteristics and PRP properties

A total of 28 patients were included in the study, com-
prising 13 males (46.4%) and 15 females (53.6%), with
a mean age of 49.8+9.9 years. Among the patients, 12
(42.9%) had unilateral left KOA, 8 (28.6%) had unilat-
eral right KOA, and 8 (28.6%) had bilateral KOA. The
mean Enrichment-PLT was 7.0+ 1.1. Detailed informa-
tion on the properties of both the PRP product and base-
line blood samples was provided in Table 1.Additionally,
pre-treatment Kellgren—Lawrence grades were available
for 26 patients, among whom 2 (7.7%) were classified as
grade 1, 21 patients (80.8%) as grade 2, and 3 patients
(11.5%) as grade 3.

Effectiveness of PRP

At four weeks after the first PRP injection, the median
self-reported recovery rate reached 30.0% (5.0%, 67.5%).
Following the second injection, this value increased
to 45.0% (20.0%, 80.0%). After the third injection, the
median self-reported recovery rates at 4, 8, 12, and 24
weeks were recorded as 55.0% (30.0%, 80.00%), 55.0%
(7.5%, 80.0%), 55.0% (7.5%, 77.5%), and 50.0% (0.0%,
80.0%), respectively.
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The Wilcoxon signed-rank test was used to access dif-
ferences in self-reported recovery rates at different time
points, with Bonferroni correction applied for adjust-
ing significance («). Statistically significant differences
were observed between pretreatment and 4 weeks after
the first PRP injection (P<0.001, adjusted a=0.008) and
between 4 weeks after the first and second injections
(P=0.007, adjusted a=0.008). No significant differences
were found in the recovery rates at 8, 12, and 24 weeks
after the third injection compared with those at 4 weeks
after the third injection (all P>0.008). Further details are
presented in Fig. 1.

Additionally, MRI scans were of five patients were
obtained before and after treatment. The median and
interquartile range of the ICRS scores before treatment
were 3.0 (2.5, 3.0), while after treatment, they were 2.0
(2.0, 3.0). The Wilcoxon signed-rank test showed no sta-
tistically significant difference in ICRS scores before and
after treatment (P=0.317).

Univariate analysis of sex, age, Kellgren-Lawrence grade,
and PRP properties in relation to self-reported recovery
rates

The relationship between the average self-reported
recovery rate (calculated by adding the self-reported
recovery rates at 4 weeks, 8 weeks, 12 weeks, and 24
weeks after the third PRP injection and dividing by
4) and sex, age, Kellgren—Lawrence grade, and PRP-
related hematological parameters was assessed. The
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Mann-Whitney U test was used to compare self-reported
recovery rates between male and female patients. The
median self-reported recovery rate for male patients
was 50.0%(12.5%,87.5%), while for female patients it was
57.5%(15.0%,77.5%). Mann-Whitney U tests showed that
there were no significant differences in self-reported
recovery rates between sexes (P=0.964). The Kruskal-
Wallis H test was performed to analyze differences in
self-reported recovery rates among patients with differ-
ent Kellgren—-Lawrence grades. The median recovery
rates were 88.8% (87.5%, 90.0%) for patients with Kell-
gren—Lawrence grade 1, 50.0% (8.8%, 77.5%) for those
with Kellgren-Lawrence grade 2, and 50.0% (42.5%,
77.5%) for those with Kellgren—-Lawrence grade 3. The
results showed no statistically significant differences in
self-reported recovery rates among patients with differ-
ent Kellgren—Lawrence grades (P=0.149).

Spearman’s correlation test was used to explore the
association between age, PRP RBC concentrations, PRP
WBC concentrations, PRP PLT concentrations, and
Enrichment- PLTs and the average self-reported recov-
ery rate. The results showed that none of these variables
showed a significant monotonic relationship with the
average self-reported recovery rate (all P>0.05), as shown
in Table 2.

Additionally, a restricted cubic spline model was
employed to examine potential nonlinear associations
between the aforementioned factors and the average
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Fig. 1 Changes in patient self-reported recovery rates before and after treatment (Violin Plot) (n=28). The points in the figure represent the self-reported
recovery rates of individual patients at each time point. The lines connect the recovery rates at different time points for each patient. The Wilcoxon signed-
rank test was used to compare the differences in recovery rates between time points, with Bonferroni adjustment for significance level (a). * P<0.0083,
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Table 2 Spearman’s correlation analysis of patient
characteristics, PRP properties with the average self-reported
recovery rate(n=28)

(2025) 20:339

Variable Average self-reported recovery

r PValue
Age 0.091 0.644
PRP- RBC -0.300 0.121
PRP-WBC 0.075 0.705
PRP- PLT 0.009 0.962
Enrichment- PLT -0.009 0.964

Note: PRP, Platelet-rich plasma product’s hematological parameters. RBC, Red
Blood Cell; WBC, White Blood Cell; PLT, Platelet; Enrichment-PLT, The multiple of

Platelet-rich plasma platelet concentration relative to the baseline autologous
level

self-reported recovery rate. The model fitting results are
illustrated in Fig. 2.

Based on the results in Fig. 2a, age was categorized
into three groups: <40 years, 40—60 years, and > 60 years.
The Kruskal-Wallis H test was employed to assess dif-
ferences among these age groups. The results indicated
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no statistically significant difference in self-reported
recovery rates among the three age groups (H=4.086,
P=0.130). The median self-reported recovery rates and
interquartile ranges for the <40 years, 40—60 years, and
> 60 years groups were 90.0% (15.0%, 90.0%), 50.0% (8.8%,
71.3%), and 72.5% (48.8%, 92.5%), respectively.

Discussion

Currently, PRP treatment for KOA typically involves PRP
prepared using either the manual or apheresis methods,
with 1 to 3 injections, and intervals ranging from 2 days
to 4 weeks between each injection [17, 23, 34]. This study
retrospectively analyzed a treatment protocol using PRP
prepared by apheresis, with 3 injections (each spaced 4
weeks apart). The aim was to evaluate the effectiveness of
different PRP injection frequencies for KOA patients and
explore whether individual characteristics and PRP prop-
erties influence treatment outcomes, providing a refer-
ence for the standardization of PRP therapy in KOA.
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Regarding effectiveness, the results of this study show
that, 4 weeks after the first PRP injection, the median
self-reported recovery rate was 30.0% (5.0%, 67.5%),
which indicate a significant improvement compared to
pre-treatment (P<0.008). After the second injection,
the recovery rate at 4 weeks increased to 45.0% (20.0%,
80.0%), with further improvement compared to the
results after the first treatment (P<0.008). However, no
significant change was observed at 4 weeks after the third
injection (P=0.058). At 8, 12, and 24 weeks after the third
injection, the self-reported recovery rates showed no
significant difference compared to the results at 4 weeks
after the third injection (all P>0.008). These results sug-
gest that, under this treatment protocol, at least two
injections are required for KOA patients, with effects sus-
tained up to 24 weeks. Our findings align with previous
studies [35-37], although some studies [38] suggest that
three injections may offer additional long-term benefits.
this heterogeneity may stem from the relatively small
sample size in our study, which may not have sufficiently
captured subtle differences, and may also be related to
differences in study designs. A possible explanation for
the need for at least two PRP injections and the sustained
effect for 24 weeks is as follows. Firstly, PRP’s mechanism:
PRP is rich in growth factors and cytokines. By injecting
PRP, tissue repair, cartilage regeneration, and inflam-
mation reduction can be promoted [39-41]. In chronic
KOA, tissue repair is a gradual process. The second PRP
injection continues the repair. After the third treatment,
the repair effect levels off, indicating that the treatment
effect begins to slow down. Secondly, sustained effect for
24 weeks: The stability of the effect for 24 weeks suggests
that, as cartilage metabolism and structural adjustments
gradually complete, the tissue repair and regeneration
brought about by the treatment enter a stable state [37].
With respect to potential influencing factors, similar to
Amit Saraf et al. [42, 43], our study revealed no statisti-
cally significant correlation between sex and recovery
rates. However, a nonlinear relationship was observed
between age and recovery rates. Notably, there is consid-
erable heterogeneity in the literature regarding the effects
of sex and age on treatment outcomes, with some stud-
ies reporting contradictory results [27, 44—46]. These
discrepancies may stem from differences in PRP prepa-
ration, treatment protocols, and patient characteristics.
Notably, the limited availability of radiographs in this
study (n=26), along with the predominance of Kellgren—
Lawrence grade 2 patients, may have contributed to the
lack of significant differences in self-reported recovery
rates among different Kellgren—Lawrence grades.

Regarding the ICRS scores before and after treat-
ment, no statistically significant difference was found
(P=0.317). This result may be subject to bias. In routine
clinical practice, post-treatment MRI assessments are

(2025) 20:339

Page 6 of 8

not commonly performed unless patients are dissatisfied
with their treatment outcomes and seek further medi-
cal intervention. Consequently, the subset of patients
who underwent MRI evaluation after treatment may
not be representative of the broader cohort. Addition-
ally, the small sample size (n=5) limits statistical power,
increasing the likelihood of a Type II error in statistical
inference.

Regarding PRP properties, no significant correlation
was found between RBC, WBC, PLT concentrations,
Enrichment-PLT, and recovery rates. As expected, there
was no noticeable correlation between RBC and WBC
concentrations and recovery rates at very low concentra-
tions. Notably, some studies suggest that PRP with WBC
depletion tends to have better therapeutic outcomes than
PRP with a high WBC content [47]. Previous studies
have shown that higher PLT concentration might lead to
better results [30, 31]. Although our Spearman correla-
tion analysis did not reveal a significant relationship, the
restricted cubic spline plots suggest that higher PLT con-
centrations may be linked to improved recovery (Fig. 2d).
With respect to the degree of Enrichment-PLT, some
research recommends that therapeutic PRP should have
Enrichment-PLT levels 4 to 6 times higher than those in
whole blood, with concentrations outside this range pos-
sibly being ineffective or inhibiting the healing process
[48]. However, our correlation analysis and the results
from Fig. 2e did not fully support this conclusion. The
observed heterogeneity might be due to factors such as
the short observation period, limited intergroup differ-
ences, and small sample size, which may have prevented
us from capturing subtle differences.

Strengths and limitations

This study boasts several strengths and practical implica-
tions. Firstly, it evaluated the impact of individual char-
acteristics and PRP properties (prepared by apheresis)
on treatment outcomes, contributing valuable insights
toward the standardization of PRP therapy for KOA. Sec-
ondly, the use of a restricted cubic spline model allowed
for an in-depth analysis of the relationships between
patient age, PRP properties, and self-reported recovery
rates, offering a more comprehensive understanding of
these associations.

However, this study also has certain limitations. firstly,
the primary outcome relied on patient self-reports, intro-
ducing a degree of subjectivity. Future studies should
incorporate imaging assessments to enhance objectivity.
Secondly, this was a small-sample retrospective cohort
study without a standard control group, which may limit
the external validity and generalizability of the findings.
More importantly, the sample size was only 28, resulting
in low statistical power and an increased risk of Type II
error in statistical inference. Finally, the study considered
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a limited set of variables, including only patient sex, age,
and PRP properties. Factors such as physical activity
level, body mass index, and additional treatments under-
taken by patients may influence recovery outcomes and
could serve as potential confounding variables in the
analysis.

Conclusion

In conclusion, the results support the recommendation
for at least two times PRP injections, with effects last-
ing up to 24 weeks. PRP (prepared by apheresis) efficacy
was not significantly correlated with factors such as sex,
age,baseline Kellgren—Lawrence grade, residual WBC
content in leukocyte-depleted PRP, RBC content, WBC
concentration, or PLT concentration enrichment. Future
research should explore other factors influencing PRP
efficacy and validate these findings through large-scale,
multicenter, prospective studies.
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