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Abstract
Background: Platelet-rich plasma (PRP) is used as an alternative therapy to reduce pain and improve functional restoration in
patients with Achilles tendinopathy (AT). We evaluated the current evidence for the efficacy of PRP as a treatment for chronic AT.

Methods:The PubMed, Embase, Web of Science, and The Cochrane Library databases were searched for articles on randomized
controlled trials (RCTs) that compared the efficacy of PRP with that of with placebo injections plus eccentric training as treatment for
AT. The articles were uploaded over the establishment of the databases to May 01, 2018. The Cochrane risk of bias (ROB) tool was
used to assess methodological quality. Outcome measurements included the Victorian Institute of Sports Assessment-Achilles
(VISA-A), visual analog scale (VAS) and Achilles tendon thickness. Statistical analysis was performed with RevMan 5.3.5 software.

Results: Five RCTs (n=189) were included in thismeta-analysis. Significant differences in the VISA-Awere not observed between the
PRP and placebo groups after 12 weeks [standardized mean difference (SMD)=0.2, 95% confidence interval (95% CI): 0.36 to 0.76,
I2=71%], 24weeks (SMD=0.77, 95%CI:�0.10–1.65, I2=85%) and1 year (SMD=0.83, 95%CI:�0.76–2.42, I2=72%) of treatment.
However, PRP exhibited better efficacy than the placebo treatment after 6 weeks (SMD=0.46, 95% CI: 0.15–0.77, I2=34%). Two
studies included VAS scores and tendon thickness. VAS scores after 6 weeks (SMD=1.35, 95% CI:�0.1.04–3.74, I2=93%) and 24
weeks (SMD=1.48, 95% CI:�0.1.59–4.55, I2=95%) were not significantly different. However, VAS scores at the 12th week (SMD=
1.10, 95% CI: 0.53–1.68, I2=83%) and tendon thickness (SMD=1.51, 95% CI: 0.39–2.63, I2=53%) were significantly different.

Conclusion: PRP injection around the Achilles tendon is an option for the treatment of chronic AT. Limited evidence supports the
conclusion that PRP is not superior to placebo treatment. These results still require verification by a large number of well designed,
heterogeneous RCT studies.

Abbreviations: AT = Achilles tendinopathy, CI = confidence interval, EGF = epidermal growth factor, GRADE = the Grading of
Recommendations Assessment,Developmen and Evaluation, IGF = insulin-like growth factor, PDGF = platelet-derived growth
factor, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analysis, PRP = platelet-rich plasma, RCTs =
randomized controlled trials, ROB = Cochrane risk of bias, SMD = standardized mean difference, TGF-b1 = transforming growth
factor beta-1, VAS = visual analog scale, VISA-A = Victorian Institute of Sports Assessment-Achilles.
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1. Introduction

Achilles tendinopathy (AT) is a disease that is commonly
encountered in the outpatient department of orthopedics. This
disease has serious complications and is mainly treated through
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conservative treatment in the clinic. However, this treatment
approach has poor curative effect, and the disease easily
relapses.[1] The root of the disease is long-term unreasonable
or excessive exercise, which causes the Achilles tendon and its
surrounding tissues to repeatedly rub or overstretch beyond the
repair capability of the tendon itself and for inflammatory
changes to occur in the tendon and periorbital tissue. Chronic
inflammation leads to the degeneration of the hyaline and fatty
tissues of the tendon. This effect weakens and even causes the
spontaneous rupture of the Achilles tendon.[2]

AT is treated through nonsurgical approaches, such as steroid
hormone-blocking therapy, oral nonsteroidal anti-inflammato-
ry drugs, low-temperature external application, and low-
frequency ultrasound stimulation. Steroids and lidocaine
closure therapy, which exert strong anti-inflammatory and
analgesic effects, are the most widely used treatment methods in
clinical practice. However, repeated and multiple injections can
lead to collagen necrosis and may degrade the mechanical
properties of the Achilles tendon.[3–5] The long-term use of
nonsteroidal anti-inflammatory drugs can easily lead to the
occurrence of gastrointestinal ulcers. Thus, the clinical
application of these drugs in the treatment of AT has been
controversial.[6]
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The tissue of the Achilles tendon is composed of tendon
cells, fibrin collagen, and water. Given that the Achilles tendon
lacks its own blood supply, its healing rate is significantly slower
than that of other connective tissues when damaged.[7] As the
related research continues to develop, scholars have found
that growth factors play a crucial role in Achilles tendon repair
and have considered using platelet-rich plasma (PRP) to treat
chronic AT.[8,9] Animal experiments have demonstrated that
PRP can promote the healing quality and process of
Achilles tendons.[10,11]

PRP is blood rich in platelets and is derived from autologous
whole blood through centrifugation. Highly concentrated
platelets can release a large number of growth factors, such as
transforming growth factor beta 1 (TGF-b1), insulin-like growth
factor (IGF), epidermal growth factor (EGF), and platelet-derived
growth factor (PDGF). PRP accelerates the repair of wound sites
by stimulating vascular endothelial cell division, vascular
proliferation, capillary growth, and collagen synthesis in the
transplant area.[12,13] PRP has attracted considerable attention
from researchers because of its obvious advantages, such as self-
sufficiency, convenient extraction, and high safety. On the basis
of the results of a large number of basic research and animal
experiments, the local injection of autologous PRP has been
used clinically to treat chronic AT. However, the conclusions
drawn by numerous clinical studies on the efficacy and safety of
PRP are inconsistent.
In this study, we comprehensively searched clinical literature

related to the use of the local injection of PRP to treat AT. We
combined relevant literature through systematic review and
meta-analysis. We aimed to understand the efficacy of the local
injection of PRP in AT treatment and compare the efficacy of PRP
with that of conservative treatments.
2. Materials and methods

According to the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) criteria, we created a
prospective protocol, including objectives, literature-search
strategies, inclusion and exclusion criteria, outcome measure-
ments, and methods of statistical analysis before commenc-
ing the study. The study was approved by the ethics
committee of The Third Affiliated Hospital of Hebei
Medical University.
2.1. Literature search

PubMed (1950–May 2018), EMBASE (1974–May 2018), Web
of Science (May 2018) and the Cochrane Library (May 2018)
were systematically searched. The following MeSH or Emtree
terms and their combinations were searched in the title and
abstract: “plasma,” “platelet-rich,” “platelet rich plasma,”
“PRP,” “plasma/platelet-rich,” “plasma/platelet-rich fibrin,”
“tendon, Achilles,” “calcaneal tendon,” “calcaneal tendons,”
“calcaneal tendons” and “tendo calcaneus.” The search deadline
was May 1, 2018. We manually retrieved eligible references by
reading the retrieved literature.
2.2. Literature inclusion criteria

Eligibility criteria were established on the basis of patient,
intervention, comparison, outcome, and study design (PICOS) as
follows: P: diagnosis of AT; I and C: injection of PRP around the
2

tendon; O: the Victorian Institute of Sport Assessment-
Achilles (VISA-A), visual analog scale (VAS) and Achilles
tendon thickness measurement; S: randomized controlled clinical
trial.
The details of the outcomes were as follows: The VISA-A score

ranged from 0 to 100, where 0 denotes no activity and maximum
pain, and 100 denotes maximum activity and no pain. The
secondary outcome measures were pain during activity measured
on the basis of a VAS score (where 0 equals no pain, and 100 is
the worst pain imaginable; 0–100mm). Tendon thickness was
measured via ultrasonography.
2.3. Exclusion criteria

The exclusion criteria were as follows: PRP combined with
surgery; lack of non-PRP controls; incomplete literature (such as
only summary of meetings); duplication of literature (such as
early and final papers of a clinical trial).
2.4. Literature quality evaluation

Two independent reviewers (CJL and JBB) evaluated the quality
of the included studies by using the ROB tool provided by the
Cochrane collaboration. Seven items, namely, random sequence
generation, allocation concealment, participant and personnel
blinding, outcome assessment blinding, incomplete outcome
data, selective reporting and other bias, were assessed. Each item
was judged as of “high risk,” “unclear risk,” and “low risk” on
the basis of the data presented in the article. If the article provided
sufficient and correct information, the judgement was “low risk.”
If the article provided insufficient or unmentioned information,
the judgement was “unclear risk.” If the article was reported
incorrectly, the judgement was “high risk.” If disagreements
occurred between the 2 researchers, a third researcher would join
in the discussion until a consensus was reached.
2.5. Data extraction and analysis

The 2 researchers independently extracted the relevant data. If
any dispute occurred, the third researcher would join the
discussion, and they would decide together. The mean difference
and 95% CI were calculated and analysed as the effect amounts
in accordance with the ankle function scores of each study
treatment group and control group. If multiple ankle joint
function scores were used in the study, the priority sequence of
VISA-A, VAS, and Achilles tendon thickness was calculated in
case of complete data. Data extraction, transformation and
analysis methods were performed in reference to the Cochrane
system evaluation manual.
2.6. Statistical analysis

Meta-analysis was performed using the Review manager 5.3
software provided by Cochrane Collaboration and supplemented
by Graphpad Prism 5.1 software for calculation and plotting. I2

was calculated to test heterogeneity amongst different studies.
When I2<50%, the heterogeneity of the study was low, and the
fixed-effect model (fixed effect) was used. I2>75% was
suggestive of heterogeneity. Thus, heterogeneity was analysed,
and the random-effect model (random effect) was used.
Sensitivity analysis was performed by removing an article.
P< .05 was considered statistically significant.



Figure 1. Flow diagram of studies identified, included, and excluded.
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3. Results

3.1. Study selection

A total of 650 articles were obtained from the initial examination.
After screening, 5 randomized controlled trials (RCTs) that
included 189 patients with chronic AT were finally included for
qualitative and quantitative analyses (Fig. 1). The general
information included in the study is detailed in Table 1.
One low bias, 2 medium biases and 2 high biases were
determined in accordance with the Cochrane risk assessment
criteria (Figs. 2 and 3).
Table 1

General characteristics of included studies.

Sample size (n) male/female Mean age, ye

Included study year PRP Control PRP Control PRP Con

De Vos et al[14] 2010 27 27 13/14 13/14 49 5
De Jonge et al[15] 2011 27 27 Not provided 49.7 49
Kearney et al[16] 2013 9 10 4/5 3/7 47.8 49
Krogh et al[17] 2016 12 12 5/7 6/6 46.7 51
Boesen et al[18] 2017 19 19 19/0 19/0 43.1 40

TT= tendon thickness, VAS= visual analog scale, VISA-A=Victorian Institute of Sport Assessment-Ach

3

3.2. Main outcome indicators, VISA-A score

Four, five and five articles included VISA-A scores at 6, 12 and
24 weeks after treatment. Except for the results at 6 weeks, those
of other time points indicated high heterogeneity, and the
random-effect model was used for combined analysis. The
heterogeneous I2<40% was combined with the fixed-effect
model. The results showed SMD=0.46, 95%CI: 0.15, 0.77 and
I2=34% at 6 weeks after treatment; SMD=0.20, 95% CI:
�0.36, 0.76, and I2=71% at 12 weeks after treatment; SMD=
0.77, 95% CI: �0.10, 1.65, and I2=85% at 24 weeks after
ars Interventions

trol PRP Control
Follow-up,
months

Study
design Outcomes

0 4 mL;1time Saline;1time 6 RCT VISA-A
.7 4 mL;1time Saline;1time 12 RCT VISA-A
.9 4 mL;1time Eccentric loading 6 RCT VISA-A,VAS
.8 6 mL;1time Saline;1time 6 RCT VISA-A, TT
.9 4 mL;4times Saline;4times 6 RCT VISA-A, VAS,TT

illes.
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Figure 2. Risk of bias summary.
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treatment. No significant difference was found in improvement,
but 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 operation in only 2 studies
(SMD=0.83, 95% CI: �0.76, 2.42, and I2=72%). No
Figure 3. Risk of bias assessment.
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significant difference existed between the experimental and
control groups (Fig. 4).

3.3. VAS score

Two studies included VAS scores at 6, 12, and 24 weeks after
treatment. The results were significantly heterogeneous, and a
random-effect model was used for combined analysis. The results
showed SMD=1.35, 95% CI: �1.04, 3.74, and I2=93% at 6
weeks after treatment; SMD=1.10, 95%CI: 0.53, 1.68, and I2=
83% at 12 weeks after treatment; SMD=1.48, 95% CI: �1.59,
4.55, and I2=95% at 24 weeks after treatment. The VAS scores
of the PRP and control groups at 6 and 24 weeks after treatment
were not significantly different. Improvement was not statistically
significant, and the VAS scores of the PRP group were
significantly higher than those of the control group at 12 weeks
after treatment (Fig. 5).

3.4. Measurement of Achilles tendon thickness

Two studies included the statistical analysis of the measurement
of Achilles tendon thickness at 12 weeks after treatment. The
results of random-effect model analysis showed that SMD=1.51,
95% CI: 0.39, 2.63, and I2=53%, which suggested that the
cerumen of the PRP group was significantly thinner than that of
the control group (Fig. 6).

3.5. Sensitivity analysis and publication bias

To identify the source of heterogeneity, the overall or subgroup
with significant heterogeneity was subjected to sensitivity analysis
(i.e., P< .10). The results showed that for the VISA-A score at 6
weeks after treatment, the I2 decreased from 34% to 0%, and the
heterogeneity of P=0.21 changed to P=0.55 after Boesen’s study
was removed. In contrast to the VISA-A score of the control
group, that of the PRP injection group was no longer statistically
significant. For the VISA-A scores of all other time points,
I2 decreased to 0%, and the study results did not significantly
change. A single study was subjected to sensitivity analysis. The
results showed that meta-analysis was unstable. The Cochrane
Collaborative Systematic Review stated that when the number of
research articles included in the meta-analysis is <10, the funnel
plots used to evaluate publication bias are less effective and
cannot be used to evaluate publication bias.



Figure 4. Forest plot for VISA-A score between PRP and placebo injections plus eccentric training. (A) 6 weeks after treatment; (B) 12 weeks after treatment; (C) 24
weeks after treatment; (D) 1 year after treatment. PRP=platelet-rich plasma, VISA-A=Victorian Institute of Sports Assessment-Achilles
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3.6. Quality of evidence

The GRADE system showed that the quality of evidence was
moderate for VISA-A (12, 24 weeks) and was low for VAS and
tendon thickness (Table 2).

4. Discussion

Although PRP has been clinically used for many years, its efficacy
in AT treatment remains controversial. In this study, the
quantitative analysis of the 5 items of grade-I clinical evidence
showed that the efficacy of PRP does not significantly differ from
that of the placebo.
Many factors contribute to the development of AT, and the

exact mechanism that underlies this disease remains unclear.
Most studies have suggested that AT is mainly caused by
overwork, incorrect exercise training, stiff limbs and anatomic
anomalies caused by weakness. Various factors first cause the
local inflammation of the Achilles tendon. These effects then
result in degenerative changes and finally in the partial or
complete rupture of the Achilles tendon.[19]

The Achilles tendon itself lacks blood supply. Thus, its healing
rate is significantly slower than that of other connective tissues.
With the extension of relevant research, scholars have found that
5

growth factors play a vital role in the repair of Achilles tendon
and have considered the use of PRP to treat AT.
PRP is extracted from whole blood by a cell separation system.

Platelets can secrete growth factors that are required for the
repair of various tissues. These factors play an important role in
tendon regeneration by increasing tendon cell proliferation,
collagen synthesis and angiogenesis. A number of laboratory-
based studies and limited clinical studies have confirmed that PRP
exerts a good therapeutic effect on AT; therefore, PRP is widely
used in clinical practice to treat AT.[20] Murawski[21] studies have
shown that PRP provides good pain relief and satisfaction among
patients with tendon diseases. However, such studies have
limitations, i.e., they lack a control group or effective disease
specificity, measurement and blinding methods. De Jonge
compared the efficacy of PRP and placebo injection separately
or in combination with centrifuge training for pain relief and
functional improvement among patients with tendinitis. De Jonge
found that treatment with PRP or the placebo did not
significantly promote pain relief and function among patients
with tendinitis. This finding has important clinical implications
because PRP is increasingly used to treat chronic tendinopathy.
Nevertheless, these conclusions are limited to laboratory and
clinical studies. In vitro or in animal experiments have shown that

http://www.md-journal.com


Figure 5. Forest plot for VAS score between PRP and placebo injections plus eccentric training. (A) 6 weeks after treatment; (B) 12 weeks after treatment; (C) 24
weeks after treatment. PRP=platelet-rich plasma, VAS=visual analog scale.
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PRP promotes tendon collagen synthesis and neovascularisation.
However, these studies were performed using normal tendons or
wounded tendons and not with an ideal tendinitis model. De Vos
conducted a double-blind RCT in which 54 patients with chronic
Achilles tendon inflammation received PRP treatment. Their
results showed that PRP injection did not change the ultrasonic
echo structure of the Achilles tendon lesion and the score of the
neovascularisation. These studies do not support the clinical
application of PRP.
Sensitivity analysis revealed that Boesen’s article was highly

heterogeneous from the other articles included in this meta-
analysis. In contrast to previous RCTs, Boesen’s study was the
first RCT that showed that PRP has positive effects compared
with the placebo. One explanation for the different results might
be that Boesen provided 4 injections of PRP at 2-week intervals,
whereas previous RCTs used only one injection of PRP. Abate
et al[22] provided multiple injections of PRP to patients with
chronic gingivitis, who showed positive clinical results in terms of
function and pain. Although the potential mechanism of PRP
in the treatment of tendonitis remains unclear, PRP has the
potential to promote tendon healing. PRP contains various
growth factors, including TGF-b1, IGF, EGF and PDGF, all of
which are essential regulators of injured tissue repair. Repeated
injection prolongs the time of exposure of the Achilles tendon to
Figure 6. Forest plot for the measurement of Achilles tendon thickn
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growth factors. This effect promotes the recovery of Achilles
tendon tissue.[23]

Boesen’s study employed a rehabilitation programme that was
different from that employed by other RCTs. In the RCTs
included in this study, the experimental and control groups
received eccentric training. In Boesen’s study, patients were
allowed to recover gradually after 10 days. In contrast, in other
studies, all patients avoided excessive exercise for 4 weeks to 6
weeks. Verrall et al[24] showed that during AT rehabilitation,
movement did not provide inferior results compared with 6
weeks of stopping exercise. Insufficient evidence suggests that rest
can improve prognosis. Van der Plas et al[25] conducted a 5-year
follow-up study on eccentric training and found that 46 people
(58 with AT) increased from baseline 49.2 to 83.6 in 5 years.
Moreover, at follow-up, 39.7% reported complete pain relief,
and the thickness of the sagittal Achilles tendon decreased from
the baseline of 8.05 to 7.50mm. Eccentric training, which can
relieve pain and accelerate tendon remodelling and tissue repair,
is effective in the treatment of chronic tendinitis.[26]

Our findings on chronic Achilles tendinopathy are in
agreement with a recent meta-analysis by Chen et al,[27] which
found that PRP treatment did not led to significantly improved
VAS scores compared with alternative treatments in patients.
However, our study also found that the thickness of the Achilles
ess between PRP and placebo injections plus eccentric training.



Table 2

GRADE assessment of outcomes.

Outcome
No of
studies Design

Risk
of bias Inconsistency Indirectness Imprecision

Publication
bias Quality Importance

VISA-A (6 wks) 4 RCT No Serious No Serious Undetected Low Critical
VISA-A (12 wks) 5 RCT No No No Serious Undetected Moderate Critical
VISA-A (24 wks) 5 RCT No No No Serious Undetected Moderate Critical
VISA-A (1 year) 2 RCT No Serious No Serious Undetected Low Critical
VAS (6 wks) 2 RCT No Serious No Serious Undetected Low Important
VAS (12 wks) 2 RCT No Serious No Serious Undetected Low Important
VAS (24 wks) 2 RCT No Serious No Serious Undetected Low Important
Tendon thickness 2 RCT No Serious No Serious Undetected Low Important

RCT= randomization controlled trial, VAS= visual analog scale, VISA-A=Victorian Institute of Sport Assessment-Achilles.
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tendon was significantly thinner after PRP injection, which is an
objective indicator of the relief of Achilles tendinitis symptoms.
PRP is derived from the patient and is administered after a

short period of in vitro centrifugation. Thus, PRP itself does not
cause immune rejection and lacks the risk of disease transmission.
This finding is also confirmed in other diseases other than AT.
The adverse reactions caused by PRP are nonspecific and heal
within a short duration without serious consequences.[28] The
literature included in this study did not report adverse reactions
after PRP injection around the tendon.
5. Limitations

Although this study has established clear inclusion and exclusion
criteria, only RCTs with the effectiveness of grade-I clinical
evidence were included. Nevertheless, high heterogeneity remains
amongst these RCT studies in quantitative analysis. Heterogene-
ity may originate from the extent of tendinitis, the method used to
produce PRP, the cell component of PRP, the mode of activation,
the dose and frequency of the injection and the control group.
The scoring standards and methods used in the included studies
also differed. Although subgroup analysis was performed at
follow-up and the score of ankle joint function was unified and
summed up, heterogeneity was ineffectively reduced, which is
completely consistent with previous systematic reviews. The
design of future RCTs should focus on reducing heterogeneity
amongst existing research. In addition, this study failed to
subdivide PRP into different types. Consequently, the efficacy
and safety of a certain type of PRP treatment for tendinitis could
not be emphasised. This limitation was related to the diversity of
PRP production methods and the lack of a unified classification
method. Furthermore, this study did not categorise the patient’s
age and disease severity given the limited patient information
provided by the included RCTs. This inability precluded the
identification of the patients who are most sensitive to the
effects of PRP and the best indication for the treatment of ATwith
PRP.

6. Conclusion

In conclusion, this meta-analysis revealed that PRP injection
around the Achilles tendon is a treatment option for chronic AT.
Research on the mechanism of action of PRP has shown that PRP
has unique potential for relieving pain and improving function
among patients with AT. Thus, its application will be extensive.
The present results still require verificationwith a large number of
well-designed, homogeneous RCT studies.
7
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