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19.1

Introduction

Chronic painful tendinopathy is common in elite
and recreational athletes and in sedentary subjects; all may have to stop or decrease their level
of physical activity [1, 2]. Midportion Achilles
tendinopathy and for the younger and heavy
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loading population also patellar tendinopathy are
problematic injuries. However, recent research
on innervation patterns histopathology and pain
mechanisms in Achilles and patellar tendons has
led to an increased knowledge about the chronic
painful tendon [3–6].
Classically, the term ‘tendinitis’ was used
considering that the fundamental lesion was an
inflammation of the tendon. However, by the
time these lesions become clinically evident, at
histology there is an absence of inflammatory
cells. Instead, the injured tissue presents fragmentation, an alteration of the collagen and vascular hyperplasia [7–9], and a pathological
picture compatible with a failed healing response.
Better, though still incomplete, understanding
of the pathophysiology of tendinopathy has induced
changes in the therapeutic approach used in the
management of tendinopathy. Most authorities
have abandoned the goal of eliminating inflammation of the tendon and tried to impact on the biology of the tendon to stimulate its regeneration [10].
Chronic pathologies are characterised histologically by irregular tendon structure with a
failed healing response, with the presence of
numerous fibroblasts and pathological neovascularisation [11].
Ultrasound (Fig. 19.1) and colour Doppler
findings [12], showing localised high blood flow
inside and outside regions with structural tendon
abnormalities, have shown to be important to diagnose tendinopathy [13–15]. Immunohistochemical
analyses of biopsies have shown sensory and
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Fig. 19.2 UTC imagines showing 55 % type 1 echoes
(green) when normal is approximately 70 %. The tendon
has areas of matrix degeneration. This area is demonstrated at 1–1.5 cm from the calcaneum (black arrows) on
the ventral aspect of the tendon and is demonstrated by the
focal area of type 3 echoes (red)

Fig. 19.1 Patellar tendinopathy studied with highdefinition colour Doppler ultrasound. Comparison
between right and left patellar tendons. Longitudinal view
reveals intensive thickening (11 mm vs. 3.9 mm) combined with hypoechoic zones

sympathetic nerves in close relation to the outside
of the tendon. These findings have led to the development of new treatment methods. Alfredson et al.
[15] suggested that these new vessels and nerves
were involved in the mechanisms of tendinopathy
pain, but the answer as to the origin of the pain is
an issue that is still under debate.

19.2

Can US Replace MRI
in the Diagnosis
and Management
of Tendinopathies?

Currently, ultrasound is the imaging modality of
choice for the assessment of tendons as it has superior spatial resolution to MRI and ultrasound and
colour doppler examination can be used to diagnose partial ruptures. However, clinical improvement is not correlated with changes in imaging
status or the amount of neovascularity [16].
Also, ultrasound is dependent on the skills of
the operator and, as MRI, produces a bidimen-

sional image of a tridimensional structure. This
may introduce limitations in assessing the structural integrity of the tendon.
A new novel imaging modality ultrasound
tissue characterisation (UTC™) provides a more
detailed imaging profile of the tendon. UTC imaging (Fig. 19.2) produces a multiplanar and 3D
coronal view to assess in detail the structural integrity of the tendon [17]. These ultrasonographic
images provide objective information on the integrity of the tendon matrix from the distal insertion
to musculotendinous junction. The scans are analysed to assess for focal areas of echo change and to
establish the overall health of the tendon.
UTC may play an important role in monitoring
athletes’ tendon health during each phase of the
rehabilitation process and for managing in-season
tendon pain. Managing tendinopathy during the
competitive season is particularly challenging as
training and competition loads are high and often
there is not sufficient time for a full recovery.
Excessive loading provokes tendon pain: the
greater the load, the greater the pain experienced
[18]. UTC data combined with clinical markers
assess the tendon tolerance to load, such as 24-h
pain response, morning stiffness, pain on singleleg heel raise, and single-leg hops. This information is used to adjust and modify tendon load to
ensure that the tensile-loading capabilities of the
tendon are not exceeded and the tendon remains
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pain-free. This enables athletes, their clinicians
and coaches to make informed and effective decisions about the capacity for training and performance. Research has also demonstrated that UTC
is valid, reliable and sensitive at detecting a tissue
response to load [19, 20].

19.3

Neovascularity
in Tendinopathy

In the 1990s, Newman et al. [21] described blood
flow in symptomatic tendons at power Doppler
ultrasonography. Subsequently, Ohberg and
Alfredson [22] defined this blood flow as ‘neovascularisation’ (Fig. 19.3). From an etiological
perspective, the neovessels were thought to be
secondary to the essential abnormality of tendinopathy, the failed healing lesion [23]. Using
colour Doppler ultrasound, Ohberg and Alfredson
showed, in a case-control study, increased blood
flow and neovascularity in all painful tendons and
absence of these features in the asymptomatic
control tendons [15]. Healthy tendons are relatively avascular [24].
Symptomatic tendinopathic Achilles tendons
with neovascularisation show evidence of a sta-
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tistically significant association between the site
of maximum tenderness on palpation and the site
of maximum presence of neovessels [25]. Also,
neovessels were detected in 29 % of asymptomatic athletes [26] and in 100 % of subjects after
strenuous exercise [27].
Recent research, it appears that detecting
neovessels may have no additional value for the
diagnosis, no firmly confirmed prognostic value
and no proven relation with symptoms [28]. Also,
all these issues can be compounded by the lack of
standardisation of machine settings regarding the
use of power or colour Doppler [29].

19.4

Injection Therapies
in Tendinopathy

Injection therapies include a range of options such as
corticosteroids, high-volume saline, prolotherapy,
autologous blood, platelet-rich plasma, aprotinin,
botulinum toxin, sodium hyaluronate, polysulphated
glycosaminoglycan and polidocanol [30].
Injection therapies can be guided by real-time
ultrasound imaging or performed ‘blind’, they
can be administered in isolation or in combination with any of the above interventions, they can

Fig. 19.3 Ultrasound high-resolution grey-scale and colour Doppler with lineal probe image of the proximal patellar
tendon. Intensive neovascularisation (arrow) with hypoechoic zones and thickened tendon is shown
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Table 19.1 List of common injected therapies
Autologous blood

Platelet-rich plasma

High-volume saline

Polidocanol

Prolotherapy

Aprotinin

Polysulphated
glycosaminoglycan

Botulinum toxin

Sodium hyaluronate

Corticosteroid

Promotes repair activity
through the administration
of growth factors
Promotes repair activity
through the administration
of concentrated growth
factors (present in a
person’s own blood that has
been spun at a high speed
to separate out the
platelet-rich plasma layer)
Produces a mechanical
effect on the new vascular
ingrowth associated with
tendinopathy, resulting in
the new blood vessels
stretching and breaking
Disruption of vasculature
and nerves by
administration of a
sclerosant to precipitate
fibrosis
Hypertonic glucose injected
locally to initiate repair
activity by causing local
tissue trauma
Inhibits collagenase, which
would otherwise break
down collagen
Prevents destruction and
facilitates repair through
inhibiting metalloproteinase
enzyme activity
Decreases tensile stress
through the tendon and
inhibits substance P
Absorbs mechanical stress
and provides a protective
buffer for tissues
Downregulates (acting to
decrease) inflammation

be administered in a single dose or consist of a
course and they can be injected locally into the
tendon or targeted at specific sites (such as areas
of vascular ingrowth). There is no consensus on
many of these factors and the exact intervention
is at the discretion of the responsible clinician
[31]. Some injection therapies are used to deliver
a drug directly to the damaged tendon while others like polidocanol are to be injected outside the
tendon in specific regions. In general, these substances are thought to act either pharmacologically
(e.g. corticosteroids or polidocanol) or mechanically (e.g. high-volume saline to disrupt neovas-

cular growth). The table below lists common
injection therapies [32] (Table 19.1).

19.5

Ultrasound-Guided Mini
Surgery for Tendinopathy
Treatment

Originally, ultrasound Doppler-guided injections
of the sclerosing substance polidocanol [33, 34]
targeting the regions with high blood flow outside
the tendon were used. The clinical results were
good, but often multiple injections during a
3–6 months period of time were needed. Also, the
procedure is technically demanding with a relatively long learning curve. However, using this
method lot of knowledge about the location for
pain was achieved. This knowledge was used
when moving into mini-invasive surgical methods [35, 36]. For the chronic painful tendinopathy of the main body of the Achilles tendon, an
ultrasound Doppler-guided scraping technique,
targeting the regions with high blood flow and
nerves on the ventral side of the tendon, was
described. The procedure is indicated when
3 months of heavy loaded painful eccentric training have failed and has been shown to be very
successful in elite athletes as well as recreational
athletes and sedentary patients. Very few complications are reported, but proper wound care needs
to be emphasised. Early (4–6 weeks) return to
heavy tendon loading sport activities was
obtained. In follow-up studies, remodelling of
the tendon structure over time was seen. We are
now starting to use a percutaneous surgical technique allowing for an even earlier return to
activity.
Recently, plantaris tendon involvement in
midportion Achilles tendinopathy has been highlighted [37–39].
In a subgroup of patients, often complaining
of localised medial tendon pain, and having a
poor result of eccentric training, a nearby, sometimes invaginated, plantaris tendon can be of
importance for the pain. The plantaris tendon can
be tendinopathic, and the paratendinous tissues
between the Achilles and plantaris tendons were
richly innervated. Often, also the plantaris tendon
itself was richly innervated. In patients with midportion Achilles tendinopathy and a suspected
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plantaris tendon involvement, surgical treatment
is instituted early. Ultrasound Doppler-guided
removal of the plantaris tendon, together with the
scraping procedure for the Achilles, is used. The
clinical results have been shown to be very good,
with an early return to heavy tendon loading
activities. Follow-up studies have shown a quick
remodelling of the medially located structural
abnormalities in the midportion of the Achilles
tendon, indicating a possible compressive or
shearing disturbance from the plantaris tendon.
For patients with patellar tendinopathy/jumper’s knee in the proximal patellar tendon, ultrasound Doppler-guided arthroscopic shaving
technique, targeting the regions with high blood
flow and nerves on the dorsal side of the proximal tendon, has been invented [40, 41]. The
method is used when 3 months of heavy loaded
painful eccentric training has failed and has been
shown to be very successful in elite and recreational athletes. Very few complications were
reported, with an early (6–8 weeks) return to
heavy tendon loading sport activities. In followup studies, remodelling of the tendon structure
over time was seen.

19.6

Autologous US-Guided
Treatments in Tendinopathy:
How Should It Be Done?

Platelet-rich plasma (PRP) is a general term for
new technologies that are focused on enhancing
the healing response after injury of different tissue types [42, 43].
Tendons have low basal metabolic rates and
are predisposed to slow healing after injury [44].
Basic science studies have shown that co-cultures
of tenocytes and a preparation rich in growth factors increase the proliferation and secretion of
VEGF and hepatocyte growth factor [45].
PRP has also proven to be effective in treating
chronic tendinopathies. Mishra and colleagues
[42] showed a significant reduction, at 8 weeks,
in tennis elbow symptoms in a group treated with
PRP compared with a control group. A group
from the Netherlands led by Gosen [46] has replicated this protocol and compared the PRP group
with a group treated with cortisone injection for
tennis elbow. They observed that the PRP group
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Fig. 19.4 Ultrasound-guided PRP injection in Achilles
tendinopathy

enjoyed better and faster functional recovery and
pain relief after 6 months.
Marcacci and colleagues [47] have studied the
effects of PRP in jumper’s knee (chronic refractory patellar tendinopathy) after previous classical treatments have failed. They observed
significantly better results in terms of Tegner,
EuroQol and visual analogue scale scores and
pain level compared with baseline and with controls treated with physiotherapy.
Through the actual research, it is hard to draw
any clear conclusion for the effectiveness of PRP
treatment in terms of tendinopathy [48]. In case
of PRP use, the treatment protocol consists of
applying PRP under ultrasound control (Fig. 19.4)
and filling the gap (if needed) under strictly ultrasound guidance.

Take-Home Message

• Accurate clinical diagnosis is the key: be
specific and consider all differential
diagnoses.
• Carry out a detailed examination with a
thorough
history
and
ultrasound
examination.
• Before commencing a loading programme,
consider the irritability of the tendon.
Monitor overall load on the tendon.
• Eccentric loading may be effective but consider other types of treatments when eccentric fails.
• Standardise the ultrasound examination
and study the presence of high blood flow.
• Think about the use of ultrasound-guided
minimally invasive techniques explained or
surgery when appropriate rehabilitation
has not given good results.
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