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Abstract
Patellar tendinopathy (PT) is a chronic, degenerative form of tendinitis commonly affecting young, active
individuals. Numerous nonsurgical treatments exist, of which platelet-rich plasma (PRP) is a frontrunner.
However, heterogeneity among various PRP preparation techniques results in a large variation in treatment
efficacy. This review and meta-analysis aims to investigate the effect of PRP centrifugation factors,
specifically centrifuge speed and duration, on functional outcomes in patients with PT.

A systematic search of the literature was performed in April 2024 on Medline and Embase. Articles involving
the use of PRP in the treatment of PT were included. The risk of bias was assessed using the Risk of Bias 2
(RoB 2; the Cochrane Collaboration, England, UK) and Risk of Bias in Non-randomised Studies of
Intervention (ROBINS-I; the Cochrane Collaboration, England, UK) tools. Comparative meta-analysis
between the different centrifugation speeds and the different centrifugation durations was performed on
articles reporting Victorian Institute of Sports Assessment - Patellar tendon (VISA-P) and visual analogue
scale (VAS) scores for PT.

Seventeen studies consisting of 360 participants were included in the analysis. The mean follow-up duration
was 13.2 months (95% CI: 8.81 to 17.7). The mean VAS reduction was 3.85 (95% CI: -4.63 to -3.08; P < 0.01).
VISA-P scores improved by 32.03 (95% CI: 24.29 to 39.78; P < 0.01). There were no significant differences
between centrifuge speeds for VAS (P = 0.17) and VISA-P (P = 0.18) and between centrifuge durations for VAS
(P = 0.25) and VISA-P (P = 0.27). Centrifuge speed and duration and number of centrifuge cycles did not
show any significant differences in patient outcomes.

There were no significant differences observed in outcomes for the different preparations of PRP. There
remains a need for further high-quality RCTs using standardized PRP preparations with long-term follow-up
for the development of a consensus method of PRP preparation for the treatment of PT.

Categories: Orthopedics, Sports Medicine
Keywords: systematic review and meta analysis, patella tendon, meta-analysis, platelet-rich plasma, patella
tendinopathy

Introduction And Background
Patellar tendinopathy (PT) is a common disease process encountered in orthopedic sports medicine practice
and is characterized clinically by anterior knee pain and tenderness over the inferior pole of the patella, with
athletes forming a large proportion of PT patients [1]. PT is accentuated by repetitive, forceful, eccentric
contractions of the extensor mechanism, with an estimated 14% of elite athletes and 8.5% of non-elite
athletes being affected by PT at some point in their careers [2]. While physiotherapy has long been the
mainstay in the management of PT, newer adjuncts such as extracorporeal shock wave therapy, therapeutic
ultrasound, and injectables are showing promise. Andriolo et al. [1] found that injections of platelet-rich
plasma (PRP) resulted in the best long-term patient outcomes for PT treatment. PRP has been shown to
increase tendon cell proliferation, increase expression of anabolic genes and proteins, and reduce tendon
inflammation [3].

Despite the increasing prominence of PRP usage in the treatment of PT, there remains no consensus on the
method of PRP preparation. Factors such as centrifuge speed measured in rounds per minute (RPM), number
of centrifuge cycles, and duration of centrifuges vary between preparation methods. Apart from
methodological variance, contradictory results from similar preparation methods for PRP suggest that there
is a lack of a clear paradigm regarding PRP preparation. Manfreda et al. and Vetrano et al. [4,5] found
contradictory results at the same follow-up time despite sharing similar PRP preparation centrifuge speeds.

Hence, due to the variations in PRP preparation, we seek to compare the factors involved in the
centrifugation. We hypothesize that there will be measurable differences among the various preparation
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factors in terms of patient outcomes and pain relief.

Review
Methods
Search Strategy

This review was completed in accordance with the Preferred Reporting Items for Reviews and Meta-Analyses
guidelines [6]. A search of the literature was performed using the Medline and Embase databases on April 1,
2024. Terms synonymous with “patellar tendinopathy” and “platelet-rich plasma” were used to construct
the search strategy. References were managed with Endnote Reference Manager X9 (Clarivate Analytics,
Philadelphia, PA, USA). Two separate independent authors (EZJX and EVL) performed the sieving of
references. The literature search was limited to articles written in the English language. An example of the
search strategy can be found within the supplementary material.

Study Selection

Studies involving patients treated with PRP for PT were included based on a predetermined inclusion
criterion. The inclusion criteria were (I) studies involving skeletally mature patients undergoing PRP
injections for PT, (II) studies presenting the pre- and post-treatment patient-reported outcome measure
(PROM) scores, and (III) studies stating the centrifugation parameters. Quantitative methodology, including
randomized controlled trials, retrospective and prospective cohort studies, and comparative studies, was
included. Conference abstracts, reviews, case reports, editorials, opinions, and technical notes were excluded
from this review. Additional grounds for exclusion were those of non-human or non-English publications.
The final consensus on the articles used in the review was discussed between the two authors and a senior
author (KLW).

Data Extraction

Data extracted from the included studies were (I) study information (author, title, sample size, country, and
year of publication), (II) methodological variables (follow-up duration, number and volume of injections,
PRP preparation type (kit), and the use of leukocyte poor PRP (LP-PRP) or leukocyte rich PRP (LR-PRP)
injections), (III) patient characteristics (age, gender, BMI, and level of activity), and (IV) PROMs (Victorian
Institute of Sports Assessment - Patellar tendon (VISA-P) and visual analogue scale (VAS)). Continuous data
in the form of means and standard deviations were extracted from the articles. When data was presented as
medians with ranges, we employed previously established formulae by Wan et al. [7] to convert the data to
means with standard deviations.

Risk of Bias

The risk of bias in non-randomized trials was assessed with the Risk of Bias in Non-randomised Studies of
Intervention (ROBINS-I; the Cochrane Collaboration, England, UK) tool [8], and the risk of bias in
randomized trials was assessed with the Risk of Bias 2 (RoB 2; the Cochrane Collaboration, England, UK) tool
[9]. The ROBINS-I and RoB 2 tools are specialized tools structured into fixed sets of domains of bias,
ultimately categorizing studies into various levels of risk of bias: low, moderate, serious, and critical. These
tools provide a structured and comprehensive approach to assessing interventions through signaling
questions to determine overall risk [8].

Outcomes of Interest

This study primarily aimed to evaluate the factors affecting the reduction in pain and improvement of
patella function after the administration of PRP. Primary outcomes of interest were those of the VAS for pain
as well as the hundred-point VISA-P questionnaire for patella function. The VISA-P is a quantitative
measure of activity and sporting limitations, as well as a surrogate marker of PT symptom severity. Pre-
injection and post-injection scores were compared.

Factors Affecting PRP Preparation

We chose to evaluate the following factors as variables affecting the preparation of PRP injections: (I) spin
speed - the speed at which the samples were centrifuged, characterized as high (>2000 RPM or >500 G) and
low centrifuge speed (<2000 RPM or <500 G). (II) Spin time - the duration at which the centrifuge of samples
was taken, characterized by long (>10 minutes) and short (<10 minutes) spin times. (III) Spin cycles - PRP
injection preparation by single or double spin. Double spin refers to centrifuging the samples twice, at
different spin speeds and spin times, while single spin is centrifuging the samples once. Double-spin kits
include the Gravitational Platelet Concentration System® (GPS) III (Biomet Inc., Warsaw, Indiana, USA) PRP
kit, while single-spin kits include the GPS II Platelet Concentration System (Biomet Inc., Warsaw, Indiana,
USA), Arthrex (Angel) (Naples, Florida, USA), Regen Lab A-PRP Kit (Regenlab, Switzerland), Arthrex (ACP)
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(Naples, Florida, USA), and Arthrex Nederland B.V. 15-ml ACP double syringe (The Netherlands) and MyCells
Autologous Platelet Preparation System (Ramat Hasharon, Tel Aviv, Israel). Studies that had unspecified PRP
preparation systems were classified according to their method of preparation [10-13].

Statistical Analysis and Quality Assessment 

Statistical analysis was performed using Review Manager Web (The Cochrane Collaboration, Copenhagen,
Denmark). Continuous data, in the form of pre- and post-treatment PROM scores, was pooled using the
inverse variance model to generate weighted mean differences (WMD) as a surrogate measure of treatment
effect. Analysis using the random effects model was undertaken regardless of study heterogeneity, as
represented by the I2 statistic. Demographic data was analyzed in a single-arm fashion to obtain raw
weighted means using the inverse-variance model with random effects. This analysis was performed using
the metamean function in RStudio version 1.3.1093 (RStudio, Boston, Massachusetts).

Subgroup analyses were conducted for the number of PRP injections and the type of preparation method
used for the injections as a means of further exploring study heterogeneity.

Results
Summary of Included Articles

A systematic search of the literature using our search strategy yielded 330 references, of which 287 were
excluded based on the study title and abstract. Forty-three articles underwent full-text review, and 17
articles concerning the use of PRP for PT met the eligibility criteria and were subsequently included in the
meta-analysis (Figure 1). In total, 360 patients underwent PRP injections for PT. Overall, seven articles
originated from Italy [2,4,5,12-15]; two each from the USA [11,16], France [17,18], and the Netherlands
[19,20]; and one each from Egypt [21], Turkey [10], and Spain [22], as well as a multicenter study that
involved hospitals in Italy, Norway, and the USA [23]. A summary of the study characteristics of the included
articles can be found in Table 1.

FIGURE 1: PRISMA diagram of the included studies
PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses
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Author Year
Study
design

N
Age
(years)

Male
(%)

BMI
(kg/m2)

Preparation
system

Speed Duration Outcomes

Abate et al. [2] 2018 RNR 18 38.6 38.9 25.0 Regen Lab High Short
VISA-P,
VAS

Manfreda et al. [4] 2019 PNR 17 30.6 70.6 24.3 Biomet GPS High Long
VISA-P,
VAS

Vetrano et al. [5] 2013 PNR 23 26.9 86.9 - MyCells Low Long VAS

Unlu et al. [10] 2017 RNR 37 33.2 37.8 - - Low Short VAS

Dallaudiere et al.
[11]

2014 RNR 41 - - - - High Long VAS

Filardo et al. [12] 2010 PNR 15 28.8 100.0 - - Low Long VAS

Filardo et al. [13] 2013 PNR 43 30.6 97.7 24.7 - High Short
VISA-P,
VAS

Volpi et al. [14] 2007 RNR 7 27 - - Biomet GPS High Long VISA-P

Crescibene et al.
[15]

2015 PNR 7 - - - Regen Lab High Short
VISA-P,
VAS

Dragoo et al. [16] 2014 RCT 8 28 89.0 - Biomet GPS High Long
VISA-P,
VAS

Charousset et al.
[17]

2014 PNR 28 27.3 - 21.6 Arthrex (ACP) Low Short
VISA-P,
VAS

Zayni et al. [18] 2015 PNR 30 24.6 87.5 - Arthrex (ACP) High Short
VISA-P,
VAS

Ark et al. [19] 2013 PNR 5 27 40.0 25.7 Arthrex (ACP) High Short VISA-P

Gosens et al. [20] 2012 PNR 22 32.2 63.3 - Biomet GPS High Long
VISA-P,
VAS

Abdelbary et al.
[21]

2018 PNR 10 35.5 - - Arthrex (ACP) Low Long VAS

Soler et al. [22] 2023 PNR 10 - - - - Low Short
VISA-P,
VAS

Scott et al. [23] 2019 RCT 19 32 90.0 24.0 Arthrex (Angel) High - VISA-P

TABLE 1: Summary of included studies
RNR: retrospective nonrandomized study, PNR: prospective nonrandomized study, RCT: randomized controlled trial, BMI: body mass index, VISA-P:
Victoria Institute of Sport Assessment - Patella tendon, VAS: visual analogue scale

[2,4,5,10-23]

Patient Demographics

A total of 360 patients with a mean age of 29.6 (95% CI: 27.8 to 31.5) underwent PRP treatment for PT. The
mean follow-up duration was 13.2 months (95% CI: 8.81 to 17.7 months). In total, 237 patients received PRP
prepared using a high centrifuge speed, while 123 received PRP that was centrifuged with a low spin speed.
Furthermore, a total of 161 patients received PRP injections with long centrifuge times, while 188 patients
received PRP injections with short centrifuge times. A total of 58 patients received double-spin PRP.

Risk of Bias

The majority of the non-randomized studies analyzed exhibited a moderate risk of bias. While they are more
susceptible to biases as compared to randomized trials, these risk levels do not invalidate their findings but
suggest cautious interpretation. The assessment of biases for non-randomized trials and randomized trials is
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shown below (Figures 2-3).

FIGURE 2: RoB 2 traffic light plot
RoB 2: Risk of Bias 2

[16, 23]

 

2024 Zhang et al. Cureus 16(6): e63341. DOI 10.7759/cureus.63341 5 of 12

javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1080674/lightbox_c20da8702ff611efb7eb75a0fdb5579c-ROB2.png
javascript:void(0)


FIGURE 3: ROBINS-I traffic light plot
ROBINS-I: Risk of Bias in Non-randomised Studies of Intervention

[2,4,5,10-15,17-22]

Summary of Results

The VAS score was assessed in 13 studies consisting of 251 patients, with an average reduction in VAS of
3.85 (95% CI: -4.63 to -3.08; P < 0.01). Similarly, the VISA-P score was assessed in 13 studies comprising 261
patients, and an improvement in the VISA-P score of 32.03 (95% CI: 24.29 to 39.78; P < 0.01) was seen post-
treatment following PRP injections in the patella. There were no significant differences between centrifuge
speeds for VAS (P = 0.17) and VISA-P (P = 0.18) or between centrifuge durations for VAS (P = 0.25) and VISA-
P (P = 0.27).

Centrifuge Speed

A subgroup analysis was performed comparing different centrifuge speeds utilized in PRP preparation on
VAS and VISA-P post-treatment score improvements. Pooled analysis revealed a weighted mean VAS score
reduction of 4.75 (95% CI: -6.15 to -3.34; P < 0.01) and 3.46 (95% CI: -4.64 to -2.28; P < 0.01) in the low and
high centrifuge speed groups, respectively. However, the difference in VAS score reduction between low and
high centrifuge speed subgroups was not statistically significant (P = 0.17) (Figure 4).
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FIGURE 4: Effect of centrifuge speed on VAS scores
VAS: visual analogue scale

[2,4,5,10,11,15-18,20-22]

Patients in the low centrifuge speed group exhibited greater improvement in VISA-P scores (WMD = 37.75;
95% CI: 26.01 to 49.49; P < 0.01) as compared to the high spin speed group (WMD = 27.82; 95% CI: 19.30 to
36.33; P < 0.01); however, this difference in VISA-P score improvement was not statistically significant (P =
0.18) when comparing between the two groups (Figure 5).

FIGURE 5: Effect of centrifuge speed on VISA-P scores
VISA-P: Victorian Institute of Sports Assessment - Patellar tendon

[2,4,5,13-20,22,23]

Duration of Centrifuge

VAS scores showed a reduction of 4.30 (95% CI: -5.28 to -3.32; P < 0.01) and 3.11 (95% CI: -4.90 to -1.32; P <
0.01) with the utilization of short and long centrifuge durations, respectively. However, no significant
differences were observed when comparing the differences in VAS score reduction between the short and
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long-spin duration subgroups (P = 0.25) (Figure 6).

FIGURE 6: Effect of Centrifuge Duration on VAS Scores
[2, 4, 5, 10, 11, 15-18, 20-22]

VISA-P scores showed an improvement of 35.48 (95% CI: 23.69 to 47.27; P < 0.01) and 27.16 (95% CI: 18.31
to 36.01; P < 0.01) with the utilization of short and long spin durations, respectively. Similarly, no
significant differences were found in terms of the degree of VISA-P score improvement when comparing
both centrifuge duration subgroups (P = 0.27) (Figure 7).

FIGURE 7: Effect of centrifuge duration on VISA-P scores
VISA-P: Victorian Institute of Sports Assessment - Patellar tendon

[2,4,5,13-20,22]

Number of Centrifuge Cycles

A VISA-P score was reported by one study that utilized double-spin PRP preparation. A sensitivity analysis
was conducted to exclude this study from the overall analysis (WMD = 30.25; 95% CI: 21.64 to 38.35; P <
0.01), revealing a VISA-P score improvement of 30.02 (95% CI: 20.53 to 39.51; P < 0.01) post-sensitivity
analysis. Additionally, the effect of the number of centrifuge spin cycles on VAS score improvement could
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not be evaluated due to a lack of data on the utilization of a double spin method.

Discussion
This study is the first to assess the impact of PRP preparation variables on clinical outcomes in patients with
PT. Our study demonstrated that individual preparation variables do not lead to better clinical outcomes in
terms of function and pain relief.

PT is a debilitating condition, especially in patients with high functional demands, with chronic, untreated
PT often resulting in significant functional loss [23]. Additionally, repetitive loading of a patellar tendon
with pre-existing pathology may engender changes in the biomechanical properties of the tendon,
accentuating the risk of tendon rupture [24]. In such cases, surgical treatment is often required, with
extensor mechanism failure being a definitive indication for surgical intervention [25]. Hence, the current
paradigm in the treatment of PT centers around regenerative therapy aimed at correcting underlying
pathologies within the tendon to reduce the risk of progression to rupture. Andriolo et al. [1] identified PRP
therapy as the most effective conservative treatment of PT. PRP has been shown to increase tendon cell
proliferation, increase the expression of anabolic genes and proteins, and reduce tendon inflammation [3].
However, the method of PRP preparation remains largely heterogenous, and there is no consensus regarding
the optimal preparation and centrifugation conditions. Numerous factors, such as the centrifuge speed and
duration, as well as the number of centrifuge cycles, can affect the platelet yield and purity of the PRP,
directly affecting the concentration of growth factors and thereby influencing the quality of the PRP, which
could potentially give rise to considerable heterogeneity in patient outcomes.

Administration of PRP for PT displayed an overall reduction in pain scores as well as improvements in
functional scores. However, attempts at investigating the effect of individual preparation variables on
clinical outcomes did not display convincing trends of evidence. Patients receiving PRP prepared via a low
centrifuge speed were observed to have greater reductions in VAS score and improvements in VISA-P score;
however, these inter-variable differences were not statistically significant. Therefore, limited conclusions
can be drawn, and the improvements conferred by PRP prepared at a lower centrifuge speed have limited
interpretability that is germane to clinical significance. Hence, no recommendation can be made for a
suggested centrifuge speed at this point in time. Similarly, when evaluating centrifuge duration as a factor
for PRP preparation, marginally greater VAS reduction and VISA-P improvements were observed in the short
centrifuge duration group. However, the difference in both score improvements between long- and short-
duration centrifuge cycles was neither statistically significant nor reached minimal clinically important
difference values [26], potentially suggesting that centrifuge duration may not be an important factor in PRP
preparation.

Separation of cellular constituents within the autologous blood derived for PRP treatment depends on
several factors, such as the relative centrifugal force (RCF), which can be adjusted to sediment certain
particles more quickly than others [27]. In the preparation of PRP, erythrocytes sediment at the base, leaving
the supernatant that contains plasma, platelets, and white blood cells available for separation from the
erythrocytes. The autologous platelet concentrate obtained by centrifugation thus induces various growth
factors that promote the regeneration of the tendon. Platelet yield is determined by the sedimentation rate
governed by Stokes’ law, with the RCF influencing the separation of platelets from erythrocytes [28].
Centrifuging PRP with a greater centrifugal force increases the sedimentation rate and the separation of
platelets from erythrocytes, thereby enhancing platelet capture efficiency. However, our analysis showed
that higher centrifuge speed (>2000 RPM or >500 G) does not positively influence the post-injection
outcomes, as seen in the non-significant differences with the improvements in VAS and VISA-P scores when
compared to PRP centrifuged at a lower speed. This increase in platelet capture efficiency could be offset by
a potential compromise on platelet preservation and integrity when it was spun at a high centrifuge speed
[29], thereby affecting the bioactivity of platelets and stimulating the proliferation of several cell types for
tissue regeneration and healing. Nonetheless, this suggests that centrifuge speed is not a parameter that
defines the composition of PRP.

Conversely, we noted that the centrifuge duration of PRP contributes little to the enhancement of post-
injection outcomes, wherein the difference between the use of a short centrifuge duration (<10 m) and a
long centrifuge duration (>10 m) displayed insignificant improvements in pain and functionality. When
centrifuging a PRP sample, the sedimentation of erythrocytes allows for the collection of platelets and
plasma from the upper layer due to their different sedimentation rates. Once most of the erythrocytes are
sedimented, further increasing the centrifuge duration would not enhance the separation of erythrocytes
from the platelets. As such, since the platelet yield does not increase appreciably after a certain threshold,
these findings suggest that centrifuging the PRP sample for differing durations minimally contributes to the
quality of the PRP obtained.

Limitations

Firstly, we were limited by the heterogeneity within the data of the included studies, with various follow-up
times, center practices, and individual variations in the techniques of the surgeons contributing to the wide
confidence intervals observed. Furthermore, as with any meta-analysis, there is an inherent degree of
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statistical heterogeneity, as measured by the I2 statistic. However, where possible, we attempted to explore
heterogeneity through subgroup and sensitivity analyses, where appropriate. Finally, this review is limited
in terms of interpretability for the long-term outcomes of PRP usage in PT.

Conclusions
Despite the increasing usage of PRP as a conservative treatment for PT, PRP is limited by the heterogeneity
of its preparation methods and the wide variation in its centrifugation protocol, yielding various platelet
concentrations. There is a need for further high-quality RCTs using standardized PRP preparations with
long-term follow-up for the development of a consensus method of PRP preparation for the treatment of PT.
In addition, future studies may explore the effects of different centrifugation parameters beyond pain, such
as on various functional outcomes and quality of life. This study has analyzed the effects of centrifuge speed
and duration, as well as the number of centrifuge cycles, on the quality of PRP and concluded that centrifuge
speed and duration may have no significance in the quality of PRP produced.

Appendices

Medline

1 exp Tendon Injuries/

2 exp Tendinopathy/

3 tendin*.tw. or tendon*.tw.

4 (Tendon adj3 injur*).tw.

5 or/1‐4

6 exp Patellar Ligament/

7 patellar.tw.

8 6 or 7

9 5 and 8

10 exp Platelet‐Derived Growth Factor/

11 (platelet‐derived growth factors or PDGF).tw.

12 exp Blood Platelets/

13 (platelet rich plasma or platelet‐rich plasma or PRP or platelet gel*).tw.

14 exp Platelet Activation/

15 (platelet* adj activat*).tw.

16 or/10-15

17 9 AND 16

Embase

1 ‘tendon injury’

2 tendinitis/exp

3 (tendon* or tendin*):ti,ab

4 (Tendon next/3 injur*):ti,ab

5 #1 or #2 or #3 or #4

6 ‘patellar ligament’/exp

7 patellar*:ti,ab

8 #6 or #7

9 #5 AND #8

10 ‘Platelet Derived Growth Factor’/exp

11 (‘platelet‐derived growth factors’ or ‘PDGF’):ti,ab
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12 Thrombocyte/exp

13 ‘Thrombocyte Rich Plasma’/exp

14 (‘platelet rich plasma’ or ‘platelet‐rich plasma’ or ‘PRP’ or ‘platelet gel*’):ti,ab

15 ‘Thrombocyte Activation’/exp

16 (platelet* next/1 activat*):ti,ab

17 #10 or #11 or #12 or #13 or #14 or #15 or #16

18 #9 AND #17

TABLE 2: Search strategy

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Edmund Jia Xi Zhang, Keng Lin Francis Wong, Vincentius Edward Lie

Acquisition, analysis, or interpretation of data:  Edmund Jia Xi Zhang, Keng Lin Francis Wong,
Vincentius Edward Lie

Drafting of the manuscript:  Edmund Jia Xi Zhang, Keng Lin Francis Wong, Vincentius Edward Lie

Critical review of the manuscript for important intellectual content:  Edmund Jia Xi Zhang, Keng Lin
Francis Wong, Vincentius Edward Lie

Supervision:  Keng Lin Francis Wong

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Andriolo L, Altamura SA, Reale D, Candrian C, Zaffagnini S, Filardo G: Nonsurgical treatments of patellar

tendinopathy: multiple injections of platelet-rich plasma are a suitable option: a systematic review and
meta-analysis. Am J Sports Med. 2019, 47:1001-18. 10.1177/0363546518759674

2. Abate M, Di Carlo L, Verna S, Di Gregorio P, Schiavone C, Salini V: Synergistic activity of platelet rich
plasma and high volume image guided injection for patellar tendinopathy. Knee Surg Sports Traumatol
Arthrosc. 2018, 26:3645-51. 10.1007/s00167-018-4930-6

3. Zhou Y, Wang JH: PRP treatment efficacy for tendinopathy: a review of basic science studies . Biomed Res
Int. 2016, 2016:9103792. 10.1155/2016/9103792

4. Manfreda F, Palmieri D, Antinolfi P, Rinonapoli G, Caraffa A: Can platelet-rich plasma be an alternative to
surgery for resistant chronic patellar tendinopathy in sportive people? Poor clinical results at 1-year follow-
up. J Orthop Surg (Hong Kong). 2019, 27:2309499019842424. 10.1177/2309499019842424

5. Vetrano M, Castorina A, Vulpiani MC, Baldini R, Pavan A, Ferretti A: Platelet-rich plasma versus focused
shock waves in the treatment of jumper's knee in athletes. Am J Sports Med. 2013, 41:795-803.
10.1177/0363546513475345

6. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:71. 10.1136/bmj.n71

7. Wan X, Wang W, Liu J, Tong T: Estimating the sample mean and standard deviation from the sample size,
median, range and/or interquartile range. BMC Med Res Methodol. 2014, 14:135. 10.1186/1471-2288-14-135

8. Sterne JA, Hernán MA, Reeves BC, et al.: ROBINS-I: a tool for assessing risk of bias in non-randomised
studies of interventions. BMJ. 2016, 355:4919. 10.1136/bmj.i4919

9. Sterne JA, Savović J, Page MJ, et al.: RoB 2: a revised tool for assessing risk of bias in randomised trials . BMJ.
2019, 366:4898. 10.1136/bmj.l4898

10. Unlu MC, Kivrak A, Kayaalp ME, Birsel O, Akgun I: Peritendinous injection of platelet-rich plasma to treat

 

2024 Zhang et al. Cureus 16(6): e63341. DOI 10.7759/cureus.63341 11 of 12

https://dx.doi.org/10.1177/0363546518759674
https://dx.doi.org/10.1177/0363546518759674
https://dx.doi.org/10.1007/s00167-018-4930-6
https://dx.doi.org/10.1007/s00167-018-4930-6
https://dx.doi.org/10.1155/2016/9103792
https://dx.doi.org/10.1155/2016/9103792
https://dx.doi.org/10.1177/2309499019842424
https://dx.doi.org/10.1177/2309499019842424
https://dx.doi.org/10.1177/0363546513475345
https://dx.doi.org/10.1177/0363546513475345
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1186/1471-2288-14-135
https://dx.doi.org/10.1186/1471-2288-14-135
https://dx.doi.org/10.1136/bmj.i4919
https://dx.doi.org/10.1136/bmj.i4919
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1016/j.aott.2017.10.003


tendinopathy: a retrospective review. Acta Orthop Traumatol Turc. 2017, 51:482-7.
10.1016/j.aott.2017.10.003

11. Dallaudière B, Pesquer L, Meyer P, et al.: Intratendinous injection of platelet-rich plasma under US guidance
to treat tendinopathy: a long-term pilot study. J Vasc Interv Radiol. 2014, 25:717-23.
10.1016/j.jvir.2014.01.026

12. Filardo G, Kon E, Della Villa S, Vincentelli F, Fornasari PM, Marcacci M: Use of platelet-rich plasma for the
treatment of refractory jumper's knee. Int Orthop. 2010, 34:909-15. 10.1007/s00264-009-0845-7

13. Filardo G, Kon E, Di Matteo B, Pelotti P, Di Martino A, Marcacci M: Platelet-rich plasma for the treatment of
patellar tendinopathy: clinical and imaging findings at medium-term follow-up. Int Orthop. 2013, 37:1583-
9. 10.1007/s00264-013-1972-8

14. Volpi P, Marinoni L, Bait C, De Girolamo L, Schoenhuber H: Treatment of chronic patellar tendinosis with
buffered platelet rich plasma: a preliminary study. Medicina dello Sport. 2007, 60:595-603.

15. Crescibene A, Napolitano M, Sbano R, Costabile E, Almolla H: Infiltration of autologous growth factors in
chronic tendinopathies. J Blood Transfus. 2015, 2015:924380. 10.1155/2015/924380

16. Dragoo JL, Wasterlain AS, Braun HJ, Nead KT: Platelet-rich plasma as a treatment for patellar tendinopathy:
a double-blind, randomized controlled trial. Am J Sports Med. 2014, 42:610-8. 10.1177/0363546513518416

17. Charousset C, Zaoui A, Bellaiche L, Bouyer B: Are multiple platelet-rich plasma injections useful for
treatment of chronic patellar tendinopathy in athletes? a prospective study. Am J Sports Med. 2014, 42:906-
11. 10.1177/0363546513519964

18. Zayni R, Thaunat M, Fayard JM, et al.: Platelet-rich plasma as a treatment for chronic patellar tendinopathy:
comparison of a single versus two consecutive injections. Muscles Ligaments Tendons J. 2015, 5:92-8.

19. van Ark M, van den Akker-Scheek I, Meijer LT, Zwerver J: An exercise-based physical therapy program for
patients with patellar tendinopathy after platelet-rich plasma injection. Phys Ther Sport. 2013, 14:124-30.
10.1016/j.ptsp.2012.05.002

20. Gosens T, Den Oudsten BL, Fievez E, van 't Spijker P, Fievez A: Pain and activity levels before and after
platelet-rich plasma injection treatment of patellar tendinopathy: a prospective cohort study and the
influence of previous treatments. Int Orthop. 2012, 36:1941-6. 10.1007/s00264-012-1540-7

21. Abdelbary MH, Bassiouny A: Ultrasound guided injection in patellar tendinopathy; clinical outcomes of
platelet-rich plasma compared to high-volume injection. Egypt J Radiol Nucl Med. 2018, 49:1159-62.
10.1016/j.ejrnm.2018.07.019

22. Soler R, Rodas G, Rius-Tarruella J, et al.: Safety and efficacy of bone marrow-derived mesenchymal stem
cells for chronic patellar tendinopathy (with gap >3 mm) in patients: 12-month follow-up results of a Phase
1/2 clinical trial. Orthop J Sports Med. 2023, 11:23259671231184400. 10.1177/23259671231184400

23. 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 J Sports Med. 2019, 47:1654-
61. 10.1177/0363546519837954

24. Malliaras P, Cook J, Purdam C, Rio E: Patellar tendinopathy: clinical diagnosis, load management, and
advice for challenging case presentations. J Orthop Sports Phys Ther. 2015, 45:887-98.
10.2519/jospt.2015.5987

25. Rosso F, Bonasia DE, Cottino U, Dettoni F, Bruzzone M, Rossi R: Patellar tendon: From tendinopathy to
rupture. Asia Pac J Sports Med Arthrosc Rehabil Technol. 2015, 2:99-107. 10.1016/j.asmart.2015.07.001

26. Challoumas D, Zouvani A, Creavin K, Murray E, Crosbie G, Ng N, Millar NL: Determining minimal important
differences for patient-reported outcome measures in shoulder, lateral elbow, patellar and Achilles
tendinopathies using distribution-based methods. BMC Musculoskelet Disord. 2023, 24:158.
10.1186/s12891-023-06261-9

27. Dhurat R, Sukesh M: Principles and methods of preparation of platelet-rich plasma: a review and author’s
perspective. J Cutan Aesthet Surg. 2014, 7:189-97. 10.4103/0974-2077.150734

28. Yin W, Xu H, Sheng J, et al.: Optimization of pure platelet-rich plasma preparation: a comparative study of
pure platelet-rich plasma obtained using different centrifugal conditions in a single-donor model. Exp Ther
Med. 2017, 14:2060-70. 10.3892/etm.2017.4726

29. Kahn RA, Cossette I, Friedman LI: Optimum centrifugation conditions for the preparation of platelet and
plasma products. Transfusion. 1976, 16:162-5. 10.1046/j.1537-2995.1976.16276155111.x

 

2024 Zhang et al. Cureus 16(6): e63341. DOI 10.7759/cureus.63341 12 of 12

https://dx.doi.org/10.1016/j.aott.2017.10.003
https://dx.doi.org/10.1016/j.jvir.2014.01.026
https://dx.doi.org/10.1016/j.jvir.2014.01.026
https://dx.doi.org/10.1007/s00264-009-0845-7
https://dx.doi.org/10.1007/s00264-009-0845-7
https://dx.doi.org/10.1007/s00264-013-1972-8
https://dx.doi.org/10.1007/s00264-013-1972-8
https://www.researchgate.net/publication/225039303_Treatment_of_chronic_patellar_tendinosis_with_buffered_platelet_rich_plasma_A_preliminary_study
https://dx.doi.org/10.1155/2015/924380
https://dx.doi.org/10.1155/2015/924380
https://dx.doi.org/10.1177/0363546513518416
https://dx.doi.org/10.1177/0363546513518416
https://dx.doi.org/10.1177/0363546513519964
https://dx.doi.org/10.1177/0363546513519964
https://pubmed.ncbi.nlm.nih.gov/26261787/
https://dx.doi.org/10.1016/j.ptsp.2012.05.002
https://dx.doi.org/10.1016/j.ptsp.2012.05.002
https://dx.doi.org/10.1007/s00264-012-1540-7
https://dx.doi.org/10.1007/s00264-012-1540-7
https://dx.doi.org/10.1016/j.ejrnm.2018.07.019
https://dx.doi.org/10.1016/j.ejrnm.2018.07.019
https://dx.doi.org/10.1177/23259671231184400
https://dx.doi.org/10.1177/23259671231184400
https://dx.doi.org/10.1177/0363546519837954
https://dx.doi.org/10.1177/0363546519837954
https://dx.doi.org/10.2519/jospt.2015.5987
https://dx.doi.org/10.2519/jospt.2015.5987
https://dx.doi.org/10.1016/j.asmart.2015.07.001
https://dx.doi.org/10.1016/j.asmart.2015.07.001
https://dx.doi.org/10.1186/s12891-023-06261-9
https://dx.doi.org/10.1186/s12891-023-06261-9
https://dx.doi.org/10.4103/0974-2077.150734
https://dx.doi.org/10.4103/0974-2077.150734
https://dx.doi.org/10.3892/etm.2017.4726
https://dx.doi.org/10.3892/etm.2017.4726
https://dx.doi.org/10.1046/j.1537-2995.1976.16276155111.x
https://dx.doi.org/10.1046/j.1537-2995.1976.16276155111.x

	Impact of Centrifugation Parameters on Platelet-Rich Plasma Injection for Patella Tendinopathy: A Systematic Review and Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methods
	Results
	FIGURE 1: PRISMA diagram of the included studies
	TABLE 1: Summary of included studies
	FIGURE 2: RoB 2 traffic light plot
	FIGURE 3: ROBINS-I traffic light plot
	FIGURE 4: Effect of centrifuge speed on VAS scores
	FIGURE 5: Effect of centrifuge speed on VISA-P scores
	FIGURE 6: Effect of Centrifuge Duration on VAS Scores
	FIGURE 7: Effect of centrifuge duration on VISA-P scores

	Discussion

	Conclusions
	Appendices
	TABLE 2: Search strategy

	Additional Information
	Author Contributions
	Disclosures

	References


