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Achilles tendinopathy
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SUMMARY. Achilles tendon injury (tendinopathy) and pain occur in active individuals, when the tendon is subject

to high or unusual load. Achilles tendinopathy can be resistant to treatment, and symptoms may persist despite both

conservative and surgical intervention. The pathology of overuse tendinopathy is non-inflammatory, with a

degenerative or failed healing tendon response. The diagnosis of Achilles tendinopathy requires excellent

differential diagnosis and an understanding of the role of tendon imaging. Conservative treatment must include

exercise, with a bias to eccentric contractions. Surgical treatment is effective after complete tendon rupture, but

may not assist recovery from overuse tendinopathy. Further research into the clinical aspects of Achilles

tendinopathy is required. r 2002 Elsevier Science Ltd. All rights reserved.
INTRODUCTION

Achilles tendon injury is a common sequel to sporting
participation. Similar to other tendons, pain classi-
cally appears with an increase in training load, or, in
elite athletes, sustained high training loads. It appears
more prevalent in sports that have a large running
component, but occurs in all sports and at all levels of
participation. Occasionally, Achilles tendon pain is
found in inactive individuals.

Active older individuals may also present with
Achilles tendon problems, often with symptoms for
the first time. Occasionally, they can recall a previous
episode or previous symptoms, or report asympto-
matic tendon swelling for an extended period.
Although age increases tendon crosslinks and de-
creases tendon water content (Tuite et al. 1997) and it
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may increase the degree of histopathological changes
(Astrom & Rausing 1995), aging is not specifically
associated with tendinopathy (Maffulli et al. 2000).
Adolescent injury is uncommon, and childhood
symptoms appear restricted to the region of the
growth plate (Cameron et al. 1994).

Injury is most commonly due to overuse, although
acute complete ruptures also occur. Partial ruptures,
although frequently diagnosed, may represent acute
pain from preexisting but asymptomatic tendinopa-
thy, that may be evident on imaging (Gibbon et al.
1999). Partial tears are frequently reported in surgical
series in individuals with long standing Achilles
tendinosis (Astrom 1997). It remains unclear whether
normal tendon with tightly bundled Type I collagen
fibres can rupture in the transverse plane in small
sections of a tendon. Pathology studies to date
describe longitudinal separation and unplaiting of
tendons rather than frank transverse tearing (Józsa
et al. 1990, 1991).

Anatomy

The Achilles tendon is the single tendon of the soleus
and gastrocnemius muscles, inserting into the calca-
neum. It has a highly structured peritendinous tissue
with no synovial membrane. The blood supply to the
tendon enters on the deep (anterior) surface, and
1
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appears to be similar in volume throughout its length
(Ahmed et al. 1998). The presence of a hypovascular
region that has been suggested to be a predisposing
factor for midtendon tendinopathy was not sup-
ported in a study by Astrom using laser Doppler
flowmetry (Astrom & Westlin 1994).

The Achilles tendon lies close to several structures
important in differential diagnosis of lower leg pain.
These structures include the sural nerve, the posterior
ankle structures, the medial tendons of the foot and
toes and the bursae near the calcaneum. Pathology in
these surrounding structures can mimic Achilles tendon
pain, either in the midtendon or insertional area.

Microanatomy

Normal tendon structure comprises sparse spindle-
shaped tendon cells interspersed with a highly
organized extracellular matrix. The tendon cells are
responsible for the synthesis of all components of the
extracellular matrix.

The matrix has tight bundles of long strands of Type
I collagen, which give the tendon its inherent strength.
Between the collagen, and a vital part of tendon
structure, is the ground substance, made up of mainly
small proteoglycans and glycosaminoglycan chains. In
normal tendon, there is minimal ground substance and
it is not evident under light microscopic examination.
Connective tissue (endotendon) lies parallel with the
collagen bundles, enclosing and separating tendon
fascicles (Fig. 1). Vascular and neural structures run
between the collagen fascicles in conjunction with this
connective tissue (O’Brien 1992).

The peritendon is a fine loose connective tissue
sheath comprising the epitenon (over the tendon) and
the paratenon (outer layer). Connective tissue of the
peritendon and the tendon are continuous with each
other. The Achilles peritendon does not have a
synovial layer found in hand and wrist tendons but
is differentiated posteriorly into a number of fine
gliding membranes lubricated by mucopolysacchar-
ides (Lang 1960).
Fig. 1FLight microscopic section of normal Achilles tendon (with pe
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Histopathology

Tendons respond poorly to overuse, and healing is
slow, incomplete and lacks extracellular organization.
This has been termed tendon degeneration (Leadbet-
ter 1992), but may be more accurately defined as a
failed healing response (Clancy 1989). This process
leaves the pathological tendon substantially defective,
which decreases tendon strength and leaves it less
able to tolerate load and thus, vulnerable to further
injury.

Acute tendon injuries heal with a standard
triphasic response, inflammation, proliferation and
maturation, and return slowly to a structure that
resembles normal tendon organization (Frank et al.
1999). It is unclear why overuse tendinopathy does
not respond with this triphasic response. The process
of tendon disruption that leads to microinjury is
unknown, and it may fail to stimulate an adequate
inflammatory response, required to begin the repara-
tive cycle. Surgery for tendons that fail conservative
treatment injures the tendon and creates a vascular
disruption, which stimulates the triphasic repair
process.

Microscopically, pathological tendon is in direct
contrast to normal tendon, and the hallmarks of
overuse tendinopathy are distinct. Primarily, large
increases in the amount of ground substance are
apparent, and this ground substance has a greater
proportion of large proteoglycans than found in
normal tendon (Benazzo et al. 1996).

Increases in ground substance are associated with
disruption of the collagen bundles and their hier-
archical arrangement (Astrom & Rausing 1995), and
a decrease in amount of Type I collagen. Type III
collagen is the collagen produced by the cells in
response to injury, however, it is thinner and less able
to bundle than Type I collagen.

There is an increase in the number of tendon cells,
and immigration of fibroblasts from the peritendon
and perhaps other areas of tendon may be the source
of these cells. The cells become activeFrounded in
appearance and have increased organelles responsible
rmission Prof. N. Maffulli).
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Fig. 2FAchilles tendinopathy. Note the increase in cell population (with permission Prof. N. Maffulli).
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for protein synthesis (collagen and ground substance)
(Fig. 2).

Some areas of tendinopathy become acellular
(cystic tendinopathy) (Khan et al. 1996) or have
decreased cell numbers and function, (hypoxic
degeneration) (Józsa et al. 1990). The cause of
different cellular reactions and consequently different
types of pathology is unknown. Several types of
pathology can be found in the same tendon.

Vascularity is increased in tendinopathy (Ohberg
et al. 2001), some new vessels are reported to be thick
walled, tortuous and have small lumen. The function
of these vessels is questionable as the tendon
surrounding these vessels does not appear to have
an advanced repair process (Kraushaar & Nirschl
1999).

The large amounts of ground substance, inferior
collagen and vascularity are randomly arranged and
lack organization, making the tendon less load
tolerant. Exercise may offer a stimulant to improving
the organization of these components (Wren et al.
2000); however further research is required.

Peritendinous injury is a rarer presentation in the
spectrum of Achilles tendon injury. Repeated cyclic
movement of the tendon, such as cycling may
aggravate the peritendon. Peritendinopathy can exist
by itself or in conjunction with tendinopathy (Khan
et al. 1999). In contrast to tendon injury, peritendi-
nitis is distinctly inflammatory in nature (Kvist et al.
1992).

AETIOLOGY OF ACHILLES TENDON INJURY

The Achilles tendon is reported to be affected by the
biomechanics of the foot, the footwear of the person
and the relative range of motion in the foot and ankle
joint. Clinically, it is assumed that the behaviour of
the foot in walking and running affects the homo-
# 2002 Elsevier Science Ltd. All rights reserved.
geneity of the Achilles tendon load, but this is not
supported in some research (Astrom 1997).

Research suggests that decreased ankle dorsiflexion
is a risk factor for Achilles tendon pain (Kaufman et
al. 1999). This appears logical clinically, as the tendon
must absorb load over a shorter range of movement
and in less time.

Change in tendon load is also reported to be
associated with Achilles tendon symptoms (Clement
et al. 1984), and clinically this is reported regularly.
As yet, it has not been shown what amount of load or
what change in load will increase tendon pathology
or symptoms.

DIAGNOSIS

Achilles tendon injury is one of the simpler clinical
diagnoses to make. The history is classic for both
acute and overuse tendon injury and inflammation of
the peritendinous tissues. In overuse tendinopathy,
the person can often recall a change in activity levels
or training techniques, with an insidious and gradual
increase in symptoms. Originally the pain may not be
disabling, but with continued activity, it can begin to
affect the person’s ability to train effectively. Rest will
often relieve symptoms, but return to activity
reactivates the pain, generally within a few training
sessions.

The Achilles tendon is the only major tendon that
must tolerate almost full range of movement includ-
ing stretch immediately on rising in the morning.
Hence, morning pain is a hallmark of Achilles
tendinopathy; the degree and time of stiffness are
considered good indicators of tendon health and
recovery from injury. Rest from training can also
decrease morning stiffness, but often it will return
with an increase in activity.
Manual Therapy (2002) 7(3), 121–130



Fig. 3FVISA-A Achilles tendon questionnaire.
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Symptoms of tendinopathy are localized to the
tendon and immediate surrounding area. As tendon
pain is usually localized to the tendon and does not
appear to refer to other regions, symptoms that are
vague or encompass a larger area are suggestive of
another source of pain, or perhaps tendon pain in
conjunction with other pathology.

The VISA-A (Fig. 3) scale is a subjective rating
scale that quantifies the symptoms and dysfunction in
the Achilles tendon (Robinson et al. 2001). This
assessment tool is very useful to rate Achilles tendons
and to assess progress of recovery during rehabilita-
tion. Other clinical tests and questionnaires have also
been used to evaluate treatment outcomes (Silberna-
gel et al. 2001).

Acute tendon rupture will be reported as a
sensation of a blow on the tendon and a loss of
function, but may not be associated with considerable
pain. Peritendinitis results in crepitus, swelling and
exquisite tenderness.

On examination, the tendon can appear completely
normal, but more often will have subtle changes in
outline, becoming thicker in both the anteroposterior
and mediolateral plane. The increase in anteroposter-
ior diameter may be difficult to detect clinically, but is
classically in the midtendon, and can be very focal or
broader in area.

Swelling and pain at the attachment is less common
and must be assessed fully, differential diagnosis
includes pain associated with bony prominences
(Haglund’s deformity, pump bumps, calcaneal spurs)
and bursae (Haglunds, retrocalcaneal). Longitudinal
and transverse tears at the bone–tendon junction
Fig. 4FA normal Achilles tendon.

# 2002 Elsevier Science Ltd. All rights reserved.
have been demonstrated at this site (Rufai et al.
1995). Athletically, pain at the insertion may be seen
in individuals with large range of dorsiflexion where
the calcaneum can impinge on the anterior aspect of
the tendon. Insertional pain may have a systemic
cause and this aetiology must be fully explored.

A complete examination of the athlete should
include the biomechanics of the foot, ankle and leg
during walking and running, and include slow motion
analysis. Barefoot and examination in athletic shoes
and with and without orthotics (if used) should
be made. Range of ankle dorsiflexion should be
quantified in standing and the difference between the
neutral foot and the pronated foot used should be
noted. The number and quality of single leg heel
raises and hops, noting pain and endurance, should
be recorded.

Finally, gentle palpation of the tendon and
surrounding structures and the calf muscle should
be made. Palpation tenderness may guide the
examiner to the area of tendon that has subtle
swelling or specific nodules. Palpation should include
assessment of tendon compliance, muscle tightness,
and fluctuance of swelling (Williams 1986)

Palpation tenderness is not a clinically useful
diagnostic sign as small amounts of pressure provoke
pain in tendons. Palpation tenderness has been shown
not to correlate with imaging changes or symptoms in
the patellar tendon (Cook et al. 2001).

Peritendon involvement can be difficult to assess
clinically, although full blown peritendinitis is easily
recognized, with exuberant swelling, crepitus and the
classic sign of the swelling not moving with tendon
Manual Therapy (2002) 7(3), 121–130
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movement. More commonly, the line between tendon
only and combined pathology can only be assessed
effectively by imaging.

A complete rupture can be determined from the
calf squeeze test (Maffulli 1998), squeezing the calf in
prone does not elicit any movement of the foot.
Partial ruptures are impossible to diagnose clinically
and present an imaging dilemma as well, as long-
standing tendinopathy may appear on imaging with
discontinuity of collagen fascicles.

IMAGING

Superficial tendons are very amenable to imaging
with ultrasound and the Achilles is no exception.
Ultrasound images provide a clear indication of
tendon width, changes of water content within the
tendon and peritendon and collagen integrity. A
normal tendon appears consistent in width and
anteroposterior diameter with continuous fascicles
and thin hyperechogenic peritendinous structures
(Fig. 4).

In contrast, an abnormal tendon will reveal at the
very least an increase in tendon diameter, but often
shows areas of increased water (hypoechochenicity),
collagen discontinuity and tendon sheath swelling.
Small areas of calcification may also be visible.
Ultrasound can also detect bursal swelling, an
important differential diagnosis in Achilles tendino-
pathy (Gibbon et al. 2000) (Fig. 5).

Ultrasound should be the imaging modality of first
choice in Achilles tendon, as it is inexpensive and
available, and clearly defines the pathology (Davies
et al. 1991). If the diagnosis is unclear or the
Fig. 5FAn abnormal Achilles tendon on US. Note the thicker tendo

Manual Therapy (2002) 7(3), 121–130
symptoms are atypical, magnetic resonance imaging
(MRI) may be worthwhile. MRI is also very sensitive
to pathology, which appears as increased signal
within the Achilles tendon (Haims et al. 2000)
(Fig. 6). MRI is often most effective when several
structures in the region need imaging.

Differential diagnosis

A multitude of structures are implicated in the
differential diagnosis in the Achilles region but a
good clinical examination should allow accurate
diagnosis. Posterior ankle impingement, medial
tendon tendinopathy, and bursitis are relatively
easy to diagnose. Sural nerve symptoms and referred
pain from a spinal region are more difficult to
diagnose.

Pain that is non-specific in nature and not clearly
related to tendon loading are clues to these more
complex diagnoses that should include systemic
inflammatory diseases. Sciatic nerve irritation may
be associated with Achilles tendon rupture through
several possible mechanisms (Maffulli et al. 1998).

TREATMENT OF TENDINOPATHY

The object of any treatment in any condition is to
decrease pain and improve tissue function. In
tendinopathy the source of the pain is undefined
(Khan & Cook 2000), and the effect of conservative
or physiotherapeutic interventions on tendinopathic
tissue is poorly understood. We are therefore forced
to acknowledge that whilst some interventions have
been demonstrated to improve musculotendinous
n, and areas of hypoechochenicity.

# 2002 Elsevier Science Ltd. All rights reserved.



Fig. 6FAn MRI of an Achilles tendon. Note the slight increase in signal of the attachment.
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function, we are currently unable to define how,
where and why this occurs.

Musculotendinous strengthening appears to be
essential in tendon rehabilitation. It appears that
the nature of this strength program should be
strongly biased towards eccentric muscle contraction
(Mafi et al. 2001). It is unclear if eccentric muscle
contraction equips the muscle for better sporting
function, or if it directly affects tendon pathology, as
the stimulus for repair in pathologic tendon tissue
remain elusive. It should be considered however, that
exercise appears to be the only stimulus described to
date that positively influences collagen alignment
(Kannus et al. 1997).

Rest as a treatment for tendinopathy stems from
the previous inflammatory paradigm of tendinitis,
and will be effective in reducing pain, but offers no
improvement in musculotendinous function. In fact
rest appears to affect tendon tissue negatively,
reducing collagen amount and strength (Kannus
et al. 1997).

Conservative treatment

As exercise-based program is essential in tendon
rehabilitation, appropriate and progressive exercises
# 2002 Elsevier Science Ltd. All rights reserved.
must be prescribed if rehabilitation is to succeed.
Inadequate amounts of load, speed and endurance
may result in incomplete rehabilitation and insuffi-
cient musculotendinous strength to return to sport.

Eccentric exercise was first reported by Curwin and
Stanish (1984) as a useful intervention for tendino-
pathy. They reported that eccentric exercise resolved
symptoms in a 6-week period. The program was
progressed by increasing speed and load, subject to
symptoms. A recent study by Alfredson et al. (1998)
reported excellent results with heavy load eccentric
exercise. This program varied considerably from that
proposed by Curwin and Stanish in that speed was
not used as a progression of the exercise, pain was not
a contraindication to continuing exercises and the
eccentric component of the exercise was completed
single leg.

Currently, this regime remains the gold standard
for Achilles tendon rehabilitation and appears
effective in most athletes. Recent studies have further
supported the use of eccentric exercise (Silbernagel
et al. 2001). In competitive athletes, the exercise
programme may need to be progressed to a level
beyond that prescribed by Alfredson, in order to
address specific muscle hypertrophy, speed, strength
and endurance requirements of specific sports.
Manual Therapy (2002) 7(3), 121–130
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Manipulation of training load in athletes may be
an essential management strategy in conjunction with
an eccentric exercise program. Reduction of volume,
intensity, speed and repetitions may all spare the
tendon sufficiently to reduce symptoms and allow
progression of rehabilitation. Occasionally, complete
rest or cessation of training may be required to settle
severe symptoms.

Electrophysical modalities are useful to modulate
pain and appear to be more effective in well
vascularized tissue. As tendon pain commonly
produces symptoms under load, and is poorly
vascularized, these modalities offer little in the
treatment of Achilles tendinopathy.

The effectiveness of manual therapy for the
Achilles tendon remains unclear. In vitro studies
suggest that physical manipulation of tendon cells
may affect the cellular output (Almekinders et al.
1993); however, there is little evidence that this occurs
in vivo (Wilson et al. 2000). Hunter (2000) proposes
tendon mobilization and restoration of accessory
movement of the tendon and surrounding structures.
Massage for peritendinitis will increase the inflam-
matory reaction and is not recommended.

Ensuring flexibility of the musculotendinous unit
and the ankle joint is an important component of
rehabilitation. In some athletes effective ankle joint
interventions may be difficult, as many jumping
sports are associated with recurrent ankle injury,
talocrural degeneration and anterior impingement.
Improving ankle dorsiflexion in any athlete is
difficult, and only small gains may be possible.
Flexibility of both components of the calf is
important, and stretches should address this. Regular
massage during rehabilitation is beneficial, to assist
muscle recovery during the strengthening process.
Specific soft tissue releases may also be utilized.

Correction of biomechanical imperfections is clini-
cally important even if it is unclear if this directly
affects tendon recovery. Alteration in the amount
and/or speed of foot pronation is considered to be the
most useful intervention. Control of foot mechanics
in athletes is best achieved with tailored, rigid
orthotic prescription. Heel raises to decrease tendon
load are also often prescribed, the effectiveness of this
has not been demonstrated.

Long-term followup (mean 8 years) of Achilles
tendon symptoms has shown that one-third required
surgery, but of those that responded to a variety of
conservative management, most recovered fully
(Paavola et al. 2000).

Difficult tendons

When pain prevents an athlete training and playing,
full attention and compliance to rehabilitation is
possible. However, when an athlete can continue to
train or compete with pain, rehabilitation becomes
Manual Therapy (2002) 7(3), 121–130
more complex. Introducing exercises to strengthen
the musculotendinous unit appears unnecessary, as
maximal muscle function should be gained during
training. Despite athletic competence and ability to
remain competitive, athletes often favour their
symptomatic leg and place excessive load onto the
unaffected leg, resulting in loss of strength and
function despite ongoing sports participation. Hence,
specific exercise programmes tailored to these deficits
may still have a place in the competing athlete.

Poor compliance to load management and exercise
by the athlete decreases the effectiveness of rehabili-
tation. These athletes may partially recover and
return to abusive loads prematurely, only to have a
return of pain. Several relapses will often force longer
term compliance on athletes, however some seek an
‘easy’ surgical treatment without understanding the
implications of, and recovery time from, this inter-
vention.

Some tendons fail to recover despite adequate
practitioner and athlete involvement. Increased in-
tensity of exercise (speed, change of direction), and
return to training and competition are common
points of failure. Further management may allow
return to sport, but long-term training modification
(training quality or quantity) may be necessary.

Peritendinous treatment

Acute peritendinopathy has been difficult to manage,
with anti-inflammatory treatment offering somewhat
mixed outcomes. More recently, and based on early
work by Rais (1961), the use of heparin and its
derivatives either locally within the peritendon or
systemically offer excellent clinical recovery in a few
days. Chronic peritendinopathy will not respond to
this regime.

Surgical treatment

Failure to respond to a complete conservative
rehabilitation programme necessitates surgical inter-
vention if the athlete is to have an opportunity to
return to sport at their desired level. Tendon surgery
however, does not guarantee success, and rehabilita-
tion times are often prolonged and outcomes may be
less than satisfactory (Maffulli et al. 1999a). A recent
review of Achilles tendon surgery by Tallon et al.
(2001) revealed experimental design flaws in some
studies reporting outcomes after Achilles tendon
surgery. Further quality research in this area is
required.

Tendon rupture

The Achilles tendon is the most common tendon to
rupture spontaneously (Kannus & Józsa 1991). The
highest incidence of tendon rupture occurs in men
# 2002 Elsevier Science Ltd. All rights reserved.
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between 30 and 39 years, whereas women appear to
be protected until the post-menopausal years (Maf-
fulli et al. 1999b). Tendons that rupture are nearly
always pathological prior to rupture, although only
one-third were reported to be symptomatic prior to
rupture (Kannus & Józsa 1991).

Surgical repair after rupture is encouraged in those
seeking to continue sports participation, as the
rerupture rate in those treated conservatively has
been shown to be significantly higher than those
treated surgically (Moller et al. 2001). If the tendon
remains intact, the long-term outcomes in those
managed conservatively has been reported to be
similar to those treated operatively (Bressel 2001);
however, long-term deficits in endurance capacity,
range of movement and calf bulk have also been
reported (Horstmann et al. 2000).

CONCLUSION

Achilles tendon injury is a relatively simple diagnostic
condition in both acute and overuse injury. Recent
techniques of rehabilitation produce a very good
outcome in the majority of cases, however the
evidence that underpins the mechanism of effective
treatment is lacking. Failure to respond to conserva-
tive treatment requires surgical treatment, although a
satisfactory outcome following this procedure is not
guaranteed. Further research is required to improve
the management of this condition.
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