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Achilles Tendinopathy, Pathophysiology, Diagnosis, and Management
with Shockwave Therapy
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Abstract

The Achilles tendon is a strong structure that is frequently injured in runners and jumpers, but it can also be present in patients who do not
engage in any sports. This clinical syndrome is characterized by pain, structural changes, and impairment of physical function. Achilles
tendinopathy is extensively studied because it can be devastating, with slow and prolonged recovery that can take a year or more, and a high risk
of re-injury. This condition is classified into insertional and non-insertional Achilles tendinopathy, depending on the affected region of the
tendon. Intrinsic and extrinsic factors contribute to the intratendinous changes in vascularization and elevated pain neurotransmitters. The
diagnosis is primarily based on the patient’s clinical history, and imaging techniques such as ultrasound, including sonoelastography, and
magnetic resonance imaging can be useful in identifying the nature, location, and extent of the lesion. Treatment options for Achilles
tendinopathy include rehabilitation, image-guided injections, shockwave therapy, ultrasound therapy, percutaneous intratissue electrolysis,

orthotics, medications, and surgery. Among these options, shockwave therapy may provide the best tolerance, pain relief, and functional

recovery.
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Introduction

The Achilles tendon is the largest and
strongest tendon in the human body and
Achilles tendinopathy is one of the most
common injuries. The Achilles tendon is
formed by the gastrocnemius and soleus
muscles, inserting on the posterior surface of
the calcaneus. Instead of a true synovial
sheath, this tendon has a single layer of
paratenon, which is composed of
vascularized areolar fatty tissue. The
paratenon is responsible for a significant
portion of the blood supply to the Achilles
tendon, with a hypovascular area located 2-6
cm proximal to the insertion on the
calcaneus.[1]

People engaging in running or jumping
activities are more likely to develop this
condition, but it can also be diagnosed in the
general population, with a prevalence of 65%.
(2,3]

Studies have reported that Achilles
tendinopathy affects 9% of recreational

runners and leads to career termination in 5%
of professional athletes. Among non-athletes,
the prevalence of Achilles tendinopathy is
around 5.6%. A study by Kvist found that
20-25% of patients with Achilles
tendinopathy had an insertional disorder,
66% did not, and 23% had retrocalcaneal
bursitis or insertional tendinopathy.
Although most studies include more male
participants than females, there is no
evidence of a higher prevalence in men. The
role of aging as a risk factor for tendinopathy
remains controversial.[4].
In cases of rupture, Achilles tendinopathy can
be devastating, with slow recovery and a high
risk of re-injury. Early recognition and
management of initial symptoms such as pain
and stiffness can reduce the severity of the
injury, minimizing the impact on athletic
performance and shortening the time for full
recovery.[S].

Achilles tendinopathy can be classified as
insertional or non-insertional, which has
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distinct underlying pathophysiologies and
management options.[4].

Furthermore, Achilles tendon injuries can be
categorized as insertional tendinopathy
(20-25%), midportion tendinopathy
(55-65%), and proximal musculotendinous
junction injuries (9-25%) based on the
location of pain. However, patients may
experience symptoms in both the insertion
and midportion simultaneously, and
approximately 30% of individuals have
bilateral pain.

Pathophysiology

Conventionally, several terms have been used
to describe tendon disorders, such as
tendinitis, tendinosis, and paratenonitis.
However, recent histopathological studies
have found that these disorders are a result of
a failed healing response, leading to
degenerative changesin the tendon.[6,7].

In 1998, Maftulli et al. suggested using the
term “tendinopathy” to describe these
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Intrinsic factors
Valgus heel
Cavus foot

Overweight/obesity

Haglund deformity
Dyslipidemia

Diabetes
Hypothyroidism
Previous or contralateral tendinopathy
Sedentary lifestyle
Joint instability
Menopause
Vitamin D deficiency

Table 1: Risk factors in the presentation of achilles tendinopathy

Ankle and first metatarsophalangeal joint arthropathy

Presence of accessory soleus or thin plantar muscle

Extrinsic factors
Quinolone consumption
Statins/fibrates consumption
Infiltrations or corticosteroid use

Physical overload

Inadequate footwear
Direct traumas
Vasodilator consumption
Drug consumption
Isotretinoin consumption
Anti-androgenic medication consumption
Tobacco

intratendinous disorders, defining it as a
clinical syndrome characterized by pain,
structural changes, and impairment of the
tendon’s physical function.

Histological studies demonstrate collagen
disorganization and fragmentation,
decreased collagen fiber diameter and overall
density, increased number of tenocytes,
accumulation of glycosaminoglycans in the
extracellular matrix, and
neovascularization.[8,9].
Metalloproteinases (MMPs) play a crucial
role in extracellular matrix remodeling, and
their levels are altered during tendinopathy.
MMP-9 and MMP-13 have been implicated
in collagen degradation, while MMP-2,
MMP-3, and MMP-14 participate in both
degradation and remodeling
processes.[10,11].

Different growth factors and cytokines, such
as vascular endothelial growth factor, insulin-
like growth factor, and transforming growth
factor 2, have been detected with increased
expression in the Achilles tendon. These
factors could induce neovascularization,
stimulate fibroblast and tenocyte
proliferation, and enhance collagen
synthesis.[10]

However, it should be noted that up to 34% of
asymptomatic tendons show
histopathological changes, suggesting that
intratendinous degenerative changes may not
be the direct cause of pain. [1].

Therefore, overuse is considered to
contribute to the condition, but the etiology,
pathogenesis, source of pain, and underlying
pain mechanisms are still not scientifically
clear.

Recently, the hypothesis has been proposed
that the main source of pain in patients with
symptomatic midportion Achilles
tendinopathy does not arise from the tendon
itself but rather from the surrounding tissues.
Some studies have reported that pain is due to
adhesions between the plantaris longus
tendon and the Achillestendon.[11].

Hua suggests that pain is caused by changesin
the matrix, blood vessels, tenocytes,
cytokines, neuropeptides, neurotransmitters,
and ion channels of cells. Furthermore, pain
may be triggered through non-nociceptive
mechanisms through a load-sensing system,
which could be disrupted by local or central
dysfunction.[10].

Both intrinsic and extrinsic factors contribute
to intratendinous changes, with extrinsic
factors playing a significant role in acute
Achilles tendon injuries, while chronic
tendinopathy is associated with both
extrinsic and intrinsic factors. The literature
provides various intrinsic and extrinsic risk
factors for Achilles tendinopathy, as shown in
Table 1.[12-24].

Insertional Achilles Tendinopathy

This condition occurs at the insertion of the
tendon on the middle aspect of the posterior
calcaneus and is more common in middle-
aged and elderly patients. The characteristic
feature ofinsertional Achilles tendinopathyis
a degenerative tendon process characterized
by loss of parallel collagen structure, fiber
integrity, fatty infiltration, and capillary
proliferation.[25-27] These changes result
from repetitive microtrauma that leads to
inflammation and bone metaplasia,
ultimately causing the formation of a bony

spur on the posterior calcaneus [28,29].

In patients symptomatic with this condition,
calcification of the distal tendon is more
common. Over time, the bony spur may
continue to grow and irritate the Achilles
tendon, leading to degeneration and necrosis.
Intratendinous calcifications also develop,
which can worsen clinical symptoms [30].

Non-insertional Achilles Tendinopathy
Athletes, both elite and recreational, are the
most common group affected by non-
insertional Achilles tendinopathy. This
condition has been described in association
with various sports activities, but it is
particularly prevalent in medium and long-
distance runners [31].

However, sports activity is not the sole
predisposing factor for the development of
Achilles tendinopathy. In one series, 18 out of
58 patients with non-insertional Achilles
tendinopathy had no direct association with
sports or vigorous physical activity. Another
retrospective study also found several
statistically significant correlations between
tendinopathy and diabetes mellitus, obesity,
and hypertension [32].

Diagnosis

The patient’s history is essential for
diagnosing Achilles tendinopathy[8,33].
Non-insertional Achilles Tendinopathy:

o Localized symptoms 2-7 cm proximal to
the insertion of the Achilles tendon.

« Pain in the middle portion of the Achilles
tendon duringload-bearing (sports-related).
« Local thickening of the middle portion of
the Achilles tendon (this may be absent in
caseswith short-duration symptoms).

« Tenderness on palpation of the middle
portion ofthe Achilles tendon.

« Pain with the painful arc sign.

« Pain with passive dorsiflexion.

« Pain with single-legheel raise.

« Insertional Achilles Tendinopathy:

« Localized symptoms in the insertion region
of the Achilles tendon (within 2 cm of the
Achilles tendon insertion).

« Pain in the insertion region of the Achilles
tendon duringload-bearing (sports-related).
« Local thickening of the insertion region of
the Achilles tendon (this may be absent in
caseswith short-duration symptoms).

« Tenderness on palpation of the insertion
region of the Achilles tendon.
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It is essential to use a tool to measure the
degree of functional impairment using the
VISA-Ascale.

Imaging Diagnosis

Due to the poor correlation between
abnormal tendon structure and pain, imaging
plays alimited role in the diagnosis and short-
term outcome measurement of tendinopathy.
However, imaging can aid in differential
diagnosis (identifying peritendinous
pathology), confirming tendon rupture, and
staging tendinopathy.

Imaging techniques such as ultrasound,
including sonoelastography, and magnetic
resonance imaging (MRI) can be useful in
identifying the nature, location, and extent of
a lesion. Ultrasound, especially when
combined with power Doppler, can be
particularly useful as pain in Achilles
tendinopathy appears to be related to areas of
neovascularization.

All imaging findings should be interpreted in
conjunction with the clinical presentation.
Degenerative changes in the tendon are
characterized by an increase in tendon
thickness. For insertional Achilles
tendinopathy, a diagnostic criterion is a
thickness >6 mm. Nicholson et al. developed
a classification system for Achilles tendon
pathology based on MRI, where severity was
associated with the prognosis of conservative
treatment. The classification system was
based on tendon diameter and the presence
oftendon degeneration:

« Grade I: Anteroposterior diameter of 6-8
mm with non-uniform degeneration.

« Grade II: Diameter >8 mm with uniform
degeneration involving <50% of the tendon
width.

o Grade III: Tendon diameter >8 mm with
uniform degeneration involving >50% of the
tendon width.

The authors found that individuals with
Grade I pathology were much less likely to
require surgery (13%) compared to those
with Grade II or Grade III pathology (91%
and 70%, respectively) [28].

MRI is indicated to evaluate concomitant
tendon pathologies such as retrocalcaneal
bursitis, calcaneal insertion edema, and to
delineate features of the lesions, such as
partial tears or calcifications. Its use is
recommended when there are recurrences of
Achilles tendon pain, a history of trauma, or

to delineate concurrent or adjacent injuries

[34].

Treatment

Treatment options for Achilles tendinopathy
include rehabilitation, image-guided high-
volume injections, shockwave therapy,
ultrasound therapy, percutaneous intratissue
electrolysis (EPI), orthoses, medication, and
surgery.

New pain-transmitting nerve endings
(neonerves) grow in the tendon along with
the new blood vessels, and treatment
modalities that reduce neovascularization or
associated neurologic modulation canlead to
symptom reduction.

Pharmacological Treatment

The use of medications during the clinical
presentation of tendinopathies is well-
known, ranging from non-steroidal anti-
inflammatory drugs, opioid analgesics, to
excessive use of systemic and local
corticosteroids. There are many reports on
the harmful effects of corticosteroids,
resulting in complications such as infection,
changes in collagen nature, tendon ruptures,
and Kager’s fat pad atrophy. Limited evidence
has shown that corticosteroids may provide
short-term painrelief [35,37,38].

There is no justified evidence for the use of
drugs that can cure tendinopathy, particularly
Achilles tendinopathy, and no studies
support their singular use [39,40]. The use of
neuromodulatory medication may have a
beneficial long-term effect on chronic
tendinopathies by controlling the production
and transmission of pain-generating agents in
pathological tendons [41].

Nutritional support may be key to recovery
and preventing tendinopathy recurrence.
This includes consuming collagen, vitamin
D, astaxanthin, vitamin C, and arginine,
amongothers [42,43].

Physical Therapy Treatment

Ina systematic review and meta-analysis of 29
randomized studies, it was found that “wait
and see” without intervention is not
recommended. On the contrary, all possible
physical treatments can help improve pain
and function in the medium and long term
[44].

Exercise therapy targeting the calf muscles is
easy to prescribe, teach, cost-effective, widely
available, and has a low risk of harm.

Rehabilitation for an athlete with Achilles
tendinopathy can be divided into four
phases: (1) Symptom management and load
reduction, (2) recovery, (3) rebuilding, and
(4) returnto sport.

The pre-injury activity level may play an
important role in the response to treatments
such as exercise therapy since it likely
influences the load that can be applied to the
tendon. At present, there is no tool available
to distinguish sedentary patients from
athletes, and individuals define this
differently. When considering a patient as
sedentary, the VISA-A score may be less
sensitive to changes as 40% of the score canbe
obtained from sports activities.

Therefore, a modified version of the existing
VISA-A questionnaire is being developed to
assess treatment response in sedentary
individuals. A considerable amount of
literature converges on the fact that eccentric
strengthening exercises form the foundation
for tendon recovery, especially when
combined with nutritional supplementation,
shockwave therapy, or the application of
biologics [31,45-48].

Hydrodissection with High Volume

This technique, performed with the
assistance of ultrasound, involves injecting a
large volume of fluid between the anterior
surface of the Achilles tendon and the Kager’s
fat pad. This leads to elimination of
neovascularization and disruption of nerve
growth seen in chronic cases of Achilles
tendinopathy.

EPI

EPI is a minimally invasive technique guided
by ultrasound that involves non-thermal
electrochemical ablation using a direct
cathodic flow directed toward the
degenerated tendon. It promotes
phagocytosis and repair of the affected tissue,
triggering a localized inflammation
exclusively in the treatment area, which leads
torapid regeneration of the injured tendon.

Shockwave Therapy for Achilles
Tendinopathy

Extracorporeal shockwave therapy (ESWT)
has been widely used in orthopedics and is
proposed as a non-surgical alternative
treatment for Achilles tendinopathy when
conservative treatment fails. ESWT was
originally introduced in the medical field in
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the 1980s for the removal of kidney stones.
After successful experiments with rats,
ESWT started being used for bone fractures
in humans in the early 1990s. In 1991,
Valchanou and Michailov introduced the use
of shockwaves in orthopedic surgery for
delayed fracture consolidation and non-
union fractures.

In 2006, John Furia published the results of a
prospective randomized controlled trial. The
aim of this trial was to determine whether
ESWT is an effective treatment for
insertional Achilles tendinopathy.

Its use in tendinopathy has been mentioned
for about 20 years, and its efficacy and low
morbidity are well demonstrated in the
literature published so far. According to
published literature, shockwave therapy
appears to be the most effective option for
chronic Achilles tendinopathy.

ESWT was comparable to eccentric training
and superior to a wait-and-see approach at 4
months of patient follow-up. Shockwaves
provide cell-to-cell contact and cell-matrix
interactions, leading to conformational
changes in membrane proteins and
subsequent generation of intracellular signals
that modify gene expression and growth
factor release (also called
mechanotransduction), allowing the tendon
toheal.

In non-insertional tendinopathy, three
randomized controlled trials, three
case—control studies, and two prospective
cohort studies were analyzed. These studies
found an overall positive effect of ESWT,
both alone and compared to the control
groups.

In insertional Achilles tendinopathy, three
studies (one randomized controlled trial, one
case—control study, and one prospective
cohort study) investigated the effect of
ESWT on Achilles tendon pathology at the
calcaneal insertion. These studies found a
positive effect of ESWT on Achilles tendon
pathologyat4-month and 1-year follow-ups.
Some protocols have been established for the
application of ESWT. Focal ESWT was
administered once a week for five sessions.
During each session, the number of shocks

was 2000, the energy intensity was 0.06-0.1
mJ/mm?2,and the frequency was 6-8 Hz.

The level of sports activity is an important
factor influencing long-term ESWT
outcomes. In 2020, Yunxia et al. published an
article stating that active sports patients had
better clinical outcomes than inactive non-
sports patients after 5 years of follow-up.
Maffulli et al. reported that non-athletic
patients experienced longer recoveries and
more complications and had a higher risk of
further surgeries than athletic patients with
recalcitrant Achilles tendinopathy after
surgical treatment.

It has also been determined that the effect of
ESWT may continue after completing the
treatment, with clinical outcomes continuing
to improve after S years. Furia evaluated the
effectiveness of ESWT in the symptomatic
treatment of Achilles tendinopathy over time
and observed satisfactory results in 47.2% of
cases at 2 months of follow-up, 73.2% of cases
in mid-term follow-up (6-12 months), and
76% of cases in long-term follow-up (13-24
months). These findings indicate that ESWT
can effectively treat Achilles tendinopathy
overalongperiod of time.

In reviews of over 100 articles, it has been
found that regardless of the final outcome of
shockwave therapy, it is a safe and well-
tolerated treatment modality.
Complications, side effects, and adverse
effects of shockwave therapy have been
reported, including neurological injuries and
tendon ruptures, usually due to poor
application of shockwaves. Therefore, it is
essential that qualified personnel perform the
evaluation and application of shockwave
therapy on patients with appropriate
diagnosis and high-quality equipment [56-
58].

Surgical Treatment of Achilles
Tendinopathy

In the study by Stenson et al., four factors
were found to correlate with the failure of
conservative treatment: High visual analog
scale, limited ankle range of motion, previous
corticosteroid injection, and presence of
enthesophyte in the Achilles tendon. The

indications for surgical treatment are
determined by the symptoms, pain, and
structural alteration present in the tendon. If
there is an increase in symptoms with
significant functional limitation and
correlating with tears or loss of structural
viability of the tendon, several treatments can
be proposed, ranging from arthroscopy with
debridement to transferring the Hallux
tendon to the Achilles tendon, accompanied
by prolonged recovery periods and
appropriate physiotherapy.

Conclusionsand Recommendations
Achilles tendinopathy is possibly the most
common tendinopathy. It can be caused by
numerous intrinsic and extrinsic factors, with
common ones being statin use, quinolone
use, overweight, and changes in tendon load-
bearing. Timely diagnosis provides the
possibility of a solution and helps prevent
potential ruptures.

Imaging examinations serve to observe
special characteristics such as vascularity,
tendon ruptures, tenosynovitis, and even
degree of stiffness, but they do not provide an
immediate prognosis. The primary
diagnostic tool of choice is ultrasound and
elastography.

The foundation of treatment is the proper
redistribution of loads through
physiotherapy and eccentric exercises.

Other therapeutic methods such as orthoses,
medication, physical modalities, and
expectant management without therapeutic
support have shown a higher risk of complete
rupture of pathological tendons.

The use of supplements such as arginine,
astaxanthin, vitamin D, vitamin C, and
certain types of collagens is recommended to
improve tendon metabolism.

The application of shockwaves and radial
pressure waves is an efficient, tolerable, and
safe method for tendinopathies, but it should
be carried out by qualified medical personnel
for both diagnosis and to avoid potential
complications.

Clinical Relevance
Based on the literature review on the optimal

Declaration of patient consent: The authors certify that they have obtained all appropriate patient consent forms. In the form, the patient

has/her given his/her consent for his/her images and other clinical information to be reported in the Journal. The patient understands that

his/her name and initials will not be published, and due efforts will be made to conceal hisidentity, but anonymity cannot be guaranteed.

Conlflicts of Interest: Nil. Source of Support: None.

Journal of Regenerative Science | Volume 3 | Issue 1 | Jan-Jun 2023 | Page 26-31



Teran PG, et al

www.jrsonweb.com

outcomes of ESWT-F as a treatment, further research in this field is needed to increase the evidence, and it can be established as a preferred

treatment option for chronic cases.
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