
Vol.:(0123456789)1 3

European Journal of Orthopaedic Surgery & Traumatology (2023) 33:3255–3265 
https://doi.org/10.1007/s00590-023-03570-6

GENERAL REVIEW

Platelet‑rich plasma in chronic Achilles tendinopathy

Clevio Desouza1,2 · Rishabh Dubey2 · Vijay Shetty1,2

Received: 20 February 2023 / Accepted: 5 May 2023 / Published online: 24 May 2023 
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2023

Abstract
Introduction  Achilles tendinopathy [AT] is a functional problem characterised by swelling and pain above the Achilles 
tendon insertion region. In individuals with AT, PRP or platelet-rich plasma can be used as an alternative modality of treat-
ment with an aim to lessen the discomfort and enhance functional recovery. We assessed the available data supporting the 
effectiveness of PRP in treating chronic AT.
Materials and methods  We did a literature search for randomised controlled trials [RCTs] that contrasted the effective-
ness of PRP with that of eccentric exercise and placebo injections as treatment for AT in databases such as the Cochrane 
Library, Web of Science, PubMed, and EMBASE. The Visual analogue scale [VAS] score, Victorian Institute of Sports 
Assessment-Achilles [VISA-A] score, and Achilles tendon thickness were used to measure the results. We used the RevMan 
5.3.5 software for statistical analysis.
Results  We included five RCTs in this meta-analysis. There was no significant difference in the VISA-A between the PRP 
and placebo groups at 12 weeks, 24 weeks and 1 year after treatment. However, at 6 weeks after treatment, PRP exhibited 
better efficacy than the placebo treatment. Two studies in our meta-analysis included VAS scores and tendon thickness. There 
was no significant difference in VAS scores at 6 weeks and 24 weeks after treatment. However, VAS scores at 12 weeks and 
tendon thickness were significantly different.
Conclusion  PRP injection is an effective treatment for chronic AT. It has a unique potential for increasing function and 
reducing discomfort in AT patients.
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Introduction

Achilles tendinopathy (AT) is a functional problem charac-
terised by swelling and pain above the Achilles tendon inser-
tion region [1]. It is common among recreational runners as 
well as the general population, with incidences of 9% and 
5–6%, respectively [2]. The aetiology is complex and poorly 
understood. This condition has serious complications and is 
mostly treated with conservative measures. However, this 
treatment method has a poor curative effect, and the condi-
tion recurs frequently [3].

Excessive exercise or long-term overuse causes the Achil-
les tendon and its surrounding tissues to stretch beyond 
the repair capability of the tendon, causing inflammatory 
changes in the periorbital tissue and the tendon. Chronic 
inflammation causes degeneration of the tendon’s hyaline 
and fatty tissues. This effect weakens and even causes the 
Achilles tendon to rupture spontaneously [4].

The first-line treatment in AT is a conservative approach 
that includes exercise therapy and patient education which 
includes resistance and eccentric training [5]. If adequate 
relief is not obtained, other additional therapies may be 
considered. Invasive interventions, such as surgery, can 
have negative consequences and are sometimes unsuccess-
ful [6]. As a result, non-invasive therapies should be pri-
oritised. These are further classified as a pharmaceutical 
which includes injection therapy and Glyceryl Tri-nitrate 
[GTN] patches and non-pharmaceutical like extracorporeal 
shock-wave therapy [ESWT] [7]. The most commonly used 
treatment methods in clinical practice are lidocaine and 

 *	 Clevio Desouza 
	 ceviod@gmail.com

1	 Saanvi Orthopaedics, 2003, Sorrento High Street, 
Hiranandani Gardens, Powai, Mumbai, Maharashtra 400076, 
India

2	 DR. L.H. Hiranandani Hospital, Powai, Mumbai, 
Maharashtra, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s00590-023-03570-6&domain=pdf


3256	 European Journal of Orthopaedic Surgery & Traumatology (2023) 33:3255–3265

1 3

steroid injection therapy, which have strong analgesic and 
anti-inflammatory effects. However, repeated injections can 
cause collagen necrosis which leads to degradation of the 
mechanical properties of the Achilles tendon [8]. Also, the 
long-term use of nonsteroidal anti-inflammatory drugs can 
easily result in gastrointestinal ulcers. As a result, the long-
term clinical use of these drugs in the treatment of AT has 
been controversial [9].

PRP or platelet-rich plasma is derived from autologous 
whole blood via centrifugation. Platelet-derived growth 
factor [PDGF], Transforming growth factor-beta 1 [TGF-
1], epidermal growth factor [EGF] and insulin-like growth 
factor [IGF] are all growth factors that can be released by 
highly concentrated platelets. PRP stimulates the vascular 
endothelial cell division which leads to vascular prolifera-
tion, collagen synthesis and capillary growth in the trans-
plant area, which in turn speeds up wound healing [10]. PRP 
has piqued the interest of researchers due the large number 
of benefits associated with its use, such as self-sufficiency, 
ease of extraction, and high safety [11]. The local injection 
of autologous PRP has been used clinically to treat chronic 
AT based on the findings of a large number of basic research 
and animal experiments. However, the findings of numer-
ous clinical studies on the efficacy and safety of PRP are 
inconclusive.

In this study, we searched the clinical literature for infor-
mation on the use of PRP injections locally to treat AT. We 
used a systematic review and meta-analysis to combine rel-
evant literature. We wanted to understand the efficacy of 
local PRP injections in AT treatment and compare it to the 
efficacy of conservative treatments.

Material and methods

Before beginning the study, we developed a prospective pro-
tocol that included objectives, literature-search strategies, 
inclusion and exclusion criteria, outcome measurements, and 
statistical analysis methods based on the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis [PRISMA] 
criteria [12].

Literature search

Systematic searches were conducted in Cochrane Library, 
Web of Science, EMBASE and PubMed. “plasma,” “plate-
let-rich,” “platelet-rich plasma,” “PRP,” “plasma/platelet-
rich,” “plasma/platelet-rich fibrin,” “tendon, Achilles,” “cal-
caneal tendon,” “tendo calcaneus” were searched in the title 
and abstract. The last search was done in December 2022. 
By reading the retrieved literature, we manually retrieved 
eligible references.

Inclusion criteria

The following eligibility criteria were established based 
on patient, intervention, comparison, outcome, and study 
design (PICOS): P: At diagnosis; I and C: PRP injection 
around the tendon; O stands for the Victorian Institute of 
Sport Assessment-Achilles (VISA-A), VAS, and Achilles 
tendon thickness measurement; S stands for a randomised 
controlled clinical trial.

The following are the specifics of the outcomes: The 
VISA-A score was between 0 and 100, with 0 indicating 
no activity and maximum pain and 100 indicating maxi-
mum activity and no pain [13]. The secondary outcome 
measures were pain during activity as measured by a VAS 
score where 0 represents no pain and 100 represents the 
worst pain imaginable; 0–100 mm [14]. Ultrasonography 
was used to determine the thickness of the tendons.

Exclusion criteria

The following exclusion criteria were used: PRP combined 
with surgery; a lack of non-PRP controls; insufficient lit-
erature (such as only meeting summaries); and duplication 
of literature (such as early and final papers of a clinical 
trial).

Evaluation of literature

Two independent reviewers assessed the quality of the 
included studies using the Newcastle–Ottawa Scale [NOS] 
[15]. The following items were evaluated: comparability, 
selection and outcome measurement. It consisted of an 
eight item scale. Based on the data presented in the arti-
cle, each item was assigned a “strong evidence,” “medium 
evidence,” or “limited evidence” rating.

Extraction of data and analysis

The relevant data were extracted independently by the 
two researchers. The mean difference and 95% confidence 
interval (CI) were calculated and analysed as the effect 
amounts based on the ankle function scores of each study 
treatment group and control group. In the case of complete 
data, the priority sequence of VISA-A, VAS, and Achil-
les tendon thickness was calculated if multiple ankle joint 
function scores were used in the study. Methods for data 
extraction, transformation, and analysis were carried out 
following the Cochrane system evaluation manual.
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Statistical analysis

The Cochrane Collaboration provided Review Manager 
5.3 software for meta-analysis, which was supplemented 
by Graphpad Prism 5.1 software for calculation and plot-
ting. I2 was calculated to test for heterogeneity across 
studies. When I2 was less than 50%, the study’s hetero-
geneity was low, and the random-effect model (random 
effect) was used. I2 values greater than 75% indicated 
heterogeneity. As a result, heterogeneity was investi-
gated using the random-effect model (random effect). By 
removing an article, sensitivity analysis was performed. 
P < 0.05 was deemed statistically significant.

Results

Selection of study

Our initial search yielded a total of 608 articles. Follow-
ing the screening and application of inclusion and exclu-
sion criteria, we included 5 articles with 189 patients with 
chronic AT in our meta-analysis (Fig. 1). Table 1 details the 
general information included in the study. According to the 
NOS, one study had a score of 8, two studies had score of 
7, and two studies had score of 6, thus having high risk of 
bias (Table 2).

Main outcome indicators, VISA‑A score

VISA-A scores were included in four articles at 6 weeks 
after treatment while scores at 12 and 24  weeks after 

Fig. 1   PRISMA flow chart of 
the systematic review Records through database searching [EMBASE, Cochrane, 

Pubmed, Web of science]

(n= 608)

208 non-duplicate cita�ons screened

Inclusion/Exclusion criteria applied 189 ar�cles excluded a�er 
abstract/�tle screen

19 ar�cles retrieved

Inclusion/Exclusion criteria applied

5 ar�cles included

14 ar�cles excluded
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treatment were included in five articles, respectively. The 
other time points showed high heterogeneity, except for the 
results at 6 weeks, and the random-effect model was used for 
combined analysis. The random-effect model and the hetero-
geneous I2 < 40% were combined. Standard mean difference 
[SMD], 95% Confidence interval [CI], Z score, and I2 at 
6 weeks, 12 weeks and 24 weeks after treatment was dem-
onstrated on a forest and funnel plot diagram (Figs. 2, 3 and 
4). Although there was no significant difference in improve-
ment, the VISA-A score of the PRP group was significantly 
higher than that of the control group 6 weeks after treatment. 
Patients were followed up 1 year after the procedure in only 
2 studies, which was shown on a forest and funnel plot dia-
gram (Fig. 5). No significant difference existed between the 
experimental PRP and control groups.

VAS score

Two studies used VAS scores at 6, 12, and 24 weeks follow-
ing treatment. The results were sufficiently dissimilar that 
combined analysis was done using a random-effect model. 
The results were shown on a forest and funnel plot diagram 
in terms of SMD, 95% CI Z score and I2 (Fig. 6, 7 and 8). 
At 6 and 24 weeks following treatment, there was no dis-
cernible difference between the VAS scores of the PRP and 
control groups. At 12 weeks after treatment, the PRP group’s 
VAS scores were much higher than the control group, and 
the improvement was statistically significant.

Measurement of Achilles thickness

At 12 weeks after treatment, measures of the Achilles tendon 
thickness were statistically analysed in two investigations. The 
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Table 2   Quality assessment for the studies included in the meta-anal-
ysis by the Newcastle–Ottawa scale

★★★—Strong level of evidence
★★—Moderate level of evidence
★—Limited level of evidence

Study Selection Comparability Exposure 
or out-
come

Total score

De Jong et al. 
[16]

★★★ ★★ ★★ 7

De Vos et al. 
[17]

★★★ ★★ ★★ 7

Boesen et al. 
[18]

★★★ ★★★ ★★ 8

Krogh et al. [19] ★★ ★★ ★★ 6
Kearney et al. 

[20]
★★ ★★ ★★ 6
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Fig. 2   Forest plot and Funnel plot for VISA-A score between PRP and placebo injections plus eccentric training at 6 weeks after treatment

Fig. 3   Forest plot and Funnel plot for VISA-A score between PRP and placebo injections plus eccentric training at 12 weeks after treatment
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findings of the random-effect model analysis showed that the 
cerumen of the PRP group was considerably thinner than that 
of the control group which was shown on a forest and funnel 
plot diagram (Fig. 9).

Publication bias and sensitivity analysis

Sensitivity analysis was performed on the entire group or sub-
group with significant heterogeneity (P < 0.10) to determine 
the cause of the heterogeneity. The findings showed that the 
I2 reduced from 34 to 0% for the VISA-A score six weeks 
after therapy, and the heterogeneity changed from P = 0.21 
to P = 0.55 after Boesen’s study was taken into account. The 
VISA-A score of the PRP injection group was no longer 
statistically significant in comparison to the control group. 
I2 dropped to 0% for the VISA-A scores from all other time 
points, but the study’s findings remained essentially the same. 
Sensitivity analysis was conducted in just one study.

Discussion

PRP has been utilised in clinical settings for a long time; 
however, its effectiveness in treating AT is still up for 
debate. The efficacy of PRP is comparable to that of the 
placebo, according to the quantitative analysis of the five 
items of grade-I clinical evidence in this investigation. 
The exact aetiology causing AT is uncertain, and sev-
eral factors influence its onset. The majority of research 
indicates that inappropriate exercise training, overwork, 
and anatomic deformities brought on by weakness are 
the main causes of AT. The initial localised inflamma-
tion of the Achilles tendon is caused by several reasons. 
Degenerative alterations and eventually a partial or total 
rupture of the Achilles tendon are caused by these effects 
[21]. The Achilles tendon does not receive any blood sup-
ply. Because of this, it heals far more slowly than other 

Fig. 4   Forest plot and Funnel plot for VISA-A score between PRP and placebo injections plus eccentric training at 24 weeks after treatment
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Fig. 5   Forest plot and Funnel plot for VISA-A score between PRP and placebo injections plus eccentric training at 1 year after treatment

Fig. 6   Forest plot and Funnel plot for VAS score between PRP and placebo injections plus eccentric training at 6 weeks after treatment
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connective tissues. As research has advanced, experts have 
realised that growth factors are crucial to the regeneration 
of the Achilles tendon and have discussed using PRP to 
treat AT.

To separate PRP from whole blood, a cell separation 
method is employed. Growth factors, which are necessary 
for tissue healing, can be secreted by platelets. These ele-
ments promote angiogenesis, collagen synthesis, and ten-
don cell proliferation, all of which support tendon regenera-
tion. Numerous laboratory-based investigations and a small 

number of clinical trials have shown that PRP on AT has 
a positive therapeutic effect; as a result, PRP is frequently 
utilised in clinical practice to treat AT [22].

PRP offers patients with tendon illnesses effective pain 
alleviation and patient satisfaction, according to Murawski 
et.al [23]. However, there are drawbacks to such trials, such 
as the absence of a control group and efficient disease speci-
ficity, blinding and measurement, techniques. De Jonge et.al 
[16] looked into how well placebo and PRP injections, either 
alone or in combination with centrifuge training, worked to 

Fig. 7   Forest plot and Funnel plot for VAS score between PRP and placebo injections plus eccentric training at 12 weeks after treatment

Fig. 8   Forest plot and Funnel plot for VAS score between PRP and placebo injections plus eccentric training at 24 weeks after treatment
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reduce pain and increase function in individuals with tend-
initis. They found in their study that individuals with tend-
initis did not significantly benefit from PRP or a placebo in 
terms of pain alleviation or function. This study has impor-
tant therapeutic significance because chronic tendinopathy is 
increasingly being treated with PRP. These results, however, 
are restricted to laboratory and clinical studies.

In vitro and animal studies, PRP encourages the synthesis 
of tendon collagen and neovascularisation. However, instead 
of using a perfect tendinitis model, these research studies 
used tendons that were normal or damaged. In a double-
blind, randomised controlled experiment, PRP was used to 
treat 54 individuals with persistent Achilles tendon inflam-
mation. They discovered that PRP injection had no impact 
on the neovascularisation score or the acoustic echo struc-
ture of the Achilles tendon lesion. The clinical use of PRP 
is not supported by these findings.

Boesen et.al [18] work stood out from the others in this 
meta-analysis, according to sensitivity analysis. His study 
was one of the first RCTs to demonstrate that when com-
pared to a placebo, PRP is effective. One explanation for 
the discrepancy in outcomes could be that Boesen et al. [18] 
employed four PRP injections spaced two weeks apart, as 
opposed to just one in earlier RCTs. Patients with chronic 
gingivitis who received PRP injections had successful clini-
cal results in terms of function and pain relief, according to 
Abate et al. [24]. PRP has the potential to encourage tendon 
repair, even though the potential method by which it can 
treat tendinitis is uncertain. Growth factors including PDGF, 

EGF, IGF and TGF-1 are all present in PRP and play crucial 
roles in regulating the repair of damaged tissue. The Achilles 
tendon is exposed to growth factors for a longer period after 
repeated injections. This result encourages the healing of 
Achilles tendon tissue [25].

In contrast to other RCTs, Boesen’s study [18] used a dif-
ferent rehabilitation programme. In the RCTs incorporated 
in this study, eccentric training was given to the experimen-
tal and control groups. After 10 days, patients in Boesen’s 
study [18] were permitted to progressively recover. How-
ever, all participants in previous research skipped vigorous 
activity for 4 to 6 weeks. Movement during AT rehabili-
tation was shown to be comparable to 6 weeks of halting 
exercise by Verrall et al. [26]. There is inadequate proof to 
support the idea that rest can enhance prognosis. In a 5-year 
follow-up research on eccentric training, Van der Plas et al. 
[27] found that 58 patients with AT improved to 83.6 from 
49.2 in a period of 5 years. Additionally, 39.7% of patients 
reported total pain relief at follow-up, and when measured, 
it was found that the Achilles tendon’s thickness in the sag-
ittal plane dropped from 8.05 to 7.50 mm at baseline. Ten-
don thickness measurement has its importance because the 
dimensions correlations in a normal Achilles tendon and 
tendinopathy tendon differ. The tendinopathy process is 
complex and represents not only a simple enlargement of the 
Achilles tendon, but changes the whole tendons’ geometry 
as well [28]. Eccentric training is useful in the treatment of 
chronic tendinitis because it can reduce pain and fasten the 
process of tendon remodelling and tissue healing [29].

Fig. 9   Forest plot and Funnel plot for Measurement of Achilles tendon thickness between PRP and placebo injections plus eccentric training
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Our observations with chronic AT are in line with a recent 
meta-analysis and systematic review carried out by Chen 
et al. [30], which discovered that PRP therapy did not sig-
nificantly enhance patient’s VAS scores when compared to 
alternative treatments. Our research showed that the Achilles 
tendon’s thickness dramatically decreased following PRP 
injection, which is objective proof that Achilles tendinitis 
symptoms have been relieved. PRP is generated from the 
patient and given after it underwent the vitro centrifugation 
process. The PRP itself, therefore, has no danger of disease 
transmission and does not induce immunological rejection. 
This discovery is supported in conditions other than AT. The 
negative effects of PRP are non-specific and resolve quickly 
without causing lasting harm [31]. The literature used in 
this study did not mention any negative effects from PRP 
injections near tendons.

Strength: We had well-defined inclusion and exclusion 
criteria for the study, and hence, only RCTs with grade-I 
clinical evidence of effectiveness were included in this 
meta-analysis.

Weakness: High heterogeneity remains in the quantitative 
analysis of the included RCT studies. Heterogeneity in these 
studies can be contributed to various factors which include 
the extent of tendinitis, PRP production methods, PRP cell 
component, the mode of activation, the frequency and dose 
of injection, and the control group. The included studies’ 
scoring standards and methods also differed. Even though 
analysis of the subgroup at follow-up was performed and the 
function score of the ankle joint was unified and summed up, 
heterogeneity was ineffectively reduced.

Opportunity: There is a need for future RCTs, to reduce 
heterogeneity in the existing research literature.

Threat: The various types of PRP were not differentiated 
in this investigation. Therefore, it is impossible to overstate 
the effectiveness and safety of a particular PRP therapy 
for tendinitis. The heterogeneity in PRP production tech-
niques and the lack of a standardised approach contributed 
to this limitation. Additionally, the study did not classify 
the patients’ ages and severity of the disease due to limited 
patient data derived from the included RCTs. Due to this 
incapacity, it was not possible to determine which patients 
would respond the best to PRP treatment for AT and who 
would be most sensitive to its effects.

Conclusion

According to the results of our meta-analysis, PRP injection 
is an effective treatment for chronic AT. PRP has a unique 
potential for increasing function and reducing discomfort 
in AT patients, according to research on its diverse modes 
of action.

Author contributions  All authors have contributed equally to the prep-
aration of the manuscript.

Funding  No funding was received for the study.

Data and materials availability  This published article contains all the 
data generated or analysed during this study.

Declarations 

Conflict of interest  The authors declare that they do not have any con-
flict of interest.

PRISMA 2020 checklist statement  The authors have read the PRISMA 
2020 checklist, and the manuscript was prepared and revised according 
to the PRISMA 2020 checklist.

References

	 1.	 Verhaegen F et al (2016) Rotator cuff healing after needling 
of a calcific deposit using platelet-rich plasma augmentation: 
a randomized, prospective clinical trial. J Shoulder Elb Surg. 
25:169–173

	 2.	 Zhao JG et al (2015) Platelet-rich plasma in arthroscopic rota-
tor cuff repair: a meta-analysis of randomized controlled trials. 
Arthroscopy 31:125–135

	 3.	 McClinton S, Luedke L, Clewley D (2017) Nonsurgical manage-
ment of mid-substance Achilles tendinopathy. Clin Podiatr Med 
Surg 34:137–160

	 4.	 Abbassian A, Khan R (2009) Achilles tendinopathy: pathology 
and management strategies. Br J Hosp Med (Lond) 70:519–523

	 5.	 Coombes BK et al (2010) Efficacy and safety of corticosteroid 
injections and other injections for management of tendinopa-
thy: a systematic review of randomised controlled trials. Lancet 
376:1751–1767

	 6.	 Wetke E, Johannsen F, Langberg H (2015) Achilles tendinopa-
thy: a prospective study on the effect of active rehabilitation and 
steroid injections in a clinical setting. Scand J Med Sci Sports 
25:e392–e399

	 7.	 Speed CA (2001) Corticosteroid injections in tendon lesions. 
BMJ 323:382–386

	 8.	 Srivastava P, Aggarwal A (2016) Ultrasound-guided retroc-
alcaneal bursa corticosteroid injection for refractory Achilles 
tendinitis in patients with seronegative spondyloarthropathy: 
efficacy and follow-up study. Rheumatol Int 36:875–880

	 9.	 Caudell GM (2017) Insertional Achilles tendinopathy. Clin 
Podiatr Med Surg 34:195–205

	10.	 Alves R, Grimalt R (2018) A review of platelet-rich plasma: 
history, biology, mechanism of action, and classification. Skin 
Appendage Disord 4:18–24

	11.	 Noh KC, Liu XN, Zhuan Z et al (2018) Leukocyte-poor platelet-
rich plasma-derived growth factors enhance human fibroblast 
proliferation in vitro. Clin Orthop Surg 10:240–247

	12.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page 
MJ, Welch VA (2019) Cochrane handbook for systematic 
reviews of interventions, 2nd edn. John Wiley & Sons, Chich-
ester (UK)

	13.	 Robinson JM, Cook JL, Purdam C et al (2001) The VISA-A 
questionnaire: a valid and reliable index of the clinical severity 
of Achilles tendinopathy. Br J Sports Med 35:335–341



3265European Journal of Orthopaedic Surgery & Traumatology (2023) 33:3255–3265	

1 3

	14.	 Couper M, Tourangeau R, Conrad F et al (2006) Evaluating the 
effectiveness of visual analogue scales: a web experiment. Soc Sci 
Comput Rev 24:227–245

	15.	 Stang A (2010) Critical evaluation of the Newcastle–Ottawa scale 
for the assessment of the quality of nonrandomized studies in 
meta-analyses. Eur J Epidemiol 25(9):603–605

	16.	 De Jonge S, De Vos RJ, Weir A et al (2011) One-year follow-up 
of platelet-rich plasma treatment in chronic Achilles tendinopathy. 
Am J Sports Med 39:1623–1629

	17.	 De Vos RJ, Weir A, van Schie HTM et al (2010) Platelet-rich 
plasma injection for chronic Achilles tendinopathy: a randomized 
controlled trial. JAMA 303(2):144–149

	18.	 Boesen AP, Hansen R, Boesen MI et al (2017) Effect of high-
volume injection, platelet-rich plasma, and sham treatment in 
chronic midportion Achilles tendinopathy. Am J Sports Med 
45:2034–2043

	19.	 Krogh TP, Ellingsen T, Christensen R et al (2016) Ultrasound-
guided injection therapy of Achilles tendinopathy with platelet-
rich plasma or saline. Am J Sports Med 44:1990–1997

	20.	 Kearney RS, Parsons N, Costa ML (2013) Achilles tendinopathy 
management: a pilot randomised controlled trial comparing plate-
let-rich plasma injection with an eccentric loading programme. 
Bone Joint Res 2:227–232

	21.	 Lu H, Yang H, Shen H et al (2016) The clinical effect of tendon 
repair for tendon spontaneous rupture after corticosteroid injec-
tion in hands. Medicine (Baltimore) 95:e5145

	22.	 Lin SL, Tsai CC, Wu SL et al (2018) Effect of arthrocentesis 
plus platelet-rich plasma and platelet-rich plasma alone in the 
treatment of temporomandibular joint osteoarthritis. Medicine 
(Baltimore) 97:e0477

	23.	 Murawski CD, Smyth NA, Newman H et al (2014) A single plate-
let-rich plasma injection for chronic midsubst. Foot Ankle Spec 
7:372–376

	24.	 Abate M, Di Carlo L, Verna S et al (2018) Synergistic activity 
of platelet-rich plasma and high volume image guided injection 
for patellar tendinopathy. Knee Surg Sports Traumatol Arthrosc 
26:3645–3651

	25.	 Charousset C, Zaoui A, Bellaiche L et al (2014) Are multiple 
platelet-rich plasma injections useful for treatment of chronic 
patellar tendinopathy in athletes? A prospective study. Am J 
Sports Med 42:906–911

	26.	 Verrall GM, Dolman BK, Best TM (2018) Applying physical sci-
ence principles to mid-substance Achilles tendinopathy and the 
relationship to eccentric lengthening exercises. Scand J Med Sci 
Sports 28:1159–1165

	27.	 Van der Plas A, De Jonge S, De Vos RJ et al (2012) A 5-year 
follow-up study of Alfredson’s heel-drop exercise programme 
in chronic midportion Achilles tendinopathy. Br J Sports Med 
46:214–218

	28.	 Szaro P, Ghali GK (2021) The correlations between dimensions 
of the normal tendon and tendinopathy changed Achilles tendon 
in routine magnetic resonance imaging. Sci Rep 11(1):6131

	29.	 O’Neill S, Watson PJ, Barry S (2015) Why are eccentric exer-
cises effective for Achilles tendinopathy. Int J Sports Phys Ther 
10:552–562

	30.	 Chen X, Jones IA, Park C et al (2018) The efficacy of platelet-
rich plasma on tendon and ligament healing: a systematic review 
and meta-analysis with bias assessment. Am J Sports Med 
46:2020–2032

	31.	 Nikolopoulos KI, Pergialiotis V, Perrea D et al (2016) Restora-
tion of the pubourethral ligament with platelet rich plasma for 
the treatment of stress urinary incontinence. Med Hypotheses 
90:29–31

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

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Platelet-rich plasma in chronic Achilles tendinopathy
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Literature search
	Inclusion criteria
	Exclusion criteria
	Evaluation of literature
	Extraction of data and analysis
	Statistical analysis

	Results
	Selection of study
	Main outcome indicators, VISA-A score
	VAS score
	Measurement of Achilles thickness
	Publication bias and sensitivity analysis

	Discussion
	Conclusion
	References




