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10.1

Introduction

The lateral elbow pain has been named differently along the years.
Lateral epicondylitis was first described in the
medical literature by Runge in 1873 [1].
The term “tennis elbow” appeared ten years
later and remained since its initial description by
Major who in 1883 described the “lawn tennis
arm” [2].
Nevertheless, it is known that less than 10 %
of patients consulting for this condition are actually tennis or racquet sport players [3].
Also called “lateral elbow pain” or “chronic
lateral elbow pain,” this term is wide enough to
include different clinical conditions. In the literature other names as “lateral epicondylalgia,”
“shooter’s elbow,” or “archer’s elbow” can be
found to describe conditions that have in common the lateral elbow pain [4].
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The most used term is “lateral epicondylitis”
and was previously considered to be a tendinitis,
arising as inflammation of the tendon [5–7].
However, the current consensus is that
microtrauma from excessive and repetitive use of
the forearm extensors initiates a degenerative
process with a paucity of inflammatory cells.
Therefore, histologically it is said to be more a
tendinosis (epicondylosis) than a tendinitis [8–10].
However, there is a last years’ trend that establishes that inflammation plays a role in general
tendinopathy more than suspected. Thus, degeneration (osis) and inflammation (itis) could both
be involved in the origin and progression of tendinopathies triggered by stressful stimuli such as
mechanical stress present in the lateral epicondylitis [11, 12].
The condition which is going to be described
along this chapter is an enthesopathy of the lateral epicondyle, and the most commonly affected
muscle is the extensor carpi radialis brevis
(ECRB) [13].
In the remainder of this chapter, the term lateral epicondylitis (LE) is going to be used.

10.2

Incidence and Related Sports

Tendon injuries, both acute and chronic (or tendinopathy), affect the quality of life, increase the
costs of health care, and lead to stop sporting
activities of a quite high amount of patients and
sport professionals.
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The prevalence of lateral epicondylitis (LE) in
the general population has been reported to be
between 1 % and 3 % in adults, with no gender
differences (es la misma referencia para todo el
parrafo, la que aparece al final). This condition is
most prevalent in the fifth decade of life, with
peak incidence occurring between the ages of 45
and 60 years [14].
However, most publications are available
about the incidence of LE. More comprehensive
population-based studies are necessary [15].
Occupational risk factors, forceful activities,
high force combined with high repetition or awkward posture, and the use of vibratory tools are
associated with epicondylitis [16]. Any activity
that involves overuse of the wrist extensor or
supinator muscles may be the cause of this condition. The most commonly affected muscle is the
ECRB [13, 17].
Epicondylitis is more common in the dominant elbow than in the nondominant, which
means that exposure to physical load factors is
involved in lateral epicondylitis [18, 19].
Despite the fact that less than 10 % of
patients with this syndrome are actually tennis
players, it is estimated that even more than
50 % of those who play tennis will experience
some degree of lateral elbow pain along their
lifetimes [20, 21]. In addition, the incidence of
lateral epicondylitis is significantly higher in
nonexpert than in expert tennis players [22]
and those who use a one-handed backhand
stroke [23].
The most common cause is overuse or repetitive strain caused by repeated extension or bending back of the wrist against resistance. Therefore,
during the practice of tennis in case of a poor
forehand or backhand technique, the wrist is bent
when striking a backhand and huge forces are
transferred through the tendons to the elbow
rather than through the entire arm. Also, if the
racquet grip is too small, the muscles work harder
increasing the forces through the ECRB tendon.
Strings that are too tight and playing with wet,
heavy balls will transmit more shock and energy
to the forearm.
Thus, some authors highlighted that racquet
sports may cause the condition due to a combina-

tion of (1) incorrect technique, (2) extended duration of play, (3) frequency of play, (4) size of the
racquet handle (affecting the lever arm of the
force applied through the forearm), and (5) racquet weight [3, 23, 24].
Lateral epicondylitis is common in athletes
of all ages and skill levels due to increasing participation in sports involving overhead arm
motions. Sports as mentioned tennis, windsurfing, rock climbing, javelin throwing, team handball, and wheelchair modalities have been
involved in lateral epicondylitis and other elbow
injuries [25].

10.3

Degenerative
Tendinopathies

10.3.1 Basic Science
on Tendinopathies [26]
The basic components of adult tendon are
water, collagen and elastic fibers, and cells
(fibroblasts or tenocytes) organized in a tissue
of mesenchymal origin. The cell component
mainly consists in fibroblasts (tenocytes; 95 %),
with synovial and endothelial cells and chondrocytes, making up less than 5 % of the total
volume. Tenocytes are responsible for generating and maintaining the extracellular matrix
(ECM), with the functionality and viability of
the former depending on the quality of the
ECM. The extracellular matrix contains
65–80 % of type I collagen and elastin fibers,
which together make up 2 % of the dry weight
of the tendon (it should be remembered that
50–70 % of a tendon is water). Other elements
such as proteoglycans, glycosaminoglycans,
various structural proteins such as integrins
(which bind to laminin, fibronectin, and tenascin), and a group of enzymes known as matrix
metalloproteases (MMPs, mainly collagenases
such as MMP1), which play key roles in the
maintenance and remodeling of the ECM, are
also present.
The tendon presents three specific characteristics that are vital for understanding both the
fragility and instability of the metabolic balance
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(remodeling/degradation) and its high mechanical strength.
1. Tendons act as an interface between the muscle and bone; thus they are the tissue transition
zones. Mainly the myotendinous junction
(MTJ) is subjected to high mechanical
stresses. At the same time, the so-called osteotendinous junction (OTJ) also has its own
structural and functional properties, which
differ from those of the myotendinous junction but are also in a delicate metabolic
balance.
2. During rapid growth periods and in early
stages of the growth process, both tenoblasts
and tenocytes exhibit high aerobic metabolic
activity. Once they reach maturity, aerobic
metabolism decreases and its anaerobic counterpart predominates.
3. There is a marked asymmetry between the
limited number of tenocytes in the tendinous
tissue and the large volume of extracellular
matrix (ECM). In the adult or mature tendon,
this cell/ECM ratio is even lower. Furthermore,
this imbalance is amplified by the poor vasculature of the tendinous tissue.
These aspects mean that the tendon, together
with the joint cartilage, is one of the structures

a

Fig. 10.1 (a) Schematic drawing showing the
extensor-supinator muscles. BR: Brachiorradialis.
ECRL: extensor carpis radialis longus. ECRB:
extensor carpis radialis brevis (responsible for most of

in the musculoskeletal system that must bear
some of the highest mechanical stresses, which
are amplified enormously during sporting activity, above all in elite sports, with their endless
hours of repetitions and training. It is known
that these highly specialized nature tissues pay a
price for this specialization in terms of limited ability to repair themselves in the event of
rupture, with low metabolic, vascular, nerve
resources (Fig. 10.1).
The tendinous degeneration commonly
referred to as tendinosis appears to be the end
result of the inability of tenocytes (fibroblasts) to
maintain the extracellular matrix in physiological
conditions, mainly due to disruption of the
remodeling/degradation (anabolism/catabolism)
balance. This alteration of the extracellular
matrix also affects the metabolism and fibroblast
activity, thus perpetuating a vicious circle. There
have been major immunohistochemical advances
and gene expression analysis of pathological tendons showing proinflammatory mediators such
as interleukin-1α, interleukin-β, TNF-α, as well
as immunocompetent cells that may contribute to
tendon inflammation [27]. In addition, extracellular matrix fragments stemmed from the breakdown of tenascin and hyaluronan may act as
triggers of tendon resident macrophages, thereby
unleashing an inflammatory response [27].

b

the pathology). ECD: extensor digitis comunis. ECU:
extensor carpis ulnaris. (b) Anatomic specimen
showing diseccion of the tendons. Notice the deeper
location of the ECRB to the ECRL on the surface
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Fig. 10.2 Tendinopathy fisiopathology theory. “With permission of authors of A new biological Approach to Orthopedic
Surgery and Sport Medicine 1st Ed. Teamwork Media”

These intrinsic and extrinsic factors may
determine the workload threshold beyond which
the metabolic remodeling ability of tenocytes
(fibroblasts) is insufficient to maintain an extracellular matrix. That can adapt to the higher level
of mechanical stress resulting from the activity
undertaken (allostasis). The most important factors that affect the disruption of the balance are
shown in Fig. 10.2.
A number of pathophysiological hypotheses
have been proposed to explain the underlying
causal mechanism of tendinopathies. Thus, apoptosis, vascular changes, and pain-related inflammation have all been suggested by [28], whereas
Alfredson and coworkers [29, 30] have described
intratendinous lactate and glutamate alterations, as well as neovascularization phenomena.
Thus, suggesting their metabolic/vascular/neural involvement in tendon degeneration, these
mechanisms may interact in an overlapping manner (uncompensated vascularization, localized
temperature increase, acidosis, new environment,
and intrinsic factors).

10.3.2 Pathogenesis of Lateral
Epicondylitis
In 1936, Cyriax [12] proposed that microscopic
or macroscopic tears of the common extensor origin were involved in the pathogenesis of this condition. Thereafter, other investigators showed
that the disease base is actually a degenerative
tendinopathy [31–33] (añadir REFERENCIA).
The application of stress to a tendon normally
leads to increased cross-linkage and collagen
deposition [8]. When the rate of stretching and
loads to the tendon exceed the tolerance of the
tendon, a micro-tear results. Then the balance
is lost, and the adaptation of the tendon to multiple micro-tears leads to tendinosis. Collagen
within the tendons gets degraded because it is
kept under high stress and it gets degraded in
such quantity that the tenocytes are not able to
replace it. From a mechanical point of view, these
cumulative microtraumas result from repetitive
wrist extension and alternating forearm supination and pronation [31, 32]. Histologically four
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stages are described that result from such repetitive microtrauma [8, 34, 35]:
Stage 1: It starts with an acute inflammatory
response, which can sometimes resolve
completely.
Stage 2: If the aggression is maintained, a concentration of fibroblasts, vascular hyperplasia,
and disorganized collagen, known in conjunction with angiofibroblastic hyperplasia, can be
seen histologically.
Stage 3: Continuous accumulation of pathological changes leads to structural failure. In this
stage the tendon suffers partial or complete
rupture.
Stage 4: To the characteristics described in stage
2 or 3, other changes such as fibrosis are associated, as well as soft matrix calcification
within the disorganized loose collagen and
hard osseous calcification.
In 1973, Coonrad and Hooper were the first to
describe macroscopic tearing in association with
the histologic changes within the ECRB [31].
Six years later Nirschl called these histologic
findings “angiofibroblastic hyperplasia” [33] as
he showed that those findings were characterized
by disorganized, immature collagen formation
with immature fibroblastic and vascular elements. The term used today is angiofibroblastic
tendinosis [36]. Ultrasonographically, tendon
thickening or thinning, focal areas of hypoechogenicity, tendon tears, calcification, and even
bony irregularity can be demonstrated mostly in
the stages 3 and 4 [3, 37].
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essential in understanding the mechanisms and
pathophysiology of the injury and making a specific diagnosis [3, 33, 36].

10.4.1 History and Physical
Examination
During the history it is advisable to ask the patient
for those sporting activities or job circumstances
that could cause or exacerbate the symptoms.
Clinically, LE is characterized by tenderness
or pain over the lateral humeral epicondyle or,
more typically, in the area where the common
extensor muscles (specially the ECRB) meet the
lateral humeral epicondyle. The patient may refer
to a direct trauma to the lateral aspect of the
elbow, but often the pain can be gradual and
insidious. The pain often radiates down the forearm and unusually is proximal to the elbow. The
intensity of the pain can range from intermittent
and mild to constant and severe, affecting all
daily activities.
The patient usually suffers weakness in grip
strength that affects sports practice, working
activities, and even activities of daily living as
shaking hands, shaving, lifting, or raising a coffee mug.
It is recommended to rule out cervical spine
pathology, followed by an examination of the
entire upper extremity, with special attention to
the shoulder, comparing with the unaffected,
contralateral extremity. Palpation of the lateral
humeral epicondyle or the origin of the ECRB
will reproduce the pain.
A number of tests that could reproduce this
pain, helping to the diagnosis, have been described:

Diagnosis

Epicondylitis causes pain and disability, both
in general population and in athletes. In addition, it has an economic cost in terms of days off
the working activity and training. Thus, proper
diagnosis and treatment are of paramount importance. An accurate, detailed, and thorough history and physical examination, combined with
appropriate imaging studies in case of need, are

• Resisted third finger extension can be painful
because of selective recruitment of the ECRB
tendon (Maudsley’s test)
• Resisted wrist extension with the elbow fully
extended and in pronation stresses the whole
common extensor origin and can reproduce
the pain (Thompson maneuver).
• Asking the patient to lift a chair with the forearm pronated recreates the combination
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Fig. 10.3 Chair test or Gardner test

described above and also causes lateral elbow
pain (“chair test” or Gardner test, Fig. 10.3)
[38–40].
• Others like Bowden test, Cozen’s test, and
Mill’s test can be helpful.
Generally, range of motion at the wrist and
elbow is not affected. Grip strength may be
decreased as a result of pain.

10.4.2 Imaging and Complementary
Test
In most cases a diagnosis of lateral epicondylitis
can be made clinically. The X-rays can be helpful
in demonstrating calcifications in the soft tissue
at or near the insertion of the ECRB (found in
25 % of the cases [41]). They are helpful to rule
out other potential causes of pain (including
loose bodies, osteoarthritis, and osteochondritis
dissecans) (Figs. 10.4 and 10.5).

Ultrasound imaging can be useful by identifying structural changes in the affected tendons
(thickening or thinning, tendon tears, calcification, bony irregularity, etc.). Doppler ultrasound
is able to detect neovascularization.
MRI can help to confirm diagnoses involving
the extensor tendon origin. MRI has 90–100 %
sensitivity and 83–100 % specificity for detecting
epicondylitis [42]. Magnetic resonance imaging
may also be useful if concomitant intra-articular
pathology or ligamentous injuries are suspected.
Electromyography can be useful in excluding
posterior interosseous nerve entrapment (radial
tunnel syndrome).

10.4.3 Differential Diagnosis
Accurate diagnosis of lateral epicondylitis may
be difficult since there are other conditions with
similar symptoms (pain and reduced strength).
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Fig. 10.4 MRI images of a lateral epicondylitis

a

b

Fig. 10.5 (a) Ultrasound guided inyection with 4 hands.
The surgeon injects while is helped by the radiologist
using the probe. (b) Ultrasound guided injection with 2
hands. The surgeon triangulates by himself injecting with
one hand while the other holds the probe. The skin is pre-

pared with clorhexidine. Notice that sterile gel is used.
The probe is protected with sterile latex sheath. The needle in the screen generates the typical reverberance due to
the fact that is made of metal

Differential diagnosis for lateral epicondylitis
has to include [3, 24, 33, 36]:

tor muscle is one of the areas of compression
of this nerve. Electromyography and local
injection of anesthetic to the region of the PIN
may relieve the pain [43].
4. Joint problems: Ulnar collateral ligament
injury, loose bodies, degenerative changes at
the radiocapitellar joint, and osteochondritis
dissecans. Rajeev and Pooley found 59 % of
degenerative changes in 117 elbow arthroscopies performed for LE treatment [44]. It
should be taken into account for the treatment
of LE either in young or in middle-aged
population.

1. Cervical radiculopathy with pain irradiated to
elbow and forearm.
2. Elbow overuse due to an ipsilateral shoulder
malfunction (compensatory mechanism).
3. Entrapment of the posterior interosseous
nerve (PIN), also known as radial tunnel syndrome, which affects 5 % of LE patients, does
not cause increased pain with resisted wrist
extension (see Sect. 4.1). Pain may be caused
by resisted forearm supination as the supina-
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5. Infection or tumors around or within the joint
may also mimic LE clinical features and
sometimes could appear as a mass.

10.5

Treatment of Lateral
Epicondylitis

The aims of treatment for LE should be:
• Pain control
• Preservation of movement-function of the
joint and upper limb
• Improvement in grip strength and endurance
• Return to normal function and activity
• Avoidance of further histological and clinical
deterioration
Some studies have reported unpredictable
healing patterns and have identified factors linked
to poor outcomes. In this way, high baseline pain
scores, manual work, and involvement of the
dominant extremity have directly seen related to
worse outcomes [14].

10.5.1 Described Treatment Options
Some authors have shown that the lateral elbow
tendinopathy is a self-limited condition, and rest
with or even without the use of some analgesic or
anti-inflammatory medication in the acute phase
of pain could resolve the symptoms.
The average duration of a typical episode is
about 6 months to 2 years, but most patients
(89 %) recover within 1 year [45].
To date, a standardized, universally accepted
program for LE treatment has not been established by the orthopedic surgeon’s community
[3]. It leads to a wide diversity of treatment ranging from an expectant waiting approach, nonsteroidal anti-inflammatory drugs (NSAIDs),
physical therapies, bracing, acupuncture, laser
therapy, extracorporeal shock wave therapy, percutaneous radiofrequency thermal lesioning, topical nitrates, injection of glucocorticoid,
botulinum toxin, autologous blood injection, and
platelet-rich plasma therapies to surgery.

The choice, as reported by some studies
depends on experience, expertise, and equipment
at any given clinic or center. What is quite clear is
that patient education is usually one of the important core elements of any plan or protocol.
The evidence indicates that wait and see policy would be enough for most patients [45, 46].
Injection with glucocorticoids has been used
since the 1950s and has been the treatment of
choice for most of the physicians. However, nowadays its efficacy and utility are considered controversial, since some studies addressed that
long-term outcome of steroid injections is poorer
than expected and could even alter the ability to
heal and damage the tendon and tissues around. It
is reported that 72 % of patients treated with steroid injections experience a recurrence within
12 months, compared with 9 % in those treated
with a wait and see strategy [47–49].
Furthermore, as confirmed by the systematic
review by Dean et al. [50], the local administration of glucocorticoid has significant negative
effects on tendon cells, including reduced cell
viability, cell proliferation and collagen synthesis, collagen disorganization, and cell necrosis,
leading to a reduction of mechanical properties
of the tendon. This should mean that in case of
planning an infiltration of glucocorticoids for any
tendinopathy and the use of an ultrasound guidance would be of paramount importance to avoid
intratendinous injection.
It is well established that surgery is reserved
for patients who fail to respond to nonoperative
treatments, and multiple variations on open
approach as percutaneous and arthroscopic procedures have been described. Studies of Nirschl
and Pettrone [33] are considering that a range of
4–11 % of patients ultimately could require surgical treatment for relief of their symptoms.
Until today, the evidence about surgical treatment for LE is lacking, and the Cochrane Library
has classified surgical treatment as having insufficient evidence to support or refute its use [51].
Despite exhaustive nonsurgical management and
even correct surgical intervention, there is a small
percent of patients who continue to feel symptoms,
usually in terms of pain. In such cases the possibility of a wrong initial diagnosis or an associated
pathology should be considered and ruled out.
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10.5.2 Biological Therapies
for Tendinopathies: PRP
Despite the fact that there are many options to
treat injured tendons, as described previously, it
is a reality that none of those are foolproof and it
leads to the need of further studies and investigations on pathogenesis of tendon damage to understand and develop new strategies of treatments.
Therefore, mainly in the last decade, minimally invasive interventions with the theoretical
ability of boosting the healing response or neutralizing degenerative changes in tendinopathy
have received the watchful eye of the community
and are being investigated.
Among the emerging technologies, with “biologically friendly” or “regenerative” profile,
autologous whole blood and platelet-rich plasma
(PRP) have been recently used in several clinical
studies for the treatment of LE. PRP is defined as
“a sample of autologous blood with concentrations of platelets above baseline values” [52].
The management of musculoskeletal injuries with PRP therapies has been advocated
since 2003 [53], when Sánchez et al. published,
as far as we know, the first paper on the use of
PRP to treat an articular osteochondral avulsion of the knee.
Since then, this promising and innovative
technology has stimulated translational
research and interest among both the scientific
and medical communities and has widened
PRP applications to several musculoskeletal
problems [54–57].
In the other hand, the term “PRP” is wide
enough to generate confusion. Due to the fact that
different preparations, with unequal cell population and activation method, with different amount
of platelets above peripheral blood baseline, and,
even more, with a nonconsensual protocol of
application, are being used and investigated
under the name of PRP [54, 58–60], therefore,
different attempts of classification have been
described, and some authors [55, 59, 60] have
proposed systems that try to classify PRP systems by activation mechanism, platelet number,
and/or cell content. The absence of a validated
classification system that identifies crucial differences between PRP formulations makes it diffi-
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cult to compare studies, and it involves that,
despite intensive research and huge number of
publications in the last years, there is a gap in the
basic knowledge necessary to establish the best
PRP product for each clinical condition, as well
as the guidelines for clinical applications [57].
There is some evidence to state that PRP formulations (number of platelets, presence of white
blood cells (WBCs), balance between platelet
secreted and plasma proteins, mechanism of
plasma activation) and/or application procedures
(i.e., number of doses, volume, activation, and
injection procedures) could be linked to clinical
effect [57, 61, 62]. In this way there are enough
reasons to believe that the use of leukocyte-rich
PRP (L-PRP) and leukocyte-depleted PRP (pure
or P-PRP) should not be the same (L-PRP is
more proinflammatory when injected in rabbits
[63], it increases the levels of metalloproteases
when assayed in tenocyte cultures [64], and it
induced more transient postinjection swelling
and pain when injected into the knee for treatment of knee osteoarthritis [65]). There are some
trials performed with a combination of local
anesthetics and PRP. An in vitro study by
Carofino et al. concluded that the addition of
either anesthetics or corticosteroids to PRP
resulted in statistically significant decreases in
tenocyte proliferation and cell viability [66].
Even more, there is no consensus about the
frequency and number of PRP injections in
chronic injuries. The majority of the studies have
been performed with a single PRP application,
but in our opinion a degenerative process could
not be solved with just one intervention, and
therefore, two or even three injections would be
more efficient than a single PRP application, but,
actually, this issue remains to be clarified [67].
Our group has been using from the beginning
of our research a 100 % autologous PRP with a
standardized composition and dosage (PRGFEndoret, BTI, Vitoria-Spain). It contains a moderated platelet concentration (2- to 2.5-fold
increase compared with peripheral blood) [57],
obtained after a single spinning. One of the most
relevant and controversial issues is the presence
of WBCs in PRP. The first and most widely used
classification would define the system we are
using, as pure PRP (P-PRP) because it does not
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contain WBCs [59] The PRGF-Endoret is classified as type 4-B (minimal WBCs, activated
with calcium chloride, and platelet concentration below 5) as proposed by Mishra et al. for
sports medicine classification [55]. Finally,
PRGF would fit in the P2-x-Bb category (platelet count greater than baseline levels to 750,000
platelets/mL, exogenous activation with calcium chloride, with WBCs, and specifically
neutrophils, below or equal to baseline levels)
according to the PAW (platelets, activation, and
WBCs) classification [60].

10.5.2.1 The Scientific Rationale
behind the Use of PRP Use
on Tendinopathies
and Lateral Epicondylitis
PRP preparations include growth factors, cytokines, and morphogens contained in platelets, as
well as fibrinogen and other plasmatic proteins
in a biologically balanced aggregate, managed
and delivered in a pharmacological manner
[68]. This may account for two special features:
the resolution of inflammation and avoidance of
fibrosis. In addition to containing GFs, PRP provides the damaged tissue with a transient biological fibrin scaffold, which stems from the
polymerization of fibrinogen, a pleiotropic
blood protein that regulates coagulation, inflammation, and tissue regeneration. PRP tendon
infiltrations are aimed at recruiting, activating,
and mobilizing satellite cells and resident macrophages which contribute to repair processes
by cell signaling soluble factors. Once the activated preparation rich in growth factors is
injected, this liquid-to-gel transition 3D injectable scaffold allows a successful filling of the
tissue gaps and defects. With a local and gradual
activation and a homogeneous distribution
through and interaction with the ECM of tissue,
it is converted into a matrix-like viscous and
malleable structure [69]. This fibrin scaffold
formed “in situ” as a provisional extracellular
matrix and containing binding sites for cell
adhesion as well as proteins such as thrombospondin-1 (TSP-1), alpha-1-antitrypsin fibronectin, acute phase proteins, or proteins related to
lipid metabolisms [70] serves as a highway for
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mechanical energy to transit from the environment to the cell, thereby bridging cell-to-cell
tissue transition, promoting multicellular assembly, providing mechanical support and plasticelastic stiffness which has a drastic impact on
fates of different cell types such as fibroblasts
[71], and endowing tissues with a suitable
mechanical and chemical microenvironment for
biological restoration. In addition, fibrin matrix,
by heparin-binding domains, may sequester
growth factors such as PDGF, FGF, HGF, BBNF,
and VEGF [72, 73] and gradually release them
later, exerting a synergistic action on tissue
repair.
Since this dynamic spongelike fibrin-matrix
scaffold is autologous, bio-reabsorbable, biocompatible, and free of leukocytes and red
cells, PRP scaffolds might be considered the
best tailored among all the tissue engineering
materials [74].
There is a great deal of evidence illustrating
the anabolic effects of PRPs on tendon cells [75–
78]. PRP stimulates the synthesis of several types
of collagen and other oligomeric matrix proteins,
resulting in a synthesis of extracellular matrix
which is conducive to the tendon anabolism and
homeostasis. The wide spectrum of cell response
in vitro and in vivo in both tendon stem cell differentiation and tendon cell proliferation, together
with a substantial expression of VEGF and HGF
by tendon cells, thereby generating a balanced
angiogenesis, constitutes the rationale for the
application of activated liquid and fibrin scaffolds to the injured site of the tendon to prompt
the repair events in one area that brings about a
great deal of morbidity. The infiltration of activated liquid form of PRP to a tendon damaged
area elicits a set of sequential remodeling events
that might lead to the tendon healing. Although
the TGF-B1 family drives fibrogenesis and
potentially might stimulate the formation of scar
tissue in the tendon, the fibrotic effect of TGF-B1
present in the PRP would be either modulated,
counterbalanced, or even hindered by the presence and local production of VEGF and HGF, a
potent antifibrotic and anti-inflammatory agent,
as has been shown by our work on cells cultured
on fibrin matrices [79].
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10.5.2.2 What Does Evidence-Based
Literature Say about PRP
and Lateral Epicondylitis?
In the last decade and taking into account the
promising role of PRP for LE established by
Mishra et al. in 2006 [80], different research projects have been developed, comparing PRP to different classically accepted treatments for LE, as
corticosteroids, local anesthetics, and autologous
blood. To date, all controlled clinical trials in epicondylitis (nine) have been performed with
L-PRP [80–88]. So far there are no direct comparisons between L-PRP and pure PRP. There are
also two case series papers with 6 and 30 patients
and a single injection.
PRP Versus Bupivacaine Injections
Mishra and Pavelko [80] were the first people
performing a case-control study with PRP on
patients (n = 20) in which nonsurgical treatment
had failed. Fifteen patients were injected with
PRP and the other five with bupivacaine, intending these to act as controls. They found a 60 %
improvement in VAS in PRP arm at 8 weeks and
a 93 % reduction in VAS and function at
24 months of follow-up.
This study opened a way of research on PRP
effect for LE, but the real value of it is conditioned
by the design itself. In 2014 Mishra et al. [87] published a multicenter randomized and controlled
trial (RCT) on 230 patients (116 injected with PRP
and 114 with bupivacaine) that had at least
3 months of symptoms and had failed conventional therapy. The injection site was blocked in
both cases using 0.5 % bupivacaine with epinephrine, before injecting PRP. At 12 weeks no significant differences between PRP and bupivacaine
were found. However, significant VAS improvement and also significant success rates (>25 %
reduction in pain score versus baseline) at
24 weeks were encountered in PRP group.
Both studies were performed with a single
injection of unactivated L-PRP and without ultrasound guidance.
PRP Versus Corticosteroid Injections
There are four RCT that compared PRP versus
corticosteroid injections. Peerbooms et al. pub-
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lished positive results at 6 and 12 months [81].
In an extension of the former study, Gosens
et al. [82] confirmed those results 24 months
after treatment. One-hundred patients with
symptoms for 6 months were randomly assigned
in the PRP group or the corticosteroid group.
The injections were performed in two steps.
First, one of 1 mL of PRP or corticosteroids
with 0.5 % bupivacaine with epinephrine and,
second, the remaining PRP with corticosteroids.
Twelve weeks after the procedure, the VAS and
Disabilities of the Arm, Shoulder, and Hand
(DASH) scores were better in PRP than in corticosteroid group. Moreover, at the sixth month,
the difference was already statistically significant [81], and the effects kept stable over a
2-year follow-up time [82].
In contrast, there are two other studies that did
not find significant differences at 6 weeks or
3 months after treatment. In the first, the blinding
system was not specified, the number of patients
was 30, it was conducted for only 6 weeks, and
they used the VAS and DASH scores [85]. The
second was double blinded, the number of
patients was 60, and it was randomized to receive
PRP, saline, or glucocorticoid. The validated
score was the Patient-Rated Tennis Elbow
Evaluation (PRTEE) [86].
Interestingly, Kohl et al. [86] found that a
single injection with either PRP or glucocorticoid was not significantly superior to a saline
injection.
The PRP used in all these trials was L-PRP. The
type of activation was unactivated in three papers
and unknown in one [85]. Lastly all of them only
used a single injection. Of these four studies only
in Krogh’s study the injection was under ultrasound control.
PRP Versus Autologous Whole Blood
(AWB)
Three RCT compared L-PRP with autologous
blood injections for refractory lateral epicondylitis. Creaney et al. [83] conducted a RCT of 150
patients, 80 receiving monthly US-guided two
injections of PRP and 70 patients injected with
autologous blood in the same fashion.
Improvement was seen in PRTEE score for both
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arms of the study at 6 months, but it was no statistically different.
Thanasas et al. [84] divided 24 patients equally
into two groups, one treated with a single 3-mL
injection of AWB and a second one with 3 mL of
L-PRP, both under ultrasound guidance. VAS
scale and Liverpool Elbow Score were used for
the evaluation. PRP group had a significantly
greater improvement in VAS scores than AWB
group only at 6 weeks. This significant difference
was not seen at 3 and 6 month controls.
In 2014 Raeissadat et al. [88] randomized 40
patients with duration of symptoms more than
3 months and VAS score of a minimum of 5.
Group 1 was treated with a single injection of
2 mL of L-PRP and Group 2 with 2 mL of autologous blood. Pain and functional improvements
were assessed with VAS scale, modified Mayo
Clinic performance index for the elbow, and pressure pain threshold at baseline and 4 and 8 weeks.
No statistically significant difference was noted
between groups, and they concluded that both
treatments are effective to treat LE with a slight
superiority of PRP in 8-week follow-up.
The use of injections of PRP to treat LE has
been seen to have an excellent safety profile
[80–88].
Currently four controlled trials (comparing
PRP to lidocaine, AWB, dry needle tendon fenestration, saline injection, and no injection) are being
conducted as registered in clincaltrials.gov. So far,
research comparing both L-PRP and P-PRP is
lacking, and it should be the aim of the medical
community in order to clarify if the presence of
WBCs is beneficial for the tendon healing.
Conclusions
Since we know that depending on the presence of
leucocytes, the amount of platelets from the baseline, and the type of activation we can categorize
different types of PRP, the results from the studies and clinical trials performed with one of the
described PRP cannot be extended to the others.
Thus, we should tend to standardize not only
the PRP type but also the number of injections,
the use of ultrasound to ensure the site of injection, the method of injection itself, the rehabilitation protocols, and even the patient outcome
measure scores for this pathology.
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In conclusion, there is currently insufficient
evidence to support the use of PRP therapy for
treating LE, due to the fact that the results of the
different studies are controversial, given the heterogeneity in formulations and application
protocols.
Therefore more research and an effort in standardization of PRP preparation methods and their
applications protocol are still needed to establish
the real role of PRP in the conservative treatment
of LE.

10.5.2.3 PRP Protocol for LE [57]
In our group’s treatment protocol, a patient complaining of chronic (more than 3 months) lateral
elbow pain with the diagnosis of lateral epicondylitis should be advised to avoid the cause of the
injury and start a individualized program of rehabilitation. In case of acute pain, some analgesics
could be added.
In those patients with no improvement of the
pain and with a physical examination that excludes
other causes of lateral pain, a treatment program
and ultrasound-guided PRP injections (in a sterile
fashion), not only of the injured area of the tendon
but also of the healthy both side extremes of the
tendon and within the elbow joint, will be offered.
The basis to inject in the surrounding healthy tissue is to activate the mesenchymal cells that are
located there. So they can differentiate into tenocytes and migrate to the degenerate site. This phenomenon is called chemotaxis.
First of all, an ultrasound exploration of the
lateral elbow is conducted. Then, once the
ultrasound probe has been longitudinally
located along the injured tendon, we insert the
needle from distal to proximal, in a parallel
track to the collagen fascicles; PRP is injected
(shortly after CaCl2 addition) within the site of
altered tendon substance using a 21-G needle
attached to a Luer Lock syringe. The intention
is to inject the maximum volume that can be
confined within the area of degeneration, commonly between 3 and 5 mL (depending on the
specific tendon and clinical case). Next, at some
point during the extraction of the needle, additional PRP is delivered to the healthy tendon.
We also inject plasma around the tendon
between the tendon and the paratenon, and
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finally, a smaller volume is delivered into the
associated fat and another 2–3 mL into the
elbow joint.
Cold therapy is applied for approximately
10 min after the PRP injection in order to control
pain. Local anesthetic and corticoids should be
avoided due to the fact that they inactivate the
PRP products. After the injection, the patients are
instructed to limit physical activities for 24 h and
to use cold therapy two to three times during the
day. Only pain killers are allowed. NSAIDs
should be avoided because they may interact in
the healing process (Table 10.1).
In general, we perform two or three PRP injections separated 1 week each on an outpatient basis.
These criteria are largely arbitrary and are
based on our clinical experience. Moreover,
because PRP therapies promote early healing,
1 week may be adequate for monitoring individual outcomes and making decisions about further
plasma injections. Ultrasonographic monitoring
and symptoms drive our clinical decision regarding whether to perform additional PRP injections.
We do not change rehabilitation protocols
after the PRP injection, and these include eccentric strengthening exercises, which are always
personalized to the patient’s condition. The only
change is that we tend to move into different
rehabilitation phases sooner.
Table 10.1 Suggested PRP injection protocol for LE
Sterile fashion
NO local anesthetics neither corticosteroids
US exploration and localization of painful area/tendon
(longitudinal axis)
Outpatient basis ultrasound guided: 2–3 PRP injection
(3–5 mL), weekly revaluation
Standard physical therapy protocol (eccentric exercises)

Pitfalls of Treatment

• In every sport-related injury, the balance
between the rest needed for the treatment and the expectancy of sport practice is many times difficult to achieve.
• There are many types of PRP products,
different protocols, and no consensus

•

•

•

•

about the way the PRP therapies should
be applied for LE.
The PRPs used in the clinical studies
until date for this chronic and histologically degenerative condition have been
L-PRP in the majority, applied a single
time, without image control.
The use of US-guided injection implies
collaboration with the radiology department and expertise learned by the physician in charge of the patient.
The use of local anesthesia or corticosteroids mixed with the PRP product
may alter the effect of PRP.
Despite advances in PRP science, there
is a lack of level I studies to ensure that
PRP therapies are definitively useful
in LE.

Pearls of Treatment

The key to lateral epicondylitis treatment
could be summarized as below:
• A good anamnesis and workup of the
injured elbow.
• Any other cause of lateral elbow pain
should be ruled out.
• Initially a “wait and see” policy with or
without analgesic makes sense.
• Try to avoid injections of glucocorticoids, unless there is a huge inflammation component.
• Consider PRP therapies in chronic
cases, always before surgical treatment.
• Perform the injections in a sterile
fashion, under ultrasound control,
without local anesthesia, and think
about evaluating the patient the next
week and repeating the injection
depending on the sonographic findings, believing that a single injection
is not enough for a degenerative tissue
to heal.
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Clinical Case

Borja is a 31-year-old paddle tennis player. He
is a former Spanish National Team member and
actually playing in the Professional Tour. He is
left handed. He came to our clinic complaining
of progressive lateral elbow pain that limited his
performance, and that was only temporary
relieved by physiotherapy and one corticoid
injection. Physical examination showed pain on
palpation and resisted contraction of ECR
muscles, without signs of tendon rupture in the
US scan. A thorough review of the possible

causes of the pain onset revealed that his
sponsors had changed his racquet design for the
new season, and he had been playing with the
new one for some two months before symptoms
arouse. After discussing the treatment options
with the patient, we decided that he should
return to his previous racket model (although it
represented a minor problem with his sponsors,
we solved by painting the old model with the
new one’s decoration), and that an
orthobiological treatment would be better than
more corticoid injections. Leukocyte-poor PRP
(Mishra’s type 4-B) was injected following our
standard protocol for epicondylitis: under
ultrasound control, only the growth-rich fraction
(3 cc) was used, injecting it into the ECRB
tendon origin, and also in the surrounding
tissue; no local anesthesia was used, and the
elbow was kept in a sling for the next 48 h. After
the injection pain resolved, he was allowed to
gradually return to training. One month later, he
played his first competition match without pain,
and symptoms have not recurred.
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