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A B S T R A C T

Background: Lateral epicondylitis (LE)1 affects between 1 and 3% of the population. Recently, platelet-rich
plasma (PRP)2 has gained popularity.
Aim: Assess the long-term outcomes of PRP for patients with refractory LE.
Methods: We assessed 31 patients who had failed conservative management using the Oxford Elbow Score
(OES).3

Results: Mean follow-up: 5.2 years (range 4.2–6.1 years). 87.1% exhibited minimum clinically important dif-
ference (MCID)4 in pain scores between pre-op and long-term. 90.3% displayed MCID in function and psycho-
social domains. Two patients had a repeat injection and six underwent open release.
Discussion: PRP is successful in treating refractory LE in most patients and avoiding surgery.

1. Introduction

Originally described by Morris as “lawn tennis arm” in 1883, the term
“tennis elbow” has now prevailed. It refers to a painful condition affecting
the common extensor origin of the forearm and is said to have a pre-
valence of between 1% and 3%.1 The majority of patients are in their 4th
or 5th decade with an equal distribution across genders. Affecting up to
50% of tennis players the condition is often caused by excessive and re-
petitive use of the wrist extensors.2,3 The most commonly affected muscle
is the extensor carpi radialis brevis (ECRB). Clinically, there is tenderness
over the lateral epicondyle with pain elicited on resisted wrist extension.
These symptoms result from an underlying pathological process which was
initially thought to be inflammatory.

The term “lateral epicondylitis” (LE) has been used to describe the
condition which is now understood to be degenerative.4 The lack of
inflammatory cells found on histology point to a degenerative tendi-
nosis. Repetitive stress causes the tendon to undergo multiple micro-
tears leading to angiofibroblastic hyperplasia. This term describes pa-
thological changes to the collagen microstructure, characterised by
altered collagen synthesis caused by granulation tissue.5 Further pa-
thophysiological mechanisms have been proposed, however, great
variability of symptoms and responses to treatment remain between
individuals.

The majority of LE can be treated non-operatively, which commonly
involves: physiotherapy, non-steroidal anti-inflammatory drugs
(NSAIDs) and injections.6 Steroid injections have been used frequently,
resulting in short term improvement, although, their exact mechanism
is poorly understood.7 Associated complications are well known, hence,
a reluctance by clinicians to administer an excess of three injections
every 12 months. More recently, whole blood and platelet-rich plasma
(PRP) injections have risen in popularity.

The beneficial effect of PRP is attributed to its high concentrations
of growth factors.8 These supraphysiological quantities induce a tran-
sient inflammatory response to stimulate tendon repair as shown in
animal models.9 Whole blood (WB) is the most common alternative to
PRP, although, numerous randomized controlled trials (RCTs) are yet to
demonstrate which is superior.8,10–12 The use of blood products is not
well defined; optimal timing, concentration, and number of injections
are yet to be determined. Various combinations of conservative man-
agement including physiotherapy, steroid injections and NSAIDs can be
clinically justified which result in a resolution of symptoms in 90% of
cases.13 For those who fail to improve, operative management is usually
considered.

Nirschl and Pettrone described the most commonly performed, open
release procedure in 1979.5 Numerous mini-open and arthroscopic
techniques have emerged since, which all involve the release of the
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common extensor tendon. Older literature concluded that all techniques
including, open percutaneous and endoscopic have comparable out-
comes which are successful, with a relatively low complication and
failure rates.14,15 More recently, however, Pierce et Al.16 concluded
“surgery for tennis elbow is no more effective than nonsurgical treat-
ment”.

With no current consensus on a treatment algorithm and current
evidence insufficient to confirm the positive effect of one modality over
another the treatment of refractory LE remains a significant challenge.
Here we have collected long-term data on a patient group treated with
PRP who had pain refractory to conservative management. This in-
cluded a minimum of one steroid injection. Most patients were referred
for an open surgical procedure. Our main outcome is progression to
surgery with functional scores collected pre and post-injection as well
as at long-term follow-up.

2. Methods

We prospectively evaluated 34 patients suffering from refractory LE
who had received a PRP injection between November 2011 and May
2013. Local institutional approval was obtained for the study.

Patients included in the study were considered to have refractory
LE due to a failed trail of conservative management. All patients
were reviewed by the senior author or a member of his team in clinic
where conservative management comprised: analgesia, phy-
siotherapy and least one steroid injection. These patients were re-
ferred for operative treatment of their condition before being offered
a PRP injection.

The Arthrex ACP system (Arthrex, Inc. Florida, USA) was used for
platelet-rich plasma preparation. This is a closed system using a double
syringe method along with 16ml of autologous blood drawn from the
patient's contralateral arm. The blood was centrifuged at 1500 rpm for
5min and 4–7mls of platelet-rich plasma was extracted. No antic-
oagulant was added, 3ml of PRP was used for injections. A 22-gauge
needle was inserted into the common extensor tendon on the lateral
epicondyle using a single skin portal. No local anaesthetic was in-
filtrated. Injections into the affected tendon were made using a pepper
pot technique. Following the injection the arm was immobilised for
30min. The affected limb was then placed in a polysling for 48 h after
which the patients were encouraged to carry out eccentric elbow ex-
ercises. Patients were prohibited from using NSAIDS for three months.

The Oxford Elbow Score (OES) was employed to evaluate outcomes
following PRP.17 The OES is a 12 item score which includes three do-
mains: elbow pain, elbow function and psychological-social. Each do-
main has four items. The responses range from 0 to 4 where a 0 re-
presents the least severity. The maximum score obtainable using the
OES is 48.

We calculated the minimal clinically important difference (MCID)
by converting scores for each domain into a metric score using the
below equation:

Metric Score = (100÷16 x domain score)

Metric scores taken at different times were subtracted from one
another to determine if there was clinically important change. A dif-
ference of 18 was deemed significant for pain and psycho-social do-
mains and 10 for the pain domain.18 Our secondary outcome measure
was progression to surgery, namely: open release procedure.

We performed our statistical analyses using the Statistical Package
for the Social Sciences (SPSS) version 21. The one-way repeated mea-
sures ANOVA test was employed to compare between pre-op, post-op
and current OES. A Kaplan-Meier curve was plotted to demonstrate the
survival outcomes for elbows treated with PRP, using progression to
surgery or repeated injection as end-points.

3. Results

Thirty-four patients were included in the study (18 women and 16
men). The mean age of our cohort was 46 years (range 33–61 years). All
patients completed pre and post-operative OES, however, three patients
were uncontactable at long-term follow-up and thus excluded from the
study. The mean follow-up time was 5.2 years (range 4.2–6.1 years).

All patients complied with the post-procedure protocol. There were
no reported complications following PRP injection or open release
procedures.

Thirty patients (96.8%) demonstrated an improvement in their
overall OES at long-term follow-up compared to their pre-op score. One
patient (3.2%) experienced no change in symptoms. Comparing post-op
scores with long-term scores demonstrated 77.4% had improved, 12.9%
had declined and 9.7% had remained the same.

A total of eight patients had a further procedure following their
initial injection, this included: two patients who had a repeat injection
and six patients who underwent open release.

3.1. MCID

As shown in Table 2, 87.1% of patients exhibited a clinically im-
portant change in pain symptoms between pre-op and long-term scores.
90.3% displayed clinically important change in function and psycho-
social domains between these two time periods.

3.2. Statistical analysis

We found statistical significance comparing the means of OES scores
taken pre-op, post-op and at long-term follow up using a repeated one-
way ANOVA analysis. The findings are displayed in Table 1. A pairwise
analysis at each time point was carried out for each domain and the
overall OES which revealed statistical significance (p=<0.01).

We plotted a Kaplan-Meier curve to demonstrate the re-intervention
rate for 31 elbows, seen in graph 1. The 3.5 year survival free rate was
74.2% (95% CI=4.1–5.6 years).

3.3. Removal of interventions

After removing those who underwent further intervention, 95.7% of
patients saw a MCID when comparing overall pre-op and long-term
OES. None of these patients saw a decrease in OES and only one patient
had no change in OES between pre-op and long-term scores.

3.4. Interventions

All patients who underwent further intervention demonstrated an
improvement in their overall OES comparing pre-op and post-op scores.
All interventions occurred after post-op scoring. Five of these patients
saw in improvement in overall OES following intervention, two saw no
change and one had a deterioration of symptoms.

Table 1
Oxford Elbow Scores comparison repeated 1-way ANOVA analysis.

Oxford Elbow Scores P values

Pre-Op mean
(sd)

Post-Op mean
(sd)

Long-term
mean (sd)

Overall 16.4 (6.7) 30.7 (12.4) 41.2 (9.3) < 0.001

Pain 4.6 (2.8) 9.8 (4.2) 13.2 (3.5) < 0.001
Elbow Function 7.7 (2.6) 11.9 (3.7) 14.5 (2.7) < 0.001
Psycho-Social 4.1 (2.7) 8.9 (5.3) 13.6 (4.0) < 0.001
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4. Discussion

The treatment of refractory LE remains a significant challenge de-
spite a wide range of available treatments. Corticosteroids have been
the treatment of choice for some time. Patients commonly received
multiple injections to alleviate their symptoms, however, their effect is
usually temporary. The repeated use of corticosteroid injections is well
documented to have negative effects on tendons, often leading to
atrophy, and increased risk of rupture.19 More recently, PRP has gained
popularity with converse effects to that of corticosteroids, by stimu-
lating proliferation and maturation of the healing process as well as
suppressing inflammation.20 This has been reported at a macroscopic
level using ultrasonography.21

Patients included in our study were all exposed to a minimum of one
corticosteroid injection, many had multiple injections which had ceased
to have any beneficial effect. This refractory patient group had ex-
hausted all conservative options.

4.1. Long-term improvement

Table 2 demonstrates that the positive of effects PRP continue many
years after the initial injection. The mean difference between short-term
and long-term follow up time was 56 months. Over half of patients
achieved clinically important benefits in their OES from short to long-
term. Such effects are corroborated by a large multicentre study by
Mishra et al. which demonstrated the continued positive effect of PRP

at 24 months when compared to needling only.22 A recent systematic
review by Ben-Nafa et al.23 which included one study24 with similar
follow up to ours concluded that PRP has slower onset but longer
lasting effect that corticosteroids, and importantly, no recurrence of
symptoms.

4.2. Preparation

As interest in PRP has grown, more attention has been placed on
how PRP in prepared. Initially discussed by Gosens et al.25 and Moraes
et al.26 the concentration of leukocytes contained following different
preparations methods may produce key differences in effect. Broadly
speaking PRP can be classified into leukocyte-poor PRP (LP-PRP) or
leukocyte-rich PRP (LR-PRP). The ACP Arthrex kit used in our study is
considered a LP-PRP preparation. It contains 1.3 to 2.6 times the
baseline platelet concentrations with low white cell counts.27,28 LR-PRP
contains between 3 and 8 times the baseline level of platelets along
with high amounts of leukocytes due to the effects of concentra-
tion.29,30 The first meta-analysis to compare preparation techniques
concluded that there is strong evidence in support of LR-PRP over the
LP-PRP, although it did include various tendon locations.31

4.3. Avoiding surgery

Most patients in this study had been referred for surgery before
being offered PRP, with only six patients undergoing an open release at
last follow up we believe that PRP is effective in avoiding surgery. A
strength of this study is the length of follow-up time which has revealed
the number of patients who eventually progress to surgery. Most studies
currently available seek to compare various types injection such as
corticosteroid, WB and PRP. A meta-analysis by Arirachakaran et al.32

found 10 studies with a maximum of 12 month follow-up with no
comment on progression to surgery as an outcome measure. Patients
who successfully avoid surgery are not exposed to the risks of an open
procedure usually performed under general anaesthesia. This has po-
sitive implications on health resource allocation and potentially incurs
large cost savings.

Graph 1. Kaplan-Meier survival curve demonstrating time to further intervention in weeks following a single injection of PRP. Confidence intervals are not included.

Table 2
Minimal Clinically Important Difference (MCID) comparing Oxford Elbow
Scores pre-operatively, post-operatively and at long-term follow up.

OES Domain Positive MCID percentage (number)

Pre vs Post Post vs Long Pre vs Long

Pain 67.7% (21) 51.6% (16) 87.1% (27)
Function 74.2% (23) 58.1% (18) 90.3% (28)
Psycho-Social 58.1% (18) 58.1% (18) 90.3% (28)
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4.4. Study limitations

Our study reports on a relatively small patient cohort who have
failed conservative management, however, no consistent management
protocol for this can be specified. This study does not benefit from a
comparison arm using placebo or alternative therapy and thus con-
clusions cannot be made against other methods of treatment. We also
acknowledge the variance in time to short-term follow up.

4.5. Controversy

There still remains considerable controversy regarding the true
benefits of PRP with a highly critical review by Vos et al.33 claiming
that there is currently “strong evidence that PRP injections are not
efficacious in the treatment of chronic lateral epicondylar tendino-
pathy”. Their conclusions are based on a small number of studies which
fulfilled the criteria for inclusion. Among these, four papers were
deemed high quality with only one showing the positive effects of
PRP.8,12,21,34 Their main critique of study design stems from descrip-
tions of blinding procedures and adequate “intention-to-treat” prin-
ciple”. Gosens et al.25 dispute these conclusions in their letter to the
editor and point to the opposing conclusions by Ahmed et al.35

4.6. Future studies

The design of future studies should consider the following to ensure
meaningful conclusions can be made between PRP and other treat-
ments: clear blinding and randomisation process, standard PRP pre-
paration procedure, injection technique, post-procedure protocol and
the addition of a saline control group. Adequate sample sizes calculated
using power calculations along with long-term follow up using vali-
dated functional outcome scores.

5. Conclusions

We conclude that a single injection of PRP is successful in treating
refractory LE in the majority of patients and preventing the need for
surgery. PRP is safe and can improve function with positive effects
continuing five years after the initial injection. There are considerable
positive implications associated with avoiding surgery both in cost
saving and the potential morbidity associated with undergoing an open
procedure.
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