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Introduction

Achilles Tendinopathies
The calcaneal tendon is the strongest and thickest tendon in
the human body.1,2 It originates from the confluence of the
soleus andgastrocnemiusmuscles (whichhas twobellies); the
whole unit is referred to as triceps surae.3 These bellies form
the tendon about six centimeters (proximal) from its attach-
ment into the calcaneal bone posterior tuberosity. In its path,

this structure rotates about 180 degrees, and the soleus fibers
form the medial portion and the lateral gastrocnemius fibers
form the distal portion of the tendon. This rotation provides
greater tendinous strength and resistance by decreasing the
friction between the fibers and their distortions. However, it
may compromise local vascularization.4

The area two to six centimeters proximal to the insertion
is designated the non-insertional region. It has low vascular-
ization due to its distance from the myotendinous and bony
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Abstract Calcaneal tendon injuries are extremely common in the general population and in
orthopedics routine care. Its increasing incidence, which is motivated by an aging
population, improved access to the health care system, increased prescription of
continuous-use medication, erratic participation in sports and other factors, has had a
direct impact on society. Consolidated treatment options for tendinopathies lack
quality scientific support formanymodalities. New therapies have emerged to enhance
nonsurgical approach outcomes and to reduce the number of patients requiring
surgery. Although these operative procedures provide good pain relief and functional
outcomes, they are costly and may lead to complications.
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Resumo As afecções que acometem o tendão calcâneo são extremamente comuns na
população geral e no cotidiano da atenção ortopédica. Sua crescente incidência,
motivada pelo envelhecimento da população, pela melhora no acesso à saúde, pelo
aumento na utilização de drogas de uso contínuo, pela errática participação esportiva e
outros fatores, tem causado impacto direto na sociedade. As tendinopatias, ainda que
hoje respaldadas por tratamentos consolidados, carecem de suporte científico de
qualidade paramuitas das suas recomendações. Novas terapêuticas têm surgido com o
objetivo de potencializar o resultado da abordagem não-operatória e diminuir a
quantidade de pacientes que necessitam de uma cirurgia. Esses procedimentos
operatórios apresentam uma boa resposta álgica e funcional dos pacientes, no entanto
não são livres de complicações e dos altos custos que os cercam.
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portions, which account for additional nutritional support.
These anatomical features predispose this region to degen-
erative diseases and ruptures. Distally, the tendon has a
particular anatomy, which also favors tendinopathies. The
insertional region refers to the two distal centimeters of the
tendonuntil its attachment in the os calci. In this location, the
Achilles tendon has an adjoinig anterior (retrocalcaneal)
bursa and an also adjoinig posterior (pre-Achillean or sub-
cutaneous) bursa. Its insertion into the tuberosity is special-
ized, spread out as a fan, with fibers extending to the lateral,
medial, and distal planes.1

This enthesis is extremely particular, and some authors
consider it a particular organ. It is formed by the osteoten-
dinous junction, covered by a sesamoid fibrocartilage adja-
cent to the tendon, the dorsal periosteum of the tuberosity,
and the apex of the Kager fat pad. The bursas are distal in this
topography.2,5 The calcaneal tendon microanatomy respects
the organization of other human tendons. Up to 95% of its
cellular component is formed by tenocytes and tenoblasts.
These cells have different sizes and shapes and dispose
themselves in long, parallel chains. Ninety percent of the
extracellular element is composed of collagen tissue, pre-
dominantly type I (95%), organized in parallel bands bound
by small proteoglycanmolecules. About 2% of this element is
formed by elastin, which accounts for the tendon deforma-
tion capacity of up to 200% before failure. Aging and the
inability to provide optimal tissue healing modify this con-
figuration, promoting the accumulation of mucin, fibrin, and
types III and VII collagen.2,6

Calcaneal tendinopathy is classified according to its ana-
tomical site as insertional and non-insertional. Achilles
insertional tendinopathy (AIT) occurs when the disease
occurs from the insertion up to two centimeters proximally.
It is usually associated with traction enthesophytes (upper
spurs), Haglund deformity (pump bump) and pre- and retro-
Achillean bursopathies. The differentiation between the two
injury sites is not merely topographic, and this is consensual
in the literature. The epidemiology of the two conditions is
different, and there are disparate etiological theories, al-
though with some similarities. Although they can coexist
both asymptomatically and symptomatically (mixed calca-
neal tendinopathy), they are considered distinct disorders
regarding clinical presentation and treatment.7,8

Pathophysiology
Calcaneal tendinopathy is characterized by intratendinous
degenerations secondary to low-grade inflammatory
responses and poor biological healing. There are multiple
hypotheses for the etiology of this disease, including overuse,
muscle imbalance, misalignment and aging-related blood
supply and tensile strength decrease. Currently, the etiology
is believed to be multifactorial, with mechanical, vascular,
neural, and genetic factors playing different roles in the
disease process. Systemic diseases and some medications
also influence the development of this condition.9

Overload is theextrinsic factormost traditionallyassociated
with tendinopathies, particularly in the Achilles tendinopathy.
Activity-induced microlesions that exceed the tissue regener-

ative capacity explain the bimodal incidence of these diseases.
Young patients practicing high-demand physical activities and
middle-aged people with compromised healing potential are
the populations most affected by this condition.4,9–11

Pes cavus,flatfoot, ankle instability, gender, andoverweight
are also related to intratendinous degeneration. Some authors
consider them risk factors for thedisease, despite themechan-
ical overload inherent to them. In the non-insertional form of
the disease, the presence of a plantaris tendon in close contact
with the Achilles tendon, with a different kinematics, was
indicated as a disease inducer. Genetic inheritance, in addition
to the clear relationship with some collagen metabolism
diseases, plays a relevant part in tendinopathyas the condition
is identified in relatives and in studied populations with
combined polymorphisms and genotypes.12,13

In the last decades, comorbidities, including rheumatoid
arthritis, reactive arthritis, spondyloarthropathies, lupus,
deposition disorders (gout and pseudogout), diabetes melli-
tus, amyloidosis, hypercholesterolemia, nephropathies,Mar-
fan syndrome, Ehlers-Danlos disease, hemochromatosis and
osteogenesis imperfecta, have been related to tendinopa-
thies. Quinolone, statins, steroids (including anabolic ste-
roids) and non-hormonal antiinflammatory drugs have also
been reported as tendinopathy promoters due to the inhibi-
tion of natural collagen synthesis. However, a recent system-
atic review pointed only to alcohol abuse and the use of
ciprofloxacin as systemic risk factors with strong evidence
for the development of Achilles tendinopathies.14,15

Non-insertional Achilles Tendinopathy

Epidemiology
Achilles non insertional tendinopathy (ANIT) have an inci-
dence of about 1.85 per 1,000 inhabitants, accounting for 6 to
17% of injuries in runners.4,16 The prevalence of this condi-
tion is estimated at 0.2% in sedentary individuals and 9% in
athletes, with an incrasing aspect in recent decades. The
treatment costs average around € 2,500 per patient for
conservative treatment, with a 6-fold increasewhen surgical
resolution is considered.17,18

Clinical Presentation
Patients commonly seek care complaining of tendon-related
body pain (2–6 cm proximal to the insertion) after activities;
over time, pain may occur during sports or work. Regional
stiffness isnot uncommon, and itmayevenprecedepainonset.
Swelling is mainly noted in individuals with more chronic
conditions.4,19

Physical examinationmust include alignment assessment
for deformities (pes cavus, flat foot, congenital diseases). The
diagnosis is clinical and established by a painful tendon body
palpation; tendon may also be hypertrophic. Medial tendon
pain is highly suggestive of a plantaris tendon presence.
Some patients also demonstrate pain on Kager fat pad
palpation. Tests such as the Painful Arch Test (moving edema
on ankle mobilization) and the Royal London Hospital test
(painful edema at dorsiflexion) are described, but they are
not required for diagnosis or therapeutic planning.19
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Subsidiary Exams
Ancillary tests are not required for diagnosis but may be
useful for therapeutic planning and prognosis. Plain radio-
graphs may show intratendinous calcifications suggestive of
long-standing disease. Intrasubstantial signs alterations at
the ultrasound confirm the disease. Elastography has shown
promising results in the potential identification of disease-
susceptible populations and negative outcomes.4,20

Nuclear magnetic resonance (MRi) completely character-
izes tendinopathy and the presence or absence of a plantaris
tendon. Lower limb MRi has been studied in patients with
this disease. Changes in the bipenation angle of the triceps
surae muscle and fatty infiltration occur in patients with
chronic Achilles conditions. Since these changes are irrevers-
ible, advanced conditions result in functional muscular unit
disability. Muscles with grade 0 and grade 1 fatty infiltration
per the Goutallier classification can receive salvage proce-
dures. Grade 2, 3 or 4 degenerations reflect muscles with
high biological andmechanical impairment, and any attempt
to reconstruct its tendon will be innocuous.21,22

Nonsurgical Treatment
Conservative treatment for non-insertional Achilles tendi-
nopathies had disappointing results until the end of the last
century. The unsatisfactory results (29–52%) of numerous
strategies endured for decades until Alfredson et al.23 estab-
lished a protocol for calcaneal tendon eccentric exercises (EE)
for the non-insertional disease. This protocol consists of sets
of exercises with 180 repetitions per day, performed on
the edge of a step, every day of the week for 3 months
(►Figure 1). These authors obtained up to 82% of good
outcomes. Therefore, corroborated by clinical and imaging
studies, they were able to demonstrate a direct effect on
tendon neovascularization and its macroscopic structure. In
the beginning of the 21st century, the Alfredson protocol of
eccentric strengthening was considered the gold standard
for non-insertional Achilles tendinopathy treatment. This
protocol still holds an a grade of recommendation “A” (good
evidence based on level I studies with consistent results) for
initial treatment of the condition.24,25

Some articles compared the original protocol with mod-
ifications (once a day, three times a week), with concentric
strengthening and with resistance training. The results,
although similar, were supported by very few moderate-
quality studies.24,26

The correction of associated etiologic factors, such as
sporting gesture, overload, and tendon-toxic drug use,
must be implemented, if possible. Infiltrations with plate-
let-rich plasma (PRP), autologous blood or sclerosing agents
are not supported by the current literature, according to
moderate-quality studies.27,28 Steroid use remains contra-
indicated due to the risk of Achilles tendon rupture.29

Shockwave therapy (SWT) holds a a grade of recommenda-
tion “B“ (reasonable evidence based on level II and III studies)
for non-insertional Achilles tendinopathy. Recent systematic
reviews have shown good results with radial shockwaves,
presenting it as a viable alternative when strenghtening
fails.30,31

Surgical Treatment
Approximately 25 to 30% of patients with non-insertional
Achilles tendinopathy progress to surgical treatment due to
conservative therapy failure, which is commonly established
after at least 6 months of good non-operatory approach. All
proposed techniques have, at most, a grade of recommenda-
tion “C” (poor or conflicting evidence based on level IV and V
studies) and support positive (self-reported) results in about
83% of cases. However, they are not immune from potential
complications, rates that approach an average of 6.3% and
might reach 42% in some case series. Patients with severe
comorbidities and diseases that compromises the local vas-
culature have clear contraindications to surgery.18,32

Like many non-surgical modalities, surgery attempts to
induce an organized healing response in result of local tissue

Fig. 1 Exemple of an original eccentric exercise for non-insertional
Achilles tendinopathy treatment, as described by Alfredson.
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manipulation. In addition, it removes new vessels and nerves
established in the anterior portion of the tendon that con-
tribute to pain and degeneration. Open tenoplasty is the
classical procedure, as it allows intratendinous stricken
tissue resection. Success rates from 36 to 100% (average of
78.9%) have been reported.33

Excessive removal of degenerated tissue can weaken the
tendon and increase its susceptibility to rupture. The tradi-
tional recommendation to reinforce, rebuild, or transfer
tendons in case of Achilles degeneration superior of 50% or
removal of more than 50% is extremely empirical and not
supported by the literature.34,35 The subjective presence of a
large portion of tendinopathymust bemanagedwith tendon
salvage procedures depending on the quality of the triceps
surae muscle. Grade-0 and grade-1 fatty infiltrations allow
the Achilles to be reconstructed with a free graft, such as the
semitendinosus tendon. Goutallier grade 2, 3, or 4 muscles
(or tendons with extreme proximal stump adherence)
should be abandoned, and a tendon transfer, such as from
the flexor hallucis longus (in an open or endoscopic proce-
dure), must be performed.21,22,36

Less invasive procedures are indicated in earlier stages
andmild conditions. Achilles tenoscopywith anterior tendon
debridement has been reported successful, though the lim-
ited published papers.37 Plantaris tenotomy, whether or not
associated with a tenoscopic procedure (►Figure 2), has also
shown encouraging results despite the lackof good studies to
support it38 Proximal gastrocnemius stretching, intends to
alleviate posterior calf tightness and presents with 92% of
positive outcomes according to few specific studies.39 Per-
cutaneous Achilles tenotomies in diseased areas focus in
stimulating local healing and have shown a success rate of up
to 75%.40 Minimally invasive anterior tendon detachment
using a large suture line was reported as both short- and
long-term effective.41 The indicated treatment modalities
based on currently available scientific evidence are summa-
rized in ►Table 1.

Insertional Achilles Tendinopathy

Epidemiology
The populational incidence of insertional tendinopathy is
3.7%; this condition accounts for 25% of all diseases of the
Achilles. Its prevalence in athletic runners ranges between 5
and 18%. Insertional tendinopathy occurs in sedentary
patients, profoundly impacting their functions and quality
of life, as it does for professional sportsmen (women),
resulting in loss of performance. It is estimated that 50% of
runners will have at least one episode of insertional tendin-
opathy during their lifetime. Treatment-related costs may be
around £ 14,000 per patient, considering only the non-
surgical management. However, this value may increase
sevenfold when the operative outcome is included in the
analysis.42–44

Clinical Presentations
Patients often seek care complaining of pain, swelling, loss of
strength, and local stiffness. They refer to progressive diffi-

culties in athletic training, simple walks and even daily
activities. This local hypersensitivity is exacerbated by the
use of shoes with tight buttresses (which directly compress
the diseased region) or by increased physical demand.
Diagnosis is essentially clinical, so ancillary tests, including
radiography (RX), ultrasound (US) and MRi are performed
only to confirm the lesion, exclude differential diagnoses and
possibly aid in operative planning.45

The diagnosis of Achilles insertional tendinopathy (AIT) is
established by pain during palpation of the tendon attach-
ment region in the calcaneal bone (and up to twocentimeters
proximal to it). The presence of local edema, which may be
associated with low-grade inflammation of the pre-Achil-
lean bursa, supports the hypothesis. The two-fingers test
evaluates the occurrence of retrocalcaneal bursitis and
Haglund deformity. It is deemed positive when the patient
reports pain after compression of the anterior tendon region,
just proximal to the attachment site. The Silfverskiöld test
evaluates the structure(s) responsible for posterior calf
tightness, a condition often associated with Achilles tendin-
opathy. It is performedwith the patient in prone position, by
observing the improvement or not of the ankle extension
(and muscles tightness) during passive knee flexion.

Fig. 2 An Achilles tenoscopy for anterior Achilles debridement and a
plantaris tenotomy tenotomy.

Table 1 Recommendation grade for non-insertional Achilles
tendinopathy treatments

Modality Recommendation grade

Eccentric exercises A

Shockwave therapy B

Platelet-rich plasma I

Open tenoplasty B

Endoscopic tenoplasty I

Tendon transfer I

Percutaneous procedures I

Gastrocnemius recession I
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Although these last two tests are not required for insertional
Achilles tendinopathy diagnosis, they may be helpful when
choosing the treatment.9,45,46

Subsidiary Exams
Subsidiaryexamsmayprovidesome information forprognosis
and therapeutic planning of patients with AIT. Radiographs
may demonstrate the increased local soft-tissue volume, a
traction enthesophyte (upper spur) and Haglund disease
(pump bump), a bone neoformation on the upper surface of
the calcaneal bone tuberosity, anterior to the retrocalcaneal
bursa. Eventually, intratendinous calcifications are observed.
Ultrasound can identify areas of degeneration, calcium and
bone tissue formation through their respective acoustic shad-
ows. MRi best defines the so-called “insertional tendinopathy
pentad” as it clearly shows both bursopathies, the degenera-
tive tendon disease, Haglund deformity, and the traction
enthesophyte. All these findings usually persist after the
natural course of the disease or even after a successful treat-
ment; as such, they are not considered criteria for discharge or
success in theAIT approach. Some asymptomatic patientsmay
present such findings in a routine examination.47,48

Non-surgical Treatment
The traditional initial therapeutic approach is non-surgical.
The search for a better outcome in patients with insertional
tendinopathy led several authors to establish the same
Alfredson eccentric protocol for this group.23 However,
even with the modifications described by Jonsson et al.49

(exercises performed at ground level, without the negative
ankle dorsiflexion phase on the step that may be painful for
insertional Achilles tendinopathy patients), the good out-
comes associated with the non-insertional disease were not
replicated in this population. Studies have reported positive
outcomes in only 32 to 67% of the patients. In addition,
several conservative treatment modalities have been disap-
pointing in recent decades, with results even lower than the
eccentric exercises (EE). As such, even under these negative
circumstances, the modified Alfredson protocol was consid-
ered the standard for the non-operative approach to the
insertional condition, currently holding a grade a grade B
(reasonable evidence based on level II and III studies) for
therapeutic recommendation.9,49–51

Shockwave therapy uses energy waves (►Figure 3) that
propagates in three dimensions to induce an abrupt increase
(in nanoseconds) in intrasubstantial pressure.52 Its use is
directed to the induction of interstitial and extracellular
responses that may lead to tissue regeneration. Studies
show that SWT direct effects the stimulation of healing
factors.53,54 For Achilles tendinopathies, moderate-quality
studies showed that this procedure has reliable results and
very low risks. Clinical trials from Costa et al.,30 Furia,55

Rompe et al.56 and Rasmussen et al.57 presented good results
(80–88 points) and superiority over traditional therapies
(stretching, manipulation, ultrasound), eccentric strength-
ening and placebo. Shockwave therapy holds a grade “B”
recommendation… for AIT. More recently, new studies tried
to exacerbate the positive response to non-surgical treat-

ment by combining modalities or introducing new alterna-
tives. However, their outcomes are premature and have no
external validity.30,56,58

Systematic reviews and review articles published in recent
decades displayed the harsh scenario regarding current Achil-
les insertion tendinopathy treatments. Traditional non-surgi-
cal therapies (physical therapy, infiltrations) have inconsistent
and discouraging results. There is a clear recommendation for
eccentric exercises in the initial management of the disease,
even though studies supporting them are poorly designed.
Kearney and Costa46 found a single article55 showing the
effectiveness of SWT in insertional Achilles tendinopathy,
but with several criticisms to its methodology and outcome
assessments. Al-Abbad and Simon59 stated that, despite the
paucity of studies, EEmust be used as conservative treatment,
and SWT must fail before surgery is indicated.10,46,60

Surgical Treatment
The unfavorable results drove many patients with AIT for
surgical intervention,with studies reporting this approach in
53 to 89% of the cases. Different techniques have been
described for this condition, from the simplest ones, such
as percutaneous ablation, gastrocnemius recession and ar-
throscopic debridement, to more traditional procedures,
such as open resection of degenerated tissue, free-graft
tendon reconstruction and tendon transfers. The satisfactory
outcome rate of these approaches, although supported by
low-level evidence, ranges from 75 to 95%. However, there
were complications, with rates reaching 21% in some studies
and with a considerable proportion (about 5%) evolving to
new interventions and continued treatments. In addition,
the high cost of surgery for insertional Achilles tendinopathy,
including hospitalization andmedical fees, consumables and
implants costs, must be considered.61,62

Among the surgical treatment modalities, only open
resection with tendon reinsertion holds a a grade “B” rec-
ommendation (based on case series), with up to showing up
to 96% of good outcomes.35 Tendon transfers, percutaneous
ablation, endoscopic debridement, and gastrocnemius
lengthening still hold an grade “I” recommendation grade
(insufficient studies for any recommendation).10

Open resection is commonly performed through a wide
longitudinal incision, bursal resection, tendon opening,

Fig. 3 Positioning and application of radial shockwave therapy for
Achilles insertional tendinopathy.
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Haglund removal, enthesophyte resection, and reinsertion
with bones anchors (►Figure 4). The analysis of the tendon
amount that can be resected remains empirical, although the
50% rule is usually ignored by many authors. In advanced
tendinopathies, a free graft or local tendon transfers can
be used according to the quality of the triceps surae
muscle, as discussed for non-insertional tendinopathies.
The semitendinosus and flexor hallucis longus are, respec-
tively, preferred donors due proximity and biomechanical
characteristics.8,21

An attempt to reducemorbidity and complications result-
ing from traditional procedures has led to the development
of less invasive and aggressive techniques. The endoscopic or
percutaneous debridement of Haglund deformity, pre-Achil-
lean bursa and anterior tendon has emerged as an option,
despite its inability in accessing a potential enthesophyte or
intratendinous calcification. Proximal gastrocnemius reces-
sion also had incipient results in the treatment of insertional
Achilles tendinopathy. Other approaches, such as percutane-
ous ablation and percutaneous calcaneal osteotomy (Zadek)
are supported only by small case series.63 The summary of
treatment indications based on current scientific evidence is
summarized in ►Table 2.

Final Considerations
Achilles tendinopathies are challenging for patients and for
the entire health care system since treatments are long,
costly, and often ineffective. The non-insertional form of

the disease is best supported by good-quality studies show-
ing that eccentric exercises are an excellent modality in the
initial approach, with a grade “A” recommendation. Failure of
this non-operative treatment is backed by SWT and open
tenoplasty, both holding a grade “B” recommendation. Infil-
tration techniques have no scientific substrate for their use
and least invasive methods are still incipient, despite the
good outcomes reported.

Treatment for the insertional form of the disorder is still
surrounded by controversies, ranging from conservative to
surgical. The modified eccentric strengthening protocol did
not achieve the same results as in non-insertional tendin-
opathy, receiving a grade “B” recommendation. This same
grade is held by extracorporeal SWT and open tendon
debridment. Modalities attempting to enhance the positive
outcomes of nonoperative treatment and less aggressive
surgeries have been proposed to increase success rates and
decrease complications. However, there are few studies,
most lacking validation. This scenario of uncertainty has
received attention from the scientific community, which has
been trying to produce quality data that may help with
treatment choices for this condition.
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