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General Introduction

General Introduction

Preface
According to the Greek mythology Achilles, the legendary warrior from Iliad, was invulnerable except for his heel. Since he died due to an arrow that pierced his Achilles
tendon, the “Achilles’ heel” symbolises a person’s principal weakness. Nowadays, weakness of the Achilles tendon is increasingly gaining attention to medical specialists.
Achilles tendon disorders are a common entity in middle-aged active people, but
can also affect the sedentary individuals.1‑3 With increasing sports participation in the
general population, the number of overuse injuries has increased.1 Tendon disorders
comprise 30-50% of all sports-related injuries 3 and there is a lifetime risk of 52% in elite
long-distance runners of suffering from an Achilles tendon injury.4 Despite the high
prevalence there is still a lack of knowledge about the aetiology and pathogenesis of
these injuries.
The terminology used to describe chronic tendon disorders has changed in the past
few decades.5 For many years this condition was persistently defined as “tendinitis”, denoting an inflammation of the tendon. Several authors proposed abandoning this term,
as there were no signs of inflammation in chronic painful tendons analysed after biopsy
or with microdialysis.5‑8 To redress this confusing terminology, the term “tendinopathy”
was introduced to describe the clinical condition. Histopathological studies showed
that tendinopathy is frequently characterised by degeneration of the tendon tissue, also
referred to as “tendinosis”.7 The term tendinosis is based on histopathological characteristics and should only be used after histopathological confirmation.3 The treatment of
tendinopathy has been challenging in sports medicine and orthopaedics and therefore
it is becoming a major problem in this field. Below an overview will be given on several
aspects of chronic Achilles tendon disorders, with a special focus on the imaging and
treatment modalities.

Anatomy of the Achilles tendon
The Achilles tendon is the strongest and largest tendon in the human body, which connects the calf muscles with the calcaneal bone.9 The midportion of the tendon shows
a spiral rotation around its axis that works as an elastic coil functioning as an energystoring tendon to improve the efficiency of locomotion.9,10 During running the Achilles
tendon is subjected to tensile loads up to twelve times the body weight.11 These forces
are transmitted through the tendon collagen bundles, which are hierarchically arranged
and well ordered predominantly in a longitudinal direction (Figure 1.1).12 The densely
packed collagen, mainly type I fibres, gives the tendon its typical white glistening appearance.13 Tendon collagen is the main extracellular matrix (ECM) component and it is
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Figure 1.1 – The hierarchical structure of a tendon. Collagen forms microfibrils, fibrils, and fibres. A
group of fibres constitutes a fascicle. The fascicles unite to form bundles, and are surrounded by the
endotenon. The endotenon is a mesh of connective tissue that holds the bundles together and allows
some movement of the bundles relative to each other. It carries the longitudinally running blood vessels
and nerves. A fine connective tissue sheath, the epitenon, is continuous throughout its inner surface with
the endotenon and surrounds the whole tendon. The paratenon is a thin membrane surrounding the
epitenon and functions as an elastic sleeve permitting free movement of the tendon against adjacent
structures. The peritendon is a general descriptor that consists of the epitenon and the paratenon
(modified from Kirkendall & Garret, 1997).

produced by sparsely distributed tenocytes.2,7 The tenocytes, or specialised fibroblasts,
normally have a flat phenotype. The major non-collagenous ECM constituents are water
and proteoglycans which are core proteins that link the glycosaminoglycans (GAGs)
to one large glycosaminoglycan chain.14 The GAGs contain large amounts of bonded
negatively charged sulphate ions and thereby extract also free positive charged ions
(sodium) from the environment. The subsequent resulting high concentrations of ions
attract water in order to balance the internal and external ion concentrations.15 As long
as the collagen fibres are well-organised and intact, the matrix does not expand due to
the water attraction. The collagen fibres are exposed to an internal stress that balances
the water impression. The collagen fibres in the ECM of healthy tendons are in a state
of dynamic equilibrium between synthesis and degradation regulated by matrix metalloproteinases and their inhibitors.7,16
Small blood vessels run throughout the Achilles tendon in the longitudinal plane. The
blood supply of the Achilles tendon is physiologically the lowest in the midportion, 2-7 cm
proximal from the insertion of the tendon on the calcaneal bone.13,14 This area is therefore
defined as the “watershed region”, although this limited blood supply should be sufficient
for the metabolic needs of the tendon.17 The longitudinally arranged blood vessels are
accompanied by nerves and it is known that the body of the tendon is poorly innervated.
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Figure 1.2 – Macroscopic view on an Achilles tendon during surgery. The peritendon, which envelopes
the tendon, has been excised and stripped (with permission from Prof. N. Maffulli).

There are several structures surrounding the Achilles tendon. The tendon is enclosed
by a thin membrane that is frequently referred to as paratenon.9 The paratenon is vascular and better innervated than the Achilles tendon itself. It functions as an elastic sleeve
which permits free movement of the tendon against adjacent structures (Figure 1.2).
Other clinically relevant structures are a superficial and retrocalcaneal bursa near the
insertion of the tendon, the posterior ankle structures, the sural nerve and the medial
tendons of the foot and toes.13

Histopathology
Based on histopathological examination, changes of the Achilles tendon can be divided
into intratendinous and peritendinous disorders, which can coexist.18
Although tendinosis is a general term for intratendinous degeneration, on histological
assessment tendinosis encompasses a wide range of histological degenerative entities
not only affecting collagen, but also tenocytes and other non-collagenous matrix components.19 Macroscopically, degenerative tendon has a soft appearance with a greyish
white colour (Figure 1.3).3,5 There are a few histopathological signs that are described in
literature.20 Most remarkably is the loss of a well-organised tendon tissue structure. The
tendon bundles may show an increased crimping, but separation and complete ruptur-
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Figure 1.3 – Macroscopic view on an incised degenerative Achilles tendon during surgery. Note the
greyish colour and loss of white glistening appearance (with permission from M.P. Heijboer).

ing of the tendon bundles may also be evident. Some advocate using the term partial
tear when there is a large area of discontinuous bundles, but these are probably a severe
result of degenerative origin.1 Another feature of tendon degeneration is the diversity
in cellular density with areas of hypercellularity and hypocellularity and the tenocyte
nuclei may become more rounded. The GAG concentration may be increased and due
to the degradation of collagen the tendon attracts high amounts of water and swells.
Another obvious feature is an increased vascularisation. The blood vessels are thought
to be newly formed and are characterised by a tortuous phenotype and a small lumen.
The functional relevance of these blood vessels is questionable as it is thought to be a
failed healing response.14
An apparent macroscopical peritendinous change is thickening of the paratenon.1‑3,5,18
In addition adhesions may be present. These adhesions can result in contractions around
the tendon due to proliferation of connective tissue. This can lead to tendon constriction
and increased friction with the surrounding structures.18
Although the histological changes in tendon tissue are referred to as abnormal, from
post-mortem studies it is known that these observations are present in Achilles tendons
in more than 50% of previously asymptomatic older individuals.21
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Clinical features
Tendinopathy is a clinical diagnosis characterised by pain, swelling and impaired load
bearing capacity.5 Most patients are middle-aged, between 30 and 60 years old, and
participate in sports activity,1‑3 although, tendinopathy is also commonly diagnosed in
the sedentary.1,2,22,23
On history, pain is typically felt in the tendon midportion. A common training error that
is associated with tendinopathy is a rapid increase in activity.24 The phrase “Too much,
too soon” is frequently heard in the patient’s history.14 Initially pain is only present during
the warming-up period or after activity. Rest may initially decrease the symptoms, but
frequently they will return with an increase in activity.13 In a later stage the tendon may
become painful during rest and activities of daily living.25
There are no specific time criteria to classify tendinopathy as acute or chronic. Some
define “chronic” as more than six weeks, but others advocate a cut-off of 12 weeks. These
arbitrary distinctions are not based on histopathological features.18 Another important
symptom is morning stiffness, which is also thought to be a good indicator of symptomatic recovery.13,24 A validated outcome measure to assess the clinical severity of
decreased activity and symptoms in Achilles tendinopathy is the Victorian Institute of
Sports Assessment-Achilles (VISA-A) questionnaire (see Appendix).26
On clinical examination the swelling in the tendon midportion may be obvious.
Achilles tendon pain is usually localised to the tendon itself and does not refer to other
regions, however a few immediate surrounding structures may be relevant for clinical
examination.13 It is important to distinguish insertional disorders from midportion tendinopathy because of the different underlying pathologies and treatment approach.22
An attempt can be made to differentiate between tendon and paratenon lesions with
clinical examination. In cases of paratendinopathy, crepitations may be felt on palpation during movement. Additionally, when the ankle is dorsiflexed the area of swelling
and pain remains fixed, whereas in cases of intratendinous pathology the area of focal
tenderness moves when the ankle is dorsiflexed.27 Even in experienced hands, however,
examiners may have problems reproducing these simple tests. Maffulli et al.28 stated
that in the presence of swelling with pain on palpation, which decreases after stretching, there is a high probability that histology will show features of tendinosis.

Additional diagnostics
There are several modalities available for imaging of the Achilles tendon. Radiographic
imaging is not the prime imaging method to evaluate the midportion of the Achilles
tendon, while ultrasonography (US) and Magnetic Resonance Imaging (MRI) are the ad-
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Figure 1.4 – An increased neovascularisation within the thickened Achilles tendon, observed with Power
Doppler ultrasonography. The severity of neovascularisation is frequently evaluated in an easy to use fivegrade scale (0 to 4+). Figure 1.4A shows a lower degree of neovascularisation, which was defined as grade
2 during the dynamic examination. Figure 1.4B is an example of the highest degree in neovascularisation,
scored as grade 4.

ditional diagnostics of first choice in the evaluation of Achilles tendinopathy because of
their excellent depiction of soft tissue.29 US provides several benefits in comparison with
MRI. It is readily accessible, quick and patient friendly with the possibility of interaction
with the patient. Moreover, the addition of Power Doppler can be helpful in examining
the blood flow within and around the tendon. The major ultrasonographic findings in
chronic midportion Achilles tendinopathy are tendon thickening, hypoechoic areas,
disorganised tendon tissue structure and increased Power Doppler flow.27,29
The presence of blood flow in symptomatic tendons detected with Power Doppler
ultrasonography (PDU) was first described by Newman et al.30 in 1994, who reported
an increased Doppler flow in patients with tendinopathy (Figure 1.4). Öhberg et al.31
performed a case-control study and measured blood flow with Colour Doppler ultrasonography (CDU) in patients with chronic midportion Achilles tendinopathy. These
authors described the increased blood flow as “neovascularisation”, referring to the formation of new blood vessels. All 28 painful tendons showed neovascularisation and the
20 asymptomatic control tendons did not. Subsequently, several researchers examined
the relationship between neovascularisation and clinical symptoms with inconsistent
results. There was a significant difference in the Visual Analogue Scale (VAS) pain score
when a group of patients with Achilles tendinopathy without neovascularisation was
compared to a group with neovascularisation before the start of treatment.32 Others reported that presence of neovascularisation in symptomatic tendons was not correlated
with the VISA-A score 33, however more recently researchers have found that patients
with tendon neovascularisation had a worse VISA-A score.34 The predictive value of
neovascularisation has been studied once, but only a VAS and not a functional score
was used in this study. These authors reported that the presence of neovascularisation
at baseline had no role in outcome prediction after three and six months.32 There is
still discussion about the presence and significance of neovascularisation in chronic
tendinopathy. Despite the many published studies, no studies have been performed
to test the reliability and reproducibility of the methods to quantify neovascularisation
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with PDU or CDU. In the studies on neovascularisation in Achilles tendinopathy, several
neovascularisation scoring systems are used but none of these have been validated, nor
is the reproducibility reported.
The Achilles tendon, with its superficial location, lends itself for examination with grey
scale US.35 By producing a sound wave, receiving echoes, and interpreting those echoes,
an ultrasonographic image can be obtained. The sound wave is partially reflected from
the layers between different tissue types, and the ability to generate echoes is called
echogenicity. On grey scale US, the echogenicity of tendons is based on the density and
arrangement of the collagenous matrix. Normal tendons are characterised by a regular
echo pattern 35,36 due to well-organised tendon bundles. Disorganisation of tendon
tissue leads to a loss of the echogenicity, referred to as hypoechoic areas or irregular
tendon structure which are frequently described in cases of tendinosis.29 Some researchers have focussed on the relationship between the clinical severity of tendinopathy and
the ultrasonographic disorders with conflicting results.37‑39 The main problem with US is
that it is an operator-dependent technique; transducer handling and machine settings
can influence size and appearance of a hypoechoic lesion. The interobserver reliability
of ultrasonographic assessment of tendon structure has not been studied. It is also very
hard to quantify the observed abnormalities through a qualitative assessment, making
changes over time difficult to compare.
MRI provides good quality images of the Achilles tendon due to the three-dimensional
view and the excellent soft-tissue contrast imaging.29 The MRI appearance of a normal
healthy tendon is dark with compact and parallel arrangement of the collagen with low
intrinsic water contents, whereas pathologic conditions of the tendon are well recognised through an abnormal increase in water signal.40 The interobserver agreement of
MRI findings was found to be good, but there may be an overlap of findings in symptomatic and asymptomatic tendons.41,42 In one study, a lesser extent of signal abnormalities
was associated with better clinical outcome at follow-up.39 However, due to the high
costs and limited availability MRI is a less used method.24

Treatment options
The treatment of tendinopathy has changed considerably in recent years due to increasing knowledge about the underlying pathology. Nonetheless, the treatment of choice
can vary from country to country, from clinic to clinic and from clinician to clinician.13
Decades ago, rest was recommended initially due to the lack of a reasonable alternative.25 Rest can have an effect on symptoms, but it appeared to affect tendon tissue
negatively by reducing the collagen amount.43 Later on, non-steroidal anti-inflammatory
agents were prescribed.44 However, due to the shift from the “inflammatory” to “degen-
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erative” theory in chronic tendon disorders, these medications have fallen out of favour.
The role of local anti-inflammatory corticosteroid injections in the management of
Achilles tendinopathy has been widely debated. The effects of corticosteroids in Achilles
tendinopathy have only been described in anecdotal reports or based on expert opinion, but no large studies with long-term follow-up have been performed to examine the
role of corticosteroid injections. Injections of corticosteroids have been reported to be
associated with spontaneous rupture of the Achilles tendon 3,13,24 and nowadays these
injections are discouraged for the treatment of Achilles tendinopathy.
In 1986, Stanish et al.45 developed an exercise program for chronic Achilles tendon
pain with the emphasis on increasing speed and number of repetitions with pain being
used to guide the intensity of the exercises. Though it was reported that these eccentric
exercises led to an improvement in many patients, these exercises only gained attention many years later. Alfredson et al.46 reported that ignoring pain, increasing load and
performing the exercises slowly during the program is thought to provide better results.
For 12 weeks, 180 repetitions of eccentric exercises were performed daily, by 15 athletes
with chronic midportion Achilles tendinopathy. The results were excellent in all athletes.
In subsequent studies comparable results were reported, with a patient satisfaction
around 80-90%.47,48 The working mechanisms of eccentric exercises are hypothetical
and without scientific evidence.3 Some of the hypotheses proposed by Alfredson are
based on the repetitive dorsal flexion. On the one hand this could destroy the neovascularisation and the accompanying nerves and on the other hand a lengthening of the
musculotendinous junction with less strain on the Achilles tendon could be induced.3 A
recent systematic review on the clinical effects of eccentric exercise therapy in patients
with Achilles tendinopathy showed that the effects on pain are promising.49 The authors
stated however, that the major weakness of the included studies is that only pain was
used as outcome. Besides pain, the functional status should be recorded to determine
the magnitude of the effect, and they suggested the use of the validated VISA-A score.
Based on the promising results, eccentric exercise therapy is increasingly prescribed
for patients with chronic midportion Achilles tendinopathy. When there is a failure after
an eccentric exercise program, there are many proposed conservative treatment options. With the increasing knowledge on basic science in tendinopathy, new treatment
modalities are developing.16
Splints are a common treatment of plantar fasciopathy, which may have a mechanism
of action comparable to eccentric exercise therapy; with a continued tendon stretch. The
clinical effects of splinting with passive dorsiflexion have been studied twice in patients
with Achilles tendinopathy. One research group found benefit using splinting alone in
a case series 50, but there was no benefit of a night splint when compared to eccentric
exercises in a randomised clinical trial.51 However these studies used pain or less specific
functional questionnaires as the primary outcome measures.
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Other recently introduced therapies with promising results are sclerosing injections
with polidocanol to eliminate the neovascularisation 52, the administration of topical
glyceryl trinitrate patches to increase collagen production 53, the application of extracorporeal shockwave therapy to induce a healing response 54 and very recently research
groups have been focussing on injecting autologous platelets which may secrete growth
factors with regenerative effects.13
It would seem that conservative management provides generally satisfactory results.
However, in an eight-year follow-up study it was found that 29% of the 83 patients
who were treated conservatively, needed surgery.55 Several types of surgery are normally used.3,18,23,24,56 The most important are incision of the paratenon, excision of the
intratendinous macroscopic lesions and multiple longitudinal incisions which can be
performed to induce tendon repair processes. Results of surgery are estimated to reach
good subjective patient satisfaction in 75-100%.18,24 However, Maffulli et al.23 reported
that these success rates are not that high in routine non-specialised clinical practice.
Moreover a recent paper reported that studies with a higher methodological score were
associated with lower success rates.57
In summary, the treatment of chronic midportion Achilles tendinopathy is difficult
with a relatively high percentage of non-responders. There are many proposed treatment options, of which an eccentric exercise program is currently the first treatment
of choice. Despite the good results on pain scores after eccentric exercises, there are
limited data describing functional outcomes. Many new therapies have been developing with promising preliminary results.

Aims and outline of this thesis
The present thesis is a clinical approach to evaluate the role of ultrasonographic imaging
and new conservative treatment options in patients with chronic midportion Achilles
tendinopathy.
We were at first interested in whether the determination of a neovascularisation score,
measured with PDU, is reliable and of value in the clinical practice. The interobserver
reliability of an easy to use five-grade scale was determined (chapter 2). The amount of
neovascularisation was also compared with the clinical severity of symptoms at a single
point in time.
The predictive value of the neovascularisation score on treatment outcome was
evaluated in a follow-up study. In chapter 3 it was hypothesised that presence of neovascularisation resulted in a worse treatment outcome after eccentric exercise therapy.
The arrangement of tendon tissue structure may be of relevance because symptomatic
tendons frequently show signs of degeneration with a disorganised tendon structure.
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In chapter 4 we introduced a novel ultrasonographic technique in human tendons,
Ultrasonographic Tissue Characterisation (UTC), which can quantify tendon structure
in equine tendons. In these veterinary studies the quantified and categorised tendon
structure was related to the histomorphology of equine tendons as a reference test. In
this study on human Achilles tendons, we also determined the interobserver reliability
of evaluating the obtained images.
In literature, there has been a lot of discussion about the relationship between tendon
structure and symptoms. We depict this relationship in chapter 5 for the first time with
quantification of the amount of disorganised tendon tissue. Furthermore, the degree
of tendon structure disorganisation was evaluated as a predictive factor for clinical
improvement when measured before the start of eccentric exercise therapy.
Eccentric exercises are thought to have some influence on increasing tendon collagen
type I, but more improved regenerative effects may be achieved with the administration of platelet-rich plasma (PRP), which results in increased amounts of growth factors
after degranulation of the platelets. It is suggested that PRP leads to tendon collagen
regeneration and increased angiogenesis. The aim of chapter 6 was to study the in vivo
effects of PRP in tendinopathy with use of ultrasonographic techniques (UTC and CDU)
on tendon structure disorganisation and neovascularisation.
The increasing scientific interest in tendon disorders has led to rapid developments
of novel therapies for chronic tendinopathies in the last decades. Because plantar
fasciopathy is commonly treated with splinting devices, we hypothesised that it could
be beneficial in the treatment of Achilles tendon disorders as well. The use of a night
splint is fairly common in the Netherlands. Therefore, a prospective randomised clinical
trial was performed in which one group performed an eccentric exercise program and
another group performed the same exercises in combination with use of a night splint
(chapter 7).
In the present literature there is increasing interest in the use of growth factor injections for chronic tendon disorders. These growth factors can be derived from autologous
products through injecting whole blood or PRP. In chapter 8, a systematic review of the
literature is reported on the clinical results of autologous growth factor injections.
The use of platelet-rich plasma is gaining popularity due to promising results from
laboratory studies and small clinical trials and is being heavily marketed. The conclusions and suggestions in recent reviews have led to a widely increased use of PRP in the
clinical setting. We performed a double-blind placebo-controlled randomised clinical
trial on the effects of a PRP injection in the management of chronic midportion Achilles
tendinopathy, which is described in chapter 9.
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Abstract
Background - Power Doppler ultrasonography is widely used to examine neovascularisation in midportion Achilles tendinopathy. The reliability of the grading of the amount
of neovascularisation has not been examined previously.
Hypothesis - Power Doppler ultrasonography can be performed with a high interobserver reliability to determine the neovascularisation score in patients with midportion
Achilles tendinopathy.
Study design - Case control study (diagnosis); Level of evidence, 4.
Methods - Thirty-three symptomatic and 17 asymptomatic Achilles tendons from 25
consecutive patients were included for ultrasound examination. Victorian Institute of
Sport Assessment-Achilles score was used to assess the severity of the Achilles tendinopathy. Each tendon was scored twice by different radiologists using the modified
Öhberg score for neovascularisation.
Results - The intraclass correlation coefficient for interobserver reliability was 0.85. Neovascularisation was observed in 70% (23/33) of the symptomatic tendons and in 29%
(5/17) of the asymptomatic tendons. The Spearman correlation coefficient between the
Victorian Institute of Sport Assessment-Achilles score and the degree of neovascularisation was -0.16 (p = 0.10).
Conclusion - An excellent interobserver reliability was found for determining the degree
of neovascularisation on Power Doppler ultrasonography examination. Neovessels were
present in a majority of symptomatic tendons. The severity of symptoms was not correlated with the neovascularisation score.
Clinical relevance - Power Doppler ultrasonography is widely used to evaluate tendinopathy without knowledge of the difference in observations between several testers.
Interobserver reliability of the evaluation of the degree of neovascularisation in chronic
midportion Achilles tendinopathy is excellent.

Interobserver reliability of neovascularisation score

Introduction
Midportion Achilles tendinopathy is a commonly used term for noninsertional chronic
pain in the Achilles tendon.1,6,7,12 In long-standing midportion Achilles tendinopathy,
structural changes within the tendon can be detected using ultrasound imaging.
Ultrasonography is now widely used and is relatively safe and inexpensive, provides
fast results, and is tolerable for most patients. However, it is frequently described as an
operator-dependent imaging technique.2
Neovascularisation throughout the tendon, detected with Power Doppler ultrasonography (PDU), has been observed frequently in the last decade in Achilles tendinopathy.1,2
A neovascularisation score determined with PDU is widely used to assess the severity
of Achilles tendinopathy. In some studies neovascularisation was observed in all symptomatic tendons 11,14, whereas others reported neovessels in 47% to 88% of symptomatic
tendons.6,9,15,16,20 The significance of these neovessels in chronic midportion Achilles tendinopathy is a topic of debate. Many studies have examined the relationship between
neovascularisation and pain or discomfort, with conflicting results.6,9 Some studies
showed a relationship between the degree of neovascularisation and symptoms 11,13,16,
whereas others failed to find a relationship.3,15,17 The reasons for these differences are
unknown. One problem when comparing research results, is the lack of a uniform manner of assessing the degree of neovascularisation.
Varying methods have been described to assess the degree of neovascularisation.
Some studies described only the presence or absence of neovessels 14,20, others used
a scoring system ranging from 0 to 4+ 11,13, and others used a surface area measurement.3,4,15
De Vos et al.6 suggested that physical activity, patient positioning, and ultrasound
examination should be standardised to improve the reliability of assessing the degree of
neovascularisation. These investigators recommended 24-hour abstinence from heavyload eccentric training, sporting activity, or physical exertion before examination. During
PDU, plantar flexion of the ankle should be standardised and the probe pressure should
be minimal to avoid obliteration of the vessels. By using these standardised conditions
as well as the modified Öhberg score, investigators can focus on the reproducibility and
the interobserver and intra-observer reliability of the neovascularisation score.6 No previous studies have examined the reliability of PDU measurement of neovascularisation
in Achilles tendinopathy.
The first aim of this study was to evaluate the interobserver reliability of the ultrasonographic degree of neovascularisation using the modified Öhberg score.6 The second
aim was to observe the prevalence of neovessels in symptomatic and asymptomatic
tendons. The third aim was to evaluate the correlation between the degree of neovascularisation and the Victorian Institute of Sports Assessment-Achilles (VISA-A) score.
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Methods
Patients
Patients were recruited from the sports medicine department of a large district hospital.
A clinical diagnosis of Achilles tendinopathy was made when patients were evaluated
for palpation pain on the Achilles tendon 2 to 7 cm proximal to the insertion on the
calcaneus and tenderness of the Achilles tendon during and after sporting activities.
Inclusion and exclusion criteria are listed in Table 2.1.
Table 2.1 – Inclusion and exclusion criteria.
Inclusion Criteria

Exclusion Criteria

Age 18-70 years

Achilles tendon insertional disorder

Symptoms more than two months

Complete tendon rupture

Active participation in sports

Systemic disorders

Clinical diagnosis of midportion
tendinopathy

All patients were assessed by an experienced sports medicine physician to ensure
correct inclusion. Patients were informed about the aim and background of the study
and gave their written consent. All patients were then examined by a single researcher
using a standard protocol. The VISA-A questionnaire was completed with minimal researcher assistance. A folder with information about the study was given to the patient.
Patients were instructed to abstain from heavy physical or sporting activity 24 hours
before the examination. The study protocol was approved by the regional medical ethics
committee.

Study design
The study design was a case control study. All consecutive patients with midportion
Achilles tendinopathy who met the inclusion criteria and consented to participate
underwent PDU examination of both Achilles tendons. Eight radiologists participated
in the study.

Ultrasonography examination
Power Doppler ultrasonography was performed using a linear high-frequency 8 to 13
MHz transducer (Elegra, Siemens System, Erlangen, Germany). A pulse repetition frequency of 868 Hz was used for maximal sensitivity of Power Doppler. Patients were examined by two of the eight radiologists. All radiologists were trained in musculoskeletal
ultrasound. They had participated in previous studies concerning neovascularisation
score in Achilles tendinopathy. Before this study began, all participating radiologists
were instructed in determining the degree of neovascularisation using the modified
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Öhberg score.14 The radiologists were blinded to the clinical status of the tendons. Both
radiologists, one after another, independently scored the degree of neovascularisation
in both tendons of a patient. Both radiologists used the same ultrasound machine in the
same room. Patients lay prone on the examination table during the short period between
the two measurements. For the measurements, patients lay prone with a cushion-roll
under their ankles. The ankle was placed in neutral position. To avoid obliteration of the
vessels, the pressure of the probe was kept to a minimum. The tendons were examined
in longitudinal and transverse planes as described by Öhberg et al.13,14, Peers et al.15,
Reiter et al.16 and de Vos et al.6 The location and number of neovessels observed with
PDU were scored using the modified Öhberg score.6,14 This score was recorded as 0 (no
vessels visible), 1+ (one vessel, mostly anterior to the tendon), 2+ (one or two vessels
throughout the tendon), 3+ (three vessels throughout the tendon), or 4+ (more than
three vessels throughout the tendon). The images were stored to disk.

Data analysis
Interobserver reliability was calculated with a one-way random model. The intraclass
correlation coefficient (ICC) was used to evaluate the correlation between the observations of the radiologists in symptomatic Achilles tendons. To evaluate the ICC, one score
per observer per tendon was computed. According to Fleiss 8, the reliability is excellent if
ICC is higher than 0.75, fair to good if ICC is 0.75 to 0.4 and poor if ICC is less than 0.4. The
Spearman correlation coefficient analysis was used to examine the correlation between
the VISA-A score and the mean neovascularisation score of the two measurements. The
Spearman correlation (positive or negative) is interpreted as no association when 0.0,
weak when 0.2, moderate when 0.5, strong when 0.8, and perfect when 1.00.21 Statistical
significance was assumed when P values were less than 0.05. SPSS version 15.0.0 statistical software (SPSS Science Inc, Chicago, Illinois, USA) was used to perform the statistical
analysis.

Results
Patients
Twenty-five patients (50 Achilles tendons) were included. One patient was excluded.
There were 16 male and nine female patients. Twelve patients were active long-distance
runners, five patients visited fitness centres to do spinning and aerobics, three patients
played competitive soccer, three patients were active hikers, and two patients were
students at an academy of sports. The mean age was 44.4 years (range, 18-63), mean
duration of symptoms was 36.7 weeks (range, 8-120), and mean body mass index was
24.9 kg/m² (range, 19.3-28.9). Of the 50 tendons, 33 were symptomatic and 17 were
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asymptomatic. In six patients symptoms were located in the left Achilles tendon, 11
patients had symptoms in the right tendon, and eight patients had bilateral complaints.
Ten patients had had to stop their sporting activities, and 11 patients had had to reduce
their activities. Four patients had been able to continue their sporting activities.

Interobserver reliability of the neovascularisation score
In 62% of the measurements there was absolute agreement in the neovascularisation
score between the radiologists. The ICC for interobserver reliability of neovascularisation scores in symptomatic tendons was 0.85.

Prevalence of neovessels
Neovascularisation was present in 70% (23/33) of the symptomatic tendons. Neovascularisation was detectable in 29% (5/17) of asymptomatic tendons. Table 2.2 shows the
distribution of the modified Öhberg score in symptomatic and asymptomatic tendons.
Table 2.2 – Distribution of the modified Öhberg neovascularisation score for symptomatic (n = 33) and
asymptomatic (n = 17) tendons.
Modified Öhberg Score

Number of symptomatic tendons

Number of asymptomatic tendons

33 (100%)

17 (100%)

0

10 (30%)

12 (70%)

1+

5 (17%)

1 (6%)

2+

7 (20%)

3 (18%)

3+

3 (9%)

1 (6%)

4+

8 (24%)

0%

Correlation between neovascularisation score and the VISA-A score
All patients completed the VISA-A score for both Achilles tendons. The mean VISA-A
score of symptomatic tendons was 58. The Spearman correlation coefficient was -0.16
(p = 0.10).

Discussion
In this study the interobserver reliability of determining the neovascularisation score
using PDU was excellent (ICC 0.85). Neovascularisation was present in 70% (23/33) of
symptomatic tendons and 29% (5/17) of asymptomatic tendons. There was no correlation (Spearman correlation coefficient -0.16, p = 0.10) between the VISA-A score and the
degree of neovascularisation.

Interobserver reliability of neovascularisation score

This study shows that interobserver reliability when quantifying neovascularisation
with PDU in symptomatic Achilles tendons, using the modified Öhberg score, was excellent. This means that different radiologists examining the same tendon had excellent
agreement between their findings. There are no other studies in which the reliability of
measuring the neovascularisation in Achilles tendinopathy has been examined.
The reliability of ultrasound assessment for other musculoskeletal disorders was
studied by Szkudlarek et al.19, who evaluated the interobserver agreement of ultrasonographic assessment of finger and toe joints in patients with active rheumatoid arthritis.
In one assessment these investigators evaluated the agreement of Power Doppler signal
in the joints. Two observers examined flow and vessels with PDU, using a four-grade
measuring system, in 150 small joints of 30 patients. They found exact agreement
between observers in 87% of cases. An ICC of 0.72 was found, which represents a fair
to good reliability.8 Cook et al.5 found high reproducibility of the measurement of
vascularity within patellar tendons using Colour Doppler ultrasonography (CDU). Two
observers estimated tendon vascularity in millimetres in 74 tendons during ultrasound
examination and from stored films. The correlation between examiners was excellent for
the vessel lengths measured from the digital images.
The prevalence of neovascularisation in symptomatic Achilles tendons (70%) in this
study is within the range reported by other investigators. Peers et al.15, Reiter et al.16,
Zanetti et al.20, de Vos et al.6 and Leung and Griffith 10 reported the presence of neovessels in 47% to 88% of the symptomatic tendons. On the contrary, Öhberg et al.13,14 and
Lind et al.11 found neovascularisation in all symptomatic tendons. Besides examining the
prevalence of neovascularisation in symptomatic tendons, we also examined neovessels
in asymptomatic tendons; 29% (5/17) of these asymptomatic tendons had a degree of
neovascularisation.
Boesen et al.3 reported that in 30% (6/20) of asymptomatic tendons of untrained subjects, CDU activity was measured in the tendon. Those authors found that prior physical
activity can influence the degree of neovascularisation. It is questionable whether
neovascularisation in asymptomatic tendons is a physiological phenomenon or if this
represents a prepathologic stage.
The differing results may be explained, in part, by the findings of Richards et al.17
who reported that PDU is preferred over CDU for examination of vessels because PDU
shows a greater number and extent of vessels and more contiguous vessels than does
CDU. Boesen et al.3 and Öhberg et al.14 used CDU to examine neovascularisation in the
Achilles tendons. In this study we found a lower prevalence of neovessels than Öhberg
et al.14 did, despite the use of PDU. No explanation for this difference could be found.
Although variations in neovascularisation score might be attributable to machine settings, differences in the prevalence of neovessels also might be explained by the use of
standardised conditions, as mentioned recently by de Vos et al.6
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We found no correlation between the degree of neovascularisation and the symptoms.
To examine the relationship of symptomatic Achilles tendinopathy and neovascularisation score, we used the VISA-A questionnaire, which provides a valid and reliable index
of the severity of Achilles tendinopathy.18 De Vos et al.6 found no correlation between the
neovascularisation score and the VISA-A score at baseline in their study. On the contrary,
Peers et al.15 found a negative correlation between PDU and a functional test and pain
score when using one item (jumping capability) of the VISA-A questionnaire. Reiter et
al.16 found significantly worse VISA-A scores in patients with blood flow in the Achilles
tendon than in symptomatic patients without flow seen on PDU. Zanetti et al.20 found
higher visual analogue scale scores in patients with tendons showing neovascularisation at the initial evaluation. In 2002, Öhberg and Alfredson 13 reported that all patients
who were unsatisfied after sclerosing treatment had neovascularisation on CDU. Similar
results were found by Lind et al.11 in 2006.
Although analysing Achilles tendons with PDU is reliable, the conflicting results about
the presence of neovessels and correlation between the degree of neovascularisation
and pain or discomfort do not help to clarify the significance of neovessels in Achilles
tendinopathy.9
One of the limitations of this study is that standardisation of physical activity before
the examination was not validated. Boesen et al.3 reported an increase of neovascularisation directly after exercise. It is unclear whether the increase in the detectability of
neovessels lasts longer than 24 hours after exercise. Therefore, there are indications that
neovascularisation is influenced during a treatment period. This may have influenced
the prevalence of neovascularisation in this study group. However, the results of the
interobserver reliability are independent of treatment period, because measurements
were performed at the same moment.
Another limitation is the use of the VISA-A score to index asymptomatic tendons. In
this study, the VISA-A score for asymptomatic tendons was probably lower because of
a “negative” influence on functional activity of the contralateral symptomatic tendon in
one subject.
In cases of severe pain it is not always possible to blind the radiologist as to whether
a tendon is symptomatic, because application of probe pressure elicits a pain response
from the patient. As a result, radiologists may examine these symptomatic tendons
more thoroughly to find any neovascularisation. Another limitation is that because of
previous studies in this hospital, the radiologists had considerable experience in using
PDU to assess neovascularisation.
More studies are needed that examine intra-observer reliability, test-retest characteristics, and validity of the assessment of neovascularisation with PDU using the modified
Öhberg score. Once these factors have been determined, larger studies will be needed
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to determine the clinical significance of neovascularisation in cases of Achilles tendinopathy.

Conclusion
This is the first study to evaluate interobserver reliability in assessing the sonographic
degree of neovascularisation in Achilles tendinopathy. An excellent interobserver reliability (ICC 0.85) was found. No correlation was found between VISA-A score and neovascularisation score. Further studies examining intra-observer reliability and test-retest
characteristics are needed.

31

32

Chapter 2

References
1.
2.
3.

4.
5.

6.
7.

8.
9.
10.
11.

12.
13.
14.

15.
16.
17.
18.
19.

20.

Alfredson H. Chronic midportion Achilles tendinopathy: an update on research and treatment.
Clin Sports Med. 2003; 22: 727-41.
Bleakney RR, White LM. Imaging of the Achilles tendon. Foot Ankle Clin. 2005; 10: 239-54.
Boesen MI, Koenig MJ, Torp-Pedersen S, Bliddal H, Langberg H. Tendinopathy and Doppler activity: the vascular response of the Achilles tendon to exercise. Scand J Med Sci Sports. 2006; 16:
463-9.
Boesen MI, Torp-Pedersen S, Koenig MJ, et al. Ultrasound guided electrocoagulation in patients
with chronic non-insertional Achilles tendinopathy: a pilot study. Br J Sports Med. 2006; 40: 761-6.
Cook JL, Ptazsnik R, Kiss ZS, Malliaras P, Morris ME, De Luca J. High reproducibility of patellar
tendon vascularity assessed by colour Doppler ultrasonography: a reliable measurement tool for
quantifying tendon pathology. Br J Sports Med. 2005; 39: 700-3.
de Vos RJ, Weir A, Cobben LP, Tol JL. The value of power Doppler ultrasonography in Achilles
tendinopathy: a prospective study. Am J Sports Med. 2007; 35: 1696-1701.
de Vos RJ, Weir A, Visser RJ, de Winter T, Tol JL. The additional value of a night splint to eccentric
exercises in chronic midportion Achilles tendinopathy: a randomised controlled trial. Br J Sports
Med. 2007; 41: e5.
Fleiss JL. The Design and Analysis of Clinical Experiments. New York, NY: John Wiley; 1986.
Knobloch K, de Vos RJ, Weir A, Tol JL. The use of a neovascularisation score to predict clinical
severity in Achilles tendinopathy. Am J Sports Med. 2008; 36: 395-7.
Leung JL, Griffith JF. Sonography of chronic Achilles tendinopathy: a case-control study. J Clin
Ultrasound. 2008; 36: 27-32.
Lind B, Öhberg L, Alfredson H. Sclerosing polidocanol injections in midportion Achilles tendinosis: remaining good clinical results and decreased tendon thickness at 2-year follow-up. Knee
Surg Sports Traumatol Arthrosc. 2006; 14: 1327-32.
Maffulli N, Wong J, Almekinders LC. Types and epidemiology of tendinopathy. Clin Sports Med.
2003; 22: 675-92.
Öhberg L, Alfredson H. Ultrasound guided sclerosis of neovessels in painful chronic Achilles
tendinosis: pilot study of a new treatment. Br J Sports Med. 2002; 36: 173-7.
Öhberg L, Lorentzon R, Alfredson H. Neovascularisation in Achilles tendons with painful tendinosis but not in normal tendons: an ultrasonographic investigation. Knee Surg Sports Traumatol
Arthrosc. 2001; 9: 233-8.
Peers KH, Brys PP, Lysens RJ. Correlation between power Doppler ultrasonography and clinical
severity in Achilles tendinopathy. Int Orthop. 2003; 27: 180-3.
Reiter M, Ulreich N, Dirisamer A, Tscholakoff D, Bucek RA. Colour and power Doppler sonography
in symptomatic Achilles tendon disease. Int J Sports Med. 2004; 25: 301-5.
Richards PJ, Win T, Jones PW. The distribution of microvascular response in Achilles tendinopathy
assessed by colour and power Doppler. Skeletal Radiol. 2005; 34: 336-42.
Robinson JM, Cook JL, Purdam C, et al. The VISA-A questionnaire: a valid and reliable index of the
clinical severity of Achilles tendinopathy. Br J Sports Med. 2001; 35: 335-41.
Szkudlarek M, Court-Payen M, Jacobsen S, Klarlund M, Thomsen HS, Ostergaard M. Interobserver agreement in ultrasonography of the finger and toe joints in rheumatoid arthritis. Arthritis
Rheum. 2003; 48: 955-62.
Zanetti M, Metzdorf A, Kundert HP, et al. Achilles tendons: clinical relevance of neovascularisation
diagnosed with power Doppler US. Radiology. 2003; 227: 556-60.

Interobserver reliability of neovascularisation score

21.

Zou KH, Tuncali K, Silverman SG. Correlation and simple linear regression. Radiology. 2003; 227:
617-622.

33

Chapter 3
The value of Power Doppler ultrasonography in
Achilles tendinopathy – a prospective study
R.J. de Vos
A. Weir
L.P.J. Cobben
J.L. Tol

Department of Sports Medicine and Radiology
The Hague Medical Centre Antoniushove
Leidschendam, the Netherlands
Am J Sports Med 2007; 35(10): 1696-1701

36

Chapter 3

Abstract
Background - Neovascularisation, detected with Power Doppler ultrasonography (PDU),
is thought by some to play a central role in pathogenesis of Achilles tendinopathy.
Hypothesis - Power Doppler ultrasonography neovascularisation score is correlated
with clinical severity at baseline and after conservative treatment.
Study design - Cohort study (prognosis); Level of evidence, 2.
Methods - Seventy tendons from 58 patients with chronic midportion Achilles tendinopathy were included, and 63 symptomatic tendons were analysed. All patients were
prescribed a 12-week heavy-load eccentric training program and evaluated with PDU
at baseline and 12 weeks. Patient satisfaction, Victorian Institute of Sports AssessmentAchilles (VISA-A) score, and mean visual analogue scale (VAS) score were correlated with
degree of neovascularisation (five-grade scale).
Results - Of the 63 symptomatic tendons, baseline neovascularisation scores were 23
grade 0 (37% no neovessels), 18 grade 1, 8 grade 2, 8 grade 3, and 6 grade 4 (63% neovascularisation grades 1-4). At baseline, neovascularisation was not significantly correlated
with the mean VAS score (r = 0.19, p = 0.13) and VISA-A score (r = -0.23, p = 0.07). At
12-week follow-up, the neovascularisation score significantly correlated with the mean
VAS score (r = 0.43, p < 0.001) and VISA-A score (r = -0.46, p < 0.001). No significant differences were found in improvement of VISA-A score after treatment between patients
with neovessels (grades 1-4) or without neovessels (grade 0) at baseline.
Conclusion - Sixty-three percent of the symptomatic tendons were found to have
neovessels at baseline. There was no significant correlation between neovascularisation
score and clinical severity at baseline, but at follow-up, there was a significant correlation. Neovascularisation at baseline did not predict clinical outcome after conservative
treatment.

The value of Power Doppler ultrasonography

Introduction
Chronic midportion Achilles tendinopathy is a generic term for long-standing, noninsertional tendon pain and is frequently reported in the athletic population.12,16 Terminology used to describe this entity may be confusing.20 When the underlying pathological
abnormality is unknown, the term Achilles tendinopathy is preferred, describing only
the painful condition of the tendon.1 A phenomenon that is frequently seen in these
symptomatic tendons is hypervascularity or neovascularisation.1,6 In the last decade,
the addition of Power Doppler imaging to ultrasound enabled detection of blood flow
in tendons.6 Recently, many studies have been performed to determine the exact role
of neovascularisation. There is still discussion about the presence and significance of
neovessels in chronic tendinopathy. Alfredson1 described a theory in which he suggests
that the ingrowth of neovessels and their adjacent nerves in the tendinopathic ventral
part of the tendon are the source of pain. On Power Doppler ultrasonography (PDU)
examination, this neovascularisation disappears when the ankle is dorsiflexed. For that
reason, eccentric exercises may permanently damage these neovessels and the accompanying nerves.1,2 In some studies, successful results are reported when the neovessels
are used as the target of sclerosing treatment with polidocanol injections.4,11,13 The
authors reported that the neovessels disappeared in the satisfied patients but not in the
dissatisfied patients.
A number of recent studies examined the role of neovascularisation in relatively small
populations.4,7,8,11,13,15,17,18,21 In some studies 4,11,13,15, neovascularisation was found in all
symptomatic tendons, while others report neovessels being present in 50% to 88% of
symptomatic tendons.17,18,21
The relationship between neovascularisation and clinical symptoms is unclear, and
there are conflicting data. A positive correlation between neovascularisation and visual
analogue scale (VAS) score was reported by Peers et al.17, but this is not supported by the
data of Zanetti et al.21 when the group without neovessels was compared with the group
with neovessels. Reiter et al.18 reported that presence of neovascularisation in symptomatic tendons was associated with a worse Victorian Institute of Sports AssessmentAchilles (VISA-A) score. Peers et al.17 found correlation between neovascularisation and
only one of the ten items on the VISA-A questionnaire.
Many studies have examined the relationship between neovascularisation at a single
point in time, but for the clinician and the patient, it is more interesting to examine
the predictive value of neovascularisation at baseline on clinical outcome. The VISA-A
questionnaire is a validated tool for assessing clinical outcome and includes questions
on pain, activity, and function.10,19 To our knowledge, the predictive value has only been
studied once, by Zanetti et al.21, but a functional score was not used in this study. Zanetti
et al.21 analysed the presence of neovessels at baseline related to pain scores after
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conservative treatment. The presence of neovascularisation at baseline had no role in
outcome prediction, measured with the VAS score.
The first aim of this prospective clinical study was to evaluate whether neovessels
were present in all symptomatic tendons. The second aim was to evaluate whether there
was a correlation between neovascularisation and clinical severity. The third aim was to
evaluate the role of neovascularisation in predicting clinical functional outcome.

Materials and Methods
Patients
Patients were recruited at the sports medicine outpatient department of a large district
general hospital. Inclusion criteria and exclusion criteria are listed in Table 3.1. All patients
were active in sports participation and had a tendon that was tender on palpation and
during or after sport. The tendon thickening and/or tenderness was located 2 to 7 cm
proximal to the distal insertion. The diagnosis was made based on this clinical examination.
Table 3.1 – Inclusion and exclusion criteria.
Inclusion criteria

Exclusion criteria

Age 18-70 years

Previous performance of an eccentric exercise
program

Symptoms more than 2 months

Inability to perform heavy-load eccentric exercises

Active participation in sports activities

Insertional disorder

Desire to return to original level of sports

Tendon rupture
Systemic illness

After patient inclusion by a clinician, an appointment was made for an ultrasound
examination. After the ultrasound examination, all patients were examined by a single
researcher using a standard protocol. This protocol consisted of standardised outcome
measures: patient satisfaction, VISA-A questionnaire 19, and VAS score during activities
of daily living and sports (a mean was calculated from these two VAS scores). Subjective
patient satisfaction was rated as poor, fair, good, or excellent. A good or excellent result
was considered as successful. The VISA-A questionnaire, a validated instrument to evaluate the severity of symptoms and functional restriction in Achilles tendinopathy, was
completed with minimum assistance from the researcher. At both appointments, the
VAS scores were noted.
The patients were informed about the aim and background of the study, and patients
could give their consent. When consent had been provided, a detailed instruction of the
conservative treatment was conducted. All patients performed a heavy-load eccentric
exercise regimen according to Alfredson et al.5, with or without a night splint.9
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Study design
The study design was a prospective clinical trial. The study was part of a randomised
controlled trial comparing eccentric exercises in combination with splinting to eccentric
exercises alone.9 Patients with midportion Achilles tendinopathy were included in the
study, and ultrasonography was performed at baseline and at 12-week follow-up.
Spearman correlations were used to evaluate the relationship between ultrasonographic findings and outcome variables. The Wilcoxon signed rank test was used to
assess changes over time in the variables within groups, and the Mann-Whitney U test
was used for changes between groups. The χ2 test was used to evaluate the difference in
patient satisfaction between groups. Statistical significance was assumed when P values
were < 0.05. All analyses were performed with the use of SPSS (version 12.0.1) statistical
software (SPSS Science, Chicago, Illinois, USA).
The study protocol was approved by the regional Medical Ethics Committee.

Ultrasound examination
At baseline and at 12-week follow-up, Power Doppler ultrasonography (Elegra, Siemens
Systems, Erlangen, Germany) was performed using a linear high-frequency 8 to 13 MHz
transducer. The examination was performed by a musculoskeletal radiologist. The same
researcher, who was blinded to the clinical status of the subjects, was present at all
ultrasonographic examinations and determined the neovascularisation score. Patients
lay prone during the examination, with their feet hanging freely over the edge of the
examination table. The pressure of the probe was kept to a minimum to avoid obliteration of small vessels. Symptomatic Achilles tendons were observed in longitudinal
and transverse planes as described by Öhberg et al.14, Reiter et al.18 and Peers et al.17
On investigation, the researcher and the radiologist evaluated the neovascularisation
of the Achilles tendon. The neovascularisation score was determined by the location
and number of vessels noticed on PDU examination. This modified Öhberg score 13
was recorded as 0 (no vessels visible), 1+ (one vessel mostly in the anterior part), 2+
(two vessels throughout the tendon), 3+ (three vessels throughout the tendon), and 4+
(> three vessels throughout the tendon). The ultrasound images were saved to disk.
After the use of this grading system, a distinction was made between tendons
without neovessels (grade 0) and with neovessels (grades 1-4) as described by several
authors.7,11,18
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Results
Patients
Sixty-seven patients (79 tendons) visited the Hague Medical Centre for the study between March and December 2005. Nine patients were excluded – four patients had an
insertional disorder, two patients had already performed a heavy-load eccentric training
program, one patient had a partial rupture, one patient had a total rupture, and one
patient was unable to carry out the eccentric exercises. Seventy symptomatic tendons
(46 unilateral, 12 bilateral) from 58 patients were included.
The mean age was 44.6 years (range 26-59), mean duration of symptoms was 30.7
months (range 2-221), and the mean body mass index was 25.1 kg/m² (range 20.2-34.5)
(Table 3.2). All patients were active in sports, and most of them had to stop their sporting
activities. In 24 cases, sports activity had to be stopped, and in 19 cases, sports activity
had to be reduced. Six patients (seven tendons) did not complete the treatment and/
or did not show up at the follow-up evaluation.9 In total, 63 symptomatic tendons of 52
patients completed the study and could be analysed.
Table 3.2 – Patient characteristics at baseline
Variable
Patient age (y)
Male/female

Mean

Standard Deviation

44.6

7.9

37 female
26 male

Location injury, left/right

30 left
33 right

-

Body mass index

25.1

3.1

Duration of symptoms (mo)

30.7

50.8

Single Point in Time
Baseline
At baseline, there were neovessels in 63% (n = 40) of the symptomatic tendons. Thirtyseven percent (n = 23) had no neovascularisation (grade 0). Table 3.3 shows the distribution of neovascularisation scores in the tendons.
In tendons with neovessels, the mean VAS score (r = 0.19, p = 0.13) and VISA-A score
(r = -0.23, p = 0.07) were not correlated with the degree of neovascularisation.
Follow-up (12 weeks)
After 12 weeks, there were neovessels detectable in 63% (n = 40) of the symptomatic
tendons (Table 3.3). While the number of tendons with neovessels remained unchanged,
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Table 3.3 – Distribution of neovascularisation score at baseline and 12-week follow-up in the
symptomatic tendons.
Neovascularisation score by grade

Number of symptomatic tendons (% of n = 63)
Baseline

12 weeks

0

23 (37)

23 (37)

1+

18 (28)

16 (25)

2+

8 (13)

14 (22)

3+

8 (13)

7 (11)

4+

6 (9)

3 (5)

nine tendons without neovessels at baseline had developed neovessels at follow-up,
and nine tendons with neovascularisation at baseline had no neovessels at follow-up.
There was a significant correlation between mean VAS score and degree of neovascularisation (r = 0.43, p < 0.001). A higher VAS score was associated with more neovessels.
Also, a higher VISA-A score was related to a lower degree of neovascularisation (r = -0.46,
p < 0.001).

Changes over time / Prognostic value of neovascularisation score at baseline
No neovascularisation at baseline.
In the 23 tendons without neovessels at baseline (grade 0), the VISA-A score increased
significantly from 55 to 74 (p = 0.004). The mean VAS score decreased significantly from
45 to 26 (p = 0.005). Patient satisfaction was good or excellent in 57% of the patients.
Some degree of neovascularisation at baseline.
Forty tendons had some degree of neovascularisation at baseline (grades 1-4). After
12 weeks, 31 of these tendons still showed neovessels. In this group, the VISA-A score
increased significantly from 47 to 65 (p < 0.001). The mean VAS score decreased significantly from 56 to 34 (p < 0.001). Patient satisfaction was good or excellent in 55%. Table
3.4 shows the outcomes (mean VAS score, VISA-A score, and patient satisfaction) in the
groups with and without neovessels at baseline.
When tendons without neovessels (grade 0) were compared with tendons with neovascularisation (grades 1-4) at baseline, there was no significant difference between
decrease in mean VAS score (p = 0.73), increase in VISA-A score (p = 0.87), and patient
satisfaction (p = 0.91). Figures 3.1 and 3.2 show the significant improvements within both
groups and the nonsignificant differences between both groups in VAS and VISA-A score.
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Table 3.4 – Outcome measured in mean VAS score, VISA-A score, and patient satisfaction at baseline and
12-week follow-up in tendons without (grade 0) and with (grades 1-4) neovascularisation at baseline.
Within both groups, there was a significant decrease in mean VAS score and improvement in VISA-A score,
but when these changes were compared between both groups, there was no significant difference.
Mean VAS score
Neovascularisation score
by grade at baseline

Baseline

12 Weeks

0

45

1-4+

56

Mean VISA-A score
Excellent or
good patient
satisfaction

Baseline

12 Weeks

26

55

74

13/23 (57%)

34

47

65

22/40 (55%)

VAS – Visual Analogue Scale
VISA-A – Victorian Institute of Sports Assessment-Achilles

Figure 3.1 – Predictive value of neovascularisation score at baseline. Decrease in mean visual analogue
scale (VAS) score within the groups without (grade 0) and with (grades 1-4) neovessels at baseline. No
statistically significant difference was found between these groups in mean VAS score (p = 0.053) at
baseline. Within both groups, the decrease in VAS score was significant, but between the groups, there
were no significant differences (p = 0.73). Error bars denote standard deviations.

Discussion
In this prospective study, there were neovessels present in 63% of the symptomatic
Achilles tendons. There was no correlation between neovascularisation score and VISAA score or VAS score at baseline, but at follow-up, a higher neovascularisation score was
significantly correlated with a worse VISA-A score and a higher VAS score. There was no
difference in improvement of the VISA-A score or decrease in VAS score and patient satisfaction after 12 weeks of treatment when tendons without neovascularisation (grade
0) were compared with tendons with neovascularisation (grades 1-4) at baseline.
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Figure 3.2 – Predictive value of neovascularisation score at baseline. Improvement in Victorian Institute
of Sports Assessment-Achilles (VISA-A) score within the groups without (grade 0) and with (grades
1-4) neovessels at baseline. No statistically significant difference was found between these groups in
VISA-A score (p = 0.15) at baseline. Within both groups, the VISA-A score improvement was significant,
but between the groups, there were no significant differences (p = 0.87). Error bars denote standard
deviations.

When the presence of neovessels in 63% of symptomatic tendons is compared with
other studies, there are similarities to the results of Peers et al.17, Reiter et al.18 and Zanetti
et al.21 who found neovessels in 50% to 88% of symptomatic tendons. Peers et al.17 found
that 22 of the 25 patients (88%) with clinical Achilles tendinopathy had neovessels. They
state that the blood flow may be too slow to detect in some cases. However, Öhberg
and Alfredson 4,13 and Lind et al.11 found neovascularisation in all symptomatic tendons
at baseline. It is unclear how these different observations are caused. In this study, a
linear high-frequency 8 to 13 MHz transducer was used. Several other authors used comparable transducers with the same frequency.4,11,13 Some authors used a 14 MHz linear
array transducer.7,8,18 Peers et al.17 used a 5 to 12 MHz linear array probe, and Zanetti et
al.21 used a linear transducer with 7.5 to 9.0 MHz frequency. All these studies describe
different ways to perform the PDU examination. Some did not report the degree of
plantar flexion and pressure of the probe.4,13,17 Boesen et al.7 allow their patients to freely
hang their feet over the end of the bed. Several other authors also describe this resting
position of the feet and emphasise its importance in reducing the pressure of the probe
in order to avoid obliteration of small vessels.8,11,18,21
Previous studies frequently examined whether neovascularisation was correlated
with clinical severity.4,13,17,18 Reiter et al.18 found that the presence of neovessels was associated with more pain and restricted function, measured with the VISA-A score. Peers
et al.17 conducted a comparable study, in which a correlation could be found between
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only one item of the VISA-A questionnaire (item 6, number of leg hops without pain) and
neovascularisation. Öhberg and Alfredson 4,13 found that the presence of neovascularisation was correlated with more discomfort, measured using a VAS score, and patient
satisfaction. Recent observations of Alfredson and Öhberg 3 showed an increase in
neovascularisation in every patient in the first three weeks after treatment with sclerosing injections. After this period, a decrease was seen in the satisfied patients, but when
these neovessels remained, symptoms persisted. They hypothesised that this increased
neovascularisation might be part of a healing response.
The finding that neovascularisation at baseline does not predict outcome is comparable with the only other study in which this has been examined.21 Zanetti et al.21 analysed
the presence of neovascularisation at baseline related to the outcome after conservative
treatment. In their series, the presence of neovascularisation had no role in outcome
prediction as measured with the VAS score. There was no significant difference in VAS
score after three and six months between the group with or without neovascularisation
at baseline.
Despite the many published studies, no studies have been performed to test the reliability and reproducibility of the methods to quantify neovascularisation on PDU.3 In
the studies on neovascularisation, several neovascularisation scoring systems are used.
Some authors make a distinction between the presence or absence of neovascularisation 4,21, while other authors used a grading system from 0 to 4+ 7,11,13 or from 0 to 3+.18
Two studies described the use of colour fraction or surface measurement of coloured
pixels.8,17
In this study, the modified neovascularisation score of Öhberg was used.13 The use of
a range from 0 to 4+ was necessary to analyse the change of neovascularisation after
heavy-load eccentric training. This scoring system is simple and easy to use in daily clinical practice.
Recent studies showed that prior physical activity can influence the degree of
neovascularisation. Boesen et al.7 found that all badminton players had some degree
of neovascularisation in one or both Achilles tendons after a match. Recently, Boesen
et al.8 reported that in an asymptomatic group of nontrained, healthy subjects, there
was presence of neovascularisation in six of 20 tendons (30%) before activity. After a
5-km run, there were neovessels in 14 (70%) of the 20 tendons. The authors concluded
that neovessels are not always associated with a pathologic condition and that activity
increases neovascularisation.
A validated neovascularisation score is essential in the evaluation of Achilles tendinopathy with PDU. In our opinion, standardisation of physical activity before the PDU
examination is necessary. We recommend 24 hours’ abstinence from heavy-load eccentric training, sporting activity, or physical exertion. The degree of ankle plantar flexion
should also be standardised during the PDU examination, and minimal probe pressure

The value of Power Doppler ultrasonography

should be used to avoid obliteration of vessels. With these standardised conditions,
future studies can be focused on the interobserver and intra-observer reliability.
Another limitation of this study was that symptoms may affect right and left measurements in bilateral Achilles tendinopathy. Although the VISA-A questionnaire has been
validated in bilateral cases, it is our experience that a successfully treated tendon may
score poorly because of functional limitations imposed by the contralateral symptomatic tendon.9
Larger prospective studies on the value of PDU are needed to confirm the results in this
study. Possibly, further studies may confirm our results that the use of PDU before the
start of conservative treatment is not of added value in predicting the clinical outcome.

Conclusion
In this study, neovessels could be found with PDU in 63% of the symptomatic tendons
before treatment. The degree of neovascularisation before treatment was not related to
discomfort and decrease in function, as measured with VAS score and VISA-A score. At
12-week follow-up, this correlation was present. The presence or absence of neovessels
observed before treatment was not associated with a better or worse clinical outcome
after 12 weeks.
Based on our findings, performing ultrasound at baseline has no prognostic value
on clinical outcome. However, the significance of neovascularisation in chronic painful
tendons must be further examined in future studies because of the conflicting results
in different studies. A standardised validated measurement of neovascularisation is
needed.
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Abstract
Objective - To assess if three-dimensional imaging of the Achilles tendon by Ultrasonographic Tissue Characterisation (UTC) can differentiate between symptomatic and
asymptomatic tendons.
Design - Case-control study.
Setting - Sports medical department of the Hague Medical Centre.
Patients - Twenty-six tendons from patients with chronic midportion Achilles tendinopathy were included. The “matched” control group consisted of 26 asymptomatic
tendons.
Interventions - Symptomatic and asymptomatic tendons were scanned using the
UTC-procedure. One researcher performed the ultrasonographic data collection. These
blinded data were randomised and outcome measures were determined by two independent observers.
Main outcome measurements - The raw ultrasonographic images were analysed with a
custom-designed algorithm that quantifies the three-dimensional stability of echopatterns, qua intensity and distribution over contiguous transverse images. This three-dimensional stability was related to tendon structure in previous studies. UTC categorises
four different echo-types that represent: I) highly stable; II) medium stable; III) highly
variable and IV) constantly low intensity and variable distribution. The percentages of
echo-types were calculated and the maximum tendon thickness was measured. Finally,
the interobserver reliability of UTC was determined.
Results - Symptomatic tendons showed less pixels in echo-types I and II than asymptomatic tendons (51.5% versus 76.6%, p < 0.001), thus less three-dimensional stability of
the echopattern. The mean maximum tendon thickness was 9.2 mm in the symptomatic
group and 6.8 mm in the asymptomatic group (p < 0.001). The intraclass correlation
coefficient (ICC) for the interobserver reliability of determining the echo-types I+II was
0.95. The ICC for tendon thickness was 0.84.
Conclusion - UTC can quantitatively evaluate tendon structure and thereby discriminate
symptomatic and asymptomatic tendons. As such UTC might be useful to monitor treatment protocols.

Ultrasonographic Tissue Characterisation of human Achilles tendons

Introduction
The Achilles tendon is a hierarchically arranged structure with a collagenous matrix
in the direction of tensile forces transferred through the tendon.1 Midportion Achilles
tendinopathy is the clinical designation used for a painful swollen Achilles tendon at
2-7 cm proximal to the tendon insertion with an impaired function.2,3 In these tendons
a remarkable matrix disintegration can be found as a consequence of degeneration.
Biochemically, a young matrix with high collagen turnover and a tendency to fibrotic
repair is observed.4 These phenomena are elements of the histopathological label “tendinosis”.5 On ultrasonography, the echogenicity of tendons is based on the density and
arrangement of the collagenous matrix. Normal tendons are characterised by a regular
echopattern, qua intensity and arrangement in grey scale images.6,7 On the contrary,
disintegration of tendon bundles leads to a remarkable loss of the echogenicity. Consequently, hypoechoic lesions are frequently described in cases of tendinosis.8
There are some sonographic studies that evaluated the possible difference between
symptomatic and asymptomatic tendons. One study reported only hypoechoic areas in
68% of the symptomatic Achilles tendons 9, but another group found hypoechoic areas
also in 11% of asymptomatic tendons.10 Some studies focussed on the prognostic value
of hypoechoic lesions. No difference was found in overall outcome after conservative
treatment between tendons with normal ultrasonographic appearance and tendons
with a hypoechoic area.11 Khan et al.12 reported that a reduced area of hypoechogenicity
on ultrasonography did not correlate with an improved clinical outcome.
The main problem with ultrasonography is that it is a real-time and operatordependent technique; transducer-handling and machine settings can influence size and
appearance of a hypoechoic lesion. To our knowledge, the interobserver reliability of
ultrasonographic assessment of tendon structure is not known and changes in time are
difficult to compare. Furthermore, the structure of the (disintegrated) tendon is a threedimensional phenomenon that can not be captured in flat two-dimensional transverse
(nor longitudinal) images. There is growing interest in finding ways to quantify tendon
integrity.13,14 In veterinary medicine a method for computerised Ultrasonographic Tissue
Characterisation (UTC) has been developed for tendons in the horse.15 This work revealed
that each ultrasonographic image actually is a mixture of “structure-related echoes” and
“interference”.7,16 Structure-related echoes are directly generated at tendon bundles and
are stable over a large number of contiguous transverse cross-sections. Echoes resulted
from interference are the result of multiple echoes generated by smaller entities, like
fibrils, cells, or fluid and are variable over contiguous cross-sections. Based on these
equine studies, four different echo-types were discriminated with use of this threedimensional stability criterion. With histology as reference test, the echo-types reflected
the underlying structure and pathology in the horse tendon tissue (Figure 4.1).15‑17
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Figure 4.1 – UTC is based on a transducer in transverse position that is displaced stepwise in the
longitudinal direction. In this way, contiguous transverse images provide longitudinal information. The
transducer emits ultrasound waves into the tissue in the direction of the beam central axis. According
to Harris et al.30, these waves form a three-dimensional sample volume that moves through tissue. Every
echo in the ultrasonographic image is the resultant of interactions/reflections that occur in this sample
volume. Depending on the size of anatomical structure relative to the three-dimensional sample volume,
echoes can be divided into “structure-related” and “interfering”. Structure-related echoes (type I and II)
are generated by only one large structure present in the sample volume, thus one interface and one
hit of ultrasound wave resulting in one really structure-related echo that is stable over a large number
of contiguous transverse images while the transducer moves along the tendon. In contrast, interfering
echoes (type III and IV) represent more than just one smaller structure in the same sample volume, thus
multiple interfaces and multiple hits, and thus one echo is the resultant of multiple interfering ones.
These echoes are characterised by a remarkable lack of stability over contiguous transverse images.
UTC algorithms were tested on isolated flexor tendons collected from horses. By precise matching of
UTC processed images with exactly corresponding tendon sections, echo-types were verified with use
of histology as reference test: I intact and aligned tendon bundles, II less integer and waving tendon
bundles, III mainly fibrillar tissue, IV a mainly amorphous matrix with loose fibrils, cells or fluid.7,15‑17,31

The aim of this study is to evaluate UTC in the human setting. Therefore we determined its interobserver reliability and verified whether the technique could discriminate
symptomatic and asymptomatic tendons. The tendon thickness was also determined.

Methods
Patients
Patients were included in an outpatient sports medicine department in a large district
general hospital. Patients who had participated in a previous study on the effect of an
eccentric exercise program at the sports medicine department were included.18,19 In this
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previous study, inclusion criteria were an age between 18 and 70 years and presence
of symptoms for more than two months. All patients had a tendon, which was tender
on palpation and painful during or after activity. The tendon thickening was located
approximately 2-7 cm proximal to the distal insertion. The diagnosis was made based
upon clinical examination. Exclusion criteria were the presence of an insertional disorder
and complete tendon rupture. Most of the patients had already received several types
of conservative treatment, but none had undergone surgery for their Achilles tendon
injury. All patients with persistent pain on palpation or during sports and less than 100
points on the VISA-A (Victorian Institute of Sports Assessment-Achilles) questionnaire 20,
which is a validated instrument to quantify the clinical severity of Achilles tendinopathy,
were selected in the symptomatic group. The activity of the lower extremity was evaluated with use of the Ankle Activity Score (AAS) 21, which quantifies the ankle-related
activity level. Ultrasonographic images of “matched” asymptomatic tendons were collected from patients who visited the Sports medicine department for other injuries.
When individuals had not experienced pain in one of their Achilles tendons in the past,
they were asked to participate in the study for evaluation of both their Achilles tendons.
Inclusion was based on matching the symptomatic group in age, gender and activity
level.

Ultrasonographic Tissue Characterisation (UTC)
The UTC procedure and measurements were performed using a standardised protocol
(Figure 4.2). A 10 MHz linear-array transducer (Smartprobe 10L5, Terason 2000, Teratech,
USA) was moved manually along and perpendicular to the tendon’s long axis over a
distance of 9.6 cm. A custom-build tracking and data collection device facilitated the
collection of “raw” digital transverse images at regular distances of 0.2 mm. These images
were stored on the hard disk of a computer and subsequently composed to a threedimensional data block. This data block was used for the tomographical visualisation
of the Achilles tendon in three planes of view: transverse, sagittal and coronal (Figure
4.3). The three-dimensional stability of the echopattern, qua intensity and distribution
over contiguous transverse images, was analysed and quantified by means of customdesigned algorithms for image analysis as developed on isolated tendons collected
from horses.7,15,17 In these equine studies, four echo-types were assigned, based on the
stability of intensity and distribution in contiguous transverse images, namely: I) highly
stable; II) medium stable; III) highly variable and IV) constantly low intensity and variable distribution. Figure 4.1 summarises how underlying tissue structure was related
to the stability of the echopattern. In the current human study we used the same UTC
algorithms. All datasets were blinded and randomised. Two researchers (HVS, RJV)
performed the complete UTC processing and analysis. The thickest part of the tendon
in the anterior-posterior (AP) direction was identified and the maximum thickness was
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Figure 4.2 – Standardised UTC procedure. The patients lay prone on the examination table with their
feet hanging over the edge of the examination table. The Achilles tendons were manually positioned in a
maximum angle of dorsiflexion to ensure that the ultrasound probe was constantly perpendicular to the
tendon. A stand-off with scan gel was applied to the Achilles tendon. The transducer was moved manually
from proximal to distal in a straight line along a frame over a distance of maximum 9.6 cm with collection
of images every 0.2 mm. These images were stored on the hard disk of a computer and subsequently
composed to a three-dimensional data block.

measured. After that, the border of the tendon was identified in the grey scale image
and the percentages of the four echo-types at the transverse cross section at this site
were calculated (Figures 4.3 and 4.4). Also at 2 mm proximal and 2 mm distal from this
position the echo-types were calculated. The average of the echo-types in these three
cross-sections was used in the overall assessment of the tendon.

Study design
The design was a case-control study. The severity of the clinical status of the symptomatic tendons was evaluated by a single researcher, using the VISA-A questionnaire.20 The
interobserver reliability was calculated with a one-way random model. The intraclass
correlation coefficient (ICC) was used to evaluate the correlation between the observations of two researchers. To evaluate the ICC, one score per observer per tendon was
computed. The reliability is excellent if the ICC is > 0.75, fair to good if 0.4 < ICC > 0.75
and poor if ICC is < 0.4.15 To detect a difference in UTC parameters between symptomatic
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Figure 4.3 – Tomographic visualisation of a right Achilles tendon in three planes of view, in raw greyscale.
A – Transversal view
B – Sagittal view
C – Coronal view
D – Transversal view with the maximum anteriorposterior (AP) thickness measured (white arrow), being
the largest diameter perpendicular to the lateromedial
width of the tendon. At this position the outline of the

Achilles tendon was drawn in the transverse image.
This cross-section was used for calculation of the
percentages of echo-types within the tendon.
S = Skin
P = Peritendinous space
AT = Achilles tendon
CA = Calcaneal bone

Figure 4.4 – Difference between an UTC-processed image of an asymptomatic tendon (A) and a
symptomatic tendon (B) in transversal view. The border of the Achilles tendon, which was defined on the
grey-scale image, is drawn with the white line. Green pixels represent echo-types I, blue pixels echo-types
II, red pixels echo-types III and black pixels echo-types IV. Note the frequently observed increased echotypes III and IV on the posteromedial side within the asymptomatic tendon and the diffuse distribution
within the symptomatic tendon.
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and asymptomatic tendons, a student t-test was used. Statistics were performed using
SPSS version 15.0.0 and significance was assumed for P values less than 0.05. The study
protocol was approved by the Medical Ethics Committee of the hospital. Informed consent was obtained from all patients.

Results
Patients
In both the symptomatic and asymptomatic group 26 Achilles tendons were included.
In the symptomatic group there were 12 male and 14 female tendons. In seven patients
symptoms were located in the left Achilles tendon, three patients in the right tendon
and eight patients had bilateral complaints. The mean age was 44.9 years (SD 6.2), mean
duration of symptoms was 193.9 weeks (SD 277.5) and the mean body mass index (BMI)
was 24.8 kg/m² (SD 2.2). The mean AAS was 4.8 (SD 2.0) and the mean VISA-A score was
67.3 (SD 18.2). In the asymptomatic group there were 16 male and 10 female tendons.
The mean age was 43.6 years (SD 12.6) and the mean BMI was 26.1 kg/m² (SD 4.3). The
mean AAS was 5.5 (SD 1.6). There was no significant difference between the symptomatic group and asymptomatic group in age (p = 0.63), gender (p = 0.17), BMI (p = 0.20)
and AAS (p = 0.15).

UTC measurements
UTC analyses showed a distinct difference between the distributions of the four echotypes in the symptomatic group versus the asymptomatic group. Figure 4.4 represents
a typical echo-type distribution of both groups in transversal view. Quantitatively the
symptomatic group was significantly different from the asymptomatic group for all
echo-types (Table 4.1). Although there was some overlap between the groups, symptomatic and asymptomatic tendons could be clearly discriminated, e.g. based on the
percentage of pixels in echo-types I+II (51.5% vs. 76.6% in symptomatic vs. asymptomatic, p < 0.001) (Table 4.1, Figure 4.5). A difference in mean tendon thickness between
symptomatic and asymptomatic tendons could also be observed (9.2 mm vs. 6.8 mm in
symptomatic vs. asymptomatic, p < 0.001) (Table 4.1). When a threshold of 75% in echotypes I+II is chosen (see dotted line in Figure 4.5), three symptomatic tendons are above
this threshold and six asymptomatic tendons are under this threshold (Table 4.2). Thus,
nine of the totally 52 tendons were categorised in another group than expected, based
on the UTC-findings. With 43 tendons that were categorised as expected, an accuracy of
83% was found. The ICC values for the UTC parameters are presented in Table 4.1.
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Table 4.1 – Mean percentages of the separate four echo-types and tendon thickness are denoted for the
symptomatic and asymptomatic tendons. Echo-types I+II (structure-related) and III+IV (non structurerelated) are grouped. The P values for the difference between symptomatic and asymptomatic tendons
and ICC values for the two observers are also presented for the echo-types and mean tendon thickness.
The difference in all measured UTC parameters between symptomatic and asymptomatic tendons was
statistically significant.
Echo-types

Symptomatic tendons
(n=26)

Asymptomatic tendons
(n=26)

P-value

ICC

Mean

SD

Mean

SD

%I

33.9

12.7

48.4

% II

17.6

4.9

28.3

12.3

< 0.001

0.92

7.4

< 0.001

% III

20.9

7.5

0.92

12.5

7.9

< 0.001

0.95

% IV

27.5

% I + % II

51.5

11.1

10.8

7.6

< 0.001

0.95

16.4

76.6

15.1

< 0.001

% III + % IV

0.95

48.4

16.4

23.4

15.1

< 0.001

0.95

Tendon AP
diameter (mm)

9.2

1.7

6.8

1.2

< 0.001

0.84

AP – Anterior to Posterior
ICC – Intraclass Correlation Coefficient
Table 4.2 – The number of tendons that were symptomatic and asymptomatic are given. With use of the
threshold of 75% echo-types I+II, these tendons were divided in groups with normal (> 75% echo-types
I+II) or abnormal (< 75% echo-types I+II) tendon structure. Three tendons in the symptomatic group had a
normal tendon structure and six tendons in the asymptomatic group had an abnormal tendon structure.
The other 43 of totally 52 tendons were expected to be below the threshold (symptomatic tendons) or
above the threshold (asymptomatic tendons). Therefore, UTC has an accuracy of 83% ((43/52)x100%).

Asymptomatic tendon
Symptomatic tendon

Normal tendon
structure

Abnormal tendon
structure

20

6

26

3

23

26

23

39

52

Discussion
This is the first study that quantifies tendon structure in patients with Achilles tendinopathy and controls with use of Ultrasonographic Tissue Characterisation (UTC).
Symptomatic tendons showed significantly less stability of transverse echo-patterns
(less echo-types I+II) than asymptomatic tendons (p < 0.001). The mean AP tendon
thickness was 9.2 mm in the symptomatic group and 6.8 mm in the asymptomatic group
(p < 0.001). The interobserver reliability of determining the UTC parameters was excellent (ICC 0.92-0.95) for quantification of the ultrasonographic tendon structure. This
indicates that different observers examining the same tendon have excellent agreement
between their findings; a prerequisite for implementation of UTC in the clinical setting.
For the evaluation of the tendon AP thickness an ICC of 0.84 was found.
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Recently, other researchers focussed on quantifying tendon integrity.13,14 For instance,
Bashford et al.13 attempted to quantify structural changes in tendon tissue by analysing
the anisotropy of the “speckle pattern” of the ultrasonographic image. Anisotropy of
tendons is based on their unique architecture with tendon bundles organised in longitudinal alignment. As such, this approach is fairly similar to UTC since both methods
aim to isolate exclusively structure-related information from a “speckle pattern”. As a
consequence of anisotropy, ultrasonography of tendons is sensitive for the tilt of the
transducer, possibly leading to a hypoechoic representation of normal tendons.22,23 In
case of UTC this artefact is prevented by the tracking device with the transducer clamped
in standardised position, in alignment and perpendicular to the tendons long-axis and
with fixed transducer-tilt in the transverse plane. The foot was supported with the ankle
joint in a maximum dorsiflexion which prevented a sag of the Achilles tendon as much
as possible and thus resulted in an optimal angle of insonation. With this technique,
only small tilting (lower than three degrees) may have occurred. From previous equine
studies, it is known that transducer tilting within three degrees can result in small variations in grey-level.24 However, with use of UTC the outcome in echo-types is determined
with the relative grey-value of the contiguous pixels and not the absolute grey-value.
Therefore, small tilting would have no effects on the echo-types measured with UTC.
In the study of Bashford et al.13 tendinopathic and healthy tendons could be discriminated with an accuracy of 80%. With optimal settings, an accuracy of 83% was found
with use of UTC in this study, which is comparable with the study of Bashford et al.13
(Figure 4.5 and Table 4.2). The advantage of UTC is that a connection with underlying
tissue histology was made with this approach in equine tendons.
The normal Achilles tendon has a more or less flattened ellipsoid shape with the axis
through maximum AP-thickness frequently somewhat oblique, from anterolateral towards posteromedial. Therefore we decided not to measure the maximum AP thickness
in the sagittal plane but rather in the transverse image, thus independent of angle of
insonation. Maximum AP thickness was defined as the maximum diameter perpendicular to the maximal lateromedial width (Figure 4.3D). In the great majority of diseased
tendons at least some increase of cross-sectional area can be observed. Therefore it is
relevant to measure the anteroposterior thickness. Aström et al.25 found that a thickness
over 10 mm may be related to the presence of a partial rupture. However, it should be
noted that these dimensions do not provide information about the tendon structure.
With use of UTC, the dimension was measured manually and maybe therefore the interobserver reliability was not as excellent as measured by Syha et al.26, who used an
automatic identification procedure. With their approach, an inter-reader variability of
3.9% was found.
UTC has clear advantages over conventional ultrasonography, as UTC directly visualises and quantifies integrity. Moreover, the stability of the transverse echo-pattern
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Figure 4.5 – The distribution of the percentages of echo-types I+II in symptomatic and asymptomatic
tendons. A clear discrimination can be made between both groups. With a threshold of 75% echo-types
I+II (dotted line), three tendons in the symptomatic group were above this threshold and six tendons
in the asymptomatic group were below this threshold (dark bars). The other 43 tendons (grey bars) had
a tendon structure that could be expected (abnormal structure in symptomatic tendons and normal
structure in asymptomatic tendons).

in the tendon long axis is not an absolute value but rather a relative one, and thus
independent of ultrasonographic gain settings. This stability refers to stability of the
echo pattern in consecutive transverse sections and is thereby a true three-dimensional
measure. Furthermore, the tracking-device prevented the transducer from tilting and
thus the angle of insonation is standardised and stable. The use of the tracking and data
collection system did not only prevent a tilting artefact 22,23 but also facilitated the storage and subsequent compounding of transverse images.
There are some limitations in this study. For instance, the group of symptomatic
tendons had already been unsuccessfully treated with a heavy load eccentric exercise
program. Öhberg and Alfredson 27 reported in an observational follow-up study that all
41 tendons of 30 patients had structural ultrasonographic changes (hypoechoic area or
irregular fibre structure). After follow-up (mean 28 months) with a 12-week eccentric
exercise program, 37 of 41 tendons had a normalised tendon structure. It is possible
that this treatment may alter the tendon structure and therefore result in an improved
echopattern in some symptomatic tendons. Similarly we cannot exclude that a certain
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degree of degeneration could have been present in the asymptomatic group. Subjects
were included simply by asking if the subjects never had complaints in the Achilles
tendon region, while stricter criteria could have been used. From postmortem studies
it is known that asymptomatic tendon degeneration is present in approximately 30%.28
This may implicate that a certain degree of degeneration could have been present in the
asymptomatic group.
Based on the anatomical similarities between animal and human tendons 29, the UTC
echo-types in human tendons can be expected to be similar to horse tendons. Further
analyses that relate UTC outcomes with histology from human Achilles tendon material (e.g. from patients undergoing surgery) might corroborate tissue characterisation
by UTC. Reference sets for different age, gender and activity level might be needed
to precisely determine the clinical relevance. The UTC procedure could be even more
standardised with standard dorsiflexion of the ankle joint and improved tracking and
data collection device. As such UTC might be a very useful quantitative method for the
monitoring and evaluation of existing and new treatment protocols for tendinopathy. In
addition, it would be very valuable to determine its prognostic value.

Conclusion
Ultrasonographic Tissue Characterisation (UTC) was transferred from equine validated
tests to human Achilles tendons. The method showed excellent interobserver reliability
and a significant difference in quantified echo-types between symptomatic and asymptomatic tendons, indicating its value for the evaluation of treatment in tendinopathy.
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Abstract
Objective - Quantifying structural tendon changes by means of Ultrasonographic Tissue
Characterisation (UTC) and assessing clinical improvement during an eccentric exercise
program in patients with chronic midportion Achilles tendinopathy.
Design - Observational study
Setting - Orthopaedic department of the Erasmus University Medical Centre
Patients - Twenty-five patients with clinically established chronic midportion Achilles
tendinopathy were included.
Interventions - The patients performed a 16-week eccentric exercise program. One
experienced researcher performed the ultrasonographic data collection with the UTC
procedure. These data were assessed by a blinded observer.
Main outcome measurements - UTC can quantify tendon structure through reliably
measuring the proportion of four different echo-types. The determined echo-types I+II
represent organised tendon bundles, while echo-types III+IV represent disorganised
tendon structure. The severity of symptoms was established with the validated Victorian
Institute of Sports Assessment-Achilles (VISA-A) questionnaire. Follow-up was at 2, 8, 16
and 24 weeks.
Results - The mean percentage of echo-types I+II decreased non-significantly with 0.3%
after 24 weeks (p = 0.92, 95% CI -5.8 to 5.3). The mean VISA-A score increased slightly but
significantly with 11.3 points after 24 weeks (p = 0.01, 95% CI 2.6 to 20.0). An increase
in VISA-A score was not correlated with an increased percentage of echo-types I+II
(p = 0.94, r = -0.02) and the baseline percentage of echo-types I+II did not correlate with
an increase in VISA-A score (p = 0.74, r = 0.07).
Conclusion - With use of the standardised Ultrasonographic Tissue Characterisation,
there was no short-term increase in organised tendon structure following eccentric
exercises. Tendon structure organisation was not related to the severity of symptoms
and could not be used as predictor for the clinical outcome.
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Introduction
Chronic midportion Achilles tendinopathy is a frequent and hard to treat disorder.1,2 The
diagnosis is based on the clinical triad of pain, swelling and impaired performance and
on histology this condition can be characterised by degenerative changes of the tendon
matrix.1 The role of conventional ultrasonography in tendon imaging is questionable,
since it is influenced by machine settings, transducer handling of the observer and
structural changes can only be assessed qualitatively.3 Therefore, a novel method was
recently introduced for the evaluation of human Achilles tendons. Ultrasonographic
Tissue Characterisation (UTC) was found to be a reliable method, which was able to
distinguish symptomatic from asymptomatic Achilles tendons using quantification of
the three-dimensional stability of the echopattern.4 UTC is an established method in
veterinary medicine, in which various stages of ultrastructural organisation were related
to the histomorphology of equine tendons as reference test.5
Nowadays, a heavy-load eccentric calf-muscle exercise program is prescribed as usual
care for patients with chronic midportion Achilles tendinopathy.2 Initially, several studies reported superior results with these exercises 6‑8, but subsequent studies failed to
achieve a high patient satisfaction.9‑11 Eccentric exercises are thought to enhance tendon
collagen synthesis 12, but conventional ultrasound might not reliably quantify the structural changes following these exercises.3,4 Therefore, the effects of eccentric exercises on
tendon structure are difficult to determine. Furthermore, there is moderate correlation
between clinical assessment and appearance on conventional ultrasonography.3
The first aim of this study is to evaluate whether an improvement in tendon structure
could be observed after an eccentric exercise program. The second aim is to evaluate
the relationship between the change in severity of symptoms and tendon structure as
quantified by means of UTC.

Materials and Methods
Study design
The study design was an observational prospective clinical trial, performed at an orthopaedic outpatient department in an university medical centre (Erasmus University
Medical Centre, Rotterdam, the Netherlands). The study protocol was announced for
general practitioners, sport physical therapists and medical specialists in the region.
The study protocol was approved by the regional Medical Ethics Committee of the
hospital (Rotterdam, the Netherlands). All patients provided written informed consent.
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Patients
Patients could contact the researcher by phone or e-mail when they were interested in
participation in this study. The researcher informed the patients about the study if they
seemed to be suitable for inclusion. Subsequently an appointment was made at the
orthopaedic outpatient department.
Suitability for inclusion was evaluated by one experienced orthopaedic surgeon.
Inclusion criteria were an age above 18 years and presence of symptoms for more
than three months. The diagnosis was made clinically, based on history and physical
examination. All patients had a painful thickened tendon with diminished activities.
The tendon thickening was located approximately 2-7 cm proximal from the calcaneal
insertion. Exclusion criteria were the preceding participation in an intensive program of
heavy-load eccentric calf-muscle exercises and the inability to perform heavy loaded
exercises. Patients with insertional disorders, an abnormal Thompson test and systemic
illness were also excluded. None of the patients received injection therapy or had undergone surgical treatment before.

Interventions
After inclusion, all patients were instructed about how to perform the eccentric exercises.
The exercises were performed with straight knees and with bent knees as described by
Alfredson et al.6 The researcher instructed the exercise program and patients were asked
to make a series of supervised eccentric drops to be certain that the technique was correct. The first four weeks, the patients were advised to gradually increase the frequency
of eccentric drops with the aim to reach a maximum compliance during the program.
After four weeks the original 12-week eccentric exercise program started, so in total the
eccentric exercises were performed 16 weeks. The patients were instructed to perform
180 repetitions a day. Patients were informed that these exercises commonly cause pain
and that they should accept this if it was not disabling. Increasing load was advised when
the exercises could be carried out without any discomfort. All patients were instructed
to avoid weight bearing sporting activities for the first eight weeks. After eight weeks,
gradually return to sports activities was encouraged if the pain allowed.

Outcome measurements
All patients completed a questionnaire consisting of clinical outcome measures and
subsequently UTC measurements were performed at baseline and after 2, 8, 16 and 24
weeks.
The severity of symptoms was evaluated by a researcher using the Victorian Institute
of Sports Assessment-Achilles (VISA-A) questionnaire.13 This validated and diseasespecific questionnaire, which quantifies the pain and activity level, was completed with
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minimum assistance of the researcher. To evaluate the long term results (mean followup 2.2 years), this questionnaire was completed once more by e-mail.
To determine the level of sports activity in relation to the load capacity of the Achilles
tendon, the Ankle Activity Score (AAS) was obtained. The AAS objectively quantifies the
ankle related activity.14
The UTC measurements were done using a standardised protocol described in a previous study.4 The patients lay prone on the examination table with their feet hanging over
the edge of an examination table. With a holding device the ankle was positioned in
a maximum angle of dorsiflexion, thereby stretching the Achilles tendon. A stand-off
with scan gel was applied to the limb under investigation and subsequently a highresolution 10 MHz linear-array transducer (Smartprobe 10L5, Terason 2000, Teratech,
USA) was moved manually along and perpendicular to the Achilles tendon’s long axis
over a distance of 9.6 cm.
At every step of 0.2 mm, transverse images were captured with constant settings (focussing, brightness, contrast and gain). The digital scan data were stored on the hard disk
of a computer and compounded to a three-dimensional data block which provided the
tomographical visualisation of the Achilles tendon in three planes of view: transverse,
sagittal and coronal. Furthermore, the processing of contiguous transverse images by
means of custom-designed algorithms facilitated the discrimination of four echo-types.
Echo-types I and II are generated from a single ultrasound reflection that belongs to
typically one interface structure and therefore represent more or less organised tendon
bundles. Echo-types III and IV are generated by multiple reflections that interfere as
a consequence of multiple interfaces that represent smaller, disorganised and more
amorphous or fibrillar structures that have typically been described in tendinotic tissue.
The method has been extensively described and validated in equine tendons 5 and to a
lesser extent tested in tendinopathy patients versus a control group.4
The thickest part of the tendon in the anterior-posterior (AP) direction was determined
and subsequently, the border of the Achilles tendon was discriminated in the grey scale
image. At this site, the proportions of the four echo-types at the transverse cross-section
were defined and the echo-types were also calculated at 2 mm proximal and distal from
this position. An average of the echo-types in these three cross-sections was used in the
overall assessment of the tendon.
To determine the location of an area with decreased tendon structure, the tendons
on UTC imaging at baseline were also divided into five regions (posteromedial, anteromedial, anterolateral, posterolateral and central). This procedure was executed with an
automatic custom-build program. A line was drawn through the largest width of the
tendon and perpendicular to this line, a second border was defined being the largest
distance in anterior to posterior direction. The intersection of these two lines was used
as centre of an oval area in the middle of the tendon. With a cut-off of 99% echo-types
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I+II, it was determined whether a location was defined as area with decreased tendon
structure organisation. This was determined with use of segmentation, which was based
on the persistence of features characteristic for echo-type III or IV over at least 25 images, thus over a distance of 4.8 mm.

Statistical evaluation
It was estimated that an increase in the VISA-A score of 12 points would be clinically relevant, with a standard deviation of the VISA-A score of 15 points.10,13 We calculated that
a sample of 25 was required to detect this increase with a power of 80% with two-sided
testing at a significance level of 5%. The Kolmogorov-Smirnov test was used to evaluate
normality of distribution of the data. Parametric tests were used in case of normality and
non-parametric tests in case of skewed distribution of the data.
The researcher who performed the analyses was blinded to the clinical status of the
patients. The analyses were performed with the use of SPSS software (version 16.0.1;
SPSS Inc., Chicago, Illinois, USA).

Results
Patients
Twenty-six patients visited the Erasmus University Medical Centre for participation in
the study between April 2007 and January 2008. One patient was excluded because of
Table 5.1 – Patient characteristics and outcome variables at baseline.
Patients (n=25)
Mean (SD) age (years)

46 (9.5)

Gender
-

Male (%)

-

Female (%)

10 (40)
15 (60)

Mean (SD) Body Mass Index (kg/m2)

25.9 (4.7)

Median (IQR) duration of symptoms (weeks)

36 (20-84)

Active in sports (%)

18 (72)

Mean (SD) Ankle Activity Score

4.8 (1.5)

Mean (SD) VISA-A score

47.3 (16.4)

Mean (SD) Echo-type I

46.8 (12.9)

Mean (SD) Echo-type II

21.5 (6.2)

Mean (SD) Echo-type III

14.2 (7.5)

Mean (SD) Echo-type IV

17.5 (9.9)

Mean (SD) Echo-type I+II

68.3 (16.8)

Mean (SD) maximum tendon thickness (mm)

9.9 (2.0)
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an insertional disorder and 25 patients were included. The patient characteristics are
presented in Table 5.1.
During the study, there were two patients lost to follow-up. These two patients
experienced too much pain during the eccentric exercises and did not wish further
participation. Three UTC-scans could not be analysed in this study. One patient could
not attend at the 16-week follow-up time point and two UTC-scans could not be used
for final analysis because of poor scanning technique.
After a mean of 2.2 years follow-up, 21 of these 23 patients completed the VISA-A
questionnaire by e-mail. Fifteen patients did not receive other treatment options, one
patient received a platelet-rich plasma injection and five patients underwent a surgical
procedure (debridement of degenerative tissue) for their Achilles tendon injury within a
median (IQR) of 5 months (2-11) after the 24-week follow-up time point.

Single point in time
Totally, 115 UTC scans were analysed at all time points. The proportions of echo-types
I+II did not correlate with the corresponding VISA-A scores (p = 0.32, r = -0.09).
At baseline, non-structure related echo-types (III+IV) were found on the posteromedial (n = 23), posterolateral (n = 20), anterolateral (n = 14), anteromedial (n = 21) and
central (n = 15) site.

Figure 5.1 – There was a slight but significant increase in VISA-A score after 24 weeks but there was no
significant change in echo-types I+II within this time period. Error bars denote standard deviations.
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Figure 5.2 – Progression of echo-types I-IV. There were no significant changes in any echo-type from
baseline to 24 weeks. Error bars denote standard deviations.

Changes over time
The mean (SD) percentage of echo-types I+II decreased non-significantly with 0.3%
(12.8) after 24 weeks (p = 0.92, 95% CI -5.8 to 5.3). The mean changes of the VISA-A score
and the percentage of echo-types I+II are displayed in Figure 5.1 and the mean change
in separate echo-types is shown in Figure 5.2.
The mean (SD) VISA-A score increased significantly with 11.3 (20.1) points after 24 weeks
(p = 0.01, 95% CI 2.6 to 20.0). After a mean follow-up of 2.2 years, the mean (SD) VISA-A
score was significantly increased with 14.8 (21.3) points in the non-surgically treated
patients (p = 0.014, 95% CI 4.1 to 27.9) and non-significantly with 13.2 (20.1) points in the
surgically treated patients (p = 0.22, 95% CI -11.8 to 38.2), but there was no significant
difference between these two groups (p = 0.88, 95% CI -24.2. to 21.0).
An increased percentage of structure-related echo-types I+II after 24 weeks was not
correlated with an increase in VISA-A score after 24 weeks (p = 0.94, r = -0.02) or after
a mean of 2.2 years (p = 0.69, r = 0.09) (Figure 5.3A and 5.3B). The baseline percentage of echo-types I+II did not correlate with an increase in VISA-A score after 24 weeks
(p = 0.74, r = 0.07) or after a mean of 2.2 years (p = 0.76, r = 0.07).
There was a correlation between the VISA-A score at baseline and the VISA-A score at
24 weeks (p = 0.002, r = 0.61) and at 2.2 years follow-up (p < 0.001, r = 0.71) (Figure 5.4A
and 5.4B).
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Figure 5.3A – Relationship between change in symptoms at short-term and change in tendon structure.
An increased percentage of structure-related echo-types I+II after 24 weeks was not correlated with an
increase in VISA-A score after 24 weeks (p = 0.94, r = -0.02).

Figure 5.3B – Relationship between change in symptoms at long-term and change in tendon structure.
An enhanced percentage of structure-related echo-types I+II after 24 weeks was not correlated with an
increase in VISA-A score after a mean of 2.2 years (p = 0.69, r = 0.09).
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Figure 5.4A – Relationship between severity of symptoms at baseline and at short-term follow-up. There
was a correlation between the VISA-A score at baseline and the VISA-A score at 24 weeks follow-up
(p = 0.002, r = 0.61).

Figure 5.4B – Relationship between severity of symptoms at baseline and at long-term follow-up. There
was a correlation between the VISA-A score at baseline and the VISA-A score at a mean of 2.2 years followup (p < 0.001, r = 0.71).

Tendon structure is not related to clinical outcome

Discussion
In this first prospective observational study on the structural changes measured with Ultrasonographic Tissue Characterisation during an eccentric exercise program, we could
not demonstrate an improvement in tendon structure organisation after 24 weeks. The
mean VISA-A score increased slightly but significantly. The severity of symptoms was
not related to the tendon structure at a single point in time or in change over time. The
degree of tendon structure disorganisation at baseline was not a predictive factor for
the change in severity of symptoms after 24 weeks, but the VISA-A score at baseline was
a predictor for the VISA-A score at short and long term follow-up.
These findings are important as many researchers have been reporting on the relationship between structural changes of the tendon and symptoms.4,15‑21 It is known
that normal tendons are characterised by a regular echopattern, whereas hypoechoic
lesions as a result of collagen disorganisation are frequently described in cases of tendinosis.3 In two studies, ultrasonography was performed prior to the start of conservative
treatment and the authors found that there was no statistical significant relationship
between overall clinical outcome and the degree of ultrasonographic abnormality.15,22
These findings are in line with cohort studies that reported that symptoms do not mirror
ultrasonographic appearances 16‑18, although in asymptomatic individuals they may be
of predictive value in the development of Achilles tendon pain.23
The results of our study, in which a quantified and standardised ultrasonographic
method was used, confirm the previous (qualitative) findings. UTC has been used
previously as follow-up instrument in equine studies. Several studies in horses with
standardised surgical lesions induced in normal flexor tendons, thus without underlying
degenerative changes, revealed that healing processes can be monitored quantitatively
by means of UTC. The quality of repair could be quantified in vivo by means of UTC and
these features corresponded significantly with both histomorphology and tensile properties (post-mortem) at 24 weeks post-surgery.24,25
Previous prospective cohort studies reported that all patients had structural ultrasonographic changes (hypoechoic area or irregular fibre structure) at baseline, but at
long term follow-up (means of 28 and 46 months follow-up) after a 12-week eccentric
exercise program, many tendons showed a normalised tendon structure on qualitative
assessment with concurrently high patient satisfaction.19,26 In our study, the tendon
structure did not change within 24 weeks after eccentric exercise treatment. There may
be a few reasons for this discrepancy. The first hypothesis is that structural changes of the
tendon may not occur yet within this short period. With use of a microdialysis technique
it was found that a 12-week eccentric exercise program for the treatment of Achilles
tendinopathy resulted in an increased collagen synthesis (peritendinous type I collagen)
without an increased degradation.27 These findings suggest a short term regenerative

73

74

Chapter 5

effect of eccentric exercise therapy on molecular or fibrillar scale, but it is unknown
whether this collagen will be organised into hierarchically arranged tendon bundles.28
This process may be time consuming and future studies should be carried out to evaluate whether the UTC appearance will ever become normalised at all, when tendons have
been symptomatic before. The second hypothesis is that the study population is different compared with the previous studies. In our study, 72% of the patients were involved
in some degree of sports activity. It is known that sedentary individuals benefit less from
eccentric exercise therapy than active people.11 The increase in VISA-A score in our study
may therefore be lower than in previous studies that used this outcome measure in an
active population.10,29 This finding might be explained by the fact that the VISA-A score
also quantifies the activity level, but there may be other reasons why sedentary people
do not benefit. It is suggested that the compliance to the eccentric exercises may play
a role in the outcome.10 However in our study the compliance was not recorded. A third
reason may be that surrounding structures are more important than intratendinous collagen as a source of pain. Alfredson stated that surrounding tissues, like the nerves and
the blood vessels may be changed after eccentric exercise therapy and therefore result
in decreased pain perception.2 Also, in cases of peritendinous pathology only moderate
intratendinous changes may be observed but clinically this may result in more pain and
reduced function.4
The location of the tendon disorders may be another subject of interest. Gibbon et
al.30 reported that most ultrasonographic midportion disorders (91%) were found in the
medial segment. They concluded that these disorders are a result of repetitive hyperpronation of the foot. We found that lesions were present on the posteromedial side
in all tendons. The biomechanical cause of these findings may be related to abnormal
alignment, but Soleus muscle traction can be another cause since this deep calf muscle
attaches to the Achilles tendon in this region, probably leading to torsion of structures
during repetitive loading.31 The study design makes it impossible to confirm these hypotheses.
There are a few limitations in this study. We did not use a control group, so the observations in this study may not merely be accounted to the effects of eccentric exercise
therapy. Furthermore, we did not record the compliance to the eccentric exercises. It is
known that in an active population more than a quarter of the patients reported performing the exercises at less than half of the prescribed intensity.10 It would have been
interesting to relate the reported compliance to the change in tendon structure.
We found previously that there is a higher chance of having symptoms in the presence of more echo-types III+IV on UTC, representing loss of normal tendon structure.4
However, based on the findings in the current study, the quantity of baseline tendon
structure disorganisation is not related to the clinical outcome at short and long-term
follow-up. A hypothesis is that pain is not necessarily related to the restoration of bundle
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organisation, at least not at 24 weeks from baseline. Probably, repair of tendon structure
in degenerative tendon tissue takes much more time and is preceded by molecular
processes that result in improvement of symptoms.20
We found that there was a relationship between the baseline VISA-A score and the
VISA-A score at final follow-up. Therefore, clinical examination remains the cornerstone
of evaluating the progress of symptoms in tendinopathy and ultrasonographic imaging
may not be useful for predicting symptoms. These findings are relevant for daily clinical
practice, but they also lead to additional questions which could be a focus in future
studies. In tendinopathy research, accurate information about the long-term progress in
large cohort studies is lacking. It is unknown whether patients have a constant clinical
progression or a more fluctuating course of symptoms over time. It could be hypothesised that a normalised tendon structure does not result in recurrence of symptoms.
Another problem is the limited information about the relationship between the severity of symptoms and the previous activity levels. It might be that a slight decrease in
activity level results in prolonged period without symptoms.21 Furthermore, we are not
informed about the tendon structure, measured with a standardised method, at long
term follow-up.

Conclusion
Ultrasonographic Tissue Characterisation (UTC) was previously transferred from equine
validated tests to human Achilles tendons. With this prospective cohort study we found
that tendon structure does not improve at short-term following eccentric exercises in
Achilles tendinopathy. Furthermore, tendon structure is not related to the clinical severity of symptoms at a single point in time or in change over time.
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Abstract
Background - Chronic tendinopathy is frequently characterised by a reduced tissue
repair and degeneration. Regenerative effects may be achieved with the administration
of platelet-rich plasma (PRP), which can release large amounts of growth factors. Laboratory studies show that PRP can lead to tendon healing by collagen regeneration and
stimulation of angiogenesis. To date, the effects of PRP on ultrasonographic findings in
tendinopathy have not been established.
Hypothesis - A PRP injection in addition to an eccentric exercise program leads to an
enhanced tendon structure and neovascularisation, measured with ultrasonographical
techniques, in chronic midportion Achilles tendinopathy.
Study design - Double-blind, randomised, placebo-controlled clinical trial.
Methods - Patients with chronic midportion Achilles tendinopathy were included and
randomised to eccentric exercise therapy with either a PRP injection (PRP group) or a
saline injection (placebo group). Tendon structure was evaluated by Ultrasonographic
Tissue Characterisation (UTC), a novel technique which quantifies the tendon structure
into four different echo-types: echo-types I+II represent organised tendon bundles,
whereas echo-types III+IV represent a disorganised tendon structure. Colour Doppler
ultrasonography (CDU) was used to measure and score the degree of neovascularisation. Follow-up was at 6, 12 and 24 weeks. The study is registered with ClinicalTrials.gov,
number NCT00761423.
Results - A significant improvement in echo-types I+II was found after 24 weeks within
both the PRP group (n = 27) and the placebo group (n = 27), but there was no significant
between-group difference (95% CI -1.6 to 7.8, p = 0.17). After six weeks, the neovascularisation score increased within the PRP group (p = 0.001) and the placebo group (p =
0.002), but there was no significant between-group difference in change of neovascularisation score at any point in time.
Conclusions - Injecting PRP for the treatment of chronic midportion Achilles tendinopathy does not contribute to an increased tendon structure or alter the degree of
neovascularisation.
Funding - Biomet Biologics LLC (Warsaw, Indiana, USA).
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Introduction
Chronic midportion Achilles tendinopathy is a degenerative disorder that commonly
affects middle-aged individuals.1 The diagnosis is established clinically when there is
presence of a painful swollen Achilles tendon in the midportion with a reduced load
bearing capacity.15
Conventional ultrasonography is frequently used as an imaging technique for the
evaluation of tendon disorders.15 Ultrasonography is an operator-dependent technique
and transducer handling and machine settings can influence the image gained. Consequently, the interobserver reliability of ultrasonographic assessment of tendon structure
is not known and changes in time may be difficult to compare.25 In veterinary medicine a
method for computerised Ultrasonographic Tissue Characterisation (UTC) has been developed, in which ultrastructural organisation of tendon tissue could be matched with
histomorphology of equine tendons as a reference test.26 Recently this novel technique
was found to be a reliable method, which was able to distinguish symptomatic from
asymptomatic human Achilles tendons using quantification of the three-dimensional
stability of the echopattern over contiguous images.25
Colour Doppler ultrasonography (CDU) is an established method to measure the vascularity within and around tendons. Hypervascularity is commonly seen in symptomatic
Achilles tendons and is also called neovascularisation.17 The degree of neovascularisation can be measured with an excellent interobserver reliability using a five-point scale
(modified Öhberg-score).24 In previous studies it was reported that neovascularisation
was present in all symptomatic tendons, which decreased concurrently with a reduction in symptoms after conservative therapy.18,19 An increase in neovascularisation was
observed within the first three weeks after applying sclerosing injections, which were
successful when the neovascularisation later disappeared after this initial period.2 These
findings suggest a beneficial effect of increased neovascularisation within the very first
period of treatment and an opposing effect on the longer term.
Injections with platelet-rich plasma (PRP), defined as an increased concentration of
platelets with the ability to release several growth factors after degranulation, may
improve tissue repair processes and therefore enhance tendon structure.11 A recent
laboratory study indicated that PRP application may lead to accelerated remodelling of
the damaged tendon collagen tissue with an increased vascularisation.5 These effects
have never been measured in clinical studies on patients with tendinopathy.
The first aim of this randomised placebo-controlled clinical trial is to evaluate whether
a PRP injection in addition to an eccentric exercise program leads to an improved tendon structure on UTC. The second aim is to evaluate whether a PRP injection can result
in an increased degree of neovascularisation on CDU.
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Materials and methods
Patients
This study was part of a randomised, double-blind, placebo-controlled trial which was
performed at the sports medical outpatient department of a large district general
hospital (the Hague Medical Centre, Leidschendam, the Netherlands).10 The trial was
publicised for health professionals and the general public in the Netherlands through
advertisements and different media (websites on the internet, folders and regional
radio).
The eligibility criteria are listed in Table 6.1. The clinical diagnosis was made when
there was presence of a painful and thickened tendon in relation to activity, located at
2-7 cm proximal to the insertion on the calcaneal bone with a duration of at least two
months.
Table 6.1 – Inclusion and exclusion criteria.
Inclusion criteria

Exclusion criteria

Clinical diagnosis “chronic midportion Achilles
tendinopathy”

Clinical suspicion of insertional disorders (pain at the site of
the insertion of the Achilles tendon on the calcaneal bone)

Age 18-70 years

Clinical suspicion of an Achilles tendon rupture (Thompson
test abnormal and a palpable “gap”)
Clinical suspicion of plantar flexor tenosynovitis
(posteromedial pain when the toes are plantar flexed against
resistance)
Clinical suspicion of sural nerve pathology (sensitive disorder
in the area of the sural nerve)
Clinical suspicion of peroneal subluxation (visible luxation of
the peroneal muscles in combination with localised pain)
Known presence of internal disorders: spondylarthropathy,
gout, hyperlipidemia, Rheumatoid Arthritis and sarcoidosis
Condition that prevented the patients from executing an
active exercise program
Patient already performed heavy load eccentric calf muscle
exercises, according to the schedule of Alfredson et al.1
Patient already received an injection of PRP in this tendon
Patient did not wish, for whatever reason, to undergo one of
the two treatments
Known presence of a pregnancy
Condition of the Achilles tendon caused by medications
(arising in relation to moment of intake), such as quinolones
and statins

Effects of platelet-rich plasma on ultrasonographic findings

Procedures
Patients could contact the researcher (RJV), who provided a detailed information folder
when patients seemed to be eligible, based on their history findings. When patients
decided to participate in the study, an appointment was made at the outpatient sports
medicine department.
One experienced sports medicine physician (JLT) examined the eligibility of the patients. When patients met the inclusion criteria, the researcher informed the patients
orally about the aims and possible risks of the trial before informed consent was obtained.
For every included patient, one PRP injection and one saline injection was prepared.
The PRP injection was prepared using the “Recover Platelet Separation Kit” (type “Gravitational Platelet Separation” III), in accordance with the system instructions.11 Fifty-four
ml of venous blood was collected from the cubital vein of the patient, which was mixed
with 6 mL of citrate to prevent early clotting. The mixture was then centrifuged for 15
minutes, giving approximately 6 mL of PRP. To increase the pH, a 0.3 mL of 8.4% sodium
bicarbonate buffer was added. A total amount of 4 mL PRP was collected for infiltration.
A 4 mL saline injection with an identical syringe and needle was prepared.
All the patients received instructions for the rehabilitation program. During the first
48 hours after the injection the patient could fully weight bear and were advised to
walk only short distances indoors. After one week, the exercise program was started.
The patients were instructed to start with stretching exercises for one week and after
two weeks, a 12-week heavy load eccentric calf muscle exercise program started as
described by Alfredson et al.1. The patients were instructed to perform 180 repetitions
daily, despite the presence of pain. All patients were instructed to avoid weight bearing
sporting activities for the first four weeks of the study. After four weeks, gradual return
to sports activities was encouraged.6
Stratification was performed, based on activity-level of the patients, and blockrandomisation was done to equalise the number of patients in both groups over time.10
The Ankle Activity Score (AAS) was used to objectively quantify the ankle related activity level.12 Randomisation was performed using envelopes that were equivalent in
appearance and weight. Patients were randomised to the PRP group (PRP injection with
eccentric exercises) or the placebo group (saline injection with eccentric exercises) by
picking a closed envelop.
An unblinded sports medicine physician (AW) selected the correct injection and
blinded the injection with the use of a covering sheath surrounding the syringe. The data
of allocation were stored in a secret location. The content of the injection was blinded
for the treating sports medicine physician (JLT), the researcher (RJV), the patients and
the researcher who did the analysis (RJV).
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The injection was given by a blinded sports medicine physician. A local anaesthetic
was injected (2 ml of 0.5% marcain) in the skin and subcutaneous tissue. Hypoechoic
areas within the thickened part of the tendon were identified in transverse and longitudinal plane with use of an ultrasonographic machine (MyLab30; Esaote Piemedical,
Maastricht, the Netherlands). The blinded fluid was injected using a 22G needle under
ultrasonographical guidance via three puncture locations. Through each puncture
location, five small depots were left at several sites into the degenerative areas of the
tendon. The first injection was placed at the site of most structural disorganisation and
the other two injections were positioned proximal and distal from the first injection.

Outcome measurements
Ultrasonographic Tissue Characterisation (UTC)
The outcome measurements were determined with the ultrasonographic techniques
and were evaluated by a single researcher (RJV) at baseline and after 6, 12 and 24
weeks post-injection. The detailed working mechanisms of Ultrasonographic Tissue
Characterisation (UTC) have been previously described in the literature.25,26 The patients
were asked to lay prone on the examination table with the affected leg positioned in
a holding device, which ensured a standardised dorsiflexion (15 degrees) of the ankle.
The UTC procedure and measurements were performed with a high-resolution 10 MHz
linear-array transducer (Smartprobe 10L5, Terason 2000, Teratech, USA). The transducer
was secured in a frame which was clamped in the holding device to prevent motion
of the transducer. This transducer was moved automatically with a constant speed,
with use of a driving mechanism, along and perpendicular to the Achilles tendon’s
long axis over a distance of 9.6 cm. This custom-designed tracking and data collection
device assisted the collection of digital transverse images at regular distances of 0.2
mm. These images were stored on a computer and subsequently used to reconstruct
a three-dimensional data block. The processing of contiguous transverse images by
means of custom-designed algorithms facilitated the discrimination of four echo-types:
echo-types I and II are generated from a single ultrasound reflection that belong to
typically one interface structure and therefore represent more or less organised tendon
bundles. Echo-types III and IV are generated by multiple reflections that interfere as a
consequence of multiple interfaces that represent smaller, disorganised and more amorphous or fibrillar structures that have been described in tendinotic tissue. The method
has been extensively described and validated in equine tendons 26 and to a lesser extent
it has also been tested in tendinopathy patients versus a control group.25 Furthermore,
this information can be visualised tomographically in three planes of view: transverse,
sagittal and coronal.
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The thickest part of the tendon in the anterior-posterior (AP) direction was identified
and subsequently the border of the tendon was identified in the grey-scale image at
the thickest part. This procedure was also executed twice at 1.5 cm proximal and distal
from the thickest segment, resulting in five bordered slices within 3 cm. Contours were
interpolated and subsequently the volume within a 3 cm length of the tendon could be
analysed. The proportions of the four echo-types within this volume were calculated.
The distance from the thickest part to the calcaneal bone was calculated and used with
the follow-up examination to ensure that the same volume of the tendon was evaluated
each time.
One trained researcher (RJV) performed all UTC scans and could establish the outcomes with an intraclass correlation coefficient for intra-observer reliability of 0.88 with
a mean difference of 0.80% and SD of 3.7 (unpublished data). A second blinded and
experienced researcher (JVS) determined whether the UTC scans could be included into
the final analysis.
Colour Doppler ultrasonography (CDU)
CDU examination was performed with a linear high-frequency 12-15 MHz transducer
(MyLab30; Esaote Piemedical, Maastricht, the Netherlands). The Doppler gain was set
at 79%, just below random noise. For CDU, the Doppler frequency was set at 6.6 MHz.
Patients were examined by one trained researcher (RJV), who participated in previous
studies on determination of the neovascularisation score.7,24 Patients lay prone on the
examination table with the ankle placed in neutral position during these measurements.
To avoid obliteration of the vessels, the pressure of the probe was kept to a minimum.
The tendons were examined in longitudinal and transverse planes as described previously.24 The blood vessels observed with CDU were scored using the five-grade modified
Öhberg score.7,24 This score was determined as 0 (no vessels visible), 1+ (one vessel,
mostly anterior to the tendon), 2+ (one or two vessels throughout the tendon), 3+ (three
vessels throughout the tendon), or 4+ (more than three vessels throughout the tendon).

Statistical analysis
The power-analysis was based on the primary outcome measure of the trial.10 A total of
27 patients in each arm was required (80% power with two-sided testing at a 5% level
of significance).
Analysis was done on the basis of intention-to-treat. The data remained blinded
until the last patient was seen for follow-up and after the analysis, enabling a blinded
statistical analysis. After that the blinding code was broken. The Kolmogorov-Smirnov
test was used to evaluate normality of distribution of the data. Parametric tests were
used in case of normality and non-parametric tests in case of skewed distribution of the
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data. These tests were performed for within-group and between-group differences in
ultrasonographical scores.
Statistics were performed using SPSS version 16.0.1 (SPSS Science, Chicago, Illinois,
USA) and significance was assumed when P values were less than 0.05.
The study protocol was approved by the regional Medical Ethics Committee and
registered with ClinicalTrials.gov, number NCT00761423.

Role of the funding source
The sponsor of the study (Biomet Biologics LLC, Warsaw, Indiana, USA) had no role in
study design, data collection, analysis, interpretation or writing of the article. All authors
had full access to the data and made the final decision for publication.

Results
Patients
Patients were included from August 2008 to January 2009. In July 2009, the last patient
had an appointment for follow-up. The flow diagram (Figure 6.1) shows the progress of
the study participants. During the study, there were no patients lost to follow-up. Eight
Table 6.2 – Patient characteristics and outcome variables at baseline in PRP group and placebo group.
There were no significant differences at baseline between both treatment groups.

Mean (SD) age (years)

PRP-group
(n=27)

placebo-group
(n=27)

49 (8.1)

50 (9.4)

13 (48%)

13 (48%)

14 (52%)

14 (52%)

Gender
-

Male

-

Female

Mean (SD) Body Mass Index (kg/m )

26.8 (3.9)

26.2 (3.5)

Median (IQR) duration of symptoms (weeks)

36 (24-78)

26 (16-104)

Active in sports

22 (81%)

24 (89%)

Mean (SD) Ankle Activity Score

5.7 (1.8)

5.5 (1.6)

Mean (SD) Echo-type I

50.5 (8.5)

46.5 (7.1)

Mean (SD) Echo-type II

26.4 (4.6)

25.6 (5.7)

Mean (SD) Echo-type III

13.0 (5.7)

15.7 (5.2)

Mean (SD) Echo-type IV

10.1 (5.4)

12.1 (5.6)

Mean (SD) Echo-type I+II

76.9 (10.8)

72.1 (10.5)

Mean (SD) maximum tendon thickness (mm)

9.83 (1.78)

9.84 (3.05)

Mean (SD) neovascularisation score

2.26 (1.16)

2.15 (1.35)

2
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Excluded (n=38)
Reasons:
 not mentioned (n=10)
 choose another therapy (n=8)
 choose a waiting policy (n=8)
 fear for the injection (n=3)
 anamnestic insertional tendon
disorder (n=2)
 tendinopathy for less than two
months (n=2)
 performed a total eccentric exercise
program (n=2)
 anamnestic total rupture (n=2)
 no time (n=1)

Assessed for eligibility
(n= 99)

Enrollment

Randomisation

Allocated to PRP injection (n=27)
UTC-data missing: n=0
CDU-data missing: n=0

UTC-data missing: n=0
CDU-data missing: n=0

UTC-data missing: n=1
 Lost with data-transmission
(n=1)
CDU-data missing: n=3
 Repair machine (n=3)

UTC-data missing: n=0
CDU-data missing: n=0

Baseline

6 weeks

12 weeks

Analysis
24 weeks

Excluded (n= 7)
Reasons:
 insertional tendinopathy (n=4)
 musculo-tendinous disorder
(n=1)
 abnormal Thompson test (n=1)
 PRP treatment elsewhere (n=1)

Allocated to saline injection (n=27)
UTC-data missing: n=3
 Bad scanning technique (n=2)
 Skin problem (n=1)
CDU-data missing: n=0

UTC-data missing: n=1
 Skin problem (n=1)
CDU-data missing: n=0

UTC-data missing: n=1
 Skin problem (n=1)
CDU-data missing: n=2
 Repair machine (n=2)

UTC-data missing: n=2
 Skin problem (n=1)
 Reverberation artifact (n=1)
CDU-data missing: n=0

Figure 6.1 – Progress of patients through the study. Eight UTC scans could not be used for final analysis
and five CDU examinations could not be performed.

UTC scans could not be used for final analysis and five CDU examinations could not be
performed. The reasons for these missing data are mentioned in Figure 6.1.
At baseline, the patient characteristics and outcome variables did not differ significantly between the two treatment groups (Table 6.2).
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Mean proportions of UTC echo-types
Within both treatment groups, a significant increase in echo-types I+II could be observed after 24 weeks. However, there were no significant between-group differences in
change of echo-types I+II. Concurrently there was a significant decrease in echo-types
III+IV within both groups. Figure 6.2 illustrates the mean differences in echo-types I+II
during follow-up in the PRP group and in the placebo group.

Figure 6.2 – Difference in echo-types I+II between the PRP group and the placebo group. Error bars
denote standard deviations. Echo-types I+II increased significantly from baseline to 24 weeks within
the PRP group (95% CI 6.2 to 12.7, p < 0.001) and the placebo group (95% CI 8.9 to 16.1, p < 0.001).
Concurrently, the echo-types III+IV decreased significantly within the PRP group (95% CI -6.2 to -12.8, p
< 0.001) and the placebo group (95% CI -8.9 to -16.1, p < 0.001). There was no significant difference in
change of echo-types I+II between both treatment groups from baseline to six (95% CI -4.3 to 5.6, p =
0.68), 12 (95% CI -2.1 to 10.6, p = 0.23) and 24 weeks (95% CI -1.6 to 7.8, p = 0.17).

There were no significant differences in the change of any echo-type at any point in time
between both treatment groups. The changes in the proportion of echo-types I, II, III
and IV over time in the PRP group and placebo group are shown in Figure 6.3A and 6.3B.

Mean neovascularisation score
There was an increase in neovascularisation within six weeks in both groups (PRP group:
p = 0.001. placebo group: p = 0.002), but these scores returned to pre-treatment levels
after 24 weeks (PRP group: p = 0.89, placebo group: p = 1.00). There were no significant
differences in change of neovascularisation score from baseline to six (p = 0.37), 12 (p
= 0.44) and 24 weeks (p = 0.75) between both treatment groups. The mean degree of
neovascularisation in both treatment groups is shown in Figure 6.4.

Effects of platelet-rich plasma on ultrasonographic findings

Figure 6.3A – The progress of the four different echo-types within the PRP group. Error bars denote
standard deviations. Echo-type I improved significantly from baseline to 24 weeks (95% CI 5.9 to 11.5, p
< 0.001). Echo-type II remained stable from baseline to 24 weeks (95% CI -0.8 to 2.2, p = 0.35). Echo-type
III diminished significantly from baseline to 24 weeks (95% CI 3.3 to 7.0, p < 0.001) and echo-type IV also
decreased significantly from baseline to 24 weeks (95% CI 2.7 to 5.9, p < 0.001).

Figure 6.3B – The progress of the four different echo-types within the placebo group. Error bars denote
standard deviations. Echo-type I increased significantly from baseline to 24 weeks (95% CI 8.9 to 16.1, p <
0.001). Echo-type II remained stable from baseline to 24 weeks (95% CI -0.01 to 3.3, p = 0.06). Echo-type
III decreased significantly from baseline to 24 weeks (95% CI 5.0 to 9.0, p < 0.001) and echo-type IV also
decreased significantly from the start to 24 weeks (95% CI 3.9 to 7.2, p < 0.001). There were no significant
differences in the change of echo-types compared with the PRP group at any point in time.
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Figure 6.4 – Change in neovascularisation score in both treatment groups. Error bars denote standard
deviations. During the first six weeks, the degree of neovascularisation increased within the PRP group (p
= 0.001) and the placebo group (p = 0.002). The change in neovascularisation score from baseline did also
not differ significantly at any point in time between the PRP group and the placebo group.

Discussion
This study shows that there is no difference in change of tendon structure within 24
weeks after injecting PRP in addition to eccentric exercises in the treatment of chronic
midportion Achilles tendinopathy. In the patients treated with PRP and placebo, there
was an initial increase in the degree of neovascularisation, but the change in neovascularisation score was not significantly different between both treatment groups.
These findings are important and clinically relevant as PRP is growing in popularity.
Recent reviews supported its use for chronic tendon disorders,16,22 but good clinical
evidence is lacking.9
Recent studies reported that PRP led to an enhanced tendon structure and increased
neovascularisation in standardised surgically-induced tendon lesions in horses.3,4 In the
present study, there was an increase in organised tendon structure and initial increase
in neovascularisation, but no differences were found between the groups treated with
PRP and saline. The main reason may be that a traumatic model was used in the equine
study and the effects of PRP might be different in degenerative tendon tissue. It can also
be possible that PRP was localised at the site of the lesion for a shorter time in our study
because no compartment could be formed within the degenerative areas. It is unknown
how long the platelets remain locally at the site of the degenerative lesion. In our study
the platelets were not activated prior to injection, based on the assumption that platelets can be slowly activated as a consequence of the exposure to tendon collagen.16

Effects of platelet-rich plasma on ultrasonographic findings

The addition of an eccentric exercise program may have resulted in dominating positive effects on tendon structure, thereby overshadowing an effect of PRP. Öhberg et al.20
previously reported that eccentric training improves conventional ultrasonographic
findings, using a qualitative evaluation, at long-term follow-up in Achilles tendinosis. It
may also be possible that eccentric training adversely affects any regenerative properties of PRP. The study design makes it impossible to rule out this possibility, although an
experimental study on Achilles tendons of rats reported that mechanical load may be a
prerequisite for the therapeutic effect of platelets.27
In a recent prospective observational study on the effects of eccentric exercises on
tendon structure, there was no improvement in tendon structure after 24 weeks.8 This
is in contrast with the findings of Öhberg et al.20, and also in the current study we found
that tendon structure improved within 24 weeks of follow-up. There are a few possible
explanations for this discrepancy. It could be possible that introducing the needle within
the tendon improved the tendon structure, since some studies showed positive clinical
effects of needling.9 However other mechanisms may be responsible. For instance, the
populations between the studies may differ. In the present study there were a high
number of patients involved in sports participation with a similar high ankle loading
activity, quantified with the Ankle Activity Score. It is known that athletes benefit more
from eccentric exercise therapy than sedentary individuals.23 The reason for this finding
is unknown, but it has been suggested that the compliance to the eccentric exercises
may be of relevance in treatment outcome.6 The reported patient compliance to the
eccentric exercises was found to be high in the present study.10
A limitation of the current study may be that the neovascularisation score is not
validated.14 In a previous study, we found that this scoring system has an excellent
interobserver reliability 24 but the intra-observer reliability is not known and therefore
we cannot confirm whether this score could be used in a follow-up study. An in vivo
study on equine tendons reported that the number of properly aligned blood vessels,
determined in harvested tissue at post mortem, was correlated to the neovascularisation
score with the preceding in vivo CDU examination.4 In the present study, we used a comparable machine and similar settings. Moreover, the measurements in the current study
were performed under standardised conditions. The degree of ankle plantar flexion was
standardised during the examination and minimal probe pressure should be used to
avoid obliteration of vessels.7 Another limitation could be that CDU is less sensitive than
Power Doppler ultrasonography for determining the degree of neovascularisation.21 The
available machine in our clinic contained merely a Colour Doppler function, but previous studies did also show increased amounts of neovascularisation using CDU.2,4,17‑19
Future in vitro studies may be focused on the effects of PRP in the currently developing
degenerative models.13,28 The influence of variables that may be of relevance could also
be determined, such as the role of platelet activation prior to injection, the duration of
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collagen exposition to PRP, the concentrations of platelets and the concentrations of
specific growth factors in the releasate.
Based on the current study results, there is no improvement in tendon structure and
no effect on neovascularisation with the addition of PRP to eccentric exercises in chronic
midportion Achilles tendinopathy, compared with a placebo injection.
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Abstract
Aim - To assess whether the use of a night splint is of added benefit on functional outcome in treating chronic midportion Achilles tendinopathy.
Methods - This was a single-blind, prospective, single centre, randomised controlled
trial set in the sports medical department, the Hague Medical Centre, the Netherlands.
Inclusion criteria were: age 18-70 years, active participation in sports, and tendon pain
localised at 2-7 cm from distal insertion. Exclusion criteria were: insertional disorders,
partial or complete ruptures, or systemic illness. Seventy tendons were included and
randomised into one of two treatment groups: eccentric exercises with a night splint
(night splint group, n = 36) or eccentric exercises only (eccentric group, n = 34).
Interventions - Both groups completed a 12-week heavy-load eccentric training program. One group received a night splint in addition to eccentric exercises. At baseline
and follow-up at 12 weeks, patient satisfaction, Victorian Institute of Sports AssessmentAchilles questionnaire (VISA-A) score and reported compliance were recorded by a
trained researcher who was blinded to the treatment.
Results - After 12 weeks, patient satisfaction in the eccentric group was 63% compared
with 48% in the night splint group. The VISA-A score significantly improved in both
groups; in the eccentric group from 50.1 to 68.8 (p = 0.001) and in the night splint group
from 49.4 to 67.0 (p < 0.001). There was no significant difference between the two groups
in VISA-A score (p = 0.82) and patient satisfaction (p = 0.26).
Conclusion - A night splint is not beneficial in addition to eccentric exercises in the treatment of chronic midportion Achilles tendinopathy.

The additional value of a night splint to eccentric exercises

Introduction
Overuse injury of the Achilles tendon is a common entity in athletes and older athletes
are at an increased risk. When the exact origin of tendon pain is unclear, the term tendinopathy is preferred.1,2
Scientific evidence for many proposed aetiological factors (biomechanical abnormalities, alteration of vascularity, certain systemic diseases, use of certain medications, genetic predisposition and excessive load in sports) is scarce.3,4 Consequently, there is no
consensus as to which treatment should be used. Many differing treatments have been
proposed, but none of these treatments have shown reproducible promising results in
randomised trials.5‑7
Alfredson et al.8 described a heavy-load eccentric exercise program for 15 athletes with
chronic Achilles tendinosis. It consisted of 180 repetitions daily, which were allowed to
be painful. The results were excellent in all athletes. In subsequent studies, comparable
results were reported.9‑12
A recent systematic review on the effect of eccentric overload training, in which nine
studies satisfied the methodological criteria, showed that the effects on pain are promising.13 They stated, however, that the weakness of all these publications is that only pain is
used when scoring the outcomes. Besides pain, the functional status and (sports) activity should be scored to determine the magnitude of the effect, and they suggest using
the validated Victorian Institute of Sports Assessment-Achilles (VISA-A) questionnaire.
The basic mechanisms underlying the effectiveness of eccentric exercises are unknown
to date. Alfredson14 suggests a few possible theories. The first theory is that an alteration
of pain perception, due to the painful exercises, reduces the symptoms.14 The second
theory is based on the ingrowth of neovessels with accompanying nerves around the
tendon, which are supposed to be the source of pain. Eccentric exercises should destroy
these neovessels.5,14 The third theory is that loading improves the tensile strength of
the tendons. It may also induce lengthening of the musculotendinous junction and,
therefore, put less strain on the Achilles tendon during movement.14
The use of a night splint has been shown to be effective in cases of chronic plantar
fasciitis.15‑17 There are several hypotheses supporting the use of a night splint, which
provides passive dorsiflexion, in cases of Achilles tendinopathy. One hypothesis is that a
night splint would work for Achilles tendinopathy owing to lengthening of muscle and
tendon, and the concomitant reduction in strain on the tendon.11 It has been stated that
passive dorsiflexion may be helpful in chronic Achilles tendon injury.2
The effect of splinting has been studied twice with differing results. Dijkstra and van
Enst18 found clinical benefit using splinting alone. Roos et al.11 reported no difference
between the three groups: eccentric exercises, use of a night splint and combination of
splinting and eccentric exercises.
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The aim of this single-blinded prospective study is to compare the short-term effects
on pain and functional outcome of a heavy-load eccentric exercise program, with a
heavy-load eccentric program in combination with the use of a night splint.

Materials and Methods
Patients
The location for the study was an outpatient sports medicine department in a large district general hospital (the Hague Medical Centre, the Netherlands). We included patients
who were referred by a general practitioner, physical therapist or a medical specialist.
Most of the patients had already received another conservative treatment, but none had
undergone surgical treatment, a heavy-load eccentric training program or used a night
splint before.
Inclusion criteria were patients aged between 18 and 70 years, presence of symptoms
for more than two months, active participation in sporting activities before the onset of
symptoms and the patients’ wish to return to their original level of sports. All patients
had a tendon that was tender on palpation and painful during or after sport. The tendon thickening was located approximately 2-7 cm proximal to the distal insertion. The
diagnosis was made based on clinical examination. Exclusion criteria were the previous
performance of an intensive program of heavy-load eccentric exercises and inability to
perform heavy-load exercises. Insertional disorders, tendon ruptures and patients with
systemic illness were also excluded.

Study design
The study design was a single-blinded randomised controlled trial. Patients were randomised after initial standardised assessment to one of two treatment groups: eccentric
exercises or eccentric exercises in combination with a night splint. The researcher was
blinded to the treatment groups. An appointment was made after four weeks to evaluate possible problems. Patients were followed-up after 12 weeks.

Patient evaluation
After the patients were informed about the aims and possible risks of the study, they
signed the informed consent form. The study protocol was approved by the Medical
Ethics Committee, the Hague Medical Centre, the Netherlands.
All patients were examined by the same single researcher using a standard protocol
consisting of standardised outcome measures: the VISA-A 19 was completed with minimum assistance from the researcher, and patient satisfaction was rated subjectively as
poor, fair, good or excellent. A good or excellent result was considered as successful.

The additional value of a night splint to eccentric exercises

After completing the history and examination, all patients received detailed instructions about how to perform the eccentric exercises. The patient was then sent to the
secretary, where they chose an envelope from a box that contained 80 envelopes for
randomisation of the treatment. Patients who were randomised to the night splint
received further instruction from a different clinician to ensure adequate blinding.
Outcome was evaluated by the researcher at baseline and at 12 weeks. The Wilcoxon
signed rank test was used to assess changes over time in the variables within groups
and the Mann Whitney U test was used to detect changes over time between the two
groups. The χ2 test was used to evaluate patient satisfaction and compliance between
groups. Statistical significance was assumed when P < 0.05.

Eccentric exercises
The eccentric calf muscle exercises were performed with straight knee and with bent
knee as described by Alfredson et al.8 The researcher explained and demonstrated the
exercise program and patients were also shown a video of the exercises (Figure 7.1).
Finally, the patients had to perform a series of supervised eccentric drops, until the
technique was correct.

Figure 7.1 – Instruction of eccentric exercises to patients started with a heel lift (A), after that the
eccentric drop was performed with the injured leg with straight knee (B) and flexed knee (C). Informed
consent was obtained for the publication of this figure.

The patients were instructed to perform 180 repetitions a day, beginning on the first
day without a period of gradual increase. Patients were instructed that these exercises
commonly cause pain and that they should ignore this pain. They were also instructed
to increase the load when the exercises could be performed without any discomfort.
Increasing load was done using a backpack, with added weights, or a weight machine.
When pain during or after exercises was unbearable or disabling, the patient had to
contact the clinician, not the researcher. The patients were informed that they could
expect muscle soreness, besides experiencing pain. All patients were instructed to avoid
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weight-bearing sporting activities for the first four weeks. After four weeks, gradual
return to sports activities was encouraged if the pain allowed.

Night splint (additional to eccentric exercises)
Patients had a 50% chance of being randomised to receive a night splint (UFO night
splint, Somas Industries, Sint Anthonis, the Netherlands) besides the eccentric exercises.
In this case, the patient was sent to a different clinician for consultation to ensure blinding. The clinician decided which size was suitable for the patient. After that, the ankle
positions of 0° and 5° dorsiflexion were marked on the night splint. The patient could
easily adjust the splint between these two positions. For the first four weeks, patients
had to maintain the neutral position of 0°, and after this period, the position of at least
5° dorsiflexion was used. Patients were told that the night splint should be positioned
beyond these 5° dorsiflexion if pain could be tolerated (Figure 7.2). Pain and the extent
of sleep disturbances were the main guidelines when positioning the night splint.

Figure 7.2 – Night splint fitted in a patient. In the first four weeks, a neutral position of 0° dorsiflexion was
maintained (A). After four weeks of treatment, a position of 5° dorsiflexion was advised. Dorsiflexion of
more degrees was recommended, when tolerated (B). Informed consent was obtained for the publication
of this figure.

Compliance
Patient compliance was measured by daily registration in the form of a diary. The patients had to note their number of repetitive exercises performed. Items on the night
splint diary were number of hours the splint was worn and degrees in which the splint
was positioned. Compliance was divided into four categories. When less than 25% of the
exercises were performed, patient compliance was scored as poor. Between 25% and
50% it was scored as moderate, between 50% and 75% as good, and more than 75% was
scored as an excellent compliance.

The additional value of a night splint to eccentric exercises

Results
Patients
Between March 2005 and December 2005, 67 patients (79 tendons) visited the Hague
Medical Centre for the study. Nine tendons were excluded. Four patients had an insertional disorder, two patients already performed a heavy-load eccentric exercise program,
one patient had a partial rupture, one patient had a total rupture and one patient was
unable to carry out the eccentric exercises.
In all, 58 patients (70 tendons, 46 unilateral and 12 bilateral) met the inclusion criteria.
The mean (range) age was 44.6 (26-59) years, mean (range) duration of symptoms 30.7
(2-221) months and the mean (range) body mass index was 25.1 (20.2-34.5) kg/m2. All
patients participated actively and most of them had to stop their sporting activities
(mean (range) 13 (0-104) weeks).
A total of 70 tendons were randomised into two groups: 34 in the eccentric exercises
only (eccentric group) and 36 in the eccentric exercises with the night splint (night
splint group). At baseline, there were no statistical differences in patient characteristics
between the groups (Table 7.1).
Table 7.1 – Patient characteristics at baseline. No significant differences in patient characteristics were
found between the eccentric group and night splint group (night splint in combination with eccentric
exercises).
Variable
Patient’s age (years)
Male/female

Eccentric group

Night splint group

Mean (SD)

Mean (SD)

44.1 (7.0)

45.1 (8.9)

20/12

17/14

Body mass index

25.4 (3.1)

24.9 (3.2)

Duration of symptoms (months)

33.7 (55.6)

27.7 (45.9)

Duration of sports neglect (weeks)

12.6 (24.4)

13.4 (25.1)

There was a significant higher patient satisfaction in the group of patients (n = 9, patient
satisfaction 89%) with a duration of symptoms of < 5.5 months when compared to the
group of patients (n = 54, patient satisfaction 50%) with a duration of symptoms of >
5.5 months (p = 0.03). There was a significant higher VISA-A score after 12 weeks in the
group of patients (n = 9, VISA-A score 87) with a duration of symptoms of < 5.5 months
when compared to the group of patients (n = 54, VISA-A score 65) with a duration of
symptoms of > 5.5 months (p = 0.02). The VISA-A score at baseline did not differ significantly between these groups (p = 0.23).
In the night splint group, there were four patients (five tendons) who could not be
included in the analysis. One patient (two tendons) was poorly motivated and failed to
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attend the follow-up appointments, one patient (one tendon) left to live overseas and
two patients (two tendons) stopped using the night splint because of sleep disturbance.

Results within groups

Patient satisfaction in the eccentric group after 12 weeks was excellent or good in 20
(63%) tendons and moderate or poor in 12 (37%) tendons. Patient satisfaction in the
night splint group after 12 weeks was excellent or good in 15 (48%) tendons and moderate or poor in 16 (52%) tendons.
The VISA-A score in the eccentric group increased significantly from 50.1 at baseline to
Downloaded
from bjsm.bmj.com
on 19 November 200
68.8 after 12 weeks (p = 0.001). In the night splint
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Compliance
Table 7.2 shows reported patient compliance after 12 weeks therapy in the two treatment groups.
In all, 17 of 63 (27%) subjects reported a moderate or poor compliance after a 12-week
program of eccentric exercises (in eccentric and night splint group).
Table 7.2 – Good/excellent patient satisfaction in the two treatment groups after 12 weeks related
to the compliance to eccentric exercises. Values are n (%).Besides the overall results (2nd row), good/
excellent patient satisfaction was calculated for good/excellent compliance (3rd row) and moderate/poor
compliance (4th row). Better patient compliance in the eccentric group tends to lead to a higher patient
satisfaction than patients with a low reported compliance for the eccentric exercises in the eccentric
group. However, the differences were not statistically significant.
Patient Satisfaction
Eccentric group (N=32)

Night splint group (N=31)

Overall

20 (63)

15 (48)

Good/Excellent compliance

16 (70)

9 (50)

Moderate/ Poor compliance

4 (44)

1 (0)

Compliance in the eccentric group
Compliance reported after 12 weeks in the eccentric group was excellent or good in 23
of 32 (72%) patients; patient satisfaction in this group was excellent or good in 16 (70%)
patients and moderate or poor in seven (30%) patients (Table 7.2). Compliance was
moderate or poor in nine (28%) patients; patient satisfaction in this group was excellent
or good in four (44%) patients and moderate or poor in five (56%) patients. There were
no statistically significant differences between these groups (p = 0.19).
Compliance in the night splint group
Eccentric exercises
In the night splint group, reported compliance of the eccentric exercises after 12 weeks
was good or excellent in 23 of 31 (74%) patients; patient satisfaction in this group was
excellent or good in 13 (57%) patients and moderate or poor in 10 (43%) patients. Compliance was moderate or poor in eight (26%) patients; patient satisfaction in this group
was excellent or good in two (25%) patients and moderate or poor in six (75%) patients.
There were no statistically significant differences between these groups (p = 0.13).
Night splint
Compliance of the night splint after 12 weeks was excellent or good in 25 of 31 (81%)
patients; patient satisfaction in this group was excellent or good in 11 (44%) patients
and moderate or poor in 14 (56%) patients. Compliance was moderate or poor in six
(19%) patients; patient satisfaction in this group was excellent or good in four (67%) pa-
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tients and moderate or poor in two (33%) patients. There were no statistically significant
differences between these groups (p = 0.93).
Eccentric exercises and night splint
In the night splint group, reported compliance of both the eccentric exercises and the
night splint after 12 weeks was good or excellent in 18 of 31 (58%) patients; patient satisfaction in this group was excellent or good in nine (50%) patients and moderate or poor
in nine (50%) patients. Compliance was moderate or poor for both the eccentric exercises
and the night splint in one of 31 patients; patient satisfaction was rated as poor (Table 7.2).

Complications and dropouts
Figure 7.4 shows the progress of patients through the study. Two patients (two tendons)
did not complete the treatment in the eccentric group. One patient experienced too
much pain and one patient developed a subluxation of the peroneal tendon during the
study, which prevented him from performing the exercises.
In a few cases, the night splint caused minor symptoms, which did not prevent further
treatment. Two patients experienced painful pressure areas and one patient could not
increase dorsiflexion of the night splint > 0° because of paraesthesia of the foot.

Discussion
This prospective study shows that splinting in addition to eccentric exercises did not
lead to a significantly better outcome in patient satisfaction and VISA-A score.
The effect size of eccentric training is still uncertain and few studies have a sound
method.13 The early studies showed promising results of eccentric training on pain and/
or patient satisfaction,9‑12 but functional outcome scores are required.13 The VISA-A questionnaire is a validated score for Achilles tendinopathy, which measures pain, and also
function in daily living and sporting activity. In a recent study in non-athletes, Sayana
and Maffulli 20 have shown VISA-A scores of approximately 50 after a 12-week heavy-load
eccentric exercise program. In their population, improvement was scored in 19 of 34
(56%) patients, which is comparable with our results. Brown et al.21 found that only 13%
of the patients treated with heavy-load eccentric training and placebo injections had
returned to sports after three months.
The patient satisfaction after a heavy-load eccentric exercise program (63%) is
lower than previously reported Scandinavian studies; overall satisfaction in these trials
is around 80-90%.8‑12 An explanation for this result could be that our population had
a longer duration of symptoms. The mean duration of symptoms in previous studies
ranged from 5.5 to 21 months. Mean duration of symptoms in our population was 31.6
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months. The mean Visual Analogue Scale score decreased from 7.3 to 2.7. In a prospective randomised controlled trial, Roos et al.11 reported that effects of eccentric exercises
alone were comparable to a night splint or a combination of eccentric exercises with a
night splint. A gradual onset of the exercises was used during the first week and when
the patient could perform the exercises without discomfort, an increased load was prescribed. In all, 44 patients were included in this study. After six weeks, pain reduction in
the eccentric group was 27%, in the night splint-only group 19% and in the night splint
combined with eccentric group 18%. These differences were not statistically significant
between the groups. After one year, there were no differences between groups and
there was significant improvement in pain reduction (35- 42%) in all groups compared
to baseline. Roos et al.11 proposed that a night splint may negatively influence the positive effect of eccentric exercises to the muscle tendon unit. To our knowledge, Roos et
al.11 are the only other researchers to have compared the eccentric exercise model with
the addition of a night splint; a night splint with 0° dorsiflexion was used. In this study,
the patients were instructed to increase dorsiflexion as much as they could tolerate. This
was done to maximise the hypothesised beneficial effects of splinting. Another difference was the instruction of the eccentric exercises. Roos et al.11 used a gradual onset
during the first week. In this study, the abrupt loading as described by Alfredson et al.8
was used.
Reported patient compliance for the eccentric exercises was excellent or good in the
majority of the patients in both treatment groups, although it should be mentioned that
still more than a quarter of the patients in both groups reported performing the exercises
at < 50% of the prescribed intensity. Of the nine studies in the recent systematic review
of Kingma et al.13, only Roos et al.11 report the compliance rate in their findings. In their
study, a good compliance (75% of the recommended exercises) for eccentric exercises
in the first weeks was reported. At 12 weeks, however, only half still reported a good
compliance. Compliance for the night splint was good for most of the study period.
Roos et al.11 did not calculate the association between outcome and compliance. To
our knowledge, there are no other studies in which this relationship is described. In both
treatment groups, there was a tendency that a better patient compliance for eccentric
exercises leads to better results (Table 7.2). However, the differences were not statistically significant. A possible way to increase patient compliance in future studies can
probably be through more frequent patient contact by telephone or email.
Although we strictly adhered to our inclusion criteria, we cannot exclude the occurrence of selection bias. We used a checklist for objective inclusion and exclusion of
patients, and we always discussed with several clinicians when there was doubt whether
a patient could be included.
The researcher gave minimal assistance to patients on the first occasion they completed the VISA-A questionnaire. Robinson et al.19 also always administered the ques-
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tionnaire once with an investigator and stated that this would avoid some but not all
potential for observer bias.

Conclusion
In this study, eccentric exercises and eccentric exercises in combination with a night
splint reduced pain and improved functional outcome in patients with Achilles tendinopathy. The results on pain reduction are less promising than previously reported. Further trials including functional outcome measures are necessary to evaluate the effect of
eccentric exercises. It can be stated that a night splint in addition to eccentric exercises
is not beneficial at short-term follow-up. There was a tendency that higher reported
patient compliance for eccentric exercises was correlated with a higher patient satisfaction. Outcome in patients with a shorter duration of the symptoms (< 5.5 months) was
significantly better than in patients with longer duration of symptoms.
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Abstract
Background - Chronic degenerative tendinopathies are frequent and difficult to treat.
Tendon healing and regeneration may be improved by injecting autologous growth
factors obtained from the patient’s blood. Autologous growth factors can be injected
with autologous whole blood or platelet-rich plasma (PRP). There are many proposed
treatment options for chronic tendinopathy. Treatments in the form of injections with
autologous whole blood or PRP are increasingly used in clinical practice. There are high
expectations of these regenerative injections, and there is a clear need for effective
conservative therapies.
Methods - Electronic databases were searched for prospective clinical trials on treatment with autologous growth factors of patients with chronic tendinopathy. Chronic
tendinopathy in this study included wrist extensors, flexors, plantar fasciopathy and
patellar tendinopathy. Studies examining the treatment of other tendinopathies were
not identified. The Physiotherapy Evidence Database score was used to examine the
methodological quality of the assessment, and a qualitative analysis was performed
with the levels of evidence.
Results - Eleven studies were suitable for quality assessment. All studies showed that
injections of autologous growth factors (whole blood and PRP) in patients with chronic
tendinopathy had a significant impact on improving pain and/or function over time.
However, only three studies using autologous whole blood had a high methodological
quality assessment, and none of them showed any benefit of an autologous growth
factor injection when compared with a control group.
Conclusion - At present, there is strong evidence that the use of injections with autologous whole blood should not be recommended. There were no high-quality studies
found on PRP treatment. There is limited evidence to support the use of injections
with PRP in the management of chronic tendinopathy. There is growing interest in the
working mechanisms of autologous growth factors. The amount and mixture of growth
factors produced using different cell separating systems are largely unknown and it is
also uncertain whether platelet activation prior to injection is necessary. These variables
should be taken into account when starting clinical studies. A good experimental model
for studying tendinopathy would be helpful for basic research. Future clinical studies
using a proper control group, randomisation, blinding and validated disease-specific
outcome measures for pain and function are needed.

A systematic review on autologous growth factor injections

Introduction
Chronic painful tendon disorders are common in athletic and sedentary individuals.1‑4
They are more common in middle age, and with increasing in sports participation at increasing ages, they are becoming more frequent.1,2 The Achilles tendon, patellar tendon,
wrist extensors, plantar fascia and supraspinatus tendon are commonly affected larger
tendons.5 Multiple aetiological factors probably play a role in the pathogenesis of these
conditions.1‑5
If the triad of pain, swelling and a reduced load bearing capacity are present, then the
correct term for the diagnosis is tendinopathy.1 This is a clinical and not a histopathological diagnosis.1,3 A failed healing repair process at tissue level results in a variety of
histopathological changes, including degeneration, of the tendon tissue.3 Tendinopathy
leads to a reduction in activity levels and sometimes to cessation of all sporting activities.4
Increasing knowledge of the pathology and pathogenesis of tendinopathy has lead
to the introduction of a large number of conservative treatments. At present, the best
available evidence points towards the use of heavy load eccentric training programmes.6
Conventional conservative therapy is ineffective in around 25% of patients with Achilles
tendinopathy.7 In these patients, surgery can be performed, but this is not always successful, and the post-operative rehabilitation is slow and time consuming.3,4,6‑8 To reduce
the need for surgery, more effective conservative therapies are needed.
Recently, research has focused on regenerative therapies with high expectations of
success.9,10 The use of autologous growth factors is thought to lead to tendon healing
through collagen regeneration and the stimulation of a well-ordered angiogenesis.9,10
These growth factors are administered in the form of autologous whole blood or plateletrich plasma (PRP).9 Platelets can be isolated using simple cellseparating systems.9,11 The
degranulation of the α-granules in the platelets releases many different growth factors
that play a role in tissue regeneration processes. Platelet-derived growth factor, transforming growth factor-β, vascular-derived endothelial growth factor, epithelial growth
factor, hepatocyte growth factor and insulin-like growth factor are examples of such
growth factors.9‑12 Injections with autologous growth factors are becoming common in
clinical practice.10,11
This systematic review examines the literature on the effects of autologous blood and
PRP injections in the management of tendinopathies.
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Methods
Literature search
A comprehensive, systematic literature search was performed in October 2009. The databases of PubMed, MEDLINE, EMBASE, CINAHL and the Cochrane library were searched
without time limits. The following key words were used in differing combinations:
“tendinopathy”, “tendinosis”, “tendonitis”, “tendons”, “tennis elbow”, “plantar fasciitis”,
“platelet-rich plasma”, “platelet transfusion”, “autologous blood” or “injection”. The search
was limited to articles in English, and only human studies were included. All titles and
abstracts were assessed by two researchers, and all relevant articles were obtained. All
bibliographies were also hand searched to identify further relevant literature.
All relevant articles were read independently in full text by two researchers to assess
whether they met the inclusion criteria. If there was a difference in opinion on suitability,
a consensus was reached by consulting a third reviewer.

Study selection
Articles were suitable (inclusion criteria) if the subjects had been clinically diagnosed
as having chronic tendinopathy. The design had to be a prospective clinical study; randomised controlled trial (RCT), nonrandomised clinical trial (CCT) or prospective case
series. There had to be a well-described intervention in the form of an injection with
either PRP or autologous blood. The outcome had to be reported in terms of pain and/
or function.

Data extraction
Two researchers independently recorded the study design, population, intervention,
outcome measure and outcome using standardised data extraction forms.13 To assess
the efficacy of the interventions, mean values of the continuous outcomes were extracted from the published articles.

Quality assessment
The studies included were scored using the PEDro (Physiotherapy Evidence Database)
score.14 The PEDro score is an 11-point list using yes and no answers. The first statement
pertains to the external validity of the study and is not used to compute the final quality
score. The score (0-10) is the number of positive answers on questions 2-11. The PEDro
items are shown in Table 8.1.
To assess the reliability of consensus ratings using the PEDro scale, a study was conducted by Maher et al.14 A random selection of 120 RCTs was assessed four times by
four different raters. Intraclass correlation coefficient for consensus ratings using the
PEDro scale showed to be 0.68, which compares to a “fair” to “good” reliability.15 It was
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Table 8.1 – PEDro scale. The score is the number of positive answers on questions 2-11 (0-10).
Items
1.

Eligibility criteria were specified

2.

Subjects were randomly allocated to groups

3.

Allocation was concealed

4.

The groups were similar at baseline regarding the most important prognostic indicators

5.

There was blinding of all subjects

6.

There was blinding of all therapists who administered the therapy

7.

There was blinding of all assessors who measured at least one key outcome

8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated
to groups
9. All subjects for whom outcome measures were available received the treatment or control condition as
allocated or, where this was not the case, data for at least one key outcome were analysed by “intention to
treat”
10. The results of between-group statistical comparisons are reported for at least one key outcome
11. The study provides both point measures and measures of variability for at least one key outcome

suggested that the PEDro scale has sufficient reliability for its use in systematic reviews
of physiotherapy trials 14, and recently it has been used in a systematic review on the
effects of exercise treatment in tendinopathy.16
A PEDro score of 6 or higher is considered to represent a high-quality study.16 The
results of the quality assessments of the individual trials were used to classify the level
of evidence.17 This qualitative analysis was performed with five levels of evidence based
upon the quality and results of clinical studies:
1. Strong evidence: provided by generally consistent findings in multiple high quality
RCTs
2. Moderate evidence: provided by generally consistent findings in one high quality
RCTs and one or more lower quality RCTs, or by generally consistent findings in multiple low quality RCTs
3. Limited evidence: provided by only one RCT (either high or low quality) or generally
consistent findings in CCTs
4. Conflicting evidence: inconsistent findings in multiple RCTs or CCTs
5. No evidence: no RCTs or CCTs
Studies with a high methodological score using the PEDro scale were considered as
high-quality studies and those with a low PEDro score were considered low-quality
studies.
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Results
Literature search
Thirteen studies were included after screening. Two studies were excluded (Figure
8.1).43,44 Eleven studies were suitable for quality assessment and were assessed using the
PEDro score.

Study design
There were six observational non-controlled studies 18‑23 and five controlled clinical trials
24‑28
of which two were evaluated as having appropriate randomisation.24,28

Participants
The mean number of subjects was 40.5 (SD 24.6) with a range 20-100. Four studies were
on patients with chronic tendinopathy of the wrist extensors (tennis elbow) 18,19,23,25 of
which one study on both wrist extensor and flexor tendinopathy (golfer’s elbow).25 One
study evaluated the treatment effect on tendinopathy of wrist flexors.20 Patients with
chronic plantar fasciopathy were treated in three studies 24,27,28 and three studies had
examined patients with chronic patellar tendinopathy.21,22,26

Interventions
There were eight studies on the effects of autologous blood injections 18‑21,23,24,27,28, of
which five studies used this in combination with a local anaesthetic 18‑21,24 and the other
three studies applied only autologous blood.23,27,28
There were three studies on PRP injections 22,25,26, of which one used an additional local
anaesthetic 25 and two did not report whether local anaesthesia were used.22,26 In three
studies a single injection 24,25,27, in one study two injections 21 and in two studies three
injections 22,26 were used. In the other five studies, a varying number of injections (1-3)
were given.18‑20,23,28 The PRP was prepared using a single 25 or double 22,26 centrifuging
process. In two studies, calcium was added to the PRP for activation of the platelets.22,26

Outcome measures
Ten of the 11 studies used a visual analogue scale (VAS) or ordinal scale to measure
pain.18‑20,22‑28 In four studies, the elbow function was quantified using the Nirschl
score.18‑20,23 The Nirschl score runs from 1; mild pain during activity to 7; constant pain at
rest. To our knowledge, there are no data available on the validity of the Nirschl score. One
study 21 used the Victorian Institute of Sports Assessment-Patella (VISA-P) score which is
a validated outcome measure for patellar tendinopathy that assesses pain and function.
It runs from 0 representing maximal pain and minimal function to 100 which represents
no pain and maximal functioning. The two other studies on patellar tendinopathy used
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Figure 8.1 – QUOROM statement flow diagram.

the Tegner score to quantify activity level.22,26 The Tegner score runs from 0 to 10 with 0
being invalidated and 10 representing specific professional sports activities. The Tegner
score previously showed an acceptable validity in the evaluation of meniscal injuries.29
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One study on plantar fasciopathy used the rearfoot score of the American Orthopaedics
Foot and Ankle (AOFAS) to assess function.28 There are no data available on the validity
of the AOFAS score for the evaluation of plantar fasciopathy. This score runs from 0 to
100; a score of 100 represents no pain and optimal functioning. One study used the
modified Mayo elbow score, which was not recorded at final follow-up.25

Outcomes
All the intervention groups reported a significant improvement in the pain and/or function scores with the mean improvement being 66% (SD 19, range 33-100). The outcomes
in the control groups also improved significantly in all the studies with a mean improvement of 57% (SD 18, range 32-87). These improvements were reported after a mean
follow-up of 9.4 months (SD 6.0). There was in none of the included studies a beneficial
effect on pain score at final follow-up after autologous growth factor injections when
compared with a control group.24,26‑28 One study reported a significant improvement on
the functional Tegner score when compared with the control group, but the statistical
baseline difference in Tegner score between these groups was not reported.26 In four
other control groups, there were similar results on pain and/or function when compared
with autologous growth factor injections.24,27,28 In two control groups, there was a significant improvement on pain in favour of the control group.27 Table 8.2 gives an overview
of these differences.

Sample size calculation
Only one trial reported a sample size calculation.22 Kon et al. reported that 20 cases were
needed to detect a clinically important increase of 15 points on the VAS score. All other
included studies did not report using a sample size calculation.

Methodological quality
The PEDro scores for the 11 studies are shown in Table 8.3. The scores ranged from 1
to 7 with an average of 3.4 (SD 2.3). Three studies were considered as being high quality (PEDro score ≥ 6) and the other eight studies were of low quality (PEDro score <
6). All the studies reported the inclusion criteria. A comparison to another treatment
was performed in five studies, and randomisation was used in two studies. Blinding of
the treatment was undertaken for patients in one study 27, for the treating physician in
none of the studies and for the outcome assessor in three studies.24,27,28 In three studies,
more than 15% of the patients were lost to follow-up 19,20,25, and in four studies, the data
analysis was not performed on an “intention to treat” basis.19‑21,25 Two studies had poor
reporting of the statistical analysis.18,23

Number
of participants

28

20

20

35

Reference

Edwards and
Calandruccio.
2003 18

Mishra and
Pavelko. 2006 25

Suresh et al.
2006 20

Connell et al.
2006 19

Case
series

Case
series

CCT

Case
series

Study
design

2-3 autologous
blood injections

wrist extensor 2-3 autologous
tendinopathy blood injections

wrist flexor
tendinopathy

-

-

Nirschl score (0-7)

VAS score (0-10)

Nirschl score (0-7)

VAS score (0-10)

Modified Mayo
elbow score (0-100)

Nirschl score (0-7)
C: 1 anaesthetic VAS score (0-100)
injection

Pain scale (0-10)

Primary outcome
measures

wrist extensor 1 PRP injection
and flexor
tendinopathy

Control
group(s)
-

Intervention

wrist extensor 1-3 autologous
tendinopathy blood injection(s)

Inclusion
criteria

Table 8.2 – Included studies. Improvements were calculated after correcting for scale and baseline score.

6

10

25.6

9.5

Median Nirschl score: 6.0
to 0.0 (100%)

Median VAS score: 9.0 to
0.0 (100%)

Median Nirschl score: 6.0
to 1.0 (83%)

Mean VAS score: 8.0 to
2.2 (73%)

Mean Modified Mayo
elbow score: NA

Mean VAS score: 80.3 to
5.7 (93%)

Mean Nirschl score: 6.5 to
2.0 (69%)

Mean pain score: 7.8 to
2.3 (71%)

-

-

Mean Modified Mayo
elbow score: NA

C: Mean VAS score:
NA

-

Follow- Outcome in intervention Outcome in control
group (% improvement) group(s) (%
up
improvement)
(mo)
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Case
series

20

Case
series

47

James et al.
2007 21

Case
series

Kon et al.
2009 22

26

Ul Gani et al.
2007 23

RCT

RCT

54

Kiter et al.
2006 28

Study
design

Lee and Ahmad. 64
2007 24

Number
of participants

Reference

Table 8.2 (continued)

1-3 autologous
blood injection(s)

Intervention

patellar
tendinopathy

plantar
fasciopathy

patellar
tendinopathy

3 PRP injections

1 autologous
blood injection

2 autologous
blood injections
combined with
dry needling

wrist extensor 1-2 autologous
tendinopathy blood injection(s)

plantar
fasciopathy

Inclusion
criteria

-

C: 1 corticosteroid injection

-

8

6

Tegner score (0-10)

EQ-VAS score
(0-100)

VAS score (0-10)

6

6

Mean Tegner score: 4 to
7 (50%)

Mean EQ-VAS score: 57 to
82 (58%)

Mean VAS score: 7.3 to
3.6 (51%)

Mean VISA-P score: 39.8
to 74.3 (57%)

Mean Nirschl score: 5.5 to
2.1 (62%)

Mean pain score: 3.3 to
1.2 (64%)

Mean AOFAS score: 71.6
to 80.9 (33%)

Mean VAS score: 7.6 to
2.4 (68%)

-

C: Mean VAS score:
6.9 to 2.4 (65%) †

-

-

Mean AOFAS score:
64.1 to 78.2 (39%) †

C2: Mean VAS score:
6.4 to 2.0 (69%) †

Mean AOFAS score:
65.7 to 80.1 (42%) †

C1: Mean VAS score:
7.3 to 2.6 (65%) †

Follow- Outcome in intervention Outcome in control
group (% improvement) group(s) (%
up
improvement)
(mo)

VISA-P score (0-100) 14.8

Nirschl score (0-7)

Pain scale (1-4)

AOFAS score (0100)

C2: dry
needling

-

VAS score (0-10)

Primary outcome
measures

C1: 1-2
corticosteroid
injection(s)

Control
group(s)
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31

100

Filardo et al.
2009 26

Kalaci et al.
2009 27

CCT

CCT

Study
design

plantar
fasciopathy

patellar
tendinopathy

Inclusion
criteria

1 autologous
blood injection

3 PRP injections

Intervention

Tegner score (0-10)

EQ-VAS score
(0-100)

Primary outcome
measures

C3: Mean VAS score:
6.7 to 3.4 (48%) †

C1: Mean VAS score:
7.0 to 1.5 (78%) ‡

Mean Tegner score:
5.3 to 6.8 (32%) *

C: Mean EQ-VAS
score: 50.6 to 73.5
(46%) †

C3: 1
anaesthetic
injection
combined with
dry needling

Mean VAS score: 6.8 to
3.5 (48%)

Mean Tegner score: 3.7 to
6.6 (46%)

Mean EQ-VAS score: 52.7
to 78.3 (54%)

C2: Mean VAS score:
7.2 to 1.0 (87%) ‡

6

6

Follow- Outcome in intervention Outcome in control
group (% improvement) group(s) (%
up
improvement)
(mo)

C2: 1 corticosteroid injection
combined with
dry needling

C1: 1 corticoste- VAS score (0-10)
roid injection

C: exercise
therapy

Control
group(s)

CCT – nonrandomised clinical trial
RCT – randomised controlled trial
VAS – Visual Analogue Scale
VISA-P – Victorian Institute of Sports Assessment-Patella
AOFAS – American Orthopaedics Foot and Ankle Score (rearfoot score)
NA – Not Available
C – Control group
* – Significant improvement in favour of autologous growth factor injection
† – No significant difference with control group
‡ – Significant improvement in favour of control group

Number
of participants

Reference

Table 8.2 (continued)
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Table 8.3 – Particular scoring of the included studies for methodological quality according to the PEDro
score. The total score was defined by the number of positive answers on questions 2-11 (0-10).
Item PEDro score

Total score

Reference

1

2

3

4

5

6

7

8

9

10

11

Edwards en Calandruccio. 2003 18

+

−

−

−

−

−

−

+

+

−

−

2/10

Mishra en Pavelko. 2006 25

+

−

−

−

−

−

−

−

−

+

+

2/10

Suresh et al. 2006

+

−

−

−

−

−

−

−

−

−

+

1/10

Connell et al. 2006 19

+

−

−

−

−

−

−

−

−

−

+

1/10

Kiter et al. 2006

20

+

+

−

+

−

−

+

+

+

+

+

7/10

Ul Gani et al. 2007 23

+

−

−

−

−

−

−

+

+

−

−

2/10

James et al. 2007 21

+

−

−

−

−

−

−

+

−

−

+

2/10

28

Lee and Ahmad. 2007

+

+

−

+

−

−

+

+

+

+

+

7/10

Kon et al. 2009 22

+

−

−

−

−

−

−

+

+

−

+

3/10

Filardo et al. 2009 26

+

−

−

−

−

−

−

+

+

+

+

4/10

Kalaci et al. 2009

+

−

−

−

+

−

+

+

+

+

+

6/10

24

27

Level of evidence
Until now, three high-quality studies 24,27,28 on the use of autologous growth factor
injections (all used autologous blood injections) for the management of chronic tendinopathy showed no significant improvement when compared with a control group.
One study showed a significant superior improvement after a corticosteroid injection
in comparison with one single autologous blood injection.27 Two of these high-quality
studies were RCTs. As such, there is level 1 (strong) evidence of no improvement in pain
and/or function in chronic tendinopathy after injecting autologous blood when compared with other treatment options. If PRP injections were to be considered separately,
three low-quality studies were included, and so there is level 3 (limited) evidence that
these injections improve pain and/or function in chronic tendinopathy.

Discussion
A total of 11 articles were suitable for inclusion in this systematic review on the use of
autologous growth factors in the treatment of chronic tendinopathy. Three studies, of
which two were RCTs, were of high quality. All studies showed an improvement in pain
and function scores, but there was no difference when compared with the improvement
in pain scores in the control groups. After a qualitative analysis, there was level 1 (strong)
evidence that injections with autologous blood were not of benefit. Currently, there is
level 3 (limited) evidence that PRP injections improve pain and/or function in chronic
tendinopathy.
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These findings are clinically relevant, as the use of autologous growth factors is gaining popularity.9‑11 This results in part from laboratory and animal studies showing positive and promising results.30‑32 Autologous growth factors have the potential to change
collagen production and degradation by influencing matrix regulating enzymes.9,10,33
Laboratory studies showed that the addition of PRP to human tenocytes resulted in
cell proliferation, collagen deposition and improved gene expression for matrix degrading enzymes and endogenous growth factors.30 A recent animal study found similar
results 31, and the in vivo application of PRP suggested an accelerated remodelling and
angiogenic process. Bosch et al.32 performed a placebo-controlled ultrasound study on
the recovery of horse tendons using PRP which showed an increase in anti-inflammatory
response and fibrillogenesis in the short term. At longer-term follow-up, an increased
collagen matrix integrity was found in the PRP treated tendons.
Although the results of laboratory studies are encouraging, they always use healthy
tendons or surgically induced lesions given the lack of a good experimental model for
tendinopathy. At present, it is unclear whether these results can be extrapolated to tendinopathic tendons, and future research in the field of basic science should study this.
This systematic review makes it clear that there is a lack of good quality studies in this
field, especially regarding treatment with PRP. The commonest methodological flaws
are the lack of a suitable control group, randomisation and blinding of subjects and
those involved in the treatment. One research group reported that the study design
was a RCT 27, but after critically reading the full-text, it became apparent that this study
was a CCT. Another research group selected a very small control group of five patients
and reported a significant improvement in pain and function scores in the PRP group
compared with this small control group after eight weeks.25 However, the patients in
the control group were lost to follow-up already after eight weeks and could not be
included in the final analysis. Although there was a consensus that this was a CCT, the
authors agreed that the control group was not appropriate. Although these methodological processes are relatively simple to implement, it does make the research process
more intensive and less attractive for potential subjects. It is not uncommon for pilot
studies to be performed to assess the effect size of new treatments before progressing
to evaluate their use in randomised controlled clinical trials. Lower-quality studies on
the management of tendinopathy evidence better results than good-quality studies.34
Future studies should therefore use appropriate randomisation, and all those involved
should be blinded to the treatment given.
A few other suggestions on future research can also be made. There may be differences in natural healing response between load-bearing tendons, such as the patellar
and Achilles tendon, and non-load-bearing tendons, such as the wrist extensors and
flexors. Wrist extensor tendinopathy is a self-limiting disease with 80-90% recovery
within one year 35, whereas patients with tendinopathy of the main body of the Achilles
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tendon did not improve in a trial with a four month wait and see arm.36 In some studies,
the subjects included had a variety of midportion and insertional tendinopathies, and
it is unclear whether these can be compared, as these portions of the tendon have differing biomechanical and metabolic properties and responses to treatment.5 This makes
comparing the results of studies on differing locations of tendinopathy difficult and
emphasises the need of suitable control groups.
Many of the studies on the effect of injections with autologous growth factors used a
mixture with local anaesthetic which could lead to bias, as an injection with local anaesthetic alone led to improvement in a previous trial on elbow tendinopathy.35
Most of the studies included in this review used pain as the primary outcome to assess
treatment effect. Only one study had used the VISA-P score, a validated outcome questionnaire for patellar tendinopathy. Four studies used the Nirschl score, which does give
a global impression of pain in combination with activity. Outcome assessment should
focus on activity as well as pain when studying tendinopathy and where possible use
disease-specific validated measures.37 Another important feature of outcome assessment is the prior establishment of the clinically important difference. Only one study of
those included reported a sample size calculation with the use of a clinically relevant difference.22 In osteoarthritis research, minimally important clinical differences are defined
for different outcome measures 38, but these values are lacking in tendinopathy research.
No studies to date have compared an injection with autologous growth factors to a
placebo injection. The effects of placebo treatments are greater the more invasive they
are 39, and a recent tendinopathy study showed a large effect after a placebo injection
was performed.40
Currently, there have also been no studies that have compared autologous blood to
PRP. This would be interesting given the larger costs and practical difficulties associated
with preparing PRP.
Along with treatment effects it is also necessary to report and monitor for complications.33 In the studies included here, no complications were reported but it is important
to monitor for infections, ruptures and possible systemic effects when using autologous
growth factors.
There are still many unanswered questions in this field. There has been little research
performed on the amount of growth factors produced using different cell separating
systems, and what the optimal mixture would be.10,11 It is unclear what the best volume
and frequency of the injections is. Moreover, when multiple injections are considered,
the ideal period between multiple injections is unknown. It is also uncertain whether
platelet activation prior to injection is necessary, as contact with collagen would also
lead to platelet degranulation.41,42
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Conclusion
There is strong evidence that autologous blood injections do not improve pain and/or
function compared with other treatment options. There is only limited evidence that
PRP injections are beneficial. All three high-quality studies on the use of autologous
growth factor injections in the management of chronic tendinopathy showed no benefit. All studies did show an effect on pain and function in time, but many are seriously
methodologically flawed. To date, there is strong evidence that the use of injections
with autologous blood should not be recommended, and there is limited evidence to
support the use of injections with PRP in the treatment of chronic tendinopathy. Further
studies using a proper control group, randomisation, blinding and validated diseasespecific outcome measures for pain and function are needed.
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Abstract
Context - Tendon disorders comprise 30% to 50% of all activity-related injuries; chronic
degenerative tendon disorders (tendinopathy) occur frequently and are difficult to treat.
Tendon regeneration might be improved by injecting platelet-rich plasma (PRP), an
increasingly used treatment for releasing growth factors into the degenerative tendon.
Objective - To examine whether a PRP injection would improve outcome in chronic
midportion Achilles tendinopathy.
Design, setting, and patients - A stratified, block-randomised, double-blind, placebocontrolled trial at a single centre (the Hague Medical Centre, Leidschendam, the Netherlands) of 54 randomised patients aged 18 to 70 years with chronic tendinopathy 2 to
7 cm above the Achilles tendon insertion. The trial was conducted between August 28,
2008, and January 29, 2009, with follow-up until July 15, 2009.
Intervention - Eccentric exercises (usual care) with either a PRP injection (PRP group) or
saline injection (placebo group). Randomisation was stratified by activity level.
Main outcome measures - The validated Victorian Institute of Sports AssessmentAchilles (VISA-A) questionnaire, which evaluated pain score and activity level, was
completed at baseline and 6, 12, and 24 weeks. The VISA-A score ranged from 0 to 100,
with higher scores corresponding with less pain and increased activity. Treatment group
effects were evaluated using general linear models on the basis of “intention-to-treat”.
Results - After randomisation into the PRP group (n = 27) or placebo group (n = 27),
there was complete follow-up of all patients. The mean VISA-A score improved significantly after 24 weeks in the PRP group by 21.7 points (95% confidence interval [CI], 13.030.5) and in the placebo group by 20.5 points (95% CI, 11.6-29.4). The increase was not
significantly different between both groups (adjusted between-group difference from
baseline to 24 weeks, -0.9; 95% CI, -12.4 to 10.6). This CI did not include the predefined
relevant difference of 12 points in favour of PRP treatment.
Conclusions - Among patients with chronic Achilles tendinopathy who were treated
with eccentric exercises, a PRP injection compared with a saline injection did not result
in greater improvement in pain and activity.
Trial registration - Clinicaltrials.gov Identifier: NCT00761423.

Platelet-rich plasma injection for chronic Achilles tendinopathy

Introduction
Overuse injury of the Achilles tendon is a frequent problem that often affects sport
participants but also inactive middle-aged individuals.1,2 An estimated 30% to 50% of
all sports-related injuries are tendon disorders.3 Former distance runners have a lifetime
risk of 52% for Achilles tendon injury.4 Achilles tendon injuries frequently lead to sport
cessation for long periods and may interfere with activities of daily living.5 Conservative
treatment is disappointing and 25% to 45% of patients eventually require surgery.1,5
There is a clear need for improved conservative therapy.
Many factors in the aetiology and pathogenesis have been reported, but no study has
identified a direct cause-effect relationship.1,2 Previously, the nomenclature “tendinitis”
was generally used for chronic tendon disorders, suggesting the presence of inflammation.1,2 Histological studies, however, proved abnormal tissue repair and degeneration,
which favoured the term tendinopathy for the clinical triad of pain, swelling, and decreased activity.1,2 Anti-inflammatory agents, previously used for chronic tendinopathies
without appropriate efficacy 1,6, have now been replaced by eccentric exercises as usual
care 6 that provide some positive effects on tendon collagen synthesis and may result in
a decrease of pain.1,7
The recent introduction of platelet-rich plasma (PRP) injections in tendinopathy raised
high expectations.8‑11 Platelets derived from whole blood using simple cell-separating
systems provide a release of various growth factors that participate in tissue repair
processes.9,12,13 Three recent reviews reported promising results of the use of PRP in
tendinopathy, although these conclusions were based on laboratory studies and on
clinical studies with important limitations.9‑11 Although we are aware of no published
data on the prevalence of use of this therapy, two recent reviews have suggested that
PRP injections for tendinopathy are increasingly used in the clinical setting.13,14
The goal of our double-blind, block-randomised, placebo-controlled trial, the first to
our knowledge in this field, was to compare the effects on pain and functional outcome
of a PRP injection with a placebo injection, both combined with an eccentric exercise
program in patients with chronic midportion Achilles tendinopathy.

Methods
Study design
The stratified, block-randomised, double-blind, placebo-controlled trial was performed
at the sports medicine outpatient department in a large district general hospital (The
Hague Medical Centre Antoniushove, Leidschendam, the Netherlands). The single centre
study was announced to general practitioners, sports medicine physicians, orthopaedic
surgeons, physiotherapists, and the general public with advertisements on several web
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sites, folders, and regional radio. The PRP treatment was disseminated as a potentially
successful treatment for tendinopathies. According to the study protocol, the primary
analysis was performed after 24 weeks follow-up. After 24 weeks, blinding was disclosed
for the primary researcher. Results at 52 weeks will be used as a secondary outcome to
describe the long-term results in a future analysis.
The study protocol was approved by the regional Medical Ethics Committee Zuidwest
Holland, Voorburg, the Netherlands. All patients provided written informed consent.

Patients
When patients contacted the researcher by telephone or e-mail, detailed information
about the study was given and eligibility was evaluated. If patients seemed to be suitable for inclusion in the study after this screening, an appointment was made at the
sports medicine outpatient department. One experienced sports medicine physician
(JLT) evaluated suitability for inclusion.
Inclusion criteria were the presence of chronic midportion Achilles tendinopathy at
the age of 18 to 70 years. The diagnosis was made based on clinical findings: all patients
had a painful and thickened tendon in relation to activity and on palpation. The tendon
pain was located approximately 2 to 7 cm proximal to the insertion on the calcaneus.
Symptoms had to have been present for at least two months.
Exclusion criteria were (1) clinical suspicion of other musculoskeletal (insertional disorders and tendon rupture) injuries, inflammatory internal disorders, or use of specific
medications that can cause tendinopathy (fluoroquinolones); (2) previous performance
of a complete heavy load eccentric exercise program 1 or inability to perform it; or (3) a
previous injection with PRP. Detailed information regarding the inclusion and exclusion
criteria is described at clinicaltrials.gov (Identifier: NCT00761423) or can be obtained
from the corresponding author (RJV).

Procedures
A researcher (RJV) prepared a PRP injection and a saline injection for every patient. The
PRP injection was prepared using the “recover platelet separation kit”, in accordance with
the system instructions.12 Fifty-four millilitres of venous blood was collected from the
cubital vein. The whole blood was mixed with 6 mL of citrate to prevent early clotting.
After blood collection and 15 minutes of centrifugation, PRP was obtained. To match the
pH of PRP with the pH of the tendon tissue, 0.3 mL of 8.4% sodium bicarbonate buffer
was added. One millilitre of the PRP was collected for evaluation of possible contamination of PRP after the preparation, which was cultured and analysed on microbial growth
by the department of medical microbiology, the Hague Medical Centre, Leidschendam,
the Netherlands. Four millilitres of PRP was collected for infiltration and 4 mL of isotonic
saline was also prepared in an identical syringe.

Platelet-rich plasma injection for chronic Achilles tendinopathy

Randomisation
The pre-injury activity level may be a confounder for the primary outcome in this study,
because it evaluates pain and activity.15 Stratification was used to divide the number
of active patients between the two treatment groups. This stratification was based on
the Ankle Activity Score, which objectively quantifies the ankle-related activity.16 An
Ankle Activity Score of 4 or more points indicated a high activity level and a score of less
than 4 points indicated a low activity level. Randomisation was performed using sealed
opaque, identical envelopes. The envelopes were evenly distributed in the high- and low
activity box. The patient was then randomised into one of the two treatment groups by
choosing a closed envelope. To ensure balance in the number of patients between the
groups, a block-randomisation was performed (block size of 12 participants).
One unblinded sports medicine physician (AW) selected the correct injection and
blinded the injection with the use of a covering sheath surrounding the syringe and hub
of the needle. To ensure concealment of allocation, data on allocation were stored in a
secret location. The content of the injection was blinded for the treating sports medicine
physician, researcher, and patients.

Intervention
A blinded sports medicine physician (JLT) performed the injection. First, a local anaesthetic was injected (2 mL of 0.5% marcain) in the skin and subcutaneous tissue. Using an
ultrasonographic machine (MyLab30; Esaote Piemedical, Maastricht, the Netherlands),
the tendon structure was imaged and the blinded fluid was injected using a 22-gauge
needle through three different puncture locations. Through each puncture location, five
small depots were left at several sites in the degenerative area of the main body of the
tendon with Colour Doppler guidance. Immediately after the injection, the patients lay
prone on the examination table for 10 minutes.
All patients received detailed instructions on the standardised rehabilitation program.1
During the first 48 hours after the injection, patients were only allowed to walk short distances indoors. During days three to seven postinjection, walks up to 30 minutes were
allowed. After the first week, the exercise program was started and consisted of one
week of stretching exercises and then a 12-week daily eccentric exercise program (180
repetitions).1 Eccentric exercises were done by performing “heel drops” on a step. The
specific action of this eccentric exercise movement is the stretch of the Achilles tendon
with concurrently contraction of the calf muscle.
All patients were instructed to avoid weight-bearing sporting activities for the first
four weeks. After four weeks, a gradual return to sports activities was encouraged. The
intensity of sports activities could be increased when there was only mild pain (maximum score of 3 on a scale from 0-10, with 0 representing no pain and 10 representing
maximum pain) and no increase in morning stiffness.
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Patients were instructed to avoid the use of co-interventions within the follow-up
period. Acetaminophen (500 mg) could be used as rescue medication.

Outcome measures
All patients completed a questionnaire consisting of standardised outcome measures at
baseline and after 6, 12, and 24 weeks. The primary outcome measure was the Victorian
Institute of Sports Assessment-Achilles (VISA-A) questionnaire, which quantifies the pain
and activity level.17 The VISA-A score ranged from 0 to 100, where 0 denotes no activity
and maximum pain and 100 denotes maximum activity and no pain. This is a validated
questionnaire, specifically designed for evaluating outcome in Achilles tendinopathy.
Secondary outcome measures were subjective patient satisfaction, return to sports, and
adherence of the eccentric exercises. Patient satisfaction was subjectively rated as poor,
fair, good, or excellent. A good or excellent result was determined as successful. The return to sports level was divided into five groups (not active in sports, no return to sports,
returning to sport but not in desired sport, returning to desired sport but not at the
pre-injury level, and returning to pre-injury level in the desired sport). We determined
the patient’s return to desired sport, regardless of the level. The patients received forms
to keep daily logs for the eccentric exercises. At follow-up, the subjective adherence of
the patients was determined by asking which percentage of the prescribed repetitions
the patients had accomplished.

Statistical analysis
Based on previous studies, our alternative hypothesis was that in the group treated with
a PRP injection (PRP group), the VISA-A score would be 12 points higher in comparison
with the group treated with a saline injection (placebo group).15,18,19 The SD of the VISA-A
score was estimated at 15 points.17‑19 We calculated that a sample of 27 in each group
was required for the study to detect this difference, with a power of 80% with two-sided
testing at a significance level of 0.05 and assuming 10% loss to follow-up. The patients
were analysed by “intention-to-treat”. To test for the effect of treatment on the betweengroup difference in primary outcome, we used the repeated measurement general
linear model. Changes from baseline to all follow-up time points were included in the
model. Adjustments were made for those variables that influenced the primary outcome
with P < 0.10. We evaluated secondary outcomes with use of a generalised estimating
equations model.
The researcher (RJV) who performed the analyses was blinded to the allocated treatment. The analyses were performed by using SPSS version 16.0.1 (SPSS Inc, Chicago,
Illinois, USA).
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Results
Between August 28, 2008, and January 29, 2009, 99 patients contacted the researcher
(RJV) for information on the study. The flow of patients through the trial is shown in
Figure 9.1, and the baseline characteristics of the patients in both treatment groups are
shown in Table 9.1. During the study, there were no patients lost to follow-up and there
were no missing data. The end of the follow-up period was on July 16, 2009.
The mean VISA-A score improved significantly after 24 weeks within the PRP group
by 21.7 points (95% confidence interval [CI], 13.0-30.5) and within the placebo group by
20.5 points (95% CI, 11.6-29.4) (Figure 9.2).

Excluded after screening (n=38)
Reasons:
 refused to participate (n=10)
 choose another therapy (n=8)
 choose a waiting policy (n=8)
 fear of the injection (n=3)
 insertional tendon disorder (n=2)
 complaints for less than two
months (n=2)
 performed a total eccentric exercise
program (n=2)
 total rupture (n=2)
 no time (n=1)

Screened for eligibility
(n= 99)

Clinical
assessment at the
research location

Excluded after examination (n= 7)
Reasons:
 insertional tendinopathy (n=4)
 musculo-tendinous disorder (n=1)
 abnormal Thompson test (n=1)
 PRP treatment elsewhere (n=1)

Randomisation

Allocated to PRP-injection and EET
(n=27)

Lost to follow-up (n=0)

Analysed (n=27)

Allocation

Follow-Up

Analysis

Allocated to saline-injection and EET
(n=27)

Lost to follow-up (n=0)

Analysed (n=27)

Figure 9.1 – Progress of patients through the study.
PRP indicates platelet-rich plasma; EET, eccentric exercise therapy. A Thompson test suggests the
presence of a tendon rupture.
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Table 9.1 – Baseline characteristics in the PRP group and placebo group.a
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared;
IQR, interquartile range; PRP, platelet-rich plasma; VISA-A, Victorian Institute of Sports Assessment-Achilles.
Age (years), mean (SD)

PRP-group (n=27)

placebo-group (n=27)

49 (8.1)

50 (9.4)

13 (48)

13 (48)

36 (24-78)

26 (16-104)

Gender, n (%)
-

Male

Duration of symptoms (weeks),
median (IQR)
Activity, n (%)
-

Active in sports

22 (81)

24 (89)

-

Sedentary

5 (19)

3 (11)

Level of sports, n (%)
-

Competitive

6 (27)

3 (13)

-

Recreational

16 (73)

21 (87)

Sports activity at baseline, n (%)
-

Unchanged

2 (9)

9 (37)

-

Reduced

8 (36)

5 (21)

-

Ceased

12 (55)

10 (42)

11 (16)

12 (23)

Body Mass Index (kg/m2), mean
(SD)

26.8 (3.9)

26.2 (3.5)

VISA-A score, mean (SD)

46.7 (16.2)

52.6 (19.0)

Duration of sports cessation
(weeks), mean (SD)

a

Data are presented as No. (%) unless otherwise specified.

Variables that were considered as important predictors of the primary outcome (VISA-A
score) were the baseline VISA-A score (p = 0.03) and duration of symptoms (p = 0.06).
After adjustment for these variables, there was no significant difference in improvement
on the VISA-A score at 6, 12, and 24 weeks follow-up between these two treatment
groups; between-group differences were 2.5 (95% CI, -6.9 to 11.9), -1.6 (95% CI, -11.9 to
8.7), and -0.9 (95% CI, -12.4 to 10.6), respectively (positive values favour the PRP group)
(Table 9.2).
There was no significant difference in secondary outcome measures. Subjective patient
satisfaction (after 24 weeks: -4.1%; 95% CI, -25.8% to 17.7%) and number of patients returning to their desired sport (after 24 weeks: 1.4%; 95% CI, -17.0% to 19.8%) are shown
in Table 9.2 (positive values favour the PRP group).
The mean (SD) percentage of reported adherence for the eccentric exercises in the
PRP group was 70.9% (27.0) and in the placebo group was 74.6% (17.3). There was no
significant difference between both groups (95% CI, -16.1 to 8.7).

Platelet-rich plasma injection for chronic Achilles tendinopathy

Figure 9.2 – Individual changes in the VISA-A Score from baseline in patients treated with PRP and placebo.
Adjusted between group mean differences from baseline to 6, 12, and 24 weeks are shown with 95%
confidence intervals.
VISA-A indicates Victorian Institute of Sports Assessment-Achilles; PRP, platelet-rich plasma.

One patient in the PRP group used a tendon binding band during the follow-up period and one patient in the placebo group applied foot orthotics. The eccentric exercises
were continued with a lower frequency after the 12-week program in the PRP group by
15 patients and in the placebo group by 17 patients (p = 0.58).
There was no microbial growth found in the collected PRP samples, and no complications (infections, hematomas, or ruptures) were reported after the treatments.

Comment
In the first, to our knowledge, double-blind, block-randomised, placebo-controlled
trial on the clinical use of a PRP injection, there was no benefit on pain and function.
There were also no significant differences observed in the secondary outcome measures
(subjective patient satisfaction and return to sports activity).
These findings are important and clinically relevant as PRP is thought to be growing in
popularity and recent reviews supported its use for chronic tendon disorders.9‑11 These
conclusions were drawn based on laboratory studies and small clinical studies. Some of
the released growth factors, such as vascular endothelial growth factor, platelet-derived
growth factor, and transforming growth factor β, have the potential to play a role in regeneration of tendon tissue through increased tendon cell proliferation, collagen synthesis,
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Table 9.2 – Main outcome measures at 6, 12, and 24 weeks in the PRP and placebo groups.
Abbreviations: CI, confidence interval; PRP, platelet-rich plasma; VISA-A, Victorian Institute of Sports
Assessment-Achilles.
Primary outcome
6 weeks

12 weeks

24 weeks

PRP group (n = 27)

7.8 (17.1)

9.6 (20.1)

21.7 (22.1)

Placebo group
(n = 27)

4.6 (17.6)

10.1 (20.0)

20.5 (22.5)

Absolute betweengroup mean
difference

3.2

-0.5

1.2

Adjusted betweengroup mean
difference, % (95%
CI)

2.5 (-6.9 to 11.9)

-1.6 (-11.9 to 8.7)

-0.9 (-12.4 to 10.6)

Good/Excellent
PRP group (n = 27)
patient satisfaction – Placebo group
No. (%) b
(n = 27)

8 (30)

7 (26)

15 (56)

8 (30)

8 (30)

17 (63)

Absolute difference
(%)

0

-4

-7

Adjusted betweengroup difference, %
(95% CI) c

-3.4 (-21.6 to 14.8)

-3.2 (-20.7 to 14.2)

-4.1 (-25.8 to 17.7)

PRP group

11/22 (50)

13/23 (57)

18/23 (78)

Placebo group

14/24 (58)

14/24 (58)

16/24 (67)

Absolute difference
(%)

-8

-1

11

Adjusted betweengroup difference, %
(95% CI) c

1.8 (-21.8 to 25.4)

1.7 (-21.4 to 24.9)

1.4 (-17.0 to 19.8)

Mean VISA-A score
improvement from
baseline (SD) a

Secondary outcome

Return to desired
sport – No./total No.
(%) d

The improvement in VISA-A scores from baseline to 6, 12, and 24 weeks in both treatment groups. The
adjusted mean differences were calculated with a repeated measurements general linear model and
adjustments were made for the baseline VISA-A score and duration of symptoms. Positive values favour
the PRP group.
b
Number of patients with an excellent or good subjective patient satisfaction divided by the total number
of patients in the treatment group.
c
The adjusted between-group differences between the treatment groups were calculated with a
generalised estimating equations model and adjustments were made for duration of symptoms.
d
Number of patients that returned to their desired sport divided by the total number of sporting patients
in the treatment group. This was not applicable to all patients, because not all patients were active in
sports participation. The desired sport was defined on the first appointment by the patient.
a
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and vascularisation. In in vitro and animal studies, positive effects on tendon collagen
tissue and vascularisation were reported.20‑23 However, these studies using healthy tendons or traumatically induced lesions as a good experimental model for tendinopathy is
lacking, and it is unknown whether the results of these studies also apply to degenerative
tendon disorders. The two small clinical studies on PRP in tendinopathy showed a good effect on pain scores and patient satisfaction but had important limitations, such as the lack
of a proper control group, disease-specific and validated outcome measurements, and
blinding procedure.24,25 Treatments in tendinopathy that seem to be effective in poor quality studies frequently fail to show clinical benefit when assessed in good clinical studies.26
Our study showed no statistically significant difference in outcome between the
two groups and the CIs did not include the predefined difference used in the power calculation (12 points on the VISA-A score). We defined this clinically relevant difference as
12 points, based on previous studies.15,18,19 There is no official agreement on the minimal
clinical important difference for the VISA-A score, but on other comparable studies in musculoskeletal medicine, this is reported to be 10% to 15% of the scale.27‑29 Our predefined
clinically relevant difference of 12 points is reasonably located between this accepted
minimal clinical important difference of 10% to 15% of the scale. The estimated difference
was determined for 24 weeks, but due to the demands of active patients and the claimed
fast recovery after PRP administration, we were also interested in the 6- and 12-week
results. The reason why both treatment groups show clinical progression in our study, but
also in other studies on PRP, is likely due to the fact that exercises were performed. Eccentric exercises have been shown to be effective in previous randomised trials.18,30 After four
months, eccentric exercises proved to improve pain and function in contrast with a waitand-see policy 30, although there is no convincing evidence that eccentric exercise therapy
is more effective than other forms of exercise.31,32 Another possible explanation for the
improvement in the placebo group might be that the placebo response is amplified when
a treatment is invasive and raises high expectations.33 This has also been demonstrated
previously in a study on the value of injection therapy for the treatment of tendinopathy.34
A limitation of our study is that the amount of platelets and the quantity of activated
growth factors that were present in the PRP injections was unknown. Nonetheless,
good platelet collection efficiency was reported with the use of the platelet separation
system used in our study, and a positive correlation between the number of platelets
and the harvest of growth factors has been shown.10,12 Another variable that may be of
interest is the length of time that the platelets remain at the site after injection into the
degenerative area. Platelets are slowly activated by exposure to tendon collagen 10, but
it might be that due to the pressure within the tendon a large amount of PRP diffused
rapidly out of the tendon, thereby reducing its effect. However, in a laboratory study, an
increase in tendon collagen synthesis was also found even with the use of a lower PRP
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concentration (20%) in healthy human tendon cells, which may be more comparable
with the concentration reached during in vivo administration.20
Moreover, the PRP preparation and injection was performed as the usual generally
accepted procedure in daily clinical practice.12 The lack of a group that received only
a PRP injection without eccentric exercises may be regarded as another limitation of
the study. Until now, all studies reporting clinical effects in tendinopathy have used it
in combination with exercises. Although it is unlikely that eccentric exercises have had
a negative effect on the PRP treatment, as shown by an animal model in which tendon
mechanical properties were improved when PRP was combined with mechanical stress,
the study design makes it impossible to rule this out.22
In the future, laboratory studies could examine which fraction of an injected substance
remains within the degenerative tendon. This information may be useful for an accurate
design of laboratory studies and implementation in clinical research. The Achilles tendon midportion is an ideal location for further clinical research in tendinopathy, because
it is not affected by accompanying pathology 8, not self limiting at midterm 30, and there
is a disease-specific validated outcome measure.17
Among patients with chronic midportion Achilles tendinopathy treated with an
eccentric exercise program, a PRP injection compared with a saline injection did not
result in greater improvement in pain and activity. Therefore, we do not recommend this
treatment for chronic midportion Achilles tendinopathy.
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Discussion
Chronic midportion Achilles tendinopathy is a frequently occurring disorder which is
difficult to treat. It is generally accepted to diagnose this condition based upon clinical findings in presence of pain and swelling of the Achilles tendon in the midportion
combined with impaired function.1‑3 When this clinical diagnosis is made, there is a high
probability that histology will show degenerative changes.4 An abundance of options
are currently available for the treatment of tendinopathy, but scientific evidence for
their effectiveness is scarce.5‑7 The working mechanisms of various treatment options are
poorly understood and there are few predictive factors for treatment outcome, which
makes it difficult to provide an accurate prognosis for patients. Tendinopathy frequently
leads to frustration for patients and treating physicians and it is one of the most challenging areas in sports medicine and orthopaedics.
Increasing interest in tendinopathy research has led to rapid development of knowledge in this field. Especially in the fields of imaging and treatment there have been many
publications in the last decade. There are, however, still many unanswered questions
in these areas. The work in this thesis attempts to improve the knowledge on imaging
modalities and the effects of several treatment options. We hoped to find predictive factors for clinical outcome and we followed ultrasonographical changes after treatment.
The clinical effect of eccentric exercise therapy, splinting and an injection of platelet-rich
plasma were studied. With these objectives we hoped to contribute to an increased understanding of the working mechanisms of treatment and aid the clinician in improving
patient outcome in tendinopathy.

Ultrasonography
Neovascularisation
Healthy tendons are relatively hypovascular. In a case-control study it was shown that
blood flow could not be measured using Colour Doppler ultrasonography (CDU) in
asymptomatic tendons, but in symptomatic tendons there was an increased blood flow.8
This increased blood flow has been referred to as “neovascularisation” in the literature,
but to date it is unknown whether this phenomenon is the result of newly formed blood
vessels. We showed that neovascularisation can also be detected in asymptomatic
tendons.9 Whether this is due to underlying pathology of the tendon tissue or a normal
increased tendon Doppler flow needs to be determined. We can state that Doppler flow
is less frequent in healthy tendons than in tendinopathic tendons, which may be caused
by the physiologically low blood supply of healthy tendons. Several studies have reported that in cases of tendinopathy an increased blood flow is frequently observed on
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Doppler ultrasonography.8,10‑12 This is thought to be part of the repair process secondary
to degeneration.13,14 The reported prevalence of this “neovascularisation” in chronic tendinopathy ranges from 47% to 100%.8,10‑12,15‑18 At present it is unknown how these large
differences can be explained. A problem when comparing these results may be the lack
of a standardised approach in assessing the degree of neovascularisation. Cook et al.19
reported that the measurement of the length of the neovascularisation within patellar
tendons using CDU could be performed with a high reproducibility. We confirmed these
findings in Achilles tendons with an easy to use five-grade scale on Power Doppler ultrasonography (PDU) with an excellent interobserver reliability.9 Another relevant finding
is that prior physical activity can influence the amount of neovascularisation, even in
asymptomatic individuals.20,21 This emphasises the need for a standardised examination,
as proposed in our studies.9,22
Research in the evaluation of equine tendon injuries used comparable standardised
settings and examined the neovascularisation with CDU.23 These authors found that
the number of regularly arranged blood vessels within the endotenon, determined on
harvested tissue after immunohistochemical staining, was closely related to the degree
of neovascularisation obtained with CDU prior to euthanasia of the horses. This result
supports the hypothesis that standardised ultrasonographic Doppler measurement
of neovascularisation can accurately determine the number of blood vessels within
tendons. That the location of the neovascularisation in human Achilles tendinopathy
may differ from that in equine tendinopathy, is a possible weakness of this hypothesis.
In human tendinopathy, the neovascularisation is frequently located at the anterior side
of the tendon and a diffuse distribution throughout the tendon can also be observed.
This may cause a different representation of neovascularisation using ultrasonographic
Doppler measurement.
The clinical implications of increased neovascularisation, measured with Doppler
ultrasonography, remain unknown. Several studies have examined the relationship
between the amount of neovascularisation and clinical severity of symptoms with
conflicting results.8,10‑12 Our findings supported a previous report 12 that presence of
neovascularisation before the start of conservative treatment had no role in prediction
of the clinical outcome, measured with a functional score, at short-term follow-up. In
our study we found that there was no difference in change of the Victorian Institute
of Sports Assessment-Achilles (VISA-A) score at short-term follow-up after conservative
treatment when tendons without neovascularisation were compared with tendons with
neovascularisation at baseline.22 However the neovascularisation can be used as target
of treatment, since several studies found beneficial effects after obliterating neovascularisation with sclerosing agents.15‑17,24,25 A decrease in neovascularisation after injecting
sclerosing agents was found to result in higher patient satisfaction, although an increase
in neovascularisation has been observed shortly after the injections.24
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Recently, interesting hypotheses have been postulated about the role of neovascularisation in the treatment response in tendinopathy. It is thought that an increase in neovascularisation in the early phase of treatment would be beneficial. Consequently, it appeared that the local administration of platelet-rich plasma (PRP) would be a reasonable
manner to achieve this. Platelet degranulation leads to a significant increase in several
growth factors.26 One of these; vascular endothelial growth factor (VEGF), is known to
be a potent stimulator of angiogenesis.23,27 A laboratory study showed that PRP induced
endogenous VEGF production in tendon cells.28 A study on surgically created lesions in
equine tendons reported that the neovascularisation, measured with CDU, increased significantly in tendons treated with PRP compared to controls.23 We described the effects
of PRP in combination with eccentric exercise therapy on the neovascularisation score
in patients with chronic tendinopathy. There was a short-term increase and subsequent
decrease of neovascularisation, but this pathway was not significantly different from the
placebo group.29 It is not clear whether this initial increase is a result of tendon needling
or a normal response over time after the start of eccentric exercises. In our study, the
effects on neovascularisation may have been overshadowed by the eccentric exercise
therapy. Another hypothesis is that in degenerative tendinopathy the in vivo response to
growth factor delivery is smaller than expected from laboratory and equine studies.23,27,30
A novel theory is that not the neovessels, but the accompanying nerves are the
source of pain in chronic tendinopathy.3 There is a lack of innervation in healthy tendon
tissue, but the amount of nerves may be increased in the presence of pathological
neovascularisation.31 This theory was supported after the detection of several sensory
neurotransmitters, such as glutamate, using a microdialysis technique 32 and staining of
pathologic tissue specimens.31 Recently, however, researchers studied the ventral part
of the paratenon after biopsy, where the neovessels are frequently observed.31 Within
this area there were more sympathetic nerves than sensory nerves with a pronounced
occurrence of α-adrenoreceptors, which are known to mediate constriction of blood
vessels. These authors hypothesised that the “neovascularisation”, observed with Doppler ultrasonography, is the measurement of an increased pathological blood vessel
constriction with concomitant increased blood flow. This flow may be increased, due
to an equal blood supply through the narrower constricted vessels. A previous report 11
already stated that there may be a slower flow within the physiologically present blood
vessels, and this can, despite the presence of vessels, not be detectable with ultrasonographic Doppler techniques.10 Research in this area is ongoing and can help us in the
search on the aetiology of tendon pain.
Future studies may address the role of neovascularisation in relationship to the clinical
severity. It would be interesting to examine the test-retest characteristics and validity
of determining the degree of neovascularisation. More recently, researchers have been
focussing on the in vivo microcirculatory appearance of tendons using laser Doppler
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flowmetry.33 Tendon capillary blood flow could be determined quantitatively and more
accurately with this novel technique. A case-control study reported an increased microcirculatory blood flow and a recent cohort study showed a decreased capillary blood
flow in the Achilles tendon insertion and midportion after eccentric exercise therapy.34
This standardised technique makes it attractive to follow patients during conservative
therapy and relate the microcirculatory changes to the clinical outcome in larger studies.

Tendon structure
Normal tendons are characterised by a hierarchically arranged structure 35 and on
ultrasonography (US), the echogenicity of tendons is based on the density and arrangement of this collagenous matrix. Disorganisation of tendon structure leads to a loss in
echogenicity and consequently, structural abnormalities and hypoechoic lesions are
frequently observed in cases of tendinopathy.36 Several studies reported these observations in case-control studies 11,18, using conventional US, which may be limited by its
qualitative assessment, susceptibility to transducer handling and influence of machine
settings. A novel ultrasonographic method, called Ultrasonographic Tissue Characterisation (UTC), was previously introduced in veterinary medicine and developed for the imaging of equine tendons. We studied UTC with the aim of overcoming the limitations of
conventional US. The method had a high interobserver reliability in quantifying tendon
structure organisation and we found a significant difference in tendon structure between
symptomatic and asymptomatic tendons.37 UTC is a standardised procedure that is now
performed using an automated moving transducer and a holding device which ensures
a standardised dorsiflexion of the ankle. With these settings we confirmed that the whole
procedure, including image analysis, can be performed with a very good intra-observer
reliability.29 Although it could be assumed that measurements from equine tendons do
not differ considerably from human tendons, analyses that relate UTC outcomes with
histology from human Achilles tendon material (e.g. from patients undergoing surgery
or from post-mortem material) should confirm tissue characterisation by UTC. Problems
with such experiments would encompass ethical considerations and it would be difficult
to match the excised tissue with the corresponding location on the UTC images.
Despite the fact that patients with tendinopathy have tendons with more disorganised structure, we did not find a relationship between the degree of tendon structure
disorganisation and clinical outcome at a single point in time or in changes over time.38
These findings are in keeping with previous conventional ultrasonographic studies,
and it could be speculated that there is a missing link between the amount of pain and
the degree of tendon structural disorganisation on ultrasound. Studying the role of
several biochemical agents that could contribute to the pain experienced by irritating
nociceptors in close proximity to the tendon has been advocated.39 Many biochemical
markers have been proposed to be responsible 40, but to date we can only speculate as
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to whether they are causative or a result of tendon degeneration, since their relationship
to the severity of symptoms is not known.
From a long-term conventional ultrasonographic follow-up study, it is known that
tendon structure disorganisation can improve after an eccentric exercise program.41 In
an observational study, using the standardised UTC method, we did not find that tendon
structure disorganisation improved after 24 weeks following eccentric exercises.38 On
the contrary, in a subsequent comparable study we reported that tendon structure
improved after eccentric exercises, although in this study these effects might have
been induced by the effect of intratendinous needling.29 Other possible reasons for this
discrepancy are the differing frequency of the sports participation and the intensity of
the activity level of the patients between the studies. It is known that sedentary patients
profit less from eccentric exercise therapy than athletic patients.42 Long-term follow-up
with UTC data of treated tendons is not yet available.
There are data available of the value of tendon structure disorganisation in asymptomatic individuals, measured with qualitative US. Ultrasonographic studies on asymptomatic athletes showed that spindle-shaped thickening or hypoechoic areas may be
present without the presence of symptoms.39,43 Almost half of elite soccer players with
ultrasonographic abnormalities developed symptoms within one year.43 Still, more than
a half of these individuals did not develop symptoms and some of them had a normal ultrasonographic appearance at one year follow-up. The lack of correlation between tissue
damage and pain is common in other areas of sports medicine and orthopaedics. It is
unknown why some structural abnormalities are relevant in the development of symptoms, while others are not. Degeneration of tendon tissue is found in many previously
healthy individuals on post-mortem study 44, which indicates that a certain degree of
degenerative change may be more frequent with increasing age. One could hypothesise
that in vivo measurements of tendon structure organisation using UTC could determine
the normal degree of tendon structure organisation related to age and activity levels of
people.
To date it is uncertain why in one study ultrasonographic imaging could be used as
a predictive factor for the development of symptoms in asymptomatic individuals 43,
while this is not possible during a course of therapy in patients suffering from tendinopathy as found in several studies.38,39 Recently, some researchers proposed that chronic
degenerative tendinopathy can be compared with an iceberg, with pain being the tip
of it. Moderate intratendinous degenerative changes may therefore be asymptomatic
for long periods and a further increase in tendon structure disorganisation can lead to
reaching the pain threshold.40 This may also explain why most Achilles tendons are not
painful prior to rupturing.44 The “iceberg theory” can explain the relapse of symptoms after starting sports activities too quickly in the rehabilitation period, but in our studies on
treatment effects we have also noticed tendons with an obvious increase in organised
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tendon structure but a persistence of symptoms. These findings further emphasise the
need for more research to the source of pain.

Treatment modalities
The effects of eccentric exercises with or without a night splint were evaluated in a
randomised controlled clinical trial with short term follow-up. At three months, and also
one year follow-up, there was no enhanced improvement of the VISA-A score with the
addition of a night splint.45,46 This study was adequately powered, but a weakness of this
study was that tendons were randomised instead of patients, which could have caused
a bias. Healing processes and pain perception are very dependent on intrinsic patient
characteristics and thus influence clinical outcome measured with a questionnaire. The
effect of eccentric exercises on patient satisfaction was apparently lower in our study
than previously reported.47‑49 This could have been caused by a longer mean symptom
duration, and the relatively short follow-up time could also be a reason. Recent systematic reviews stated that it is uncertain whether eccentric exercises are more effective
than other forms of exercise for tendinopathy.5,7,50 Only one clinical trial has compared
an eccentric exercise program to concentric exercises, but these programs were very
dissimilar.48 Furthermore, it is unknown whether an intensive program, with 180 repetitions daily, is necessary.51 Based on common physiological principles, it could be argued
to rest between two days of heavy load training.
A highly significant correlation between the reported compliance to the exercises and
the clinical outcome could not be found in our clinical studies. Another factor that is
likely to be related to the clinical outcome is the performance of a supervised exercise
program, rather than home-based exercises.52 These additional data are very relevant
for the improvement of outcome after exercise protocols. While clinicians may choose
to continue prescribing an eccentric exercise program for chronic midportion Achilles
tendinopathy, they should be aware of the lack of evidence of a superior effectiveness
compared with other management options. When eccentric exercises are prescribed
as usual care, a substantial number of patients will have a positive response. There is
currently no evidence to guide further treatment options in non-responders. Further
studies are warranted in this area.
There have been many hypotheses about the working mechanisms of eccentric
exercise therapy. These include an alteration of pain perception, an obliteration of the
neovessels and their accompanying nerves, improvement of the tensile tendon strength
and lengthening of the muscle tendon unit.3,45 Others described later on that eccentric
exercise therapy can lead to an increased collagen synthesis 53, and recently researchers
found that during an eccentric exercise movement there was a sinusoidal pattern of the
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tendon load, which was not observed during concentric exercises.54 This might be an
important stimulus for the remodelling of tendon tissue. However, these findings do
not explain why patients improve clinically in the short-term while tendon structure,
measured with UTC, does not.
In recent years, scientific research and technology in the field of regenerative medicine has provided a new perspective on management of chronic tendon injuries by
delivering growth factors in an attempt to initiate tissue healing.23,55‑57 One approach
to achieve this is the use of platelet-rich plasma (PRP). Degranulation of platelets leads
to a release of various growth factors, of which platelet derived growth factor (PDGF),
transforming growth factor-β (TGF-β), vascular endothelial growth factor (VEGF) and
insulin-like growth factor (IGF-I) are frequently reported in sports medical literature.58
Recent laboratory and equine tendon studies suggested that the in vivo application of
PRP can increase tendon collagen synthesis and vascularity and that it may be a good
treatment option for tendinopathy.23,30 These previous studies used healthy tendons or
traumatically induced lesions due to a lack of a suitable experimental model for tendinopathy. It is unknown whether the results of these studies also apply to tendons of
patients with clinically established tendinopathy. Since there is an increase of catabolic
enzymes in degenerative tendinopathy 59, it could be hypothesised that the metabolic
environment in degenerative tendons is not ideal for growth factors. Therefore it would
be interesting to assess whether PRP has also positive effects in degenerative tendon
tissue. New animal models are developing, but due to the unknown pathogenesis it is
only possible to reproduce similar histopathological features of tendinopathy at its end
stage.60,61 As a result, there may be good reasons to use tendon tissue explants from
humans undergoing surgery for their tendinopathy. Although, such experiments would
also have limitations.
There are many questions remaining regarding PRP treatment.62 Study results vary in
the platelet concentration and quantity of different growth factors present in the PRP
substance. Some advocate the presence of white blood cells in the concentrate, while
others propose that this might have a negative influence. Also, there are many preparation protocols, kits, centrifuges and methods to trigger platelet activation before its
use. There is little information regarding the optimal timing of injection and the specific
volume to use. All these variables account for difficulties with interpretation of study
results.
Despite its worldwide clinical use, our systematic review showed that there was limited evidence for recommending injections with PRP as a treatment for tendinopathy.63
The clinical studies that assessed the effects of PRP did not use an adequate control
group, and even if a control group was present, the methodological quality was poor.
To assess the effect of a PRP injection in chronic midportion Achilles tendinopathy, we
performed a double-blind randomised placebo-controlled clinical trial.64 Improvement
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in functional outcome scores were equal within both treatment groups and clinically relevant differences were not found within the 95% confidence interval and are therefore
unlikely. This is in contrast to the positive findings in previous laboratory and low-quality
clinical studies. There may be a few explanations for these discrepancies. First of all, we
described that the previous clinical studies had serious methodological limitations. It
has been previously found that the best results in the management of tendinopathy
were found in the weakest studies.65 Secondly; it is unknown whether the PRP remained
at the site of injection. Further studies could assess where the injected fluid is located
and for how long the substance remains within the tendon by performing cadaver studies or, more specifically, using an in vivo labelled tracer. If the fluid remains present for
a certain time, then further laboratory tests could determine the effect of PRP within
this time frame. Thirdly, little information is present on the effects of pre-activation of
platelets, and the ideal dose and frequency of injecting PRP.
A criticism on our double-blind randomised controlled trial has been that PRP treatment should be reserved for patients with severe tendinopathy and not for patients
who had not already received usual care.66 The suggestion that PRP treatment can play
a role for patients with resistant tendinopathy that fails to respond to eccentric loading
cannot be supported with evidence from the literature. However, whether this specific
patient group may benefit from PRP treatment warrants further investigation. Currently,
there are no definitions for the resistance of tendinopathy. Our study population had
on average complaints for 16 months (median duration of symptoms 8 months) and
persistent restrictions during activities of daily living and sports.64 Another limitation
may be that the eccentric exercises “overshadowed” the possible beneficial effect of
PRP. If a tendon is already being stimulated to heal as fast as possible, there wouldn’t
be much additional benefit to demonstrate by adding a second treatment with these
small groups. However, this is the crux of the matter. The larger the numbers of patients
needed to achieve significance, the smaller the clinically relevant effect. Prior to the start
of our randomised trial, there were indications that PRP would provide large benefits,
also in combination with standardised stretching and strengthening programs. A power
analysis was performed to make sure the study would be able to detect a clinically
relevant effect. We do not recommend using PRP for Achilles tendinopathy, since this
painful and expensive treatment does not result in a clinically relevant effect in addition
to an exercise program. Furthermore, we evaluated the additive value of a PRP injection
to these exercises, given that the exercises have been shown to be effective and should
be included in usual care. In addition, to inject PRP in isolation is not recommended
because in an animal study the improvement in tendon mechanical properties occurred
when PRP was combined with mechanical stress.67 Moreover, all clinical PRP studies
reporting effects in tendinopathy have used it in combination with strengthening
programs.63 Therefore, which of the two treatments, PRP or exercise, is more effective
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can not be evaluated in our trial. Such a trial would be of interest if there were reasons
to believe that PRP injection alone is better than exercise treatment alone, or to assess
the cost-effectiveness. We considered adding a third treatment arm with eccentric
exercises alone to analyse the effects of needling, but opted against this as it would
then be impossible to perform blinding, adversely affecting the methodological quality.
Future well-designed studies should be conducted to investigate whether these results
are reproducible and whether this could be extrapolated to other tendon locations and
other tissues.
A very recent high-quality study on the treatment of patients with chronic tendinopathy of the wrist extensors described that PRP significantly reduced pain and increased
function, when compared to a corticosteroid injection.68 This result is in contrast with
our findings, which could be explained by the difference in location of tendinopathy.
Another difference is the treatment in the control group. Although, we should be cautious with comparison between different studies, a review on the treatment effects in
tendinopathy of the wrist extensors found that corticosteroids are less favourable than
a wait-and-see policy after six months follow-up.69 This makes it unclear as to whether
the difference observed is due to the beneficial effect of PRP or the detrimental effect
of corticosteroids. This stresses the need for placebo-controlled studies. Although basic
research on the effects of PRP would provide interesting results, it should be kept in
mind that after these high-quality studies, there is currently conflicting evidence to support using PRP injections in tendinopathy. Moreover, improving collagen synthesis and
increasing vascularisation might not be related to reducing symptoms. Further research
on the value of improved tendon structure at long-term in relation to the recurrence of
symptoms is needed.
Clinical researchers in the field of tendinopathy should address some essential items
when starting a clinical trial; the VISA-A score should be used since this is a validated and
disease-specific questionnaire.70 One should bear in mind that minimum assistance is
required since some questions (regarding the duration of morning stiffness and activity
level) are frequently misunderstood, which may result in an altered score. Robinson et
al. also mentioned that explanation is needed for some questions. 70 Furthermore, the
outcome is influenced by prior activity of the patients and therefore researchers should
only include active patients or use stratification to equalise the activity level in both
groups. When patients with bilateral symptoms are included, another problem may
occur using this outcome measure because the outcome of the treated tendon might
be influenced by the contralateral tendon. The VISA-A scale assesses sporting activities
which can be restricted by pain in a symptomatic contralateral tendon. This is hard to
prevent because symptoms are commonly bilateral and even if strictly patients with
unilateral symptoms are included, there is a certain possibility that symptoms will arise
on the contralateral side within the follow-up period. Another recommendation would
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be that randomisation should apply to patients and not tendons, as stated before in this
chapter. Finally, it should be emphasised that researchers base their sample size calculations on clinically relevant between-group differences, rather than attempt to achieving
statistically significant differences.

Future prospects
We studied the role of imaging and treatment modalities in chronic midportion Achilles
tendinopathy. We started with a prospective randomised controlled clinical trial. From
this study, a number of hypotheses and questions arose.
Ultrasonographic and therapeutic studies were subsequently performed to examine
the reliability of the measurements and the ultrasonographical and clinical effects of
several treatment options. Again, new hypotheses have appeared and we feel that
future research should focus on the following topics:
1. What is the normal distribution of tendon structure, measured with UTC, in a group
of asymptomatic individuals with a special focus on the age and activity level of
these individuals?
2. Does tendon structure ever become normal in patients treated for there tendinopathy and is there a relationship between lack of improvement in tendon structure and
recurrence of symptoms at long-term follow-up?
3. What is the clinical effect of the current usual care, concerning the dose of the exercises performed and the effects of the eccentric drop rather than the concentric
phase of the exercises?
4. What is the best treatment option for patients with Achilles tendinopathy who do
not respond to an eccentric exercise program?
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Summary

Summary

In Chapter 1 an overview is given from the literature of the anatomy, histopathology,
clinical features, additional diagnostics and treatment options of chronic midportion
Achilles tendinopathy.
The aim of this thesis was to evaluate the role of Doppler ultrasound imaging in the
clinical setting, to test a recently developed ultrasonographic method that quantifies
tendon structure and determine its relation to clinical severity of symptoms, to review
the clinical effects of autologous growth factors and determine the treatment effects of
eccentric exercises, splinting and an injection with platelet-rich plasma in prospective
randomised studies.
Tendons have a low physiological blood supply, whereas in patients with tendinopathy
an increase in blood flow is frequently observed when Doppler ultrasound is used. This
neovascularisation can be regarded as a pathological vascular ingrowth into the tendon
and is interpreted as a possible failed healing response. In Chapter 2 the reliability is
described of determining ultrasonographic neovascularisation using Power Doppler
ultrasonography (PDU). Many studies have been using a degree of neovascularisation
on Doppler ultrasonography, but the reliability of grading neovascularisation has not
been examined previously.
The major aim of this study was to evaluate the interobserver reliability of the ultrasonographic degree of neovascularisation using the modified Öhberg score, which is
an easy to use five-point grade scale. Patients with midportion Achilles tendinopathy
underwent a PDU examination of both Achilles tendons. In total eight radiologists
participated in the study and each tendon was scored twice by different radiologists. To
record the severity of symptoms, the patients completed the Victorian Institute of Sports
Assessment-Achilles (VISA-A) questionnaire.
Thirty-three symptomatic and 17 asymptomatic Achilles tendons from 25 consecutive
patients were included. The intraclass correlation coefficient was 0.85, which represents
an excellent interobserver reliability for determining the degree of neovascularisation
using PDU. Neovascularisation was present in 70% of the symptomatic tendons and in
29% of the asymptomatic tendons. There was no significant correlation between the
degree of neovascularisation and the severity of symptoms.
It was concluded that different radiologists have excellent agreement between their
findings when examining the same tendon at a single point in time. We expressed that
future studies may examine test-retest characteristics and validity of the assessment to
provide more accurate insight into the course of neovascularisation in follow-up studies.
In Chapter 3 the value of the neovascularisation score was determined in a cohort study.
This study was part of a randomised controlled clinical trial. The PDU neovascularisation
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score was correlated with the severity of symptoms at a single point in time and its value
in predicting clinical outcome was established.
Patients with the clinical diagnosis of chronic midportion Achilles tendinopathy were
included. All patients were prescribed a 12-week heavy-load eccentric training program.
The VISA-A score and the degree of neovascularisation (five-grade scale) were obtained
at baseline and after 12 weeks.
Seventy tendons from 58 patients with chronic midportion Achilles tendinopathy
were included, and 63 symptomatic tendons were included in the final analysis. Baseline
neovascularisation scores were 23 grade 0 (37% no neovessels), 18 grade 1, 8 grade 2, 8
grade 3, and 6 grade 4 (63% neovascularisation grades 1-4). At baseline, neovascularisation was not significantly correlated with the VISA-A score, but at 12-week follow-up,
the neovascularisation score was significantly correlated with the VISA-A score. No
significant differences were found in improvement of the VISA-A score after treatment
between patients with neovessels (grades 1-4) or without neovessels (grade 0) at baseline.
We concluded that there was no relationship between severity of symptoms and
degree of neovascularisation before treatment, yet after treatment, a relationship was
found. Furthermore, we found that performing PDU at baseline had no prognostic value
on clinical outcome, which is a relevant finding for the daily clinical practice.
Normal tendons consist of a hierarchically arranged structure of tendon tissue. Ultrasonography is a well-suited method to depict this ordered structure. In patients with
tendinopathy a disorganisation of tendon structure can be observed. Unfortunately,
conventional ultrasonography has the disadvantages that can be markedly influenced
by several factors and, furthermore, a quantitative analysis is not possible. In Chapter
4 we introduced a novel ultrasonographic technique, which was previously developed
in equine tendons with histomorphology as reference test, in human tendons. We assessed if three-dimensional imaging of the Achilles tendon by this Ultrasonographic
Tissue Characterisation (UTC) was able to differentiate between symptomatic and
asymptomatic tendons.
Twenty-six tendons from patients with chronic midportion Achilles tendinopathy
and 26 “healthy” control tendons were included. All tendons were scanned using the
UTC procedure, which was executed by one single researcher. The blinded data were
randomised and outcome measures were determined by two independent observers.
The raw ultrasonographic images were analysed by quantifying the three-dimensional
stability of grey-scale echopatterns over contiguous transverse images. This threedimensional stability was related to tendon structure disorganisation in previous studies. UTC categorises four different echo-types that represent: I) highly stable; II) medium
stable; III) highly variable and IV) constantly low intensity and variable distribution. The
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percentages of echo-types were calculated and finally the interobserver reliability of
UTC image analysis was determined.
Symptomatic tendons showed less echo-types I+II than asymptomatic tendons (51.5%
versus 76.6%, p < 0.001), thus less three-dimensional stability of the echopattern. The
intraclass correlation coefficient (ICC) for the interobserver reliability of determining the
echo-types I+II was 0.95.
It was concluded that UTC was able to quantitatively evaluate Achilles tendon structure
and thereby discriminate symptomatic and asymptomatic tendons. We suggested that
UTC might be useful to monitor the effects of treatment protocols on tendon structure.
In Chapter 5 an evaluation was done on the clinical improvement and change in tendon
structure, measured with UTC, in patients with chronic midportion Achilles tendinopathy an eccentric exercise program.
Twenty-five patients with clinically established tendinopathy were included and
they all performed a 16-week eccentric exercise program. One experienced researcher
performed the UTC collection procedure and another blinded researcher performed the
data analysis. At follow-up after 2, 8, 16 and 24 weeks, the severity of symptoms was
determined with the VISA-A questionnaire and the proportions of echo-types (I-IV) were
calculated. Echo-types I+II represent a more or less organised tendon structure.
The mean percentage of echo-types I+II decreased non-significantly with 0.3% and
the mean VISA-A score increased slightly but significantly after 24 weeks. An increase in
VISA-A score was not correlated with an increased percentage of echo-types I+II and the
baseline percentage of echo-types I+II did also not correlate with an increase in VISA-A
score.
Based on these study results one could conclude that with use of the standardised
UTC procedure, there was no short-term increase in organised tendon structure following eccentric exercises. There was a slight improvement in clinical outcome, but we
found that pain is not necessarily related to the restoration of bundle organisation, at
least not at 24 weeks from baseline. Probably, repair of tendon structure in degenerative
tendon tissue takes much more time and is preceded by molecular processes that result
in improvement of symptoms. Furthermore, a clinically relevant result was that tendon
structure could not predict the clinical outcome.
The positive effects on pain and increased tendon structure that were previously attributed to eccentric exercises in other studies could not be confirmed with conviction
in subsequent studies. For that reason, there is an increased attention to the development of new treatment options. An injection of platelet-rich plasma (PRP) is one of these
options. PRP is an increased concentration of platelets and can be obtained from whole
autologous blood. Laboratory studies showed that PRP has positive effects on collagen
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synthesis and angiogenesis. In Chapter 6 it was described whether a PRP injection in addition to an eccentric exercise program could lead to an improved tendon structure and
increased neovascularisation, measured with ultrasonographical techniques, in patients
with chronic midportion Achilles tendinopathy.
Patients were included based on the clinical diagnosis of tendinopathy and this study
was part of a double-blind randomised placebo-controlled clinical trial. After inclusion,
54 patients were randomised to eccentric exercise therapy with either a PRP injection
(PRP group) or a saline injection (placebo group). Tendon structure organisation was
evaluated by means of UTC, which could be performed with a very high intra-observer
reliability. The determined echo-types I+II represented a more or less organised tendon
structure. Colour Doppler ultrasonography (CDU) was used to score the degree of neovascularisation. Follow-up was at 6, 12 and 24 weeks.
Although echo-types I+II increased significantly from baseline within both treatment
groups, there were no significant between-group differences. After the first six weeks,
the neovascularisation score increased within the PRP group and the placebo group, but
there was no significant difference in change of the neovascularisation score between
both groups at any point in time.
Although positive effects of PRP administration on collagen synthesis and angiogenesis were described in previous laboratory studies, this study described that in vivo PRP
injections do not contribute to an increase in organised tendon structure and there is no
significant effect on neovascularisation, compared with a placebo injection.
Overuse injuries of the plantar fascia are frequently treated with a splint, and therefore
it was hypothesised that this treatment method has also beneficial effects in patients
with tendinopathy of the Achilles tendon. In Chapter 7 the results of a single-blind
randomised clinical trial on eccentric exercise therapy and additional splinting were
presented.
Patients with chronic midportion Achilles tendinopathy were included. All patients
were prescribed a 12-week eccentric exercise program and half of the group received
an additional night splint. Evaluation was done recording the subjective patient satisfaction, the VISA-A score and the reported compliance. The researcher who evaluated
the outcome measures was blinded to the allocated therapy. Patients were followed-up
after 12 weeks.
Seventy tendons were included and randomised into one of the two treatment
groups: eccentric exercises with a night splint (night splint group, n=36) or eccentric
exercises only (eccentric group, n=34). After 12 weeks, the patient satisfaction did not
differ between the eccentric group (63% excellent or good) and the night splint group
(48% excellent or good). The VISA-A score improved significantly within both groups,
but there was also no significant difference between the two groups in improvement
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of the VISA-A score. Seventeen of 63 (27%) subjects reported a compliance of less than
50% on eccentric exercise therapy. In both treatment groups, there was a tendency that
a better patient compliance for eccentric exercises leads to better results, but the differences were not statistically significant.
These findings imply that a night splint is not beneficial in addition to eccentric
exercises on short-term follow-up in the treatment of chronic midportion Achilles tendinopathy. This study also revealed that the clinical improvement after eccentric exercise
therapy is less promising than previously reported. We recommend that further trials
including functional outcome measures are necessary to evaluate the effect of eccentric
exercises.
Endogenous growth factors may be obtained from autologous whole blood or PRP. The
promising effects of autologous growth factors have received increased attention in
the treatment of tendon injuries. In Chapter 8 we systematically reviewed the clinical
effects of injections of autologous growth factors as a treatment for tendinopathy.
Several electronic databases were explored for prospective clinical trials on treatment
with autologous growth factors (autologous blood or PRP) for patients with chronic
tendinopathy. Another inclusion criterion was that pain and/or function was quantified
as outcome measure. The Physiotherapy Evidence Database (PEDro) score was used to
examine the methodological quality of the assessment, and a qualitative analysis was
performed to establish the levels of evidence.
Eleven clinical trials were included; eight studies described the effects of autologous
blood injections and three were performed on the effects of PRP injections. All studies showed that injections of autologous growth factors had a significant impact on
improving pain and/or function over time. However, only three included studies were
determined as having a high methodological quality, and none of these showed any
benefit of an autologous growth factor injection when compared to a control group.
We concluded that, based on these results, there is strong evidence that the use of
injections with autologous blood is not beneficial for the improvement in symptoms.
There is only limited evidence to support the use of injections with PRP in the management of chronic tendinopathy. Since these therapies are increasingly applied in the daily
clinical practice, these conclusions are most relevant. Injections of autologous growth
factors should not be recommended until further clinical research would support its use.
In Chapter 9 a stratified, block-randomised, double-blind, placebo-controlled clinical
trial was described to examine whether a PRP injection would improve outcome in
chronic midportion Achilles tendinopathy.
Patients with chronic tendinopathy 2-7 cm above the Achilles tendon insertion were
included. A 12-week eccentric exercise program was performed with either a PRP in-
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jection (PRP group) or saline injection (placebo group). Randomisation was stratified
by activity level. The VISA-A score, subjective patient satisfaction and return to desired
sports were obtained at follow-up after 6, 12 and 24 weeks. Treatment group effects
were evaluated using general linear models on the basis of intention-to-treat and
adjustments were made for affecting variables. A sample size calculation revealed that
54 patients were required to detect a clinically relevant difference of 12 points on the
VISA-A score.
Fifty-four patients were included and after randomisation into the PRP group (n=27)
or placebo group (n=27) there were no patients lost to follow-up. The mean VISA-A score
improved significantly after 24 weeks in the PRP group and in the placebo group, but the
increase was not significantly different between both groups. The 95% confidence interval of the adjusted between-group difference did not include the predefined relevant
difference of 12 points in favour of PRP treatment. There was no significant difference in
patient satisfaction after 24 weeks between the PRP group (56% excellent or good) and
the placebo group (63% excellent or good). The percentage of patients that returned to
the desired sport did also not differ significantly (PRP group: 78%, placebo group: 67%).
This study demonstrated that there was no additional clinical benefit of a PRP injection to the usual care (eccentric exercise therapy). A PRP injection, as performed in daily
clinical practice, should not be recommended for the treatment of chronic midportion
Achilles tendinopathy. It could be hypothesised whether these results can be extrapolated to other tendinopathies; further studies need to assess this.
Finally the main results of this thesis are described in Chapter 10 in relation to each other.
These findings are integrated into the current scientific knowledge. Recommendations
are made for future research, but also the gaps and obstacles will be demonstrated in
the clinical studies on tendinopathy. New studies could potentially be targeted at (1)
studying the normal distribution of the tendon structure, measured with UTC, in a group
of asymptomatic individuals with a special focus on the age and activity level; (2) the
assessment of tendon structure and its relationship with the symptoms at long-term; (3)
studying the clinical effects of eccentric exercise therapy, with respect to the performed
dose of the exercises, and (4) determining which treatment will be most effective for nonresponders to eccentric exercise therapy. This knowledge will increase understanding of
the exact value of tendon structure for different patient groups, provide knowledge of
the response to therapy of tendinotic tissue and it will eventually lead to more effective
conservative treatment options.
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Nederlandse samenvatting
Surmenageletsel van pezen is een frequent voorkomend probleem dat voornamelijk
sporters, maar ook inactieve personen treft. De aandoening treedt vaker op bij mensen
van middelbare leeftijd. Met de toename van sportactiviteit in de bevolking stijgt ook
het aantal overbelastingsblessures van pezen. Vooralsnog werd aangenomen dat een
verminderd herstelmechanisme op weefselniveau met uiteindelijk degeneratie van
het peesweefsel de oorzaak is van het persisteren van de klachten. Bij de trias van pijn,
zwelling en verminderde belastbaarheid van de pees wordt de term tendinopathie
geprefereerd. Tendinopathie van de Achillespees wordt vaak in het middendeel van de
pees ofwel midportion, net boven de aanhechting op het hielbeen, gediagnosticeerd.
Door de oppervlakkige positie leent dit deel van de pees zich uitstekend voor echografische beoordeling. Tendinopathie wordt met echografische technieken gekarakteriseerd
door een verminderde structuur van het peesweefsel en met toevoeging van Doppler
kan een verhoogde bloedstroom van de pees worden waargenomen, in de literatuur
aangeduid met de term “neovascularisatie”.
Chronische Achilles tendinopathie leidt veelvuldig tot een vermindering van
sportactiviteiten en kan zelfs carrièrebedreigend zijn voor een sporter. Conventionele
conservatieve therapie is niet zelden onvoldoende effectief en in dat geval kan bij deze
aandoeningen een chirurgische behandeling ingezet worden. Hoewel een chirurgische
behandeling in veel gevallen uiteindelijk leidt tot een klachtenvermindering, blijkt ook
deze behandeling niet altijd succesvol en is de postoperatieve revalidatie tijdsintensief.
Om een operatie te voorkomen is het noodzakelijk om de effectiviteit van conservatieve
therapie te verhogen.
Met dit proefschrift willen we een bijdrage leveren aan de toenemende kennis van de
beeldvorming en behandeling van chronische Achilles tendinopathie. Het uiteindelijke
doel is dat deze kennis leidt tot een verbeterde handelswijze in de klinische praktijk.
Daarbij ligt de focus op de betrouwbaarheid en voorspellende waarde van afbeeldende
echografische technieken en op de effectiviteit van enkele nieuwe methoden voor de
conservatieve behandeling.
In hoofdstuk 1 werd een overzicht van de literatuur gegeven van de normale anatomie
van peesweefsel, alsmede van de histologische veranderingen die karakteristiek zijn
voor tendinopathie. Daarnaast werden de klinische kenmerken van tendinopathie
uiteengezet en bovendien werd beschreven welke frequent aanbevolen aanvullende
afbeeldende technieken de behandelaar tot zijn beschikking heeft in de beoordeling
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van tendinopathie. Er werd tevens een overzicht gegeven van enkele veelbelovende
behandelingsmogelijkheden van chronische midportion Achilles tendinopathie.
Het hoofdstuk sluit af met de specifieke doelstellingen van dit proefschrift en een
beschrijving van de inhoud. Specifieke doelen van dit proefschrift waren het testen
van de betrouwbaarheid en de klinische waarde van echografische bepaling van de
neovascularisatie en structuur van het peesweefsel voor de behandeling en in klinische
gerandomiseerde studies te onderzoeken wat het effect is van enkele veelbelovende
therapieën op korte- en lange termijn, zoals excentrische oefentherapie, de toevoeging
van een nachtspalk en een toegevoegde injectie met plaatjes-rijk plasma.
De bloedvoorziening in pezen is in fysiologische omstandigheden relatief laag. Bij
patiënten met tendinopathie wordt juist frequent een toename gezien van de bloeddoorstroming, gemeten met Doppler echografie. Deze zogenaamde neovascularisatie is
een pathologische ingroei van bloedvaten in de pees en wordt gezien als een mogelijk
falend herstelproces. In hoofdstuk 2 werd de betrouwbaarheid van de bepaling van
echografische neovascularisatie met behulp van Power Doppler ultrasonography (PDU)
beschreven. Veel studies beschrijven een gradatie van neovascularisatie bij patiënten
met tendinopathie, maar de betrouwbaarheid van de indeling van neovascularisatie
was niet eerder onderzocht.
Het belangrijkste doel van deze studie was om de inter-observer betrouwbaarheid
van de graad van neovascularisatie te bepalen met behulp van de gemodificeerde
Öhberg score. Dit is een praktisch bruikbare gradatie van 0-4. Patiënten met Achilles
tendinopathie ondergingen een PDU onderzoek van beide Achillespezen. In totaal
namen acht radiologen deel aan de studie en elke pees werd beoordeeld door twee
verschillende radiologen. Voor het bepalen van de ernst van de symptomen voltooiden
de patiënten de Victorian Institute of Sports Assessment-Achilles (VISA-A) vragenlijst.
Drieëndertig symptomatische en 17 asymptomatische Achillespezen van 25 opeenvolgende patiënten werden geïncludeerd. De intra-class correlatiecoëfficiënt was 0.85
en dit kan worden beschouwd als een uitstekende betrouwbaarheid voor de bepaling
van de graad van neovascularisatie met PDU tussen verschillende waarnemers. Neovascularisatie was aanwezig in 70% van de symptomatische pezen en in 29% van de
asymptomatische pezen. Er was geen significante correlatie tussen de mate van neovascularisatie en de ernst van de symptomen.
Er werd geconcludeerd dat de beoordeling van dezelfde Achillespees op één moment
in de tijd door verschillende radiologen kan worden uitgevoerd met een uitstekende
overeenkomst. Toekomstige studies zouden zich kunnen richten op de test-retest
reproduceerbaarheid en de validiteit van de gradatie om een beter inzicht te kunnen
verschaffen in het beloop van neovascularisatie bij patiënten.
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In het onderzoek dat beschreven is in hoofdstuk 3 werd de waarde van de neovascularisatie score bepaald in een cohort studie. De neovascularisatie score werd gecorreleerd
met de ernst van de symptomen op één moment in de tijd en onderzocht werd wat de
betekenis was van de gevonden score voor het voorspellen van de klinische uitkomst.
Patiënten met de klinische diagnose van chronische midportion Achilles tendinopathie werden geïncludeerd. Aan alle patiënten werd 12 weken excentrische oefentherapie
voorgeschreven. De VISA-A score en de neovascularisatie score werden bepaald voor de
start van het onderzoek en na 12 weken.
Zeventig pezen van 58 patiënten met chronische midportion Achilles tendinopathie
werden geïncludeerd, en 63 symptomatische pezen werden uiteindelijke geanalyseerd.
Vóór de start van de behandeling waren de neovascularisatie scores als volgt verdeeld:
23 graad 0 (37% geen neovascularisatie), 18 graad 1, 8 graad 2, 8 graad 3 en 6 graad
4 (63% neovascularisatie score 1-4). Op baseline was de neovascularisatie score niet
significant gecorreleerd met de VISA-A score, maar na 12 weken was een hogere neovascularisatie score wel gecorreleerd met een slechtere VISA-A score. Er werden geen
significante verschillen gevonden in de verbetering van de VISA-A score na behandeling
van patiënten met neovascularisatie (graad 1-4) of zonder neovascularisatie (graad 0)
op baseline.
We concludeerden dat er geen relatie is tussen de ernst van de symptomen en de
mate van neovascularisatie vóór de behandeling, maar na de behandeling bleek een
lagere graad van neovascularisatie gunstiger te zijn in relatie tot de ernst van de symptomen op dat moment. Bovendien vonden we dat het uitvoeren van PDU voor de start
van conservatieve behandeling geen voorspellende waarde heeft voor de klinische
uitkomst, wat een relevante bevinding is voor de dagelijkse klinische praktijk.
Normale pezen hebben een hiërarchisch gerangschikte structuur van het peesweefsel.
Deze goed geordende structuur kan uitstekend worden afgebeeld met echografie. Bij
patiënten met tendinopathie kan een desorganisatie van peesstructuur worden waargenomen. Helaas heeft conventionele echografie het nadeel dat deze in hoge mate kan
worden beïnvloed door verscheidene factoren en bovendien is een kwantitatieve analyse niet mogelijk. In hoofdstuk 4 introduceerden we een nieuwe echografische techniek
in humane pezen, die eerder werd ontwikkeld voor paardenpezen met histologische
beelden als referentie-test. De hypothese was dat met behulp van driedimensionale
beeldvorming van de Achillespees door deze Ultrasonographic Tissue Characterisation
(UTC) onderscheid kon worden gemaakt tussen symptomatische en asymptomatische
pezen.
Zesentwintig pezen van patiënten met chronische midportion Achilles tendinopathie
en 26 “gezonde” controle pezen werden geïncludeerd. Alle pezen werden in beeld
gebracht met behulp van de UTC-procedure die werd uitgevoerd door één ervaren
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onderzoeker. De geblindeerde data werden gerandomiseerd en de gekwantificeerde
peesstructuur werd onafhankelijk bepaald door twee onderzoekers. De echografische
data werden geanalyseerd door het kwantificeren van de driedimensionale stabiliteit
van de grijswaarde in de echopatronen over opeenvolgende transversale beelden. Deze
driedimensionale stabiliteit was gerelateerd aan peesstructuur in eerdere studies. UTC
kan vier verschillende echo-types categoriseren: I) zeer stabiel, II) gemiddeld stabiel; III)
zeer variabel en IV) voortdurend lage intensiteit en variabele distributie. De percentages
van de echo-types werden berekend en tenslotte werd de inter-observer betrouwbaarheid van UTC beeldanalyse bepaald.
Uit de resultaten kwam naar voren dat in symptomatische Achillespezen minder
echo-types I+II aanwezig zijn dan in asymptomatische pezen (51,5% versus 76,6%), dus
minder driedimensionale stabiliteit van het echopatroon. De intra-class correlatiecoëfficiënt voor de inter-observer betrouwbaarheid van de bepaling van de echotypes I+II
was 0.95 en dit kan worden geïnterpreteerd als een uitstekende betrouwbaarheid.
Er werd geconcludeerd dat met behulp van UTC de peesstructuur in humane Achillespezen met een hoge betrouwbaarheid kan worden gekwantificeerd. Bovendien kon
de methode een duidelijk onderscheid maken tussen symptomatische en asymptomatische pezen. Op basis van deze conclusies werd er gesuggereerd dat UTC van waarde kan
zijn om de effecten van behandelprotocollen op peesstructuur te evalueren.
In hoofdstuk 5 werd geëvalueerd of er een relatie is tussen het klinisch beloop en de verandering in peesstructuur, gemeten met UTC, tijdens een excentrisch oefenprogramma.
Vijfentwintig patiënten met de klinisch vastgestelde diagnose chronische midportion Achilles tendinopathie werden geïncludeerd en er werd instructie gegeven om 16
weken excentrische oefentherapie uit te voeren. Eén ervaren onderzoeker verzorgde
de datacollectie met behulp van de UTC-procedure en één andere geblindeerde onderzoeker was verantwoordelijk voor de data-analyse. Tijdens de follow-up na 2, 8, 16 en
24 weken werd de ernst van de symptomen bepaald met de VISA-A vragenlijst en de
percentages van echo-types (I-IV) werden berekend. Echo-types I+II zijn representatief
voor een redelijk tot goed georganiseerde peesstructuur.
Drieëntwintig patiënten werden geïncludeerd in de uiteindelijke analyse; twee patiënten konden de oefentherapie niet voltooien. Het gemiddelde percentage van de
echo-types I+II nam niet-significant af met 0.3% en de gemiddelde VISA-A score nam
significant, maar niet aanzienlijk, toe na 24 weken. Een verhoging van de VISA-A score
was niet gecorreleerd met een verhoogd percentage van de echo-types I+II en het baseline percentage van de echo-types I+II was ook niet gecorreleerd met de verandering
van de VISA-A score.
Op basis van deze onderzoeksresultaten kan worden geconcludeerd dat er, met het
gebruik van de gestandaardiseerde UTC-procedure, geen toename was in goed geor-
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ganiseerde peesstructuur op korte termijn na de excentrische oefentherapie. Er was
een lichte verbetering van de klinische uitkomst, maar het bleek dat de ernst van de
symptomen niet noodzakelijkerwijs verband houdt met het herstel van de organisatie
in peesbundels, althans niet na 24 weken. Waarschijnlijk neemt het herstel van de peesstructuur in degeneratief peesweefsel veel meer tijd in beslag en mogelijk wordt dit
voorafgegaan door moleculaire processen die leiden tot verbetering van de symptomen.
Een klinisch relevant resultaat was dat de mate van desorganisatie in peesstructuur het
klinisch beloop niet kan voorspellen.
De positieve effecten op pijn en toename van georganiseerde peesstructuur die
voorheen werden toegeschreven aan excentrische oefentherapie kunnen in vervolgonderzoeken niet overtuigend worden bevestigd. Daarom is er veel aandacht voor de
ontwikkeling van nieuwe behandelopties. Een injectie met plaatjes-rijk plasma (PRP) is
één van deze opties. PRP bevat een verhoogde concentratie aan bloedplaatjes en kan
uit lichaamseigen bloed worden verkregen. Uit laboratoriumonderzoeken komt naar
voren dat PRP positieve effecten heeft op collageen synthese en vaatnieuwvorming.
In hoofdstuk 6 werd beschreven of een PRP injectie in aanvulling op een excentrisch
oefenprogramma zou kunnen leiden tot een verbeterde peesstructuur en een toename
in neovascularisatie, gemeten met de echografische technieken.
Patiënten werden toegelaten in de studie op basis van de klinische diagnose chronische midportion Achilles tendinopathie en deze studie was onderdeel van een dubbelblind, gerandomiseerd, placebo-gecontroleerd onderzoek. Na inclusie werd aan 54
patiënten de excentrische oefentherapie voorgeschreven met ofwel een PRP injectie
(PRP-groep) of een injectie met zoutoplossing (placebo-groep). Peesstructuur werd
geëvalueerd door middel van de UTC-procedure en Colour Doppler ultrasonography
(CDU) werd gebruikt voor bepaling van de neovascularisatie score. Follow-up metingen
werden verricht na 6, 12 en 24 weken.
Hoewel de echo-types I+II aanzienlijk toenamen ten opzichte van vóór de behandeling in beide behandelgroepen, waren er geen significante verschillen tussen de groepen. Na de eerste zes weken was de neovascularisatie score toegenomen in zowel de
PRP-groep als de placebo-groep, maar er was geen significant verschil in verandering
van de neovascularisatie score tussen beide groepen in de loop van de tijd.
Hoewel er positieve effecten van PRP toediening op de collageen synthese en
vaatnieuwvorming werden beschreven in eerdere studies, toont dit onderzoek aan
dat in vivo PRP toediening niet bijdraagt aan een toename van de verbetering van de
peesstructuur en is er geen significant effect op neovascularisatie, vergeleken met een
placebo injectie.
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Omdat overbelastingsblessures van de fascia plantaris frequent worden behandeld met
een spalk, werd de hypothese geformuleerd dat deze behandelmethode ook gunstige
effecten zou kunnen hebben bij patiënten met tendinopathie van de Achillespees.
In hoofdstuk 7 werden de klinische resultaten van een gerandomiseerd onderzoek
beschreven, waarbij de waarde van een nachtspalk in aanvulling op excentrische oefentherapie werd onderzocht.
Eén van de inclusiecriteria was de diagnose chronische midportion Achilles tendinopathie. Aan iedere patiënt werd 12 weken excentrische oefentherapie voorgeschreven
en de helft van de groep kreeg tevens een nachtspalk. Uitkomstmaten waren de subjectieve patiënt tevredenheid, de VISA-A score en de gerapporteerde therapietrouw. De
onderzoeker, die de resultaten evalueerde, was geblindeerd. De patiënten werden op
baseline en na 12 weken beoordeeld.
Zeventig pezen werden geïncludeerd en gerandomiseerd in één van de twee behandelgroepen: excentrische oefeningen met een nachtspalk (nachtspalk-groep, n = 36)
of excentrische oefeningen alleen (excentrische groep, n = 34). Na 12 weken was de
subjectieve patiënt tevredenheid niet significant verschillend tussen de excentrische
groep (63% uitstekend of goed) en de nachtspalk-groep (48% uitstekend of goed). De
VISA-A score verbeterde significant in beide groepen, maar er was ook geen significant
verschil tussen de twee groepen in de verbetering van de VISA-A score. Zeventien van
de 63 (27%) patiënten rapporteerden dat ze minder dan 50% van de voorgeschreven
excentrische oefeningen hadden uitgevoerd. In beide behandelgroepen was er een
tendens dat een betere therapietrouw voor excentrische oefeningen leidt tot betere
resultaten, maar de verschillen waren niet statistisch significant.
Deze bevindingen gaven aan dat een nachtspalk niet leidt tot een verbetering in
symptomen in aanvulling op excentrische oefeningen op korte termijn bij de behandeling van chronische midportion Achilles tendinopathie. In deze studie bleek ook dat
de klinische verbetering na excentrische oefentherapie minder effectief is dan werd
gevonden in eerdere studies. Onze aanbevelingen waren dat toekomstige studies naar
het effect van therapie in tendinopathie niet alleen pijn en patiënt tevredenheid zouden
moeten evalueren, maar ook de activiteit en functie. De VISA-A vragenlijst is hiervoor
een zeer geschikt instrument.
Lichaamseigen groeifactoren kunnen worden verkregen uit autoloog onbewerkt
bloed of uit PRP. Door de veelbelovende effecten van autologe groeifactoren is er veel
aandacht voor ontstaan bij de behandeling van peesblessures. In hoofdstuk 8 werd
een systematisch onderzoek beschreven naar de klinische effecten van injecties van
autologe groeifactoren als behandeling voor tendinopathie.
Verschillende elektronische databases werden doorzocht naar klinische studies die
effecten van de behandeling met autologe groeifactoren (autoloog bloed of PRP) on-
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derzochten bij patiënten met chronische tendinopathie. Een ander criterium was dat
als uitkomstmaat pijn en/of functie werd gebruikt. De Physiotherapy Evidence Database
(PEDro) score werd gebruikt om de methodologische kwaliteit van de artikelen te beoordelen en een kwalitatieve analyse werd uitgevoerd om de bewijskracht vast te stellen.
Elf klinische onderzoeken werden geïncludeerd; acht studies beschreven de effecten
van autoloog bloed injecties en drie werden uitgevoerd naar de effecten van PRP injecties. Alle studies toonden aan dat injecties met autologe groeifactoren een significante
invloed hadden op de verbetering van pijn en/of functie in de loop van de tijd. Echter,
slechts drie geïncludeerde studies werden beoordeeld als onderzoek met methodologisch hoge kwaliteit en geen van deze studies rapporteerde een toegenomen verbetering in pijnscore na autologe groeifactor injecties in vergelijking met een controlegroep.
Daarom hebben we geconcludeerd dat er op basis van deze resultaten sterke aanwijzingen zijn dat het gebruik van injecties met autoloog bloed niet leidt tot toegenomen
verbetering van de symptomen. Er is slechts beperkt bewijs voor het effect van injecties
met PRP in de behandeling van chronische tendinopathie. Omdat deze therapieën
steeds meer worden toegepast in de dagelijkse klinische praktijk, zijn deze conclusies
zeer relevant.
Hoofdstuk 9 beschreef een gestratificeerd, gerandomiseerd, dubbelblind, placebogecontroleerd klinisch onderzoek naar het effect van een PRP injectie op de ernst van
de symptomen bij patiënten met chronische midportion Achilles tendinopathie.
Patiënten met chronische tendinopathie 2-7 cm boven de aanhechting van de Achillespees op het hielbeen werden geïncludeerd. Twaalf weken excentrische oefentherapie
werd uitgevoerd met ofwel een PRP injectie (PRP-groep) of een injectie met zoutoplossing (placebo-groep). Randomisatie was gestratificeerd voor activiteitenniveau. De VISAA score, subjectieve patiënt tevredenheid en terugkeer in de gewenste sport werden
gemeten bij de follow-up na 6, 12 en 24 weken. Met behulp van een power-analyse werd
berekend dat 54 patiënten waren benodigd om een klinisch relevant verschil van 12
punten op de VISA-A score aan te kunnen tonen. Analyses werden uitgevoerd met een
general linear model, waarin kon worden geadjusteerd voor beïnvloedende variabelen.
Vierenvijftig patiënten werden geïncludeerd en na randomisatie in de PRP groep (n =
27) of de placebo groep (n = 27) konden alle patiënten de studie voltooien. De gemiddelde VISA-A score verbeterde significant na 24 weken in zowel de PRP groep als in de
placebo groep, maar de stijging was niet significant verschillend tussen beide groepen.
Het 95% betrouwbaarheidsinterval van het geadjusteerde verschil tussen de groepen
bevatte niet het vooraf gedefinieerde klinisch relevante verschil van 12 punten toename
na de PRP behandeling. Er was geen significant verschil in patiënt tevredenheid na
24 weken tussen de PRP-groep (56% uitstekend of goed) en de placebo-groep (63%
uitstekend of goed). Het percentage patiënten dat terugkeerde in de gewenste sport
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verschilde ook niet significant tussen beide groepen (PRP-groep: 78%, placebo-groep:
67%).
Dit onderzoek heeft aangetoond dat er geen toegevoegde waarde is van een PRP
injectie. Een PRP injectie, zoals uitgevoerd in de dagelijkse klinische praktijk, zou niet
moeten worden aanbevolen voor de behandeling van chronische midportion Achilles tendinopathie. Er zou kunnen worden verondersteld dat deze resultaten kunnen
worden geëxtrapoleerd naar andere tendinopathieën; echter, toekomstige studies zijn
benodigd om hierover een definitieve uitspraak te kunnen doen.
In Hoofdstuk 10 werden tot slot de belangrijkste resultaten van dit proefschrift in
relatie tot elkaar besproken. Deze bevindingen werden afgespiegeld tegen de actuele
wetenschappelijke kennis. Er werden aanbevelingen gedaan voor toekomstig onderzoek, maar ook werd er aandacht geschonken aan de hiaten en obstakels in de klinische
onderzoeken naar tendinopathie. Nieuwe onderzoeken zouden mogelijk kunnen
worden gericht op (1) het bestuderen van de normale verdeling van de peesstructuur,
gemeten met UTC, in een groep van asymptomatische personen met een speciale focus
op de leeftijd en het activiteitsniveau; (2) de beoordeling van peesstructuur en de relatie
tot de symptomen op lange termijn; (3) het bestuderen van het klinische effect van de
excentrische oefentherapie, met betrekking tot de voorgeschreven dosering van de
oefeningen; en (4) het bepalen van de meest effectieve therapie bij patiënten die niet
reageren op excentrische oefentherapie. Deze kennis zal meer inzicht geven in de exacte
waarde van peesstructuur voor verschillende patiëntengroepen, meer kennis verschaffen in de respons van degeneratief peesweefsel op therapie en het zal uiteindelijk leiden
tot effectievere conservatieve behandelmethoden.

Dankwoord

Dankwoord
Hooggeleerde heer, beste Prof.dr. J.A.N. Verhaar, dank dat u mij de mogelijkheid heeft
geboden om mijn wetenschappelijke ervaringen te continueren in een promotietraject.
Ik heb altijd kunnen rekenen op uw steun en adviezen. In de periode na het verschijnen
van uw proefschrift is het aantal publicaties met wetenschappelijk onderzoek naar
tendinopathieën exponentieel toegenomen. In dit proefschrift zijn de nieuwe inzichten
beschreven en ik hoop van harte dat het peesonderzoek op zowel klinisch- als basaal
wetenschappelijk niveau kan worden voortgezet op de afdeling Orthopaedie van het
Erasmus MC en dat de vruchtbare samenwerking met de Sportgeneeskunde kan worden voortgezet.
Hooggeleerde Prof.dr.ir. H. Weinans, beste Harrie, aan het einde van mijn co-schappen
mocht ik bij je op gesprek komen voor de bespreking van een promotietraject. We
waren er snel uit en ik kon aan de slag als promovendus. Ik merkte al binnen korte tijd
dat je ondanks de vurige en doortastende discussies heel flexibel kon zijn. Je wist op
moeilijke momenten alle wetenschappelijke neuzen dezelfde kant op te laten wijzen. Ik
heb de lage drempel om problemen te bespreken zeer gewaardeerd en wil je bedanken
voor de begeleiding in de ‘wetenschappelijke jungle’.
Dr. J.L. Tol, beste Hans, ons eerste contact dateert al weer van 2004. Na een schriftelijk
verzoek tot het verrichten van wetenschappelijk onderzoek op een Sportgeneeskundige
afdeling werd er enthousiast gereageerd vanuit Leidschendam. Na een kort overleg
besloten we ons te richten op de diagnostiek en behandeling van Achillespeesblessures.
In de opzet van een gerandomiseerd klinisch onderzoek werd ik volkomen vrijgelaten.
In onze besprekingen was het steevaste antwoord: “Het is jouw onderzoek, dus jij bent
de baas”. Maar beschikbaar was je altijd. Mijn ingeleverde manuscripten werden tussen
je poli afspraken door met een rode pen beklad en binnen enkele uren geretourneerd.
In je commentaar was je altijd kritisch en rechtlijnig, maar de keuze of hiermee wat werd
gedaan lag altijd bij de onderzoeker. Het wierp zijn vruchten af, want na ruim een jaar
waren enkele publicaties in vooraanstaande (sport)medische tijdschriften een feit. Daarnaast heb ik je van dichtbij meegemaakt tijdens het congres in Cyprus, waar ik samen
met Evelien nog als oppas voor ‘de kleine aap’ heb gefungeerd. Voor een training van
het Medical Dutch Soccer team wist de toenmalige student je hele koelkast leeg te eten
en met hetzelfde team hebben we in Spanje en Italië furore gemaakt door tweemaal
de gouden medaille op te halen. Het bleef niet bij dit alles, want aan het einde van
mijn wetenschappelijke stage werd door jou de volgende missie geïnitieerd. De Sport-
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geneeskunde zou gebaat zijn bij een AGIKO constructie, waarbij een opleiding wordt
gecombineerd met een promotieonderzoek. Daarin zag je mij als ideale kandidaat en
ondanks je drukke werkzaamheden op alle vlakken wist je ook dit, na alle bureaucratische hindernissen, te bewerkstelligen. Het mag dan ook geen verrassing zijn dat ik je
ongelooflijk dankbaar ben voor de begeleiding in deze lange periode en ik hoop in de
toekomst de samenwerking te kunnen continueren.
Dr. H.T.M. van Schie, beste Hans, je startte in Leidschendam op de poli Sportgeneeskunde
als ‘vreemde eend in de bijt’ met humaan onderzoek naar Achillespeesklachten. Met een
nieuw echo-apparaat wist je zowel de patiënten als de artsen enorm te interesseren.
Ook ik viel voor een prominente rol van deze UTC in mijn promotieonderzoek. Altijd was
je bezig met het optimaliseren van de apparatuur. Gedurende deze periode botsten we
wel eens door onze meningsverschillen. Toch heb ik heel veel geleerd van jouw enorme
kennis van echografie en basaal peesonderzoek, waarvoor ik je dankbaar ben. En, niet
onbelangrijk, tijdens de verrichte klinische onderzoeken met de UTC bemerkte ik steeds
weer het enthousiasme van de betrokken artsen en patiënten. Ik hoop dat de ontwikkeling van de UTC kan worden voortgezet.
Beste Don de Winter, ik heb slechts een deel van de enorme ontwikkeling meegemaakt
op de polikliniek Sportgeneeskunde in Leidschendam. Ik heb in deze periode bewondering gehad voor jouw rol hierin. Het is voor een promovendus een stimulans om te zien
hoe trots je bent op het feit dat er veel wetenschap wordt bedreven op deze afdeling. Ik
ben er ook trots op om deel uit te maken van deze gezellige en professionele groep op
de afdeling, bedankt daarvoor.
Beste Adam Weir, je was als arts-assistent al de ‘geek’ op wetenschappelijk sportmedisch
gebied. Het bijzondere is dat je deze kennis ook durft toe te passen in de dagelijkse
praktijk met daarnaast een sterke empathie voor de patiënt die tegenover je zit. Als
co-assistent heb ik daarom heel veel geleerd van je werkwijze en ik hoop later ook op
een dergelijke manier mijn professie te kunnen uitoefenen. Tevens zou ik in de toekomst
nog graag vaker met je samenwerken.
Beste drs. M.P. Heijboer, beste Rien, bij ieder contact dat we hadden werd eerst het
voorbijgaande voetbalweekend geëvalueerd. U was altijd op de hoogte van het voetbalnieuws in de regio. Ik heb heel veel geleerd als vrijwilliger op uw beroemde sportpoli’s en was blij dat ik af en toe een teamgenoot tussen de linies van het spreekuur
mocht doorschuiven. Als onderzoeker wil ik u ook bedanken voor uw rol in het klinisch
onderzoek en het aanleveren van peesweefsel vanaf de operatiekamer.
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Beste dr. S.M.A. Bierma-Zeinstra, beste Sita, u werd pas in een later stadium geconsulteerd voor de interpretatie van onze PRICT studie. Daarbij is er een nieuwe wereld voor
me opengegaan in het klinische onderzoek. Ik zou in de toekomst graag meer van u
leren om zo het klinisch onderzoek in de Sportgeneeskunde op een hoger niveau te
brengen.
Dear Prof.dr. N. Maffulli, dear Nicola, as a starting medical student I already read many
of your published articles in the field of tendinopathy. To my opinion, it was a big opportunity to write an article with one of the leading tendon researchers after we met in
Edinburgh last year. I hope this will lead to an interesting cooperation, up to many more
together!
Beste Cora, Ank en Paulien. De vele klinische onderzoeken in het Antoniushove ziekenhuis hebben jullie bergen extra werk opgeleverd. De start van ieder nieuw onderzoek
zorgde weer voor een golf van vragen. Toch waren jullie altijd positief gestemd en
wilden jullie graag meedenken. Ik wil jullie heel graag bedanken voor deze hulp en de
prettige samenwerking.
De sportartsen (in opleiding) die ik in mijn onderzoeksperiode heb meegemaakt wil ik
graag bedanken voor de medewerking en voor het verwijzen van patiënten. Met sommigen heb ik ook samen geschreven en gepubliceerd. Peter, Maarten, Pieter en Rhijn,
bedankt voor jullie inspanningen en zodoende de bijdrage aan dit proefschrift.
De radiologen en orthopeden van het Antoniushove ziekenhuis waren van belang
bij respectievelijk de consulten en verwijzingen van de patiënten. Graag wil ik iedereen
die een actieve bijdrage heeft geleverd binnen deze vakgroepen bedanken voor deze
belangrijke inzet.
In 2008 werd de ‘Dutch TENDON group’ in het leven geroepen. Uit het hele land komen
halfjaarlijks vele peesonderzoekers bijeen. Ik wil de oprichters en leden bedanken voor
de inzet die is geleverd tijdens deze bijeenkomsten en ik hoop dat we hieraan een goed
vervolg kunnen geven.
Met veel plezier heb ik 2 jaar lang in het orthopaedisch lab gewerkt in Rotterdam. De
peesonderzoekers, Marieke, Jennifer en Suzan, vormden een exponentieel groeiende
populatie binnen het lab. Marieke, jij hebt het belangrijke voorwerk gedaan als eerste
peesonderzoeker in het orthopaedisch lab. Ik heb de geduldige uitleg en prettige
overdracht van de lopende onderzoeken zeer gewaardeerd. Jennifer, helaas heb je
het basale peesonderzoek niet kunnen continueren. Desalniettemin wens ik je veel
succes in je verdere carrière. Suzan, wat goed dat je de nieuwe ontwikkelingen in het
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peesonderzoek een vervolg geeft. Hopelijk kun je de mogelijkheden in het lab optimaal
benutten en ik blijf daarbij graag aan de zijlijn betrokken. Tom en Olav, ik heb genoten
van de eindeloze serieuze en onzinnige (wetenschappelijke) discussies en natuurlijk
van de ‘casus del dia’. Yvonne B, ik had wat moeite met de transformatie naar een roze
werkkamer maar uiteindelijk hebben we een goede en gezellige werkplek gecreëerd.
Mede-wetenschappers Gerjo, Ruud, Eric, Nicole, Erwin, Holger, Anna, Katja, Carola, Martine, Yvonne S, Rianne, Gerben, Michiel, Stefan, Esther, Sandra en Wendy, bedankt voor
jullie feedback en het was prettig dat jullie mijn collega’s waren in dit promotietraject.
Ook de wetenschappers en medewerkers van de kliniek orthopaedie in het Erasmus MC
wil ik bedanken voor hun bijdrage.
Beste paranimfen, Stian en Martijn, vrienden voor het leven. In de ‘jungle’ van de voetbalwereld hebben we alles meegemaakt, van het spelen in de kelder van het amateurvoetbal tot wedstrijden tegen gerenommeerde clubs in het betaalde voetbal. Daarbuiten
was er altijd wel tijd voor een hapje of een drankje en dan het liefst ongepland. Ik hoop
dat we hiervoor in de toekomst tijd voor kunnen blijven vrijmaken. Ik twijfel er niet aan
dat ik door jullie inzet ook op dit toneel kan pieken op het moment dat het gevraagd
wordt.
En dan mijn familie, in het bijzonder Henk, Anneke, Marieke en Jasper, ik heb altijd veel
liefde en steun gehad gedurende mijn opleidingen. Jullie weten dat ik er niet de persoon
naar ben om dit met veel woorden uit te spreken, maar ik wil jullie bij deze gelegenheid
heel graag bedanken voor alles dat jullie me hebben gegeven.
Lieve, lieve Evelien, we vonden elkaar in de saaie collegebanken maar tot op de dag
van vandaag blijkt hieruit een levendige relatie te zijn ontstaan. Ik heb ontzettend veel
bewondering voor je enthousiasme, doorzettingsvermogen en liefdevolle karakter.
Daarboven vind ik je een fantastische vrouw! Ik ben ervan overtuigd dat we een prachtige toekomst tegemoet gaan in ons nieuwe paleis.
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propedeuse behaalde. In het kader van zijn afstudeeronderzoek heeft hij 12 maanden
stage gelopen op de afdeling Sportgeneeskunde in het Medisch Centrum Haaglanden
te Leidschendam onder begeleiding van dr. Hans Tol, waarna het doctoraal werd verkregen. Het artsexamen legde hij in januari 2008 cum laude af.
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aangesteld als promovendus op reeds bestaande en nieuwe peesprojecten in het
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promotietraject werd gecombineerd met de opleiding Sportgeneeskunde, waardoor
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heeft dit geleid tot de totstandkoming van dit proefschrift.
Robert-Jan de Vos is sinds november 2009 samenwonend met Evelien Kerkhof. Sinds
3 jaar voetbalt hij wekelijks op het hoogste nationale amateurniveau. Momenteel is
hij werkzaam als arts-assistent Sportgeneeskunde voor de deelstage Orthopaedie in
het Medisch Centrum Haaglanden te Leidschendam onder hoofdopleider drs. Don de
Winter.
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VISA-A questionnaire
Robinson, Cook, Purdam, et al

IN THIS QUESTIONNAIRE, THE TERM PAIN REFERS SPECIFICALLY TO PAIN IN THE ACHILLES
TENDON REGION

1. For how many minutes do you have stiffness in the Achilles region on first getting up?
0 min

100 min
0

1

2

3

4

5

6

7

8

9

POINTS

10

2. Once you are warmed up for the day, do you have pain when stretching the Achilles
tendon fully over the edge of a step? (keeping knee straight)

POINTS

strong
severe
pain

no pain
0

1

2

3

4

5

6

7

8

9

10

3. After walking on flat ground for 30 minutes, do you have pain within the next 2 hours?
(If unable to walk on flat ground for 30 minutes because of pain, score 0 for this
question).

strong
severe
pain

no pain
0

1

2

3

4

5

6

7

8

9

POINTS

10

cal measure of Achilles tendinopathy
337
Figure 1 The VISA-A questionnaire. Eight questions are used to determine the VISA-A score (continued). The VISA-A
questionnaire can be dowloaded in full at http://bjsm.bmjjournals/cgi/content/full/35/5/336/DC1.
4. Do you have pain walking downstairs with normal gait cycle?
ITEM REDUCTION

A focus group consisting of the principal questionnaire developer, a primary care sports
medicine doctor, and two physiotherapists
reviewed
the items generated. They decided
strong
that severe
three domains—pain, functional status,
and pain
activity—were necessary, and they allocated three questions
to each
domain
0
1
2
3
4
5 (fig
6
1).24–27
ITEM SCALING

questions they felt were important in assessing
the severity of Achilles tendon disorders. The
group comprised eight physiotherapists, four
primary care doctors, one orthopaedicPOINTS
surgeon,
and one rehabilitation specialist.
The same 15 participants
no pain were then shown
the VISA-A score and asked to evaluate the
questionnaire.
They
were specifically asked if
7
8
9
10
there were any questions they would add,
delete, or modify. Fourteen of the participants
had no questions to add, and none wanted any
deleted or modified.

A visual analogue scale (VAS) is more accurate
and sensitive than categorical verbal scales.25 28–
5. Do you have pain during or immediately after doing 10 (single leg) heel raises from a
32 The first six questions use a VAS so that the
flat surface?
patient
may report magnitude of a continuum WEIGHTING

severe
pain

no pain
0
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1
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5

6

7

8

9
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5. Do you have pain during or immediately after doing 10 (single leg) heel raises from a
flat surface?

POINTS

strong
severe
pain

no pain
0

1

2

3

4

5

6

7

8

9

10

6. How many single leg hops can you do without pain?
POINTS
0

10
0

1

2

3

4

5

6

7

8

9

10

7. Are you currently undertaking sport or other physical activity?
POINTS

0

Not at all

4

Modified training ± modified competition

7

Full training ± competition but not at same level as when symptoms began

10

Competing at the same or higher level as when symptoms began

Figure 1 continued

was called the Victorian Institute of Sport
Assessment-Achilles questionnaire (VISA-A)
(fig 1).
RELIABILITY AND VALIDITY TESTING

We administered the VISA-A questionnaire to
four populations: group 1 (non-surgical patients; n = 45) attended a primary care sports
medicine clinic; group 2 (presurgical patients;
n = 14) had been referred to a sports
orthopaedist for tendon surgery; group 3 (university students; n = 63) represented a convenience sample of young normally active people
to serve as a control group; group 4 (members
of a running club; n = 24) represented active,
but non-injured people whose age matched the
patient groups. As imaging does not provide a
yardstick for tendon disorders, diagnosis was
by assessment of two expert clinicians, as has
been justified in other tendon studies.34–36 For

www.bjsportmed.com

inclusion in the study, subjects in all groups
had to be older than 18 who were able to give
written informed consent. For groups 1 and 2,
subjects had to have a diagnosis of Achilles
tendinosis, paratendinitis, or partial rupture
with or without a retrocalcaneal or Achilles
bursitis. For groups 3 and 4, subjects had to
belong to the two groups as defined. Women
who were pregnant or nursing were excluded,
as were patients with a total rupture of the
Achilles tendon. Subjects with previous or current Achilles tendon symptoms, but who were
not currently undergoing treatment for the
condition, were not excluded from the control
groups as these groups were designed to reflect
the populations.
We tested construct validity in two ways.
Firstly, the 45 non-surgical patients in group 1
completed the VISA-A test and two other

VISA-A
questionnaire
Robinson,
Cook,
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8. Please complete EITHER A, B or C in this question.
•

If you have no pain while undertaking Achilles tendon loading sports please

•

If you have pain while undertaking Achilles tendon loading sports but it does

complete Q8A only.
not stop you from completing the activity, please complete Q8B only.
•

If you have pain that stops you from completing Achilles tendon loading
sports, please complete Q8C only.

A.

If you have no pain while undertaking Achilles tendon loading sports, for how
long can you train/practise?
POINTS
NIL

1–10 mins

11–20 mins

21–30 mins

>30 mins

0

7

14

21

30

OR
B.

If you have some pain while undertaking Achilles tendon loading sports, but it
does not stop you from completing your training/practice, for how long can you
train/practise?

C.

POINTS

NIL

1–10 mins

11–20 mins

21–30 mins

>30 mins

0

4

10

14

20

OR
If you have pain that stops you from completing your training/practice in Achilles tendon
loading sports, for how long can you train/practise?

POINTS

NIL

1–10 mins

11–20 mins

21–30 mins

>30 mins

0

2

5

7

10

TOTAL SCORE ( /100)

%

Figure 1 continued

generic tendon grading systems37 38 at one visit. the surgical patients as they travelled to a tertiSecondly, we tested the VISA-A scale in both ary referral centre and were not available for
surgical patients (group 2) who are generally the one week follow up (short term stability)
considered to have the most significant degree measure.
of disease, and two control populations (groups
3 and 4).
All patients in group 1 attended our research STATISTICAL METHODS
centre on two occasions one week apart and All data were entered on a personal computer
completed the VISA-A questionnaire three and results analysed using SPSS Version 7.0.
times to test its reliability. At either the first or Descriptive data are reported as mean, standRobinson
et al. Br J and
Sports
Med
2001; 35: 355-341
ardJMdeviation,
95%
confidence
interval.
second visit, patients completed the questionnaire twice with a 60 minute interval to meas- Correlation of VISA-A scores in group 1
ure test-retest reliability. Short term reliability patients with the other scoring scales was by
was measured by comparing VISA-A scores at Spearman’s rank correlation coeYcient for
one week follow up with the baseline measure. non-parametric data, as the data were not norTo test intertester reliability, the chief investiga- mally distributed. Reliability data were anator (JR) and one of two other trained research- lysed by Pearson’s r, as these data were
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