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INTRODUCTION 
Achilles tendinopathy is classified as 
either insertional or non-insertional, 
where the pathology presents 
at the bone–tendon junction or 
further proximally, respectively. It is 
becoming increasingly common in 
both professional and recreational 
athletes and is now receiving more 
attention in research and practice. 
It is a frustrating condition, and its 
aetiology is not completely understood, 
although intrinsic and extrinsic factors, 
including biomechanical abnormalities 
and excessive mechanical overload, 
are reasonable explanations for this 
overuse injury. It is particularly common 
in runners, basketball players and other 
jumping athletes (1,2), however the non-
athletic population is not completely 
exempt. In one study, 31% of 58 
patients were sedentary (3).  

The aim of this part of the review 
is to outline what is already known 
of Achilles tendinopathy, in relation 
to anatomy, pathophysiology, clinical 
presentation, investigations and 
treatments, so conclusions regarding 
the best clinical approach to this 
potentially incapacitating recalcitrant 
morbidity can be made. 

  
Terminology 
Tendinitis and tendinosis, previously 
used as descriptive terms for 
tendon pathology, suggested 
tendon inflammation and tendon 
degeneration with a failed healing 
response respectively. With tendinitis 
the involved tendon should show 
inflammatory features. Unfortunately, 
this term is now being used to refer 

This is the first of two reviews about the debilitating condition of Achilles 
tendinopathy. Understanding the anatomy and underlying pathology of 
this condition, including the presence or absence of neovascularisation, 
will markedly improve your ability to diagnose and treat the patients 
and athletes in your care. The information provided here will help you 
with your investigations, highlighting some of the pitfalls in diagnosis, and 
guide you towards the best clinical approach. The second part of this 
review will be published in the October 2010 issue of sportEX medicine 
and will deal with the management of this difficult tendinopathy.

to a clinical syndrome, as opposed 
to a specific histopathological 
entity. Misuse of the term has been 
generally accepted, but abandoning 
its use in conditions that are truly 
tendinitis may improve appreciation 
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ACHILLES TENDINOPATHY  
PART 1 – Pathophysiology 
and clinical features

Terminology in tendon pathology 

Tendinitis: Histopatholgical description of tendons 
showing inflammatory features but sometimes 
misused to describe the clinical syndrome. 

Tendinosis: Histopathological description of 
degeneration in all components of the tendon, 
including collagen fibres, tenocytes and extracellular 
matrix. 
Tendinopathy: Umbrella term for all tendon overuse 
conditions, such as pain, swelling and impaired 
performance. 

Figure 1: Anatomy 
of the triceps 
surae and Achilles 
tendon  

of the chronicity of the condition (4). 
Tendinosis is a histopathological entity 
affecting all components of the tendon, 
including collagen fibres, tenocytes 
and extracellular matrix (5,6). It was 
first used by Puddu et al (7) in 1976 
to describe tendon degeneration 
without clinical or histological signs of 
intratendinous inflammation. In 1998, 
the term ‘tendinopathy’ was coined by 
Maffulli et al (4) as a generic descriptor 
of conditions in and around tendons 
that arise from overuse, encompassing 
pain, swelling and impaired performance 
(4). This umbrella term has been 
successfully used for over a decade to 
accurately describe tendon pathology 
and minimise the misuse of other 
descriptive terms. 
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ANATOMY 
The Achilles tendon is the largest and 
strongest tendon in the human body 
(Fig. 1.). It is formed by the merging 
of the deep and superficial fasciae of 
the triceps surae and it inserts into 
the posterior aspect of the calcaneum 
where a deep retrocalcaneal bursa is 
frequently present (8). 

The Achilles tendon lacks a true 
tendon sheath and is enveloped by 
paratenon, a double-layered membrane. 
The tendon itself consists of 
longitudinally orientated collagen fibrils 
interspersed with fibroblasts (Fig. 2.). 

These collagen fibrils are bundled 
into fascicles, containing vasculo–neural 
and lymphatic systems, all of which 
are separated by connective tissue 
septations known as endotenon. These 
fascicles are then grouped together by 
epitenon, which in turn is surrounded 

Figure 2: 
Microscopic 
anatomy of the 
Achilles tendon  

by peritenon. This epitenon and 
peritenon constitute the layers of the 
paratenon membrane (8,9).

Around 90–95% of the cellular 
element of the tendon consists of 
tenocytes and tenoblasts, while 
the extracellular matrix consists of 
collagen, elastin fibres, proteoglycans 
and organic components such as 
calcium (10). Type 1 collagen fibres 
are the most abundant, followed by 
type 2. Together these collagen fibres 
account for 65–80% of the dry mass 
of the tendon, while elastin fibres only 
comprise 1–2% of this (11). 

In general, blood to the Achilles 
tendon is supplied by the posterior 
tibial and peroneal arteries. Both have 
an input to three vascular territories: 
the midsection (supplied by the 
peroneal artery) and the proximal 
and distal sections (supplied by the 
posterior tibial artery) (12). The posterior 
tibial artery contributes the most to 
the vascular supply, which is why the 
midsection of the Achilles tendon is 
usually more hypervascular than the 
rest of the tendon (12,13). The nervous 
supply of the Achilles tendon mainly 
originates from surrounding muscles 
and the branches of the cutaneous 
nerves. Although they mainly terminate 
on the superficial aspect of the tendon, 
some nerves follow the vascular 
channels within the long axis of the 
tendon (14). 

Nerve endings of myelinated 
fibres function as specialised 
mechanoreceptors, detecting pressure 
and tension, while the unmyelinated 
nerve endings act as nociceptors, 
detecting pain (15). 

AETIOLOGY 
As mentioned before, the aetiology of 
Achilles tendinopathy is not completely 
understood, although the cause can be 
classified as either intrinsic or extrinsic. 
Extrinsic factors include changes in 
training patterns, poor technique, 
and equipment and environmental 
malfunctions (10,15,16). However, 
excessive loading of tendons during 
vigorous physical training is considered 
to be the main pathological stimulus for 
tendon degeneration. Tendons respond 
to repetitive overloading beyond the 
physiological threshold by inflammation 
of the tendon sheath, degeneration of 
the tendon body, or both (15). 

 Common intrinsic causes include 
biomechanical abnormalities, genetic 
factors and gender differences (14). 
Among the biomechanical factors are 
poor gastroc–soleus flexibility and 
over-pronation of the foot during heel 
strike. Thus over-pronation results in 
excessive motion of the hindfoot in the 
frontal plane and is thought to cause a 
‘whipping’ action on the Achilles tendon, 
hence predisposing to tendinopathy 
(10,17). A prospective cohort study on 
male cadet officers identified that the 
strength of the plantar flexors and the 
amount of dorsiflexion excursion were 
significant predictors of an Achilles 
tendon overuse injury (18). 

The genetic influence involves 
changes in the expression of genes 
regulating cell–cell and cell–matrix 
interactions, with downregulation of 
MMP3 mRNA in tendinopathic Achilles 
tendon samples. In addition, type 1 and 
type 3 collagen mRNAs have been 
found at higher levels in tendinopathic 
samples than in normal samples (19).  

   While appreciating the interplay 
of both extrinsic and intrinsic factors, 
in general it is the extrinsic factors 
that tend to cause acute Achilles 
tendon trauma, but a combination of 
both intrinsic and extrinsic factors is 
responsible for chronic tendinopathy 
(15). 

HISTOPATHOLOGY 
The histopathology can be classified as 
peritendinous or intratendinous (14) (see 
Fig. 4). Histologically, Achilles tendinopa-
thy is characterised by non-inflammato-
ry intratendinous collagen degeneration 
and a failed healing response. There 
is also scattered vascular ingrowth, 
hypercellularity, and increased levels of 
interfibrillar glycosaminoglycans (20,21). 

Figure 3: Aetiological factors in Achilles tendinopathy   
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The degeneration is either mucoid or 
lipoid, microscopically characterised by 
thinning of collagen fibres, interfibrillar 
mucoid patches and vacuoles, or an 
intratendinous accumulation of lipids, 
respectively (20). These degenera-
tive changes are a constant feature of 
Achilles tendon rupture, emphasising 
that tendinosis is an important precur-
sor and cause of tendon rupture (22). 

The peritendinous tissue can 
be involved in the early stages of 
tendinopathy and can show histological 
signs of mucoid degeneration, 
fibrosis and vascular proliferation, 
either alone or in combination with 
degeneration of the main body of 
the tendo Achilles (23). Paratenon 
involvement occasionally presents as 
‘peritendinous crepitans’ and is due to 
adhesions between the tendon and 
the paratenon (10). The occurrence of 
these histopathological changes results 
in macroscopic alterations in the 
appearance of the affected portion of 
the tendon, whereby the tendon begins 
to appear grey and amorphous from 
a previously normal glistening white 
appearance. In addition, there is diffuse, 
fusiform or nodular thickening of the 
tendon (24).   

Pain is the main symptom of 
Achilles tendinopathy. However the 
pain mechanism is not completely 
understood. It was traditionally thought 
that pain originated from associated 
inflammation or from separation 
of collagen fibres. Although these 
mechanisms were widely accepted in 
the past, numerous studies have now 
provided data that are inconsistent 
with either theory (25). An in vivo 
microdialysis study by Alfredson 
recently identified an abnormal 

increase in glutamate levels in patients 
with painful Achilles tendinopathy 
(26). However, this biochemical 
finding needs to be correlated with 
histopathological findings and pain in 
Achilles tendinopathy before glutamate 
can be pinpointed as the real cause of 
the pain. 

CLINICAL FEATURES 
Achilles tendinopathy usually presents 
as morning stiffness, swelling and 
pain in the mid-portion of the tendon. 
The pain is usually exacerbated 
by eccentric loading exercises (4). 
Studies have shown that the duration 
of symptoms in Achilles tendinopathy 
patients can vary from a few months 

to a few years (27). It has been 
suggested that the pain in the early 
stages is bearable and does not affect 
daily activities, so patients only seek 
medical attention if the pain severely 
affects ability to carry out daily 
activities as the disease progresses 
(28). The pain is thought to be related 
to vasculo–neural growth in the 
tendon (29), however there is some 
evidence to show that the degree of 
neovascularisation does not correlate 
with the severity of symptoms (30). 

Symptomatic Achilles tendons are 
caused by an abnormality in the kinetic 
chain of the lower limb, therefore the hips, 
back, knees, ankles and both Achilles 
should be examined. It is important to 
understand the origin of the abnormal 
biomechanics because this helps 
determine the target joint for intervention. 

EXAMINING THE ACHILLES 
As with other orthopaedic physical 
examinations, it is generally agreed that 
the Achilles should be examined by 
looking, feeling and moving (31) (Fig. 5]. 
n Inspection: Observe the Achilles 
from the sides and dorsal aspects for 
local erythema and swelling. Compare 
both Achilles (20). Inspect the foot 
for malalignment, for over-pronation, 
forefoot varus and pes planus. Over-
pronation was present in 61 of 109 
runners in a study by Clement et al 
(32) and was reported to predispose 

Look

feel

move

n �Inspect the Achilles from the sides and back. Compare the 
Achilles of both legs.

n Is there any redness or swelling?
n Is there any malalignment of the foot, or over-pronation?
n Is there varus of the forefoot or pes planus?

n �Can you feel any areas of thickness, especially around the distal 
two-thirds of the tendon?

n Does the skin feel hot?
n Is there any tenderness?
n Can you feel any crepitus or nodules?

n �Are dorsiflexion and plantarflexion of the ankle joint as you would 
expect?

n Does the subtalar joint move correctly (actively and passively)?

Intratendinous tissue 

n Collagen degeneration and thinning 
n Scattered vascular ingrowth 
n Hypercellularity 
n Increased interfibrillar glycosaminoglycans 
n Interfibrillar mucoid patches and vacuoles 
n Lipid accumulation

Grey and amorphous appearance
Tendon thickening (diffuse, fusiform or nodular)

Paratendinous tissue 

n Mucoid degeneration 
n Fibrosis 
n Vascular proliferation 
n Degeneration of main body of tendo achilles 
n Peritendinous crepitans (adhesions)

Figure 4: Histopathological signs of tendinopathy  

Figure 5: Examining the Achilles   
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Achilles tendinopathy especially among 
individuals who participate in repetitive 
action sports.  
n Palpation: Palpate the Achilles for 
tendon thickness (most commonly in 
the distal two-thirds of the tendon (33)) 
as well as for temperature, crepitus, 
tenderness and nodules. 
n Movement: Thoroughly assess 
dorsiflexion and plantarflexion of 
the ankle joints and the mobility of 
the subtalar joint both actively and 
passively. In Kvist’s study, 60% of the 
athletes had impaired dorsiflexion and 
subtalar joint movement (34). 

  
Special tests 
There are two special tests. First, the 
toe raise – or the calf raise – which 
can be performed to assess the 
strength of the calf muscles because 
calf muscle weakness will cause 
abnormal biomechanics in the Achilles. 
Clement et al (32) highlighted that 41 
out of 109 runners had weakness in 
their calf muscles and had an increased 
risk of developing Achilles tendinopathy 
(32). The second validated method 
of assessing pain and function of the 
Achilles tendon (35) is the Victorian 
Institute of Sport Assessment 
questionnaire for Achilles tendinopathy 
– the VISA–A. 

Differentials 
As the symptoms are non-specific, 
there are a few conditions that present 
in the same way. These include 
Achilles tendinitis, paratendinitis, partial 
or complete rupture, retrocalcaneal 
bursitis, Achilles bursitis and referred 
pain. The crucial difference is that 
the pathophysiology in Achilles 
tendinopathy does not involve 
inflammation, so non-steroidal anti-
inflammatory drugs will not alleviate 
symptoms like they do for the other 
conditions. The onset of the symptoms 
also helps differentiation, for example 
sudden onset of severe pain suggests 
Achilles rupture. Further investigations 
are needed to confirm the diagnosis. 

INVESTIGATIONS 
Öhberg et al (28) found 
neovascularisation in all their 
symptomatic Achilles tendinopathy 
specimens, but none in asymptomatic 
normal tendons. Due to the significance 
of such neovascularisation, power 
Doppler and colour Doppler have been 
used extensively in other studies and 

in clinical practice. 
Ultrasound scans have also been used 

to demonstrate sonographic differences in 
normal and pathological tendons. Data  
from many studies suggest that 
deterioration of neovascularisation is 
associated with an improved clinical 
prognosis, so ultrasound is an ideal 
tool for grading, capable of showing the 
disappearance of neovascularisation 
during ankle dorsiflexion. This further 
supports the mechanism whereby 
eccentric exercise permanently damages 
the neovascularisation process and 
accompanying formation of new nerves 
(30). Since the publication of Alfredson 
et al’s (36) results, eccentric loading 
exercises are the mainstay of  
conservative management of this 
tendinopathy. 

Other diagnostic modalities include 
tendon biopsy and magnetic resonance 
imaging (MRI). Aström et al (37)  
showed that tendon biopsy detected 
all cases of tendinopathy and MRI 
and ultrasound had comparable good 
detection rates. Another study (38) 
produced similar results, with ultrasound 
detecting 23 out of 34 cases of  
Achilles tendinopathy, and MRI detecting 
19 out of 34. In this study, ultrasound 
had a higher positive predictive value 
(0.65) than MRI (0.56), in contrast to a 
lower negative predictive values of 0.68 
and 0.94, respectively. 

While many studies demonstrate 
the occurence of neovascularisation 
in symptomatic Achilles tendinopathy, 
there are varying opinions about  
the absolute presence of 
neovascularisation. This may be 
because of differences in methodology 
and the types of participants examined 
in such studies. 

  
Investigations for Achilles 
tendinopathy 

n Ultrasound  
n Tendon biopsy  
n Magnetic resonance imaging 

  
ULTRASOUND IN ACHILLES 
TENDINOPATHY 
Features found on ultrasound 
Achilles tendinopathy can manifest in 
several ways on ultrasound, showing 
features such as:  
n diffuse or focal tendon thickening 
(Fig. 6) 
n loss of the parallel contours 
n changes in reflectivity 
n neovascularisation (Fig. 7).  
It is generally agreed (30,39,40) 
that the main distribution of tendon 
thickening is in the distal two-thirds 
of the tendon, but Gibbon et al 
(41) showed that tendon thickening 
was more common in the proximal 
two-thirds of the tendon. The 

Tendinopathy – this umbrella term 
has been successfully used for over 

a decade to accurately describe tendon 
pathology and minimise the misuse of 
other descriptive terms

Figure 6: Ultrasound image of thickening of Achilles tendon   

Figure 7: Colour Doppler ultrasound scan showing 
neovascularisation of Achilles tendon  
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only discrepancy in Gibbon et al’s 
methodology was the position used 
during the examination. Their patients 
were in a prone position with the 
ankle in full dorsiflexion whereas 
patients in the other studies were 
prone with the ankle in a neutral 
position, resting off the end of the 
bed. Full ankle dorsiflexion would 
disrupt neovascularisation and the 
measurement of the tendon thickness, 
but it would not affect the position 
of the thickening. Gibbon et al’s (41) 
findings are well supported by a large 
sample size of 118 patients, of whom 
a significant proportion (109 out of 
118 tendons) showed thickness in the 
proximal two-thirds. The reasons for 
the varying observations are unknown. 

Presence of neovascularisation 
Two studies by Öhberg and colleagues 
(28,42) and one by Alfredson et al 
(29) produced results showing that 
neovascularisation (Fig. 7) was always 
present in the Achilles tendinopathy 
cases they examined and always 
absent in normal tendons. All three 
studies were case–control studies with 
significant sample sizes (28, 41 and 
25 patients, respectively) and both the 
control and the Achilles tendinopathy 
groups were well matched in terms 
of their baseline characteristics. If 
proved to be correct, then the absolute 
presence of neovascularisation could 
be used as a cardinal diagnostic sign. 
Unfortunately many other studies have 
found this not to be the case. Leung et 
al found no neovascularisation in 14 out 
of 30 cases (40), Peers et al showed 
no neovascularisation in 22 out of 25 
(43), de Vos et al in 40 out of 67 (30) 
and Richards et al in 45 out of 55 (44).  

One possible explanation for these 
discrepancies might relate to the 
ultrasound imaging. Ultrasound has a 
higher positive predictive value of 0.65 
and a lower negative predictive value 
of 0.68 (38), which means there is 
probable chance of acquiring false-
positive and false-negative results. In 
addition, the studies in question used 
different ultrasound equipment (models 
and transducers) and frequency 
settings as shown in Table 1. Such 
differences might have contributed 
to reduced image resolution, thus 
affecting the results. Despite differing 
results from de Vos et al (30), Peers 
et al (43) and Richards et al (44), their 
methodologies was sound and even 

involved extra precautions to minimise 
obscuring of smaller blood vessels. 
De Vos et al (30), for example, used 
minimal probe pressure, and Richards 
et al (44) and Peers et al (43) set the 
power Doppler to a pulse repetition 
frequency of 800–1000 Hz and 
adjusted the colour gain to exclude 
signals from normal vessels. 

From Table 1 it is clear that the 
studies using colour Doppler reported 
100% neovascularisation, which implies 
that this modality might be more sensitive 
than power Doppler. Richards et al (44) 
compared power Doppler to colour 
Doppler for detecting neovascularisation 
in Achilles tendinopathy patients. Their 
results conclusively showed that power 

Doppler was more accurate, detecting 
191 vessels compared to 44 vessels with 
colour Doppler, leading them to claim that 
power Doppler was more accurate. Since 
the publication of their paper in 2005 
two of the four of the chosen studies 
used power Doppler in preference. No 
other studies have challenged this finding. 
Leung et al (40), de Vos et al (30), Peers 
et al (43) and Richards et al (44) have 
shown with power Doppler that all normal 
tendons have no neovascularisation, but 
not all symptomatic Achilles tendinopathy 
tendons have neovascularisation. These 
results are comparable across studies 
because the subjects were similar in age 
(mid-40s) and the same transducer was 
used (5–12 MHz) except by de Vos et al. 

Neovascularisation in achilles 
tendinopathy is abnormal and  

associated nerves show neurogenic 
inflammation. Local anaesthetic in the vessels 
removes pain and therefore removing 
vessels might improve symptoms

�Table 1: Ultrasound scanner models and transducers used in the 
neovascularisation studies
Study	M odel 	T ype of probe	S ymptomatic  
		  (frequency) 	 patients with  
			   neovascularisation 

Alfredson et al (29) 	 Siemens Sequoia 512 	 Colour Doppler 	 100% 
		  (8–13 MHz) 

Öhberg et al (28) 	 Siemens Sequoia 512 	 Colour Doppler  
		  (8–13 MHz) 	 100% 

Öhberg and	 Siemens Sequoia 512	 Colour Doppler  
Öhberg (42)		  (8–13 MHz)	 100%	  

de Vos et al (30) 	 Unspecified Siemens 	 Power Doppler  
	 model	 (8–13 MHz) 	 63% 

Peers et al (43) 	 HDI 5000 Philips 	 Power Doppler  
		  (5–12 MHz) 	 88% 

Leung et al (40) 	 HDI 5000 Philips 	 Power Doppler  
		  (12–5 MHz) 	 47% 

Richards et al (44) 	 HDI 3000 Philips 	 Power Doppler  
		  (5–12 Mhz) 	 82% 

Sengkerij et al (45) 	 Unspecified Siemens 	 Power Doppler  
	 model	 (8–13 MHz) 	 70% 
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It does raise the issue of the 
intra- and inter-observer reliability, 
however. Tests conducted by Öhberg 
et al (42) showed excellent intra-
observer reliability, which increases 
with the degree of experience of the 
radiologist. Sengkerij et al (45) reported 
excellent inter-observer reliability 
for power Doppler for detecting 
neovascularisation.

There are several reasons why not 
all Achilles tendinopathy tendons show 
neovascularisation in these studies. 
Richards et al (44) theorised that 
neovascularisation might go undetected 
in tendons that are less than 6.5 mm 
thick. As the other studies included 
painful tendon thickening among 
their diagnostic criteria for Achilles 
tendinopathy, but failed to state the 
actual tendon thicknesses, it is not 
possible to test this theory. 

  Furthermore, among the studies 
that showed 100% neovascularisation, 
Öhberg et al (28) scanned patients 
before asking them to participate in the 
study, and Alfredson et al (29) verified 
the diagnosis using ultrasound. In both 
cases, it is unclear just what was 
found on ultrasound – if the presence 

of neovascularisation was part of the 
diagnosis (and subsequently part of the 
the inclusion criteria) then both studies 
were subject to selection bias. 

Assessing progress of therapy 
To determine clinical improvement, 
most studies use the VISA–A 
questionnaire or visual analogue scales 
and patient satisfaction questionnaires 
as outcome measures. In contrast, 
Öhberg et al (42) were unique in using 
the degree of neovascularisation as 
part of their ultrasound assessment 
of pathological features of Achilles 
tendinopathy. They graded 
neovascularisation according to three 
levels:  
n 0 for no vessels, 
n (+) for 1–2 vessels 
n + for several irregular vessels. 

They concluded that eccentric 
exercises were an effective therapy for 
Achilles tendinopathy and that a normal 
tendon appearance on ultrasound 
(together with the absence of 
neovascularisation) is associated with 
clinical improvement. Such conclusions 
appear reliable because the sample 
size was adequate and because the 
methodology, ultrasound equipment and 
techniques were identical to the other 
studies. However, future research is 
needed to add support to their findings. 

There is no consensus on 
how to quantify the degree of 
neovascularisation. Boesen et al (46) 
expressed neovascularisation as a 
pixel percentage, and Peers et al 
(43) expressed it as surface area 
of the signal on the power Doppler 

If proved to be correct, the absolute 
presence of neovascularisation could 

be used as a cardinal diagnostic sign. 
Unfortunately many other studies have 
found this not to be the case
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images, but other studies simply 
state the presence or absence of 
neovascularisation. Boesen et al (39) 
modified Öhberg’s grading system to 
five grades, numbered 0 to 4. In our 
opinion, the current methods are too 
crude or too impractical for a clinical 
setting, so a more comprehensive 
grading system should be used.  

Overall ultrasound has a vital role in 
the diagnosis and monitoring of Achilles 
tendinopathy as it has comparable 
accuracy to other imagining modalities, 
is easily accessible, and exhibits a high 
inter- and intra-observer reliability (45). 
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TEST YOUR
   LEARNING

n Does the position of the 
patient and the position 
of the foot matter when 
scanning  
for Achilles tendinopathy? 
n What is the reliable  
grading system for 
neovascularisation in  
Achilles tendinopathy?
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