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Abstract

Objectives: To evaluate inter- and intraindividual differences in mean platelet volume (MPV) between
blood and platelet-rich plasma (PRP), and to assess the influence of demographic factors (sex, age,
body mass index (BMlI)).

Methods: A retrospective analysis of 877 patients treated with PRP for musculoskeletal conditions (Nov 2021 -Dec
2024). MPV values in blood and PRP were compared. Intrasubject variability was analyzed in a subgroup of 298
patients who received at least three PRP doses.

Results: MPV was significantly lower in PRP compared to blood (p < 0.001). Age, sex, and BMI had no significant
effect on MPV. The coefficient of variation (CV) was low in both blood (2.78%) and PRP (3.87%), with the variation
in PRP being significantly greater than that in blood (p < 0.001). Intrasubject MPV variability was low (coefficient of
variation (CV): 2.78% in blood, 3.87% in PRP; p < 0.001), while intersubject variability was greater in PRP.

Conclusion: Centrifugation significantly reduces MPV in PRP compared to whole blood, indicating that the
preparation process alters platelet characteristics. While demographic factors such as age, sex, and BMI do not
appear to influence platelet size, the greater intersubject variability—compared to low intrasubject variability—
suggests that centrifugation protocols play a key role in determining PRP composition. These findings support the
reliability of the single-step PRP preparation method used in this study and highlight the importance of protocol
standardization to ensure consistent biological quality, which may ultimately impact the therapeutic effectiveness of

PRP in musculoskeletal treatments.

Level of evidence: IV
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Introduction
I nrecentyears, regenerative medicine has emerged
as a transformative field, with platelet-rich plasma
(PRP) garnering significant attention because of its
crucial role in tissue repair and regenerative potential.1-5
This is driven primarily by the high concentration of
growth factors released by platelets.6” However, the PRP
concentration is influenced by the preparation process,
particularly centrifugation protocols, which not only
concentrate platelets but also impact their activation and
the release of growth factors.>8-11 Additionally, factors such
as sex, age, and body mass index (BMI) have been reported
to influence PRP quality.12-15
While the literature has extensively examined the platelet
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concentration in PRP,1116 few studies have focused on
platelet size, particularly the mean platelet volume (MPV),
in the final PRP product. The MPV, a key hematological
parameter, reflects the average size of platelets and serves
asan indicator of platelet function and production.!” Larger
platelets are generally considered more metabolically and
enzymatically active and contain higher concentrations of
growth factors and proinflammatory mediators.18-20
Additionally, MPV has been linked to platelet turnover, with
increased  values  often indicating  accelerated
thrombopoiesis or increased plateletactivation. In contrast,
a decreased MPV may suggest platelet senescence or
altered production dynamics.17?! In the context of PRP
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therapy, understanding MPV variations is essential, as
platelet functionality influences growth factor release and,
consequently, tissue regeneration potential.»8?

Inconsistent MPV values may affect PRP treatment
outcomes, as efficacy depends on the quality and
consistency of its bioactive content. Understanding MPV
behavior during PRP preparation could help optimize
protocols and support standardization for more reliable
and effective therapies.

The present study aims to investigate inter- and
intraindividual differences in MPV between whole blood
and PRP, as well as to evaluate the influence of
demographic factors on MPV.

The primary hypothesis of the study is that the MPV
differs significantly between blood and PRP, with lower
values in PRP due to the centrifugation process.
Additionally, we hypothesize that demographic variables
(age, BMI, and sex) do not significantly influence MPV
values in either the blood or PRP. Finally, we explored
whether intrasubject MPV variability across multiple PRP
treatments remains low, supporting the reproducibility of
a single-step centrifugation protocol. These hypotheses
are grounded in prior findings suggesting that
centrifugation alters platelet morphology, that
demographic factors may influence hematological
parameters, and that consistency in PRP characteristics is
essential for reliable therapeutic application.18912-1421

Despite its potential significance, the clinical
implications of MPV variability in PRP remain poorly
understood. Since platelet size correlates with functional
activity and growth factor content, variations in MPV may
directly influence the biological potency of PRP
formulations.

Materials and Methods

The study was designed as a retrospective analysis of a
prospective, single-center patient database cohort from
November 2021 to December 2024.

PRP treatment was prescribed during routine
consultations. It could involve a single PRP injection or a
series of three consecutive injections, with two-week
intervals between sessions. PRP counts were performed
after each injection and recorded via data processing
software. The study obtained approval from the Institutional
Review Board (Comité Etico de Investigacion Grupo
Hospitalario Quironsalud-Catalunya, approval number SET-
PRP-2021-01). https://www.hgc.es/ca/recerca-i-
docencia/comite-d-etica-de-la-recerca-amb-medicaments-
grup-hospitala
Participants

Inclusion and exclusion criteria were established to ensure
that participants represented the population likely to benefit
from PRP treatment while minimizing risks and variables
that could impact study outcomes.

Inclusion criteria were: (1) adults aged 218 years receiving
PRP therapy for musculoskeletal disorders; (2) availability
of same-day MPV measurements for both whole blood and
PRP; (3) use of a standardized PRP preparation system and
centrifugation protocol; (4) absence of hematologic
disorders or concurrent anti-platelet medication; and (5)
normal baseline platelet counts.

The exclusion criteria included patients with severe or
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uncontrolled systemic diseases (e.g, cardiovascular
diseases, uncontrolled diabetes mellitus), hematological
disorders, active infections, or oncological pathology.
Individuals with coagulation disorders, thrombocytopenia,
or platelet dysfunction were excluded due to the potential
impact on PRP efficacy or safety. Patients on anticoagulants,
anti-platelet agents, or those with local or systemic
infections at the injection site were also excluded, as were
individuals who had received corticosteroids, hyaluronic
acid, or other intra-articular treatments within three months
prior to the study.2223

PRP preparation method

PRP preparation was conducted via the Endoret©
PRGF© system (BTI Biotechnology Institute, Alava, Spain).
This system was selected for this study due to its
widespread clinical use, standardized single-spin protocol,
and consistent leukocyte- and erythrocyte-depleted
platelet-rich plasma product. Its use allows for
reproducible preparation and minimizes variability
introduced by different PRP systems. Blood samples were
drawn after a four-hour fast into eight 9 ml tubes
containing a 3.8% citrate solution. A BTI System IV©O
centrifuge was used to spin the samples for 8 minutes at
580 g, separating red and white blood cells from the
platelets and plasma. The centrifugation was performed at
ambient temperature (20-22 2C), using a swing-out rotor
with no brake applied during deceleration. Acceleration
was set to standard ramp speed. These conditions were
consistent across all samples to ensure protocol
reproducibility.

An additional 9 mL tube with EDTA and a tube containing
1 mL of the final PRP were collected for platelet counting
using a quantitative, automated hematology analyzer
(Shenzhen Dymind Biotechnology Co., Ltd., China). This
analyzer, linked to BioSmartData software, classified PRP
according to Kon et al 24

All procedures were uniformly performed by the same
medical and nursing team, following an automated
protocol, which ensured consistency and minimized data
registration errors.

Variables

During the initial medical consultation, after PRP
treatment was  prescribed, demographic and
anthropometric data—including age, sex, BMI, specific
musculoskeletal disorders, and laterality—were collected
and recorded in the patients’ electronic medical records
by a physician using a standardized intake form.

MPV was measured in femtoliters (fL) in both the initial
peripheral blood sample and the final PRP product. All
MPV values were obtained on the same day as the PRP
preparation, using an automated hematology analyzer
(Shenzhen Dymind Biotechnology Co., Ltd., China).
Measurements were performed immediately after blood
collection and again following centrifugation, prior to PRP
injection.

In patients who received multiple PRP injections, MPV
was measured after each procedure. Only those who
received at least three consecutive injections were
included in the analysis of intrasubject MPV variability.
The interval between PRP injections was standardized at
14 £ 1 days, unless medically indicated otherwise.
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The final PRP product was classified using a PRP-coding
system.24 Briefly, this coding system consists of a 6-digit
number (XX-XX-XX) that provides information about
platelet concentration in whole blood, platelet
concentration in PRP, the presence of red and white blood
cells in the final PRP product, the use of platelet
activation, and the addition of calcium chloride during
activation. According to the authors, the digits are
determined using a truncation method—that is, the digit
representing platelet concentration corresponds to the
hundreds place of the measured value. For example, a
baseline whole blood platelet concentration of 285
x 10%/uL. would correspond to the digit “2” in the
classification system. Similarly, a PRP preg)aration with a
final platelet concentration of 450 x 10°/uL would be
assigned the digit “4.” If this preparation contains no red
blood cells (“0”) or white blood cells (“0”), and platelet
activation is performed (“1”) using calcium chloride (“1”),
the resulting 6-digit classification code would be 24-00-
11. Each pair of digits represents, in order: platelet
concentration in whole blood, platelet concentration in
PRP, red blood cell content, white blood cell content,
platelet activation, and calcium chloride use.

Statistical analysis

Descriptive statistics were utilized to summarize
demographic, anthropometric, and injury-related
characteristics. Qualitative variables are presented as
counts and percentages, whereas quantitative variables
are expressed as the means *standard deviations (SDs).
The Shapiro-Wilk test was used to assess the normality of
the data.

DO PLATELET CHARACTERISTICS CHANGE?

Group comparisons were conducted using unpaired t tests
for normally distributed variables with equal variances (per
Levene’s test); otherwise, the Wilcoxon rank-sum test was
applied. Correlations were assessed using Pearson’s or
Spearman’s coefficients based on normality and categorized
by standard thresholds. Intrasubject MPV variability was
evaluated via the coefficient of variation. PRP codes
representing over 2% of the sample were classified following
Kon et al.24 Statistical analyses were performed using SPSS®
v15 (SPSS Inc, Chicago, IL, USA), with significance setat p <
0.05.

As this was a retrospective study, no a priori sample size
calculation was performed; however, the final cohort (n =
877) is large and representative, supporting robust analysis.
Moreover, the observed effect in MPV sizes exceeded the
minimal detectable change, indicating adequate statistical
power.

Results

Between November 2021 and December 2024, a total of
3,087 PRP treatments were recorded. Only the first
treatment of each subject was included; duplicates,
patients with missing data, or tests performed on
“nonpatients” were removed, leaving a total of 877
treatments that were ultimately included in the analysis
[Figure 1]. A subgroup of 298 patients from the total
sample of 877, each of whom received at least three
consecutive PRP treatments, was analyzed to assess
intrasubject variability in MPV.

PRP treatments from November
2021 untill De: er 2024
n = 3087

Inter-subject analysis

Patients with 3 consecutive PRP
infiltrations
n =298

Inly first PRP infiltration included

least 1 PRP

Figure 1. Flowchart of patient selection and inclusion in the inter-subject and intra-subject analyses

From a total of 3,087 platelet-rich plasma (PRP) treatments administered between November 2021 and December 2024, 1,157 cases were initially identified
for inter-subject analysis (first infiltration only). After excluding 135 cases due to missing or discordant data and 145 duplicates, 877 unique patients were
included in the final inter-subjectanalysis. Separately, 298 patients who received at least three consecutive PRP treatments were included in the intra-subject
analysis to evaluate MPV variability over time.
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The demographic, anthropometricc and injury The most common PRP codes according to Kon et al.
characteristics of the subjects are detailed in [Table 1]. The (those accounting for more than 2% of the total) were
most common pathologies are described in [Table 2]. selected [Figure 2].24

Table 1. Anthropometric and demographic characteristics of the study population (n = 877).

N Mean * SD

Age 58.37 £15.79

BMI 26.75 +4.58
Male (%) 426 48.6%
Female (%) 451 51.4%
Bilateral (%) 487 55.6%
Right (%) 217 24.7%
Left (%) 173 19.7%

Values are presented as mean * standard deviation for continuous variables (age, BMI) and as absolute numbers and percentages for categorical variables
(sex and laterality of the affected region).

Table 2. Most common musculoskeletal pathologies treated with PRP in the study population (n = 877).

N %

Knee Osteoarthritis - Grade I 283 32.3%
Knee Osteoarthritis - Grade Il 269 30.7%
Knee Osteoarthritis - Grade III 141 16.1%
Knee Osteoarthritis - Grade IV 14 1.6%
Shoulder Bursitis 20 2.3%

Ankle Osteoarthritis 15 1.7%
Patellar Condromalacia 18 2.1%
Meniscal Injury 10 1.1%

Others 107 12.2%

The most frequent clinical diagnoses among patients receiving PRP treatment. Frequencies are expressed as absolute numbers and percentages.

PRP codes
160
120
30
) I I I
1o 0 i
03-00-11 11-00-11 13-00-11 22-00-11 24-00-11 35-00-11

Figure 2. Distribution of the most frequent PRP classification codes (n = 877)

The chart displays the distribution of platelet-rich plasma (PRP) codes according to the classification system proposed by Kon et al,, which encodes six
variables: platelet concentration in whole blood and PRP, presence of red and white blood cells, platelet activation, and use of calcium chloride. Only codes
representing more than 2% of the total sample are shown. The most frequently observed codes were 24-00-11, 22-00-11, and 13-00-11, all corresponding
to leukocyte- and erythrocyte-depleted PRP with platelet activation and the use of calcium chloride.
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There was a statistically significant difference in the MPV
between the blood sample (9.8 fL) and the PRP sample (7.4
fL), with the latter being significantly lower (p < 0.001)

DO PLATELET CHARACTERISTICS CHANGE?

Neither age, BMI, nor sex had any influence on the mean
platelet volume in the blood sample or the PRP sample
[Table 4].

[Table 3 and Figure 3].

‘ Table 3. Mean platelet volume (MPV) in whole blood and PRP samples (n = 877).

N Mean (fL) Dev Median (fL) P value*
MPV_BI 877 9.87 0.84 9.8
MPV_PRP 876 7.43 0.59 7.4 <0.001

MPV values are expressed in femtoliters (fL) as mean * standard deviation and as median. A statistically significant reduction in MPV was observed
between the initial blood samples (MPV_BI) and the final PRP product (MPV_PRP). Statistical comparison was performed using a paired test, with p <
0.001 indicating a significant difference. P value corresponds to Pearson correlation.fL = femtoliters.

Distribution of MPV in Blood and PRP Samples

12 2

i
o

Mean Platelet Volume (fL)
o

o

8 [ T
8

PRP

Blood

Figure 3. Boxplot showing the distribution of Mean Platelet Volume (MPV) in Blood and Platelet-Rich Plasma (PRP) samples. The red lines indicate
median values

‘ Table 4. Influence of age, BMI, and sex on mean platelet volume (MPV) in whole blood and PRP samples.

Variable MPV Bl P value MPV PRP P value
Age -0.012* 0.705 -0.019* 0.597
BMI -0.012* 0.758 -0.009* 0.812
Sex
Male 9.84 + 0.81 fL 7.41 £ 0.60 fL
0.341 0.178
Female 9.90 + 0.87 fL 7.45 + 0.58 fL

MPYV values are reported separately for blood (MPV Bl) and PRP (MPV PRP). For age and BM], correlations with MPV were assessed using Pearson’s
correlation coefficient (*¥), with associated p-values shown. For sex, MPV is presented as mean * standard deviation in femtoliters (fL), and group
comparisons were tested using independent samples t-tests. No statistically significant associations were found between MPV and age, BM], or sex in either
the blood or PRP samples. FL = femtoliters.

To assess intrasubject variability in MPV, only patients
who received at least three consecutive PRP treatments
were included (n = 298). The CV was calculated as the
standard deviation across three treatments, expressed as a
percentage of their mean [Table 5]. The CV was low for
both blood (2.78%) and PRP (3.87%). However, the

difference between them was statistically significant (p <
0.001), indicating that although variability remained low
overall, PRP samples exhibited slightly greater intrasubject
variation compared to whole blood.
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Table 5. Intrasubject coefficient of variation (CV) in mean platelet volume (MPV) across three PRP treatments (n = 298).

Bl

PRP p value*

Mean * SD (fL)
9.87 £ 0.84

CV (L)

2.78 £ 2.04 7.43 £0.59

Mean * SD (fL)

CV (fL)

3.87+£2.89 <0.001

MPV values in femtoliters (fL) are presented as mean + standard deviation and CV for both whole blood (Bl) and PRP samples. The CV was calculated for
each subject as the standard deviation across three measurements divided by the mean, expressed as a percentage. The comparison of MPV variation
between blood and PRP was performed using the Wilcoxon test for paired nonparametric data (*). A statistically significant difference was found, with

higher CV in PRP (3.87%) compared to blood (2.78%) (P < 0.001).fL = femtoliters.

Discussion

The statistically significant difference in MPV between
blood and PRP is a crucial finding of this study (9.8 to 7.4 fL).
Despite both distributions being nonnormal, the results
establish that the platelet volume is significantly lower in
PRP than in blood (p < 0.001). The normal range of MPV in
healthy patients is considered to be between 7.2 and 11.7
fl.21 Centrifugation, a critical step in PRP preparation,
directly affects the platelet concentration, activation, and
growth factor release.2811 Previous studies, such as those by
Sodestrom et al, have demonstrated that suboptimal
centrifugation protocols can lead to premature platelet
activation, potentially diminishing the therapeutic efficacy of
PRP.%5 Larger platelets contain a greater number of alpha
granules, which store key growth factors such as platelet-
derived growth factor (PDGF) and transforming growth
factor-beta (TGF-f3), which are essential for tissue repair and
regeneration.’210 Previous studies have suggested that
platelet size is correlated with activation potential and
growth factor release, factors that may influence the
therapeutic efficacy of PRP.1020

The final MPV result in PRP achieved with the current
protocol falls within normal limits (one-step centrifugation
process at 580 g). Even so, we must consider the potential
risk of decreased MPV and platelet functionality with other
protocols that may include more centrifuge steps or higher
centrifuge speeds. These findings underscore the importance
of optimizing centrifugation protocols to preserve platelet
integrity and functionality.

The clinical effectiveness of orthobiologic therapy remains
debated due to the variability in PRP characteristics.26-32 The
wide range of commercial devices and the differentprotocols
used for PRP preparation are the two main factors
considered in the literature that may contribute to these
variations.143334 This variability in platelet concentration
protocols is determined by whether the centrifugation
involves one-step or two-step processes, the type and
operation of the collecting tube, the centrifuge speed, and
other production processes.8-1135 As a result, these variations
lead to PRP preparations with diverse volumes, platelet
counts, and concentrations of residual white and red blood
cells, contributing to the multifaceted landscape of PRPs.8 3¢-
38 Additionally, different application protocols, including the
number of injections, time between injections, long-lasting
placebo effects of injectables, concomitant treatment with
anti-inflammatory drugs, or specific injection locations for

similar disorders, may explain differences in clinical
outcomes. The PRP preparation method used in this study
involves a one-step centrifugation process at 580 g and
activation with calcium chloride. The results of the present
study show that the most frequent codes correspond to
platelet concentrations approximately doubling the platelet
concentrations in the final PRP product compared with those
in the blood, without red blood cells or white blood cells and,
as the results show, preserving the MPV within the normal
range limits (12-00-11, 24-00-11 and 36-00,11).
Understanding the relationship between centrifugation
parameters and platelet biology is critical for optimizing PRP
protocols.

This study provides novel insight into the behavior of MPV
in PRP compared to whole blood, based on a large cohort of
patients undergoing a standardized, leukocyte- and
erythrocyte-depleted PRP protocol. Previous studies have
reported inconsistent changes in MPV after centrifugation.
For instance, Li et al.2> demonstrated that excessive
centrifugation speeds can induce premature platelet
activation. Although the final MPV values in PRP remained
within the normal physiological range, the observed
reduction compared to whole blood may still have biological
implications. Since MPV is associated with plateletactivation
potential and growth factor content, a lower MPV could
indicate a shift toward less reactive or less bioactive
platelets.128-11.20 While the clinical impact of this reduction is
not yet fully understood, even modest decreases could
potentially influence the therapeutic efficacy of PRP,
particularly in applications where maximal growth factor
release is desired. These findings underscore the importance
of standardizing PRP preparation protocols to preserve
platelet functionality and optimize therapeutic potential.

This study also evaluated the influence of demographic
variables (age, BM], sex) on the MPV in both the blood and
PRP. Although previous studies from Garcia-Bordes et al.
suggested that older age, higher BMI, and sex-related
differences might affect platelet characteristics, the results
revealed no statistically significantimpact of these factors on
the final MPV in the PRP.X2 This finding supports the
consistency of PRP preparations across diverse patient
populations and reduces concerns about demographic
variability influencing therapeutic outcomes.

The intersubject variability in MPV was significant, with a
higher coefficient of variation in PRP (3.87%) than in blood
(2.78%) (p < 0.001). This finding indicates that the PRP
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preparation process introduces greater variability,
potentially linked to the mechanical forces applied during
centrifugation. In contrast, intrasubject variability in patients
receiving multiple PRP doses remained low, with variations
of less than 5%. The preparation protocol employed in the
present study (a single centrifuge spin for 8 minutes at 580 x
g) presented great stability at repeated doses, suggesting its
reliability, which is a positive finding for clinical applications.

This study has several limitations that should be considered
when interpreting the findings. First, the retrospective
design restricts the ability to control for confounding
variables, potentially introducing bias in data collection and
analysis, particularly in terms of which patients received
repeated PRP doses. Second, the absence of a control group
(e.g, patients treated with a different PRP system, or no PRP
at all) prevents direct conclusions regarding the clinical
superiority or therapeutic relevance of the observed MPV
patterns. Third, the study was conducted at a single center
using a single PRP preparation system (Endoret® PRGF®)
and a single hematology analyzer (Shenzhen Dymind
analyzer), which may limit the generalizability of our
findings. While this system ensured consistency in the study
and should be considered a point of strength, the findings
may not be directly applicable to other preparation systems
or protocols, particularly those that include leukocyte-rich
formulations, double-spin methods, or alternative activation
strategies. These limitations should be considered when
interpreting the results and designing future research.

Although this study did not directly assess clinical
outcomes, the consistency of MPV within individuals and the
overall reduction in PRP samples underscore the need to
better understand the functional consequences of these
changes. Future studies should examine whether MPV
variations correlate with actual differences in healing rates,
pain reduction, or functional outcomes in musculoskeletal
disorders. Additionally, randomized controlled trials
comparing PRP systems with different centrifugation
protocols could help establish whether platelet volume
metrics such as MPV serve as reliable proxies for PRP quality
and clinical effectiveness.

This study has notable strengths, including a large sample
size and a lack of comparable studies in the literature. This
size is large enough to support the conclusions obtained
compared with those of previous studies. The data included
in the analysis were also collected consistently by the same
medical and nursing team, following the same automated
protocol, minimizing errors related to data recording.

These findings highlight the importance of refining
laboratory procedures to reduce platelet damage and
variability, thereby enhancing the consistency of the MPV in
PRP. Additionally, the absence of demographic influences on
the MPV further validates the broader applicability of PRP
therapy across diverse patient populations.

Conclusion

In summary, this study provides valuable data on PRP
characteristics, including differences in platelet volume
between whole blood and PRP, the apparent lack of

DO PLATELET CHARACTERISTICS CHANGE?

influence from demographic variables, and the low
variability observed across repeated doses within
individuals. Although this study did not analyze the clinical
efficacy of PRP based on the MPV, the findings suggest that
centrifugation  protocols may influence platelet
morphology and, potentially, PRP composition. These
results may contribute to the ongoing discussion regarding
the standardization of PRP preparation methods. However,
due to the retrospective, single-center nature of the study
and the exclusive use of one PRP system, caution is
warranted when generalizing these findings. Further
prospective, multicenter research is needed to assess
whether MPV variations translate into clinically
meaningful differences in PRP efficacy.

Acknowledgement
N/A

Authors Contribution: Authors who conceived and
designed the analysis: Luis GARCIA-BORDES, Pedro
ALVAREZ-DIAZ/Authors who collected the data: Alfred
FERRE-ANIORTE, Silvia VIZCAINO-NAVARO/Authors who
contributed data or analysis tools: Alfred FERRE-ANIORTE,
Patricia LAIZ-BOADA/Authors who performed the analysis:
Alfred FERRE-ANIORTE/ Authors who wrote the paper: Luis
GARCIA-BORDES/Other  contribution: Luis GARCIA-
BORDES: Writing- Review, Editing, Final Manuscript
Revision/Pedro ALVAREZ-DIAZ: Review, Supervision, Final
Manuscript Revision/Alfred FERRE-ANIORTE: Writing -
Review, Final Manuscript Revision/Patricia LAIZ-BOADA:
Writing - Review, Final Manuscript Revision/ Ramdn
CUGAT-BERTOMEU:  Supervision, Final = Manuscript
Revision.

Declaration of Conflict of Interest: The authors do NOT
have any potential conflicts of interest for this manuscript.
Declaration of Funding: The authors received NO financial
support for the preparation, research, authorship, and
publication of this manuscript.

Declaration of Ethical Approval for Study: This study was
approved by the COMITE ETICO DE INVESTIGACION (CEIm)
GRUPO  HOSPITALARIO  QUIRONSALUD-CATALUNYA,
approval number SET-PRP-2021-01.

Declaration of Informed Consent: There is no information
(names, initials, hospital identification numbers, or
photographs) in the submitted manuscript that can be used
to identify patients.

Luis Garcia-Bordes MD 12

Pedro Alvarez-Diaz MD, PhD !
Alfred Ferré-Aniorte PT, MSc !
Patricia Laiz-Boada BSc t

Silvia Vizcaino-Navarro RN 1
Ramon Cugat-Bertomeu MD, PhD 1

1 Instituto Cugat, Hospital Quironsalud Barcelona, Barcelona, Spain
2 Universitat Internacional de Catalunya, Sant Cugat del Valles,
Barcelona, Spain



(764)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 13. NUMBER 11. NOVEMBER 2025

References

DO PLATELET CHARACTERISTICS CHANGE?

10.

11.

12.

13.

14.

Mautner K, Malanga GA, Smith J, et al. A call for a standard
classification system for future biologic research: the rationale
for new PRP nomenclature. PM R. 2015;7(4 Suppl):S53-S59.
doi: 10.1016/j.pmrj.2015.02.005.

. Corsini A, Perticarini L, Palermi S, Bettinsoli P, Marchini A. Re-

Evaluating Platelet-Rich Plasma Dosing Strategies in Sports
Medicine: The Role of the “10 Billion Platelet Dose” in
Optimizing Therapeutic Outcomes—A Narrative Review.] Clin
Med. 2025;14(8):2714. doi: 10.3390/jcm14082714.
Mazzucco L, Balbo V, Cattana E, Guaschino R, Borzini P. Not
every PRP-gel is born equal. Evaluation of growth factor
availability for tissues through four PRP-gel preparations:
Fibrinet, RegenPRP-Kit, Plateltex and one manual procedure.
Vox Sang. 2009;97(2):110-8. doi: 10.1111/j.1423-
0410.2009.01188.x.
Milano G, Sanchez M, Jo CH, Saccomanno MF, Thampatty BP,
Wang JH. Platelet-rich plasma in orthopaedic sports medicine:
state of the art. Journal of ISAKOS. 2019;4(4):188-95.
Manole CG, Soare C, Ceafalan LC, Voiculescu VM. Platelet-rich
plasma in dermatology: new insights on the cellular
mechanism of skin repair and regeneration. Life (Basel).
2023;14(1):40. doi: 10.3390/1ife14010040.
Blair P, Flaumenhaft R. Platelet a-granules: Basic biology and
clinical correlates. Blood Rev. 2009;23(4):177-89. doi:
10.1016/j.blre.2009.04.001.
Boswell SG, Cole BJ, Sundman EA, Karas V, Fortier LA. Platelet-
rich plasma: a milieu of bioactive factors. Arthroscopy.
2012;28(3):429-39. doi: 10.1016/j.arthro.2011.10.018.
Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison of
growth factor and platelet concentrations from commercial
PRP separation systems. Am | Sports Med. 2011;39(2):266-
271.d0i:10.1177/0363546510387517.
Chahla ], Cinque ME, Piuzzi NS, et al. A call for standardization
in platelet-rich plasma preparation protocols and composition
reporting: a systematic review of the clinical orthopedic
literature. ] Bone Joint Surg Am. 2017;99(20):1769-17709.
doi:10.2106/]B]S.16.01374.

Garcfa-Bordes L, Alvarez-Diaz P, Alentorn-Geli E, et al.
Demographic, anthropometric and intrasubject variations
affect platelet-rich plasma formulation. ] Exp Orthop.
2025;12(1):e70024. doi: 10.1002 /je02.70024.

Rossi L, Ranalletta M, Pasqualini [, et al. Substantial variability
in platelet-rich plasma composition is based on patientage and
baseline platelet count. Arthrosc Sports Med Rehabil.
2023;5(3):e853-e858.doi: 10.1016/j.asmr.2023.03.017.

TaniguchiY, Yoshioka T, Sugaya H, et al. Growth factor levels in
leukocyte-poor platelet-rich plasma and correlations with
donor age. ] Exp Orthop. 2019;6(1):4. doi: 10.1186/s40634-

019-0175-7.

Kobayashi Y, Saita Y, Nishio H, et al. The leukocyte
concentration and composition in platelet-rich plasma (PRP)
influence the growth factor and protease concentrations. ]
Orthop Sci. 2016;21(5):683-9. doi: 10.1016/j.j0s.2016.07.009.
Kushida S, Kakudo N, Morimoto N, et al. Platelet and growth
factor concentrations in activated platelet-rich plasma: a
comparison of seven commercial separation systems. ] Artif

15.

16.

17.

18.

19.

21.

22.

25.

26.

27.

Organs. 2014;17(2):186-92. doi: 10.1007/s10047-014-0761-5.
Vogel JP, Szalay K, Geiger F, Kramer M, Richter W, Kasten P.
Platelet-rich plasma improves expansion of human
mesenchymal stem cells and retains differentiation capacity
and in vivo bone formation in calcium phosphate ceramics.
Platelets. 2006;17(7):462-9. doi:
10.1080/09537100600758867.

Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE,
Georgeff KR. Platelet-rich plasma: growth factor enhancement
for bone grafts. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 1998;85(6):638-46. doi: 10.1016/s1079-
2104(98)90029-4.

Varol E, Uysal BA, Ersoy I, Ozaydin M, Erdogan D, Dogan A.
Mean platelet volume, an indicator of platelet reactivity, is
increased in patients with patent foramen ovale. Blood Coagul
Fibrinolysis. 2013;24(6):605-7. doi:
10.1097/MBC.0b013e32836029¢e.

Wiegmann L, De Zélicourt DA, Speer O, et al. Influence of
standard laboratory procedures on measures of erythrocyte
damage. Front Physiol. 2017:8:731. doi:
10.3389/fphys.2017.00731.

de Jonge G, Dos Santos TL, Cruz BR, et al. Interference of the in
vitro hemolysis on complete blood count. J Clin Lab Anal.
2018;32(5):e22396.doi: 10.1002 /jcla.22396.

20. Weibrich G, Kleis WK, Hitzler WE, Hafner G. Comparison of the

plateletconcentrate collection system with the plasma-rich-in-
growth-factors kit to produce platelet-rich plasma: a technical
report. Int] Oral Maxillofac Implants. 2005;20(1):118-23.
Demirin H, Ozhan H, Ucgun T, et al. Normal range of mean
platelet volume in healthy subjects: insight from a large
epidemiologic study. Thromb Res. 2011;128(4):358-60. doi:
10.1016/j.thromres.2011.05.007.

Rodriguez-Merchan EC. Intraarticular Injections of Platelet-
rich Plasma (PRP) in the Management of Knee Osteoarthritis.
Arch Bone Jt Surg. 2013;1(1):5-8.

23.]Jivan S], Monzavi SM, Zargaran B, et al. Comparative analysis of

the effectiveness of intra-articular injection of platelet-rich
plasma versus hyaluronic acid for knee osteoarthritis: results
of an open-label trial. Arch Bone Jt Surg. 2021;9(5):487-495.
doi: 10.22038/abjs.2021.52003.2569.

24.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 Ther. 2020;20(12):1447-1460. doi:
10.1080/14712598.2020.1798925.

Soderstrom AC, Nybo M, Nielsen C, Vinholt P]. The effect of
centrifugation speed and time on pre-analytical platelet
activation. Clin Chem Lab Med. 2016;54(12):1913-1920. doi:
10.1515/cclm-2016-0079.

Canapp SO Jr, Leasure CS, Cox C, Ibrahim V, Carr BJ. Partial
cranial cruciate ligament tears treated with stem cell and
platelet-rich plasma combination therapy in 36 dogs: a
retrospective study. Front Vet Sci. 2016:3:112. doi:
10.3389/fvets.2016.00112.

Dério M, Pereira RM, Luz AG, Deveza LA, de Oliveira RM, Fuller
R. Efficacy of platelet-rich plasma and plasma for symptomatic



(765)

28.

29.

30.

31

32.

33.

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 13. NUMBER 11. NOVEMBER 2025

treatment of knee osteoarthritis: a double-blinded placebo-
controlled randomized clinical trial. BMC Musculoskelet
Disord. 2021;22(1):822. doi: 10.1186/s12891-021-04706-7.
Gato-Calvo L, Magalhaes ], Ruiz-Romero C, Blanco FJ, Burguera
EF. Platelet-rich plasma in osteoarthritis treatment: review of
current evidence. Ther Adv Chronic Dis.
2019:10:2040622319825567. doi:
10.1177/2040622319825567.

Murray MM, Spindler KP, Devin C, et al. Use of a collagen-
platelet-rich plasma scaffold to stimulate healing of a central
defect in the canine ACL.] Orthop Res.2006;24(4):820-30. doi:
10.1002 /jor.20073.

Opper C, Weiner N, Xi F, Klotz E, Klinger G, Kiinzer W. Daily
variations in functional parameters and density distributions
of human blood platelets. Chronobiol Int. 1994;11(5):309-19.
doi: 10.3109/07420529409057247.

Scott A, LaPrade RF, Harmon KG, et al. Platelet-Rich Plasma for
Patellar Tendinopathy: A Randomized Controlled Trial of
Leukocyte-Rich PRP or Leukocyte-Poor PRP Versus Saline. Am
] Sports Med. 2019;47(7):1654-1661. doi:
10.1177/0363546519837954.

Trevisson-Redondo B, Becerro-de-Bengoa-Vallejo R, Sevillano
D, et al. Influence of sexual dimorphism, aging, and differential
cell capture efficiency of blood separation systems on the
quality of platelet-rich plasma. ] Clin Med. 2022;11(6):1683.
doi: 10.3390/jcm11061683.

Hsu WK, Mishra A, Rodeo SR, et al. Platelet-rich plasma in

DO PLATELET CHARACTERISTICS CHANGE?

34.

35.

36.

37.

38.

orthopedic applications: evidence-based recommendations
for treatment. ] Am Acad Orthop Surg. 2013;21(12):739-48.
doi: 10.5435/JAA0S-21-12-739.

Reurink G, Goudswaard GJ, Moen MH, et al. Rationale,
secondary outcome scores and 1-year follow-up of a
randomized trial of platelet-rich plasma injections in acute
hamstring muscle injury: the Dutch Hamstring Injection
Therapy study. Br ] Sports Med. 2015;49(18):1206-12. doi:
10.1136/bjsports-2014-094250.

Prost D, Bardot T, Baud A, et al. Long-term improvement of
knee osteoarthritis after injection of single high/very high
volume of very pure PRP: a retrospective analysis of patients
optimally managed in dedicated centers. Regen Ther.
2024:25:203-212. doi: 10.1016/j.reth.2023.12.006.

Alsousou ], Thompson M, Hulley P, Noble A, Willett K. The
biology of platelet-rich plasma and its application in trauma
and orthopedic surgery: a review of the literature. ] Bone Joint

Surg Br. 2009;91(8):987-96. doi:  10.1302/0301-
620X.91B8.22546.
Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo

SA. Platelet-rich plasma: from basic science to clinical
applications. Am ] Sports Med. 2009;37(11):2259-72. doi:
10.1177/0363546509349921.

Lopez-Vidriero E, Goulding KA, Simon DA, Sanchez M, Johnson
DH. The use of platelet-rich plasma in arthroscopy and sports
medicine: optimizing the healing environment. Arthroscopy.
2010;26(2):269-78. doi: 10.1016/j.arthro.2009.11.015.



