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Abstract
Purpose Ideally, a classification should have some prognos-
tic value, and should therefore include precise information
upon extent and location of the Achilles tendon disorders.
We propose a new imaging and anatomical system to clas-
sify Achilles tendon disorders at imaging using US and
MRI.
Approach We consider the non-insertional region as the
tendon mid-portion, and distinguish the insertional compo-
nent into a pre-insertion site, located about two centimetres
above the calcaneum, and a calcaneal insertion, where the
tendon is attached to the bone. On sagittal scans, we intro-
duced a new classification which considers two main por-
tions: “musculotendinous” and “insertional”. In the context
of the muscolotendinous portion, it is possible to find mus-
cle fibres proximally, and the free tendon distally. This latter
is made up of proximal, middle and distal portions. We also
propose a 5 grade Doppler classification system to quantify
blood flow, in which Grades I and II are respectively char-
acterised by the presence of one and two vessels within the
tendon; in Grades III, IV and V, the neovascularisation
respectively involves less than 50 %, from 50 to 90 %,
and more than 90 % of the tendon tissue. These proposed
systems will require validation and possible modification to
be applied to different tendons.

Introduction

The Achilles tendon, though strong, is one of the most
frequently injured tendons of the human body [25, 30].
The terminology of Achilles tendon ailments is often
unclear, but a recent nomenclature proposal has clarified
some concerns about these disorders [44]. Achilles ten-
dinopathy, a major cause of chronic pain at the heel
[26, 29], presents histological features of failed healing
response, with no evidence of intratendinous inflamma-
tion [27]. Tendinopathy is a failed healing response in
which the tendon attempts to heal, but the healing
process is not targeted and is disorganised, with hap-
hazard proliferation of tenocytes, intracellular abnormal-
ities in tenocytes, disruption of collagen fibres, and
increase in non-collagenous matrix [44]. These changes
may predispose the tendon to develop mechanical insta-
bility, and make it more susceptible to damage [27].
Previously described classifications do not allow to spe-
cifically define the exact site of pathology. Ideally, a
classification should have some prognostic value, and
should therefore include precise information upon extent
and location of the Achilles tendon disorders. We first
describe the anatomy and functional anatomy of the
Achilles tendon, we then propose a new anatomical
classification, and finally we report a modification of
the power Doppler classification of neovascularity cur-
rently used in the field of tendinopathy [35].

Normal anatomy

The Achilles tendon (AT) is the thickest and strongest ten-
don in the human body. Its origin lies close to the middle of
the calf, and fuses with the gastrocnemius muscle proximal-
ly [14]. The gastrocnemius is a fusiform muscle formed by
two heads, medial and lateral, each separately crossing the
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knee joint. The medial and lateral heads fuse in a single
muscle belly occupying the posterior superficial com-
partment of the lower leg [41, 45]. Deep to the gastroc-
nemius there is the soleus, a large flat, pennate muscle
[14]. Together with the gastrocnemius, it forms the
three-headed triceps surae, which acts to plantarflex
the ankle joint via its conjoint tendon, the Achilles
tendon. Finally, the plantaris is a small and thin vesti-
gial muscle, originating from the popliteal surface of the
femur. Its tendon inserts onto the medial aspect of
calcaneum, anterior to the AT. It is absent in up to
8 % of individuals [34]. The blood supply of the ten-
don, from the musculotendinous junction, surrounding
connective tissues, and the osteotendinous junction [1],
is age dependent, and decreases with age [20]. The AT
presents three main vascular areas: the peroneal artery
supplies the midsection, while the posterior tibial artery
supplies the proximal and distal sections. The relatively
poor vascularisation of the mid-substance of the tendon
might explain the frequent incidence of pathology at
this site [5, 10].

Achilles tendon and insertion

The average length of the AT is 15 cm, ranging from 11 to
26 cm. The mean width of 6.8 cm (4.5–8.6 cm) at its origin
gradually decreases at the midsection (1.8 cm, range 1.2–
2.6 cm). The AT becomes more rounded at an average of
4 cm above the calcaneus, and has a width of 3.4 cm (2.0–
4.8 cm) at its insertion site over the posterior surface of the
calcaneus [2]. The relative contribution of the soleus and
gastrocnemius fibres to the AT is variable, and the exact
degree of contribution can be difficult to appreciate because
of the changing orientation of the tendon fibres. From ca-
daver studies, in 52 % of the subjects 52 % of the Achilles
tendon fibres come from the soleus and 48 % from the
gastrocnemius, an equal contribution is provided in 35 %,
and more than 60 % of contribution arises from the gastroc-
nemius in 13 % of cadavers [14].

Functional anatomy

The gastrocnemius, soleus, and plantaris muscles act as
ankle flexors, while the gastrocnemius is also a knee flexor
[19]. The gastrocnemius muscle is active in walking, jump-
ing, and running, and it is composed predominantly of type
II fibres [17]. The soleus muscle works as a stabiliser of the
foot while standing, and consists primarily of type I fibres
[18]. Consequently, muscle fibre atrophy of the soleus
occurs more rapidly than that of the gastrocnemius, making
the soleus muscle a more sensitive indicator of atrophy as a
result of injury or denervation [6].

Anatomical classification

The lack of consistency about univocal and clear definition
of the Achilles tendon disorders drove us to introduce a
terminology which considers anatomical location, symp-
toms, clinical findings, and histopathology. Accordingly,
we distinguished four main pathologies of the AT: mid-
portion tendinopathy, rupture, paratendinopathy, and inser-
tional tendinopathy [44]. In this article, we do not consider
rupture. We propose a new imaging and anatomical model
to classify the Achilles tendon disorders at imaging, US and
MRI. The Achilles tendon is anatomically made up of non-
insertional (proximal) and insertional (distal) portions [11]
(Fig. 1). This anatomical description is somewhat generic
and confusing, and we therefore suggest several modifica-
tions. We consider the non-insertional region as the tendon
mid-portion, and distinguish the insertional component into
a pre-insertion site, located about two centimetres above
the calcaneum, and a calcaneal insertion, where the tendon
is attached to the bone. On sagittal scans, we introduced a
new classification which considers two main portions,
which we describe as “musculotendinous” and “insertion-
al” (Fig. 2) (Tables 1 and 2). In the context of the
muscolotendinous portion, it is possible to find muscle
fibres proximally, and the free tendon distally. This latter
is formed by proximal, middle and distal portions (Fig. 3).

Imaging and Achilles tendon disorders

New technological advances have introduced sophisticated
imaging tools to improve both diagnosis and prognosis of

Fig. 1 Sagittal T2 MRI scan in a 29-year-old track runner with 2-year
history of Achilles tendinopathy. Calin & Baxter classification accord-
ing which the Achilles tendon contains two main portions: non-
insertional (proximal) and insertional (distal)
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Achilles tendon disorders. Achilles tendon problems should
be diagnosed clinically, and MRI and US should be used to
better define and understand the location of the lesion.

MRI

On sagittal images, the anterior and posterior margins of the
tendon should be parallel below the soleus insertion; on
axial images, the anterior margin of the Achilles tendon is
concave for most of its course. In the sagittal plane, the
margin is straight or convex proximally, typically convex
and at times bulbous at the soleus insertion, whilst both
sides are fairly straight on coronal views. The normal retro-
calcaneal bursa is visible on MR imaging, and should mea-
sure less than 6 mm of longitudinal length (superior to
inferior), 3 mm medial to lateral, and 2 mm anterior to
posterior [7]. In normal conditions, the Achilles tendon
presents uniform low signal intensity in all commonly used
MR sequences, but increased intratendinous signal intensity
spots may be appreciated on axial T1-W and proton density-
weighted images [20]. The anteroposterior diameter of the
Achilles tendon, oval or ellipse shaped on cross-sectional
images, is still undefined [23, 42]. A normal Achilles tendon

has no internal signal intensity on any sequence, except at its
insertion, but signal intensity changes may occur in the
distal portion on axial FLASH images [7, 20], probably
because of the presence of vessels in the context of tissue
septa. On the other hand, the small ground-glass areas
sometimes observed in asymptomatic tendons on axial
FLASH sequences could be the earliest sign of tendinopathy
around more severe intratendinous lesions [15]. In addition,
the small percentage of tendon fibres not parallel to the main
axis could provide an oblique orientation, the magic angle
phenomenon [32]. Paratenon and paratendinous adhesions
have to be differentiated from soft tissue swelling, inflam-
mation of the paratenon, and true tendinous disease. The
paratenon is a distinct layer over the dorsal aspect of the
tendon, normally indistinct toward the calcaneal insertion,
fused with the posterior subcutaneous structures. Its higher
signal intensity on STIR images at the proximal and distal
portions of the Achilles tendon may indicate decreased
vascularisation at the level of the “critical zone” [8, 38],
but caution should be used in interpreting a high signal

Fig. 2 Sagittal T2 MRI scan. We present the new classification by
Chan et al. that considers three main portions: “intramuscular”, “inser-
tional” and “calcaneal” insertion

Table 1 Anatomical
classification Site of location

1. Intramuscular

2. Free tendon

A. Proximal

B. Middle

C. Distal

3. Calcaneal

Table 2 Vascularisation grading system

Vascularisation
grading system

Imaging pattern

Grade I One vessel into the tendon

Grade II Two vessels into the tendon

Grade III Neovascularisation involving less than
50 % of tendon thickness

Grade IV Neovascularisation involving from
50 % to 90 % of tendon thickness

Grade V Neovascularisation involving more than
90 % of tendon thickness

Fig. 3 Sagittal T2 MRI scan. In the context of the free tendon, Chan et
al. distinguished proximal, middle, and distal components, according
to the involvement of which management changes
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intensity in this region. The Achilles tendon fat pad (the
Kager’s triangle), low and high intense on STIR and T1-
weighted images respectively, contain thin septa and ves-
sels, and a signal abnormality should prompt the observer to
exclude pathology. Increased signal intensity of the distal
soleus muscle on STIR images could be a normal variant not
related to the Achilles tendon or peritendinous disease, most
likely attributed to the rich vascularity of the musculotendi-
nous junction. A tendinopathic tendon is nodular and yel-
low, loses its usual glistening luster, and is often oedematous
or fibrillated [4]. In insertional Achilles tendinopathy, the
tendon is thickened distally, with vaguely defined longitu-
dinal high signal, fairly intense, especially on fat suppressed
image. In insertional tendinopathy, the typical internal signal
observed on sagittal MRI scans may mimic a tear, which
usually is, conversely, more proximal. Most Achilles tendon
tears occur two to six centimetres from the insertion, but
they can also occur distally and proximally [40]. Proximal
Achilles tendon tears usually involve the musculotendinous
junction and the medial head of the gastrocnemius of the
dominant leg [31]. On axial images, when the myotendinous
junction is involved, the musculotendinous junction of the
Achilles tendon contains fluid which can extend along the
distal margins of the muscle belly. On the other hand, the
traditional U appearance of these tears on coronal images is
expression of the fluid that dissects down, along the fascial
plane of a distal muscle belly of the gastrocnemius [15]. The
oedema seen within the muscle fibres may be diagnostic of a
strain injury or of acute atrophy. In the latter case, although
the medial head of the gastrocnemius is more commonly
involved than the lateral head, the atrophy usually affects
both heads because they act in concert [30]. Finally, haema-
toma could be another indirect sign of muscle injury.

Ultrasound

At US, the normal tendon is composed of fascicles of
collagen fibres running in parallel, which appear as fibrillar
hyperechoic (brighter) bands, and a closely adherent para-
tenon, often imperceptible, which appears as a synovial
sheath filled with fluid when a paratendinopathy is present.
Most tears and tendinopathy lesions occur approximately
two to six centimetres from the insertion of the Achilles
tendon on the calcaneus [39]. In this area, complete tears are
easily differentiated from partial tears, but the nearby plan-
taris tendon, lying medially, can be mistaken for an intact
Achilles tendon [37]. When diagnosis is doubtful, US ex-
amination may provide dynamic imaging, and ankle dorsi-
flexion may be helpful to detect tendon discontinuity [24].
At times, small tendon tears may be undetected, but gentle
cyclical pressure with the probe or dorsi- and plantar-flexion
of the ankle allows further tendon separation, and allows
recognition of AT complete tears poorly demarcated by the

presence of haematoma and associated debris [24]. In Achil-
les tendon disorders, US and MRI have similar accuracy,
mostly when patients are referred for surgery, when the great
sensitivity of US (81 %) and MRI (96 %) may reflect the
great severity of symptoms [22]. The volume of intratendi-
nous abnormalities seen on US may be used as a parameter
of imaging severity, which however has to be corroborated
by clinical symptoms. Some pitfalls may arise from the fact
that some asymptomatic patients, especially when very ac-
tive, may show positive US imaging findings, and US may
be unable to provide prognostic indications, as the association
between imaging changes over time and development of
clinical symptoms is at best weak [12, 13, 21, 22]. Therefore,
baseline US appearance is not able to predict clinical outcome.
In Achilles tendinopathy, grey-scale ultrasonography is a cost-
effective method to examine the Achilles tendon [3, 28, 33,
36]. As grey scale sonography is operator dependent, and
relies on the detection of hypoechoic lesion and assessment
of tendon thickening and widening, it was hoped that the

Fig. 4 Sagittal US scan of the Achilles tendon in a 33-year-old male
who was an asymptomatic soccer player. New Doppler classification
By Chan et al.; Grade I vascularisation: only a single vessel may be
appreciated within the tendon

Fig. 5 Sagittal US scan of the tendon in a 27-year-old male rugby player
with six months history of recurrent tendinopathy, located at the proximal
and middle portions of the free tendon. On Doppler assessment, evidence
of two vessels into the tendon (Grade II vascularisation)
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addition of colour or power Doppler assessment would add
objective evidence of pathology. Colour Doppler sonography
is an established technique useful in the investigation of
tendinopathy, with 92 % sensitivity and 100 % specificity
[46]. Some authors believe that the value of US in Achilles
tendinopathy is not enhanced by the addition of colour and
power Doppler examination [22]. However, positive correla-
tions have been shown between colour flow and power Dopp-
ler detections and positive findings on grey scale, as well as
between neovascularisation and pain. Ohberg et al. found
vessels through the entire thickness of the widened part of
the tendon of patients with advanced tendinopathy, demon-
strating with colour Doppler the correlation between occur-
rence of neovascularisation and ventral side widening of the
tendon [35]. Until the histological cause of positive colour and
power Doppler sonography is identified, the mechanism of
this increased flow remains speculative [24]. Eccentric calf
strengthening exercises [16] decreases these infiltrating

vessels possibly by repeated constriction but, when patients
are unresponsive, the injection under US guidance of scleros-
ing chemical substances or high volume formulation may
remove these aberrant vessels, possibly normalising the Achil-
les tendon structure, and significantly relieving clinical symp-
toms [9].

Doppler classification

To standardise the pattern of vascularisation in Achilles ten-
dinopathy, we propose a system to classify Doppler findings.
The above-mentioned system consists of five grades: Grades I
(Fig. 4) and II (Fig. 5) are respectively characterised by the
presence of one and two vessels within the tendon; in Grades
III, IV and V the neovascularisation involves less than 50 %
(Fig. 6), from 50 to 90 % (Fig. 7), and more than 90 % of the
tendon tissue (Fig. 8), respectively.

Conclusions and perspectives

An inconsistent nomenclature of disorders of the Achilles
tendon has resulted in a large number of confusing defini-
tions and terms. A uniform and clear classification is neces-
sary for research, diagnostic purposes and management
planning. We propose a new classification, based on the
anatomical location, pattern, and severity of the most com-
mon Achilles tendon disorders. These classifications con-
sider the anatomical site, pattern, and severity of the lesion.
We are aware that proposed systems will require validation
and possible modification to be applied to different tendons.
The anatomical classification should allow planning of more
specific strategies of management. The power Doppler clas-
sification system may be positively correlated with clinical
symptoms and US grey-scale findings [34]. However, in the
light of recent evidence, the role of neovascularisation is
questionable and, specifically, neo-vessels may not, in them-
selves, provide additional value for diagnosis and prognosis,
i.e. appropriate clinical examination remains a mainstay for

Fig. 8 Sagittal US Doppler assessment in a 34-year-old male basket-
ball player who was symptomatic for more than 18 months. Imaging
shows tendon thickening and vascularisation involving more than 90 %
of the tendon itself (Grade V)

Fig. 6 Sagittal US Doppler assessment in a 31-year-old male who was
an elite jumper with 15-month history of pain and stiffness to the free
portion of the left Achilles tendon. The presence of vessels in more
than 50 % of the thickness of the Achilles tendon is indicative of Grade
III vascularisation

Fig. 7 Sagittal US Doppler imaging in a 47-year-old female who was
an amatuer runner complaining of symptoms to the insertion and free
portion of the Achilles tendon. Grade IV vascularisation: evidence of
vascularisation within 50–90 % of the tendon thickness
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diagnosis and management [43]. All the above-mentioned
limitations should be the object of research in studies which
aim to test the reliability and validity of our proposed
system.
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