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ABSTRACT

Background Chronic lateral epicondylar tendinopathy
is frequent in athletes, and platelet-rich plasma (PRP) is
being used increasingly in its treatment.

Objective To systematically review the literature on the
efficacy of PRP injections for chronic lateral epicondylar
tendinopathy.

Methods The databases of PubMed, EMBASE,
CINAHL, Medline OvidSP, Scopus, Google Scholar, Web
of Science and Cochrane Library were searched in
October 2013. Inclusion criteria were a clinical diagnosis
of chronic lateral epicondylar tendinopathy, a
randomised controlled trial, an intervention with a PRP
injection and the outcome measures described in terms
of pain and/or function. One author screened the search
results and two authors independently assessed the
study quality using the Physiotherapy Evidence Database
(PEDro) score. A study was considered to be of high
quality if its PEDro score was >6. A best evidence
synthesis was used to identify the level of evidence.
Results 6 studies were included, of which four were
considered to be of high quality. Three high-quality
studies (75%) and two low-quality studies showed no
significant benefit at the final follow-up measurement or
predefined primary outcome score when compared with
a control group. One high-quality study (25%) showed a
beneficial effect of a PRP injection when compared with
a corticosteroid injection (corticosteroid injections are
harmful in tendinopathy). Based on the best evidence
synthesis, there is strong evidence that PRP injections
are not efficacious in chronic lateral epicondylar
tendinopathy.

Conclusions There is strong evidence that PRP
injections are not efficacious in the management of
chronic lateral elbow tendinopathy.

INTRODUCTION

Chronic painful tendon disorders are frequent in
athletic and inactive individuals' and are common
in general and sports medicine practice.” They fre-
quently lead to a decrease in activity levels in
normal daily living and sometimes to cessation of
sporting activities.! It is estimated that half of all
tennis players will experience some degree of
lateral elbow pain during their career.® This is com-
monly caused by overuse of the common extensor
origin, which is frequently referred to as ‘tennis
elbow’, though in long-standing cases we prefer the
term chronic lateral epicondylar tendinopathy.® *
The most remarkable histological sign of chronic
lateral epicondylar tendinopathy is degeneration of
the tendon tissue and not inflammation.> However,
the diagnosis is based on clinical examination and

it can be established when there is tenderness over
the common extensor origin and painful resistance
against dorsiflexion of the wrist.*

Chronic lateral epicondylar tendinopathy can be
resistant to traditional conservative treatment
options and to improve outcomes of conservative
strategies and reduce the need for surgery, more
effective  conservative therapies are needed.
Injections with platelet-rich plasma (PRP) are said to
result in tissue regeneration and have gained popu-
larity recently.’ Platelets can be isolated from the
patients’ whole blood using cell-separating systems.®
The o-granules in the platelets release many differ-
ent growth factors. Previous case series showed
promising results, and therefore injections with PRP
are used increasingly in clinical practice.”” A recent
narrative review concluded that the evidence in
support of PRP seems to be strongest for refractory
cases of lateral elbow tendinopathy.'®

This systematic review aimed to examine the
current literature on the efficacy of PRP injections
as a treatment for chronic lateral epicondylar tendi-
nopathy. Based on the above described positive
effects of PRE we hypothesised that there was
strong evidence that PRP injections would result in
a larger improvement of pain and/or function
scores in patients with chronic lateral epicondylar
tendinopathy than placebo or other treatment
options.

METHODS

Literature search

The databases of PubMed, EMBASE, CINAHL,
Medline OvidSE Scopus, Google Scholar, Web of
Science and Cochrane Library were searched
without any time limits in October 2013. The main
search terms were: elbow, tendinosis, tendinitis,
tendinopathy, tendon injury, tennis elbow, tennis
arm, chronic epicondylitis, thrombocyte, PRP and
autologous blood. An overview of the complete
electronic search is shown in online supplementary
table S1. Additional citation tracking was per-
formed by manual screening of the reference lists
of the eligible studies. The literature search was
assisted by a biomedical information specialist
(WM Bramer).

Study selection

One reviewer (R-JdV) independently assessed all
potential eligible trials identified by the search strat-
egy. Articles met the eligibility criteria if the partici-
pants had a clinical diagnosis of chronic lateral
epicondylar tendinopathy and the design was a ran-
domised controlled trial (RCT). The intervention
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had to be a PRP injection and the outcome measures had to be
described in terms of pain and/or function. The article had to
be written in English. All titles and abstracts were assessed and
all relevant articles were obtained. All relevant articles were read
in full text by the reviewer to assess whether they met the eligi-
bility criteria.

Data extraction

One reviewer (JW) recorded the study design, number of parti-
cipants, intervention, control group(s), primary outcome mea-
sures, duration of follow-up, outcome in intervention group and
in control group(s) using standardised data extraction forms.
The methods of PRP preparation were recorded, with emphasis
on the number of injections, use of anaesthetics, use of pepper-
ing technique or needling of the tendon and the activation of
platelets (eg, with thrombin or calcium) with the aim of enab-
ling quick growth factor release. Primary outcomes were
extracted from the published articles to assess the effectiveness
of the interventions.

Quality assessment

The Physiotherapy Evidence Database (PEDro) score was used
to assess the study quality.!' This quality assessment tool
assesses 11 domains, each consisting of specific items (see online
supplementary table S2). The first statement is related to the
external validity of the study and is not used to calculate the
final quality score (item 1, as displayed in online supplementary
table S4 between brackets). The reliability of the PEDro score
was reported to be fair to good in a previous study.’ The PEDro
score provides sufficient reliability to be applied in systematic
reviews of physiotherapy trials,!* and it has been used in a
recent high-quality systematic review on the effects of injection
treatments in tendinopathy."> A PEDro score of six points or
higher is considered to represent a high quality study.® '* These
quality assessments of the included studies were used to categor-
ise the level of evidence.

Two authors (JW and AW) independently assessed the quality
of studies included using the PEDro forms. If there was a differ-
ence in opinion on an item, a consensus was reached by the two
reviewers. If no consensus was reached, the independent
opinion of a third reviewer (R-JdV) was decisive.

Best evidence synthesis

The heterogeneity of the data was evaluated after assessing the

number of included studies and primary outcome measures.

Data would be pooled and I? statistics would be performed if

there was suspected homogeneity of data. If data could not be

pooled because of heterogeneity, a best evidence synthesis was
carried out consisting of a qualitative analysis with five levels of
evidence.' ¢

1. Strong evidence: provided by two or more studies with high
quality and by generally consistent findings in all studies
(=75% of the studies reported consistent findings).

2. Moderate evidence: provided by one study with high quality
and/or two or more studies with low quality and by gener-
ally consistent findings in all studies (>75% of the studies
reported consistent findings).

3. Limited evidence: provided by only one study with low
quality.

4. Conlflicting evidence: inconsistent findings in multiple
studies (<75% of the studies reported consistent findings).

5. No evidence: when no studies could be found.

RESULTS

Literature search

The initial search yielded 720 records and after removing dupli-
cates, 318 articles were screened using the title and abstract.
Thirteen studies were identified as potentially relevant, for
which full text articles were retrieved. Citation tracking did not
lead to any additional relevant articles. After reviewing the full
text, six articles were excluded and seven articles!”>° met the
inclusion criteria (figure 1).

Description of included studies

Online Supplementary table S3 presents the characteristics of
the studies included. The studies of Peerbooms et al'” and
Gosens et al'® used the same dataset and are therefore consid-
ered as one study. Data extraction was performed in the six
studies included and a detailed description of the studies is pro-
vided below.

Study design

All six of the studies included randomly allocated participants
into treatment and control groups, although only three!”~1° 21
reported concealing their allocation. Four of the studies
reported blinding of the patients,'””™*® 2! 2* four studies
reported blinding of the assessors of key outcomes'”™2° %3 and
one study reported blinding of the individuals administering the
PRp!7 18

Participants

The median number of participants included in the studies was
80 (IQR 29.5-170). The mean patient age ranged from 36 to
51 years. Three studies'” '® 2! 23 required at least 6 months of
symptoms for inclusion, two studies required 3 months of symp-
toms,'® 2° and one required current diagnosis of tennis elbow

Records identified through
electronic database searching

(n=720)
v
Records after duplicates removed
(n=318)
Excluded after screening title and
> abstract
. (n =305)
Included for full text reading after
screening title and abstract
(n=13)
_ Added through citation tracking
v (n=0)
Full text articles assessed for
eligibility
(n=13)
Excluded after reading full text:
>« Study design (n = 4)
* Location tendinopathy (n=2)
v
Articles included in best evidence
synthesis
(n=7)

Figure 1  Study selection flow diagram.
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without any reported symptom duration.”* None of the studies
included reported physical activity levels of participants’ prein-
tervention or postintervention.

Interventions

Although all studies examined PRE the exact method and com-
position varied between studies. Five studies used a single injec-
tion of PRE consisting of 2-3 mL of PRP with an unreported
volume of bupivacaine,” 3 mL PRP with bupivacaine and epi-
nephrine,'” '® 3 mL of PRP alone,?® 3-3.5 mL of PRP alone'®
and an unreported volume of PRR** One study used two separ-
ate injections at 1 month intervals each consisting of 1.5 mL
PRP with 2 mL bupivacaine.”’ Platelet count was reported in
three studies, with PRP levels showing increases of at least 2
times,*> 2.8 times*! and 5.5 times®° that of whole blood levels.
One article reported that their method of preparation previously
showed an average of an eightfold increase in platelet concentra-
tion. Two studies did not report platelet count analysis.'” 18 23
Leucocyte concentration was reported in one study, with an
average platelet : leucocyte ratio of 111:1.2° The remaining five
studies did not report leucocyte concentration. Specific growth
factor concentrations were reported in one study, referencing
previous data on their chosen method of PRP preparation.”’
For administration of the PRB four studies used a peppering
technique,’” 2% 2% one did not*! and one did not report the
administration technique.?” Three trials explicitly denied any
activation of PRBY 18 20 21 while the other three did not report
anything on PRP activation.'® 2> 23

Additional treatments of stretching and strengthening exer-
cises were reported in three of the studies.!”?° One study!®
used a standard tennis elbow stretching and training programme
from http:/www.sportnetdoc.com; another'” '® prescribed a
physiotherapist-supervised stretching protocol for 2 weeks fol-
lowing the procedure, then introduced a formal eccentric
strengthening programme, and one®® had an unspecified pro-
gramme of stretching and eccentric loading to be completed
twice daily for 5 weeks.

Control groups varied between studies. Two studies used
autologous whole blood, one using two injections combined
with bupivacaine?! and one a single 3 mL injection of autolo-
gous peripheral whole blood.?® Corticosteroids were used as a
control group in three studies: one in an unreported amount,**
one with 5§ mL combined with bupivacaine and epinephrine'” '
and the last with 1 mL triamcinolone and 2 mL lidocaine.'®
Krogh et al'® also used a second control group with an injection
of 3 mL saline. One study used needling with 2-3 mL of bupi-
vacaine as its control group.?®

Primary outcome measures

Four studies'” '8 2% 22 23 jncluded visual analogue scores (VAS)
as a primary outcome measure to determine pain. To evaluate
function and disability, two studies also used Disabilities of the
Arm, Shoulder, and Hand (DASH) scores,'” '® 22 and one study
used the Liverpool elbow score.?’ The remaining two studies
evaluated outcomes using the Patient Rated Tennis Elbow
Evaluation (PRTEE) questionnaire.'® 2! Outcome success was
determined differently in each study, reported as 25% reduction
in VAS after 3 months,>® 25% improvement in VAS or DASH
score after 2 years,'® a 25-point improvement on the PRTEE
score after 6 months®! or improvement in PRTEE scores after 3
months.'” A single VAS at 6 weeks follow-up was used in one
study.?? Follow-up duration ranged from 6 weeks to 2 years, but
only two trials lasted beyond 6 months,"”* although one of
these had large dropout rates after their 3-month follow-up

period.’® All but one study measured outcomes at multiple time
points.**

Outcomes

All the intervention groups reported a significant improvement
in the primary outcome scores with the mean improvement
being 59.6% (SD 15.9, range 32-74). Improvement was mea-
sured as the percentage of patients with a predefined successful
outcome or as a fraction of the improvement compared with the
baseline measure. The outcomes in the control groups also
improved significantly in all the studies with a mean improve-
ment of 50.3% (SD 18.4, range 23-66). One of the studies
included showed a beneficial effect on the primary outcome
after a PRP injection when compared with a control group of
corticosteroid treatment.'” '® In five studies, there was no sig-
nificant effect of PRP on outcomes at predetermined follow-up
times when compared with corticosteroids,’® %* autologous
whole blood,? 2! saline'® or needling with bupivacaine.”®

Sample size calculation

Five of the trials reported a sample size calculation. Peerbooms
et al'” and Gosens et al'® reported that 42 patients were neces-
sary per group to detect 25% reduction in VAS, although they
included 50 to adjust for those lost to follow-up. Creaney
et al*! calculated that 44 patients in each arm were required to
detect a 10-point difference between groups on the PRTEE
scale, and aimed to enrol 52 patients to allow for a 20% loss to
follow-up. However, 150 patients were finally included.
Thanasas et al*® reported 13 patients in each arm as its
minimum sample requirement with power set at 80%. They
finally included 14 patients in each arm. Krogh et al'® reported
sample size calculations based on the anticipated 12-month
follow-up, although later adjusting to 3 months due to the large
dropout rates. They had a required sample size of 17 patients in
each arm to detect a mean change in the PRTEE pain score of
10, with power at 80%, eventually enrolling 20 in each arm.
Finally, with power at 80%, to detect a difference in success
rates of 20% between groups, Mishra et al*® reported a required
sample size of 115 in each arm. One study did not report using
a sample size calculation.*?

In summary, although all studies used outcome measures
running from 0 to 100, the sample size calculation ranged from
13 to 115 patients needed in one treatment arm to detect a clin-
ically meaningful difference with enough study power.

Quality assessment

Four studies!” '8 20 22 23 jncluded VAS as the primary outcome
measure. However, two of these studies dichotomised the VAS.
The remaining studies used different functional outcome scores.
Owing to this heterogeneity of the outcome measures and meth-
odological quality, it was not possible to do statistical pooling of
the data.

The scores on the potential risk of bias items of the studies
included are shown in online supplementary table S4. There
was initial disagreement between the two reviewers in 14 of the
66 items (21%) and the opinion of the third reviewer was
needed in three cases. In four of the six studies, this resulted in
a different final PEDro score and in two of the six included
studies, this resulted in a difference between low and high
quality.

The scores ranged from 3 to 10, with an average of 6.7 (SD
2.6). Four studies were considered to be of high quality (PEDro
score 26)17_21 and two studies were found to be of low quality
(PEDro score <6).2* %3
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Level of evidence
Until now, three high-quality studies and two low-quality
studies?* > showed no significant improvement at the final
follow-up measurement or predefined primary outcome score
when compared with a control group. One high-quality study'”
'8 showed a beneficial effect of a PRP injection for the manage-
ment of chronic lateral epicondylar tendinopathy when com-
pared with treatment with a corticosteroid injection.

As such, there is strong evidence that a PRP injection does
not improve pain and/or function in chronic lateral epicondylar
tendinopathy when compared with other treatment options.

19-21

DISCUSSION

Six studies were suitable for inclusion in this systematic review
on the use of PRP in the treatment of chronic lateral elbow ten-
dinopathy. Four of these studies were assessed to be of high
quality. Three (75%) of these high-quality studies showed PRP
injections to be not efficacious in the treatment of chronic
lateral epicondylar tendinopathy and one (25%) demonstrated
efficacy. This means that there is currently strong evidence that
PRP injections are not efficacious for chronic lateral epicondylar
tendinopathy.

Clinical relevance of these findings

These findings are clinically relevant because the popularity of
PRP treatment is still growing, probably as a result of marketing,
positive reports in laboratory studies, clinical case series and nar-
rative reviews.” '® PRP has been shown to have the ability to
change the collagen tissue turnover and vascularisation in
laboratory studies and animal studies.”* 2* However, a suitable
experimental model for tendinopathy in laboratory and animal
studies is currently lacking due to the unknown pathophysi-
ology.”® These initial studies were encouraging enough for the
pioneers to commence using PRP for tendon injuries. Early
reports in the form of case series showed an improvement in
symptoms after a PRP injection.” 2’ It should also be noted that
from a previous report it is known that improvements can also
be observed with a wait-and-see policy in patients with chronic
lateral elbow tendinopathy.”® Randomisation of patients to a
proper control group is therefore an important item in this field
of research. Our systematic review shows that there is no larger
improvement after PRP administration compared with other
treatments or a placebo.

Methodological limitations of studies included

This systematic review shows that there are an increasing number
of high-quality studies in this field. Only 3 years ago, no RCT
could be included regarding PRP treatment in common tendino-
pathies.’ Despite the majority of the studies being scored as being
of high quality, we found frequent methodological limitations.
The most common were the reporting of the blinding procedure
of the therapist who administered the PRP injection, the descrip-
tion of the allocation concealment and an adequate
‘intention-to-treat principle’. These methodological limitations
could potentially lead to bias. An unblinded treating physician
can, consciously or unconsciously, influence the patient with
knowledge of the treatment assignment. Consequently, patients
may respond differently if they are aware of the treatment alloca-
tion. The allocation concealment ensures that assessors, treating
physicians and patients are not able to influence the assignment
of treatment to patients. If a study fails on this, the benefits of the
randomisation process may be limited. The ‘intention-to-treat
principle’ presumes that all patients are analysed in the groups to

which they were originally allocated. Strict ‘intention-to-treat
analysis’ is difficult to achieve because of non-compliance of the
patients and loss to follow-up. It is generally accepted that a few
missing outcomes will not cause a problem, but it can result in
decreased study power and the introduction of bias if the loss to
follow-up is related to the response to treatment.”’ The PEDro
score assumes that assessors are blinded if the patients are
blinded if self-reported outcome measurements are used.'’ We
feel that this is not actually correct, as the treatment allocation
may have been noted somewhere, making the assessor aware of
it. If there is interaction between the patient and the assessor at
some stage in the study, the blinding might be at risk.

Limitations of quality assessment

There were some other items that were not assessed with the
PEDro score, but which may have had a large influence on the
outcome of the study. The outcome measures used were fre-
quently not disease-specific and validated questionnaires for
patients with chronic lateral elbow tendinopathy. This can
enhance the quality of measurements and makes comparisons
between studies easier. Another important item to address is the
minimally important clinical difference. Some of the included
studies reported a sample size calculation with the use of a clinic-
ally relevant difference. It is important that sample size calcula-
tions are based on predefined clinically relevant between-group
differences, rather than attempting to achieve statistically signifi-
cant differences.’ There was a very large difference in sample
sizes between the included studies (range of 13 =115 patients per
treatment arm). This is very hard to explain if a standard power
of 80% and standardised outcome measures running from 0 to
100 are used. Three studies even included more patients than
were needed according to their power analysis."”*! This endan-
gers the relevance of the findings, as larger samples can lead to
statistically significant but not clinically relevant differences.
There might also be ethical issues because more patients are
subject to a research intervention than needed.

Selecting a proper control group

A very important item in this systematic review, which could not
be detected with the PEDro score, is the choice of a proper
control group. The study of Peerbooms et al'” used a cortico-
steroid injection as a control group. Two high-quality reviews on
treatment effects in chronic tendinopathies showed that corti-
costeroids provide inferior clinical outcomes (ie, harmful) com-
pared with a wait-and-see policy after 6 months follow-up.'? 2
This result was reproduced recently in a high-quality double-
blind RCT.?° This makes it impossible to answer the question
whether the between-group difference observed in the study of
Peerbooms et al'” is due to the beneficial effect of PRP or the
detrimental effect of corticosteroids. Certainly, this article
cannot be used to suggest that PRP is helpful as a ‘naive’ (first)
treatment for chronic lateral elbow tendinopathy. The same
accounts for the use of anaesthetics as a control group, which
was used in three studies (two in combination with corticoster-
oids). From a recent animal study, it is known that bupivacaine
has detrimental effects on tendon cell viability, which may put
the tendon at increased risk of overload or acute injury.®' This
stresses the need for placebo-controlled studies in the field of
treatments for tendinopathies.®> Only one study included in our
review ¥ used a saline placebo injection in the control group.

Limitations of this systematic review
There are a few limitations of this systematic review. The first
limitation of our study is that we analysed the results of the
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predefined outcome measures or the final follow-up measure-
ments if there was no predefined primary outcome. One study
showed a beneficial effect of PRP on the VAS scale compared
with whole autologous blood after 6 weeks.>® However, at the
same follow-up time, there was no difference in a functional
outcome measure. In one study, the follow-up time was
extended for unknown reasons.”* These authors did not show a
beneficial effect of PRP compared with a bupivacaine injection
at their predefined outcome moment after 12 weeks, but a bene-
ficial effect of PRP was reported after 24 weeks follow-up.
However, there was an extremely high loss to follow-up of
patients at this time point (52%), which increases the risk of
attrition bias. The second limitation of our systematic review is
the high number of disagreements between the authors in the
quality assessment. There are two main reasons for this result.
First, the quality of the writing of the articles was very disap-
pointing in some cases, and most authors seem not to have fol-
lowed the CONSORT guidelines when reporting their methods
or results. This makes finding the methods and interpreting
them challenging based on the level of description in the arti-
cles. In one study,?' disagreement was found in § of 11 items.
Authors should report their study results according to the
CONSORT statement®’ to improve the quality of the reporting
of their study. Failure to report in this way increases disagree-
ment as reviewers are forced to rely on implicit claims on
certain items rather than clearly stated procedures. Second, a
few items on the PEDro assessment form are not optimally
described. As mentioned above, the PEDro form assumes asses-
sors to be blinded when patients are blinded if self-reported
outcome measurements are used. We feel that this is not neces-
sarily the case. The PEDro form does not examine the statistics
used. Many studies assessed the outcome at multiple moments
and some of them did not use the correct techniques for exam-
ining this. The CONSORT statement advises correcting for base-
line factors that may influence outcome where possible.>’ The
PEDro form does not capture this. We found in practice that
scoring of the intention-to-treat analysis was difficult as authors
wrote that they had performed the intention-to-treat analysis
but at no point described how they handled this in their statis-
tical methods or, as in the case of Mishra ef al,>® used last value
carried forward imputation, which carries a high risk of bias,
especially with more than 20% attrition rates.>* ** Some items
will always be hard to quantify using an assessment form. For
example, we consistently evaluated one study'” as a high-quality
study. However, there might be subtle changes in the handling
of outcome measures or preparation of PRP that can potentially
negatively influence the outcome.®>> These elements would not
be detected with the PEDro score. A third limitation of this sys-
tematic review is the fact that we were not able to pool data and
perform a quantitative analysis due to the heterogeneity of the
data. We aimed to provide a quantitative analysis using the cal-
culated percentages of improvement in pain and/or function
scores. This percentage improvement is a suboptimal measure
because it is dependent on the baseline score. However, it was
the best available measure we could apply, and furthermore, due
to the randomisation, the baseline values are evenly distributed
in all treatment arms and are therefore do not affect the com-
parative results. Furthermore, an advantage of a qualitative ana-
lysis is that all included studies are evaluated in the final
analysis, resulting in a level of evidence based on all included
studies. In quantitative analysis, high-quality studies are some-
times excluded from the final analysis because of the outcome
measure. If for instance a disease-specific validated outcome
measure is used but pooling is performed with a less-specific

and less-relevant VAS, bias could be introduced.>® Such bias is
not present in a qualitative analysis.

Recommendations for future studies

We recommend that future studies in this field should use
appropriate control groups with blinded saline injections.
Authors should follow the CONSORT guidelines when report-
ing their studies to allow for better evaluation of the quality.

CONCLUSION

There is currently strong evidence that PRP injections are not
efficacious in the treatment of chronic lateral epicondylar tendi-
nopathy. Three high-quality studies showed no significant
benefit of PRP at the final follow-up measurement or predefined
primary outcome score when compared with a control group.
The only high-quality study that showed a positive effect of PRP
compared it with a detrimental corticosteroid injection.

What are the new findings?

» This systematic review shows strong evidence that
platelet-rich plasma (PRP) injections are not efficacious in
the treatment of chronic lateral epicondylar tendinopathy.

» The most common methodological limitations were the
reporting of the blinding procedure of the therapist who
administered the PRP injection, the description of the
allocation concealment and an adequate ‘intention-to-treat
principle’.

» Future studies in this field should use appropriate control
groups with saline injections.
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