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Background: Platelet-rich plasma (PRP) is one of the most frequently used orthobiologic products for the injection treatment of
patients affected by knee osteoarthritis (OA). Some preliminary evidence supports the influence of platelet concentration on
patients’ clinical outcomes.

Purpose: To analyze if platelet concentration can influence the safety and clinical efficacy of PRP injections for the treatment of
patients with knee OA.

Study Design: Cohort study; Level of evidence, 3.

Methods: This study consisted of 253 patients with knee OA (142 men, 111 women; mean 6 SD age, 54.8 6 11.4 years; Kellgren-
Lawrence grades 1-3) who were treated with 3 intra-articular injections of 5 mL of autologous leukocyte-rich or leukocyte-poor
PRP. All patients were prospectively evaluated at baseline and at 2, 6, and 12 months. Patients were clinically assessed thorough
the Knee injury and Osteoarthritis Outcome Score (KOOS) subscales and the International Knee Documentation Committee
(IKDC) Subjective score. Platelet concentration was correlated with clinical outcome. Further analysis was performed by stratify-
ing patients into 3 groups (homogeneous for OA severity) based on platelet concentration (high, medium, and low). All complica-
tions and adverse events were reported, as well as failures.

Results: An overall statistically significant improvement in all clinical scores was documented from baseline to each follow-up
evaluation. Platelet concentration positively correlated with clinical outcome. KOOS Pain improved more with higher platelet con-
centration at 2 months (P = .036; rho = 0.132), 6 months (P = .009; rho = 0.165), and 12 months (P = .014; rho = 0.155). The same
trend was shown by the other KOOS subscales and by the IKDC Subjective score, as well as by the comparison of the groups of
high-, medium-, and low-platelet PRP. The highest failure rate (15.0%) was found in the low-platelet group as compared with the
medium-platelet group (3.3%) and the high-platelet group (3.3%). No differences were observed among the 3 groups in terms of
adverse events.

Conclusion: This study demonstrated that platelet concentration influences the clinical outcome of PRP injections in knee OA
treatment. PRP with a higher platelet concentration provides a lower failure rate and higher clinical improvement as compared
with PRP with a lower platelet concentration, with overall better results up to 12 months of follow-up in patients with knee OA.
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Platelet-rich plasma (PRP) is one of the most frequently
used orthobiologic products for the injective treatment of
patients affected by knee osteoarthritis (OA).14 Platelets
constitute a reservoir of growth factors, cytokines, chemo-
kines, and many other bioactive molecules,19,21,27,32 which
can modulate the intra-articular environment in osteoar-
thritic knees, with the potential of controlling inflamma-
tion, reducing symptoms, and modifying the disease
progression.8,18 Besides some controversial results, the

overall efficacy of PRP injection for patients with knee
osteoarthritis (OA) is increasingly recognized, with several
meta-analyses demonstrating better results as compared
with saline or other injective treatments such as corticoste-
roids and hyaluronic acid.3,18,28 However, despite the
promising results and the widespread clinical use, contro-
versial aspects remain regarding the most suitable PRP
composition.

PRP can be obtained with different preparation meth-
ods, which can yield products with different composition
and properties.34 In particular, the presence of leukocytes
and platelet concentration are the most debated aspects
on PRP efficacy and are considered the main discriminants
to distinguish PRP products.1,16,23 Despite some preclinical
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evidence suggesting the proinflammatory role of leuko-
cytes in PRP and possible deleterious effects,9 recent
high-level studies have demonstrated that the presence
of leukocytes did not significantly affect the clinical results
of PRP injections in clinical practice.16 Yet, the role of
platelet concentration remains unclear. Preclinical studies
suggested that platelets have a concentration-dependent
effect, with high–platelet concentration PRP containing
higher growth factor levels and inducing higher anabolic
effects when compared with low–platelet concentration
PRPs.2,11 Moreover, some preliminary evidence supports
the influence of platelet concentration on patients’ clinical
outcomes.5,6,30 However, although these findings are
mainly derived from preliminary reports or indirect litera-
ture comparisons, large clinical studies directly investigat-
ing the role of platelet concentration are lacking.

The aim of this study was to analyze if platelet concen-
tration can influence the safety and clinical efficacy of PRP
injections for the treatment of patients with knee OA. The
hypothesis was that PRP with higher platelet concentra-
tions would provide better clinical outcomes in patients
with knee OA.

METHODS

Study Design

The present study is based on the analysis of a prospec-
tively collected database of patients treated with intra-
articular PRP injections for knee OA at the IRCCS Istituto
Ortopedico Rizzoli (Bologna, Italy). The study was
approved by the hospital ethics committee of the IRCCS
Istituto Ortopedico Rizzoli (protocol 0014287), and patients
were enrolled by orthopaedic surgeons between September
2016 and August 2022 in a research outpatient clinic
focused on knee OA treatment. Informed consent was
obtained from each patient for study participation. The fol-
lowing inclusion criteria were used for selection: male or
female patients affected by unilateral symptomatic knee
OA with a history of chronic pain or swelling (at least 4
months), age between 18 and 80 years, imaging findings
of knee OA (Kellgren-Lawrence grades 1-3) evaluated by
weightbearing anteroposterior and lateral radiographs,
and failed results after at least 2 months of nonoperative
treatment (eg, rest, physical therapy, anti-inflammatory
and analgesic medications, and reduction of physical activ-
ity). The following exclusion criteria were applied for the
selection: trauma or any kind of intra-articular injection
therapy within 6 months or knee surgery within 12 months

before treatment, major axial deviation (.5� of varus or
valgus) evaluated by clinical examination with full-length
leg radiographs if necessary, the presence of any concomi-
tant knee lesion causing pain or swelling evaluated by clin-
ical examination (eg, untreated knee instability, meniscal
lesions occurring after trauma and assessed by magnetic
resonance imaging [MRI], focal chondral or osteochondral
defects requiring surgery), neoplasms, uncontrolled meta-
bolic disorders, severe cardiovascular diseases, rheumatoid
arthritis, inflammatory arthropathy, hematologic diseases,
infections, immunodepression, anticoagulants or antiag-
gregant therapy, nonsteroidal anti-inflammatory drug
use in the 5 days before blood harvest, and hemoglobin
level \11 g/dL or platelet count \150,000/mm at blood
harvest.

Patient Characteristics

In total, 253 consecutive patients were enrolled according
to the inclusion/exclusion criteria. There were 142 men
and 111 women, with a mean 6 SD age of 54.8 6 11.4 years
and a mean body mass index of 26.0 6 4.2. Other patient
characteristics are reported in Table 1. The PRP procedure
consisted of 3 (1-week interval) intra-articular injections
(without ultrasound guidance) of 5 mL of autologous
PRP, which was activated with calcium gluconate, with
a mean platelet concentration 4 times higher than baseline
whole blood values, including PRP with and without leuko-
cytes. PRP was produced via a laboratory method (no com-
mercial PRP kit) or the CPunT preparation system
(ELTEK Group) based on the institutional protocol avail-
able at the time of patient recruitment. PRP characteris-
tics are reported in Table 2. All the procedures were
performed by clinicians blinded to the leukocyte and plate-
let concentration of PRP. Each PRP injected was analyzed
by the laboratory in terms of platelet and leukocyte

TABLE 1
Patient Characteristics

No. or Mean 6 SD (Range)

Sex: men/women 142/111
Age, y 54.8 6 11.4 (21-75)
Body mass index 26.0 6 4.2 (15.8-41.0)
Symptoms duration, mo 61.5 6 65.9 (2-384)
Kellgren-Lawrence

Grade 1 23
Grade 2 136
Grade 3 94
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concentrations. The mean of the 3 PRP values was used as
the value of platelets and leukocytes injected during the
treatment of each patient.

Patient Evaluation

All patients were prospectively evaluated at baseline and
then at 2, 6, and 12 months after the last injection. After
enrollment in the study and at each follow-up visit, patients
were clinically assessed thorough knee-specific patient-
reported outcome measurements, including the Interna-
tional Knee Documentation Committee (IKDC) Subjective
score and the Knee injury and Osteoarthritis Outcome
Score (KOOS) subscales. Subjective clinical questionnaires
were compiled by patients with the support of the clinician.
All complications and adverse events were assessed and
reported during follow-up visits, evaluating the safety of
PRP injection treatments. Mild adverse events were defined
as the presence of significant pain or swelling of the treated
knee for at least 5 days as reported by patients, and severe
adverse events were defined as any event that resulted in
death, was life-threatening, or required hospitalization or
interventions to prevent permanent impairment or damage.
The treatment was deemed failed if the knee required a new
injection or surgical procedure owing to persistent or wors-
ening symptoms. For patients with failed results, the last
clinical evaluation indicating the negative condition causing
treatment failure was considered for follow-ups.

Platelet concentration was correlated with the clinical
outcome, and to further investigate the influence of plate-
let concentration on the clinical effects of PRP injections,
the included patients were stratified into 3 groups accord-
ing to the concentration of platelets contained in the
injected PRP based on the cutoff of 1,000,000 6 20% plate-
lets/mL20: low-platelet group, with a platelet concentration
\800,000 platelets/mL; medium-platelet group, with
a platelet concentration between 800,000 and 1,200,000
platelets/mL; and high-platelet group with a platelet con-
centration .1,200,000 platelets/mL.

Statistical Analysis

All continuous data were expressed in terms of mean and
standard deviation; categorical variables were expressed
as proportions or percentages. The Shapiro-Wilk test was

performed to test the normality of continuous variables.
The Levene test was performed to test the homoscedastic-
ity of continuous variables among groups. Pearson chi-
square with an exact test was performed to investigate
relationships between grouping variables. Analysis of var-
iance repeated measures followed by a post hoc Sidak pair-
wise test were performed to assess the differences of the
scores at the different follow-up times.

The analysis of variance test, followed by a post hoc
Sidak test for pairwise comparisons, was performed to
assess the between-group differences of continuous, nor-
mally distributed, and homoscedastic data; the Kruskal-
Wallis nonparametric test, followed by a post hoc Dunn
test for pairwise comparisons, was used otherwise. The
Spearman rank correlation was used to assess correlations
between the scores and the PRP characteristics.

For all tests, P \ .05 was considered significant. All sta-
tistical analysis was performed with SPSS Version 19.0
(IBM Corp).

RESULTS

Overall Clinical Results

An overall statistically significant improvement in all clin-
ical scores was documented from baseline to each follow-up
evaluation. The IKDC Subjective score significantly
increased from the baseline level of 45.8 6 15.9 to 57.3 6

18.7 at 2 months, 59.7 6 20.5 at 6 months, and 59.9 6

21.5 at 12 months (all P\ .0005 vs baseline). This improve-
ment exceeded the minimal clinically important difference
(MCID) of 8.5 at all follow-ups.7 The KOOS Pain score sig-
nificantly increased from the baseline level of 64.0 6 17.7
to 74.1 6 18.4 at 2 months, 75.8 6 19.5 at 6 months, and
75.3 6 20.6 at 12 months (all P \ .0005 vs baseline),
exceeding the MCID of 9.1 at all follow-ups.7 Similar
results were reported for the other KOOS
subscales—Symptoms, Activities of Daily Living (ADL),
Sport and Recreation, and Quality of Life (QOL)—overall
exceeding the MCIDs of 8.2, 9.2, 11.6, and 10.3, respec-
tively, as reported in Table 3. Severe adverse events were
not reported, while mild adverse reactions, such as joint
pain or swelling after 1 of the 3 injections, were reported
in 42 patients (16.6%). In addition, the treatment of 13
patients (5.1%) was considered failed because they
required additional knee treatments, such as knee injec-
tions (10 patients, 3.9%) or knee replacement (3 patients,
1.2%), during the follow-up period.

Influence of Platelet Concentration

Platelet concentration was found to influence clinical
improvement after PRP injections, with better clinical
results in patients treated with PRP with a higher platelet
concentration. In detail, the platelet concentration posi-
tively correlated with the improvement from baseline to 2
months in terms of IKDC Subjective score (P = .030; rho
= 0.137), KOOS Pain (P = .036; rho = 0.132), KOOS Symp-
toms (P = .026; rho = 0.140), KOOS Sport/Recreation (P =

TABLE 2
PRP Characteristicsa

Whole Blood PRP

Mean 6 SD
Platelets, 109/L 244.1 6 46.0 1043.0 6 227.0
Erythrocytes, 109/L 5.0 6 0.9 0.3 6 0.3
Leukocytes, 106/L 6.3 6 1.5 6.7 6 6.2

aFor each patient, whole blood and PRP concentrations were
obtained from the mean of the 3 values obtained at each PRP
treatment. PRP, platelet-rich plasma.
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.019; rho = 0.147), and KOOS QOL (P = .041; rho = 0.129).
It positively correlated with improvement from baseline to
6 months in terms of IKDC Subjective score (P = .019; rho =
0.148) and KOOS Pain (P = .009; rho = 0.165). Finally, it
positively correlated with improvement from baseline to
12 months in terms of KOOS Pain (P = .014; rho =
0.155), KOOS Symptoms (P = .036; rho = 0.132), KOOS

Sport/Recreation (P = .048; rho = 0.124), KOOS ADL (P =
.024; rho = 0.141), and KOOS QOL (P = .019; rho = 0.147).

Leukocyte concentration was investigated to under-
stand the possible influence on clinical improvement after
PRP injections, with no correlation found for all clinical
scores at all follow-up evaluations, as well as for adverse
events (Figure 1).

TABLE 3
Clinical Scores at Follow-upa

Score Baseline 2 mo 6 mo 12 mo

IKDC Subjective 45.8 6 15.9 57.3 6 18.7 59.7 6 20.5 59.9 6 21.5
KOOS

Pain 64.0 6 17.7 74.1 6 18.4 75.8 6 19.5 75.3 6 20.6
Symptoms 64.3 6 17.5 73.4 6 17.3 74.5 6 19.5 74.8 6 20.1
Activities of daily living 72.6 6 19.5 81.5 6 18.2 82.3 6 19.0 81.4 6 20.6
Sport and recreation 47.8 6 19.9 57.9 6 18.2 60.6 6 24.4 60.4 6 26.1
Quality of life 38.3 6 18.5 51.7 6 22.8 55.3 6 24.8 55.7 6 26.7

aData are presented as mean 6 SD. Statistically significant improvement (P\ .05) occurred from baseline to every evaluated follow-up (2,
6, and 12 months). IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score.

Figure 1. Score improvement from baseline to 6 months of follow-up and correlation with PRP number of leukocytes (109/L; not
significant) and platelets (109/L): (A) IKDC Subjective (P = .019; rho = 0.148) and (B) KOOS Pain (P = .009; rho = 0.165). IKDC,
International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; PRP, platelet-rich plasma.
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Clinical Results Based on Platelet Concentration

Among the included patients, 40 were treated with PRP
with a platelet concentration \800,000 platelets/mL (low-
platelet group), 153 with a platelet concentration between
800,000 and 1,200,000 platelets/mL (medium-platelet
group), and 60 with a platelet concentration .1,200,000
platelets/mL (high-platelet group). The 3 groups were
homogeneous for all baseline demographic and clinical
characteristics, except body mass index, which was slightly
lower (1.6) in the low-platelet group. The characteristics of
the 3 groups are reported in the Table 4.

No differences were observed among the 3 groups in
terms of adverse events. A different failure rate was found
among the 3 groups (P = .009). The highest failure rate
(15.0%, 6 patients) was found in the low-platelet group as
compared with the medium-platelet group (3.3%, 5
patients) and the high-platelet group (3.3%, 2 patients).

An overall improvement from baseline to all follow-ups
was found in the 3 groups. However, even though the
medium- and high-platelet groups significantly improved
(P \ .0005) from baseline to all follow-ups for all scores
(IKDC Subjective score and KOOS subscales), the low-
platelet group did not show a significant improvement in
all scores, with no improvement in KOOS Pain and
KOOS ADL. Moreover, the low-platelet group showed sig-
nificant improvement in terms of KOOS Symptoms (P =
.022) and KOOS Sport/Recreation (P = .004) only at 6
months, without showing significant improvements at 2
and 12 months of follow-up. More details on the clinical
scores of the 3 groups are reported in Table 5.

The comparative analysis among the 3 groups showed
better results for patients of the high-platelet group. In
particular, the high-platelet group showed a significantly
higher improvement from baseline when compared with
the low-platelet group in terms of IKDC Subjective score
at 2 months (14.7 6 13.4 vs 6.5 6 14.3; P = .007); KOOS
Pain at 2 months (14.9 6 13.8 vs 5.3 6 16.6; P = .007), 6
months (19.1 6 16.2 vs 6.74 6 18.2; P = .002), and 12
months (17.4 6 17.8 vs 5.1 6 22.8; P = .016); KOOS

Symptoms at 2 months (12.1 6 14.1 vs 2.3 6 14.7; P =
.003); KOOS ADL at 2 months (12.2 6 13.5 vs 3.6 6

14.5; P = .008), 6 months (14.8 6 15.5 vs 5.8 6 16.2; P =
.034), and 12 months (13.5 6 17.3 vs 1.9 6 20.9; P =
.010); KOOS Sport/Recreation at 2 months (14.2 6 21.0
vs 6.5 6 18.6; P = .039); and KOOS QOL (19.1 6 19.1 vs
8.4 6 18.1; P = .025). Moreover, the high-platelet group
showed significantly higher improvement from baseline
when compared with the medium-platelet group in terms
of IKDC Subjective score at 6 months (19.7 6 18.9 vs
12.5 6 17.8; P = .035), KOOS Pain at 6 months (19.1 6

16.2 vs 10.4 6 18.5; P = .007), and KOOS QOL at 12
months (24.86 26.5 vs 15.7 6 23.1; P = .049). Finally, the
medium-platelet group showed significantly higher
improvement from baseline when compared with the low-
platelet group in terms of KOOS Symptoms at 2 months
(9.7 6 15.8 vs 2.3 6 14.7; P = .025).

DISCUSSION

The main finding of this study was that platelet concentra-
tion influences the clinical outcome of PRP injections for
the treatment of patients affected by knee OA. PRP with
a higher platelet concentration provided a lower failure
rate and higher clinical improvement when compared
with PRP with a lower platelet concentration. This sheds
new light on the debated topic of the factors influencing
PRP results and on the indications toward the most suit-
able PRP preparation for knee OA.

Intra-articular PRP injections have gained increasing
interest in the last 2 decades in the management of mild
to moderate cases of knee OA,8,15 showing safety and effi-
cacy in several high-level trials and meta-analyses, with
superiority over placebo and other injection treatments
regardless of the platelet and leukocyte concentration.18

In this context, there is a change in the position of some
major international societies,24,29 with the most recent con-
sensus of the European Society of Sports Traumatology,

TABLE 4
Patient Characteristics of the 3 Groups Based on PRP Platelet Concentrationa

Platelet Concentration, No. or Mean 6 SD

Low (n = 40) Medium (n = 153) High (n = 60) P Value

Sex: men/women 20/20 84/69 38/22 NS
Age, y 53.3 6 13.0 55.1 6 11.2 55.0 6 10.9 NS
Body mass index 24.6 6 3.4 26.2 6 4.6 26.4 6 3.4 .041
Symptoms duration, mo 80.7 6 93.7 63.7 6 65.7 43.3 6 31.8 NS
Kellgren-Lawrence NS

Grade 1 1 17 5
Grade 2 22 80 34
Grade 3 17 56 21

PRP
Platelets, 109/L 706.5 6 87.7 1011.2 6 111.8 1345.2 6 120.4 \.0005
Leukocytes, 106/L 4.8 6 4.6 5.5 6 5.2 7.5 6 7.2 NS

aNS, not significant; PRP, platelet-rich plasma.
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Knee Surgery and Arthroscopy even concluding that PRP
injections are not only a valid treatment option for knee
OA but can be considered a possible first-line injectable
treatment option for nonoperative management of knee
OA, mainly for Kellgren-Lawrence grades 1 to 3.24 Yet,
the consensus group was not able to provide clear indica-
tions on the most suitable platelet concentration because
of the lack of data in the literature to investigate the corre-
lation between the number of platelets and the clinical
response to PRP. In this light, platelet concentration repre-
sents one of the most debated and less investigated aspects
regarding PRP efficacy, with only preliminary data and
indirect literature comparisons speculating on the role of
platelet concentration.5,6,23,30 A recent small randomized
controlled trial (RCT) compared 25 patients treated with
a high-dose PRP (8 mL) with 25 patients treated with
a low-dose PRP (4 mL), reporting overall clinical trends
and results in favor of the high-dose PRP group.30 These
authors concluded that PRP with approximately twice
the number of platelets can offer better clinical results in
patients with knee OA. A systematic review of the litera-
ture found that studies reporting statistically significant
positive outcomes used PRP with a higher platelet number
as compared with studies not finding positive results.6

Similarly, a recent meta-analysis compared indirectly the
clinical results offered by PRP with different platelet con-
centrations in patients with knee OA by analyzing 18
RCTs.5 The authors found that studies with PRP formula-
tions with higher platelet concentrations demonstrated
superior pain relief and more durable functional improve-
ment as compared with studies on PRP with lower platelet
concentrations.

The current study is the largest study directly evaluat-
ing the influence of platelet concentration on PRP clinical
efficacy. The analysis of .250 patients with knee OA,
treated with PRP injections in the same institution by
the same orthopaedic team, demonstrated that platelet
concentration influences the clinical outcome. A positive
correlation was found between platelet concentration and
clinical scores at all follow-up evaluations. Moreover, the
stratification of patients into 3 groups based on platelet
concentration provided further interesting results. In
fact, patients with a platelet concentration .1,200,000 pla-
telets/mL showed the best clinical outcomes, while patients
with a platelet concentration\800,000 exhibited less satis-
factory clinical outcomes. PRP with higher platelet concen-
trations also provided a lower failure rate than PRP with
lower platelet concentrations (3% vs 15%). Furthermore,

TABLE 5
Clinical Scores of the 3 Groups Based on Platelet Concentrationa

Outcome: Group Baseline 2 mo 6 mo 12 mo P Valueb

IKDC Subjective
Low 43.15 6 17.2 49.6 6 21.7c 53.5 6 24.8c 53.5 6 24.2 .004
Medium 46.45 6 15.6 57.9 6 18.4 59.0 6 19.3 59.8 6 20.6 \.0005
High 45.86 6 15.9 60.5 6 15.7c 65.6 6 19.3c 64.5 6 21.1 \.0005

KOOS
Pain
Low 63.1 6 18.5 68.5 6 21.9 69.9 6 22.2c 68.2 6 25.1 NS
Medium 64.4 6 17.7 73.9 6 18.4 74.8 6 19.1d 74.9 6 20.5 \.0005
High 63.3 6 17.7 78.3 6 14.7 82.4 6 16.7c,d 80.8 6 16.0 \.0005

Symptoms
Low 60.2 6 17.4 62.5 6 20.7c,e 68.5 6 21.6c 67.1 6 23.0c .017
Medium 64.6 6 17.2 74.3 6 15.9e 74.5 6 18.2 74.3 6 19.5d \.0005
High 66.3 6 18.2 78.4 6 15.6c 78.6 6 20.5c 81.4 6 17.9c,d \.0005

ADL
Low 74.7 6 19.4 78.3 6 21.5 80.5 6 22.3 76.6 6 25.8 NS
Medium 71.9 6 19.9 80.8 6 18.7 80.6 6 19.2d 80.6 6 20.3 \.0005
High 73.0 6 19.0 85.2 6 13.6 87.8 6 15.3d 86.5 6 16.4 \.0005

Sport and recreation
Low 42.7 6 19.7 49.2 6 23.9c 56.9 6 29.2 50.1 6 27.9c .005
Medium 48.7 6 19.6 58.2 6 21.4 59.5 6 22.5 60.7 6 25.2 \.0005
High 48.8 6 20.3 63.0 6 22.6c 65.7 6 25.3 66.3 6 25.4c \.0005

Quality of life
Low 35.6 6 19.4 44.0 6 22.3c 49.0 6 24.4c 48.6 6 28.3c .002
Medium 38.6 6 18.0 51.1 6 22.4 54.0 6 23.6d 54.4 6 25.6d \.0005
High 39.2 6 19.3 58.3 6 22.9c 62.7 6 26.4c,d 64.0 6 26.4c,d \.0005

aADL, activities of daily living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome
Score; NS, not significant;.

bAnalysis of variance.
cP \ .05 in favor of high- vs low-platelet group.
dP \ .05 in favor of high- vs medium-platelet group.
eP \ .05 in favor of medium- vs low-platelet group.
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although PRP with higher platelet concentrations provided
significant improvement in all the evaluated clinical
scores, the improvements obtained after PRP with lower
platelet concentrations were only partial. The results of
this study shed new light on the PRP field and could
explain some controversial literature findings on the
potential of this orthobiologic approach for patients with
knee OA.

The lack of PRP efficacy in patients with knee OA dem-
onstrated by some studies could be related to the use of
PRP with low platelet concentrations. In a recent RCT on
288 patients aged .50 years with low-grade knee OA
treated with PRP or saline solution, Bennell et al4 reported
no clinical superiority of PRP injections over placebo up to
12 months of follow-up and no improvement in terms of
MRI evaluation. However, the PRP used in that study
had a relative low platelet concentration as compared
with the current study, in line with the poor benefits
obtained by the low-platelet PRP injections demonstrated
in this study. Yet, the positive results obtained after PRP
injections in other studies could be because of the use of
PRP with higher platelet concentrations. A larger RCT
on PRP injections for knee OA was performed by Chu
et al13 on 610 patients treated with intra-articular injec-
tions of PRP with a high platelet concentration. This study
showed the superiority of PRP over placebo in terms of (1)
clinical improvement up to 60 months of follow-up, (2)
synovial biomarker profile at 6 months with lower values
of interleukin 1 and tumor necrosis factor a, and (3) MRI
findings with a lower decrease of the tibiofemoral cartilage
volume .60 months. In this light, platelet concentration
may represent a crucial factor and should always be care-
fully considered when interpreting the results of PRP
injections. To this regard, this study documented that
PRP with a platelet concentration .1,200,000 platelets/
mL provided higher clinical effects on different subscales
over PRP with platelet concentrations ranging between
800,000 and 1,200,000 platelets/mL (medium group) and
\800,000 platelets/mL (lower group). This result suggests
that higher concentrations of platelets might lead to supe-
rior clinical outcomes. However, caution must be exercised,
taking into account the in vitro studies on PRP, which sug-
gest that excessively high concentrations of platelets can
have deleterious effects.35 Therefore, future studies will
need to identify the optimal platelet concentration to opti-
mize PRP use as injectable treatment of knee OA.

Beyond the platelet concentration, another debated
topic of the PRP field is the role of leukocytes. In vitro
studies have suggested that leukocytes can influence
PRP properties, owing to the release of catabolic and proin-
flammatory molecules, which could be detrimental from
a clinical point of view.2,9 The current study analyzed the
possible influence of leukocytes on the clinical outcome
offered by PRP injections. Leukocyte concentration did
not affect the clinical response to PRP treatment in this
study on a large series of patients prospectively evaluated
up to 12 months of follow-up. These results are consistent
with those obtained in a recent double-blind RCT con-
ducted by Di Martino et al16 on 192 patients with knee
OA. These authors compared the use of 2 similar PRPs,

with the only discriminant being leukocyte concentration.
They demonstrated that leukocytes did not influence the
clinical outcome of PRP injection treatment, with compara-
ble results between leukocyte-rich and leukocyte-poor PRP
in terms of clinical improvement, adverse events, and
treatment failures. Even though a lot of attention has
been placed in the last decade on the presence of leuko-
cytes, current clinical evidence indicates that the leukocyte
effects shown in vitro may not be translated into clinically
perceptible differences after PRP injections. Yet, the focus
should be shifted toward the role of the platelet concentra-
tion, and this study confirmed the importance of this PRP
factor in terms of clinical efficacy.

Platelets are the key players in determining PRP prop-
erties, thanks to their ability to release numerous growth
factors and anti-inflammatory cytokines, which can affect
the OA joint environment.2,17,25 For this reason, clinical
trials on PRP injections should always report the platelet
concentration of the product used to allow readers to fully
interpret their results. However, a review by Chahla et al12

highlighted how only 10% of the studies provided complete
information on the PRP preparation protocol and only 16%
reported quantitative parameters on the composition of the
final PRP product. Different PRP classification systems
have been proposed in recent years23,26,31 underlining the
importance of documenting PRP composition, and it is cru-
cial that future studies adhere to these recommendations
to advance the field by providing further evidence on the
most suitable PRP preparation.

This study documents a large cohort of patients with
PRP quantification of platelets and leukocytes, which
was followed prospectively up to 12 months, but it presents
some limitations. This study is not an RCT directly com-
paring 2 types of PRP with different platelet concentra-
tions, and future trials should confirm the results with
a higher-level design. Even though the study groups dem-
onstrated homogeneity in terms of demographic character-
istics, it cannot be excluded that other factors may
contribute to the results, thus biasing the conclusions on
PRP concentrations. The content of growth factors and
other specific characteristics of the injected PRP were not
evaluated, as suggested by current guidelines, and future
studies should investigate if the growth factor content
could influence the treatment efficacy. Patients were eval-
uated with subjective clinical scores, while imaging find-
ings were not investigated. Nevertheless, this aspect has
been previously evaluated, and no significant differences
have been reported in OA severity progression at short-
term follow-up in terms of Kellgren-Lawrence grade in
radiographs or cartilage thickness at MRI assess-
ment.10,22,33 Despite these limitations, this study sheds
some light on the controversies revolving around PRP com-
posites. Although the presence of leukocytes has not been
shown to influence clinical outcome, platelet concentration
plays a role in determining the patient’s clinical response.
Still, platelet and leukocyte concentrations are not the only
parameters potentially capable of modifying the character-
istics and efficacy of PRP. This is a composite product in
which many variables can play a role, including the prep-
aration method, the activation modality, and the number
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of and time between injections. All of these should be inves-
tigated to optimize PRP preparation and use. Moreover,
identifying the type of patient and the disease stage that
could benefit the most from the injections would further
improve the clinical potential when applying this biologic
treatment. In this complex scenario, the results of this
study are of clinical relevance. The use of PRP with high
platelet concentrations seems advantageous over PRP
with low platelet concentrations, although high-level
RCTs directly comparing PRP products with different con-
centrations are needed to confirm these findings and opti-
mize the use of PRP in patients affected by knee OA.

CONCLUSION

This study demonstrated that platelet concentration influ-
ences the clinical outcome of PRP injections in knee OA
treatment. PRP with a higher platelet concentration pro-
vides a lower failure rate and higher clinical improvement
than PRP with a lower platelet concentration, with overall
better results up to 12 months of follow-up in patients with
knee OA.
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