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Abstract: Background: Persistent tendon pain and swelling related to mechanical loading are the
main signs of Achilles tendinopathy (AT). This condition is one of the most common tendinopathies
of the lower limb affecting mainly athletes involved in running and jumping sports. Methods:
we included pivotal papers retrieved from the literature (Pubmed, Google Scholar, PEDro, and
Scopus) to present an overview of the management of AT, with a specific focus on conservative
management. Results: An accurate and timely diagnosis of AT is necessary to set up early treatments
and to manage the problem conservatively. Diagnosis is primarily based on clinical assessment;
instrumental imaging may be helpful in confirming the clinical diagnosis. Conservative treatment is
effective in most cases, mainly using physical exercise based on eccentric training. Other non-surgical
treatments such as extracorporeal shock wave therapy, thermotherapies, and injections can be added
to exercise. Surgical treatment is indicated for patients where the conservative treatments of at least
six months fails. Conclusions: Conflicting results from numerous studies hamper to identify gold
standard treatments asking for further well-conducted level I and II research about the management
of AT.

Keywords: Achilles tendinopathy; tendon; eccentric training; injections; rehabilitation; overview;
athletic injury; manual therapy; physical therapy; conservative treatment; physical exercise

1. Introduction

Achilles tendinopathy (AT) is a clinical condition characterized by persistent tendon
pain and swelling related to mechanical loading of the Achilles tendon [1–3]. AT, along
with plantar fasciitis and stress fractures, are the injuries that most frequently involve the
foot [4], furthermore AT is one of the most common tendinopathies of the lower limb [5].
The incidence rate of AT is 1.85 per 1000 patients visiting general practitioners, rising up to
2.35 per 1000 in the population aged 21–60 years [6]. Among others, the population most
exposed to develop AT are athletes, especially those who practice running and jumping
sports. In fact, de Jonge et al. reported a relationship with sports activity in 35% of AT
cases [6]. Moreover, a recent study by Janssen et al. [5] reported that among elite track
and field athletes, 43% reported having symptoms of AT, with the highest prevalence
of AT found in medium- and long-distance runners. Furthermore, the perception of
stiffness in the calf muscles appears to be a risk factor associated with the development of
AT [5]. However, AT also occurs in non-athletes population especially among middle-aged
overweight patients who have not faced increased physical activity [7].

The identification of risk factors is still unclear. the study by Holmes et al. reported
that individual patient characteristics such as age, male gender, and obesity have been
shown to have positive correlation with AT [8]. On the contrary, the study by Longo
et al. on a population of track and field athletes, found that although most of the studies
conducted show a prevalence of male gender, does not seem to be a correlation between
age, gender, weight, height, and impact profile in the development of AT [9]. Chronic AT is
thought to be the result of repetitive overuse injuries, with a tenfold increase in Achilles
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tendon injuries in runners compared to age-matched controls [10,11]; however, even in
patients without active participation in strenuous physical activity, AT often occurs [12].

Intrinsic and extrinsic factors would seem to represent causal factors of AT although
the debate regarding the etiology remains open. Tendon vascularity as well as the weakness
and lack of flexibility of the gastrocnemius and soleus muscles, the presence of pes cavus
and lateral ankle instability are the so-called intrinsic factors [13]. The main risk factor
for developing AT is excessive load on the tendon [14]. Another etiological factor of AT,
reported by Maffulli et al. [15], is represented by the damage of free radicals which occur
after ischemia, hypoxia, hyperthermia, and reduced apoptosis of the tenocytes.

Staff involved in the management of AT face a serious challenge. In fact, the results
even after surgery are different and the surgery itself requires prolonged rehabilitation [15].
Moreover, symptoms can last between 3 to 12 months after starting treatment, in about 25%
of patients chronic tendinopathy related symptoms can be present even after 10 years [16].

Given the high incidence of AT, the purpose of this work is to help the reader with an
overview of the approach to the patient with AT, from diagnosis to the various therapeutic
opportunities currently used and reported in the literature. We present an overview of
the management, from diagnosis to treatment, of AT, with a specific focus on conservative
management based on pivotal works retrieved from the following database: Pubmed,
Google Scholar, PEDro, and Scopus.

2. Diagnosis

One of the key factors for successful management of AT is the early definition of the
condition, therefore the diagnosis of AT must be accurate and timely. The identification of
clear diagnostic criteria helps to identify the problem, set the appropriate treatment, and
determine the prognosis [17]. Although to date there are several medical diagnostic tests
(e.g., clinical examination, imaging, clinical tests; see Table 1), it is not easy to define the
exact diagnostic tests and symptoms to diagnose AT [17].

Table 1. AT Diagnosis: physical examination and imaging.

Physical Examination Imaging

Royal London Hospital Test (RLHT)
Sensitivity 54%
Specificity 86%

Radiographs
(symptoms lasting over 6 weeks)

Palpation
Sensitivity 64%
Specificity 81%

Ultrasound
(to confirm clinical diagnosis)

The Arc sign
Sensitivity 42%
Specificity 82%

Magnetic resonance imaging
(used for preoperative planning)

The diagnosis of AT is mainly based on the medical history and physical examina-
tion [18]. One of the initial symptoms of AT is morning stiffness or stiffness after inactivity,
while pain is a late symptom [15]. Nevertheless, the type of pain is a key feature in identi-
fying AT: initially the pain appears as a pain that may not be disabling, but with continued
physical activity it can affect training skills. Pain usually decreases with rest but exacer-
bates with physical activity. Furthermore, according to Cook et al. [19] morning pain is a
hallmark of AT and along with stiffness are considered good indicators of tendon health.
A recent work by de Vos et al. [17] showed that experts generally agree in diagnosing AT
when localized tendon pain, tendon thickening, and pain associated with weight-bearing
activities are present. Additionally the presence of pain on palpation localized in the distal
2 cm of the Achilles tendon associated with swelling and redness of the area should lead to
suspect AT [20].

Physical examination plays a pivotal role for the diagnosis of AT, as extensively
discussed by Maffulli et al. [15], as it allows excluding other conditions that can cause
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similar symptoms. A main body tendinopathy of the Achilles tendon presents, on physical
inspection, a tender area of intratendinous swelling that moves with the tendon and
whose tenderness diminishes or noticeably disappears when the tendon is stretched. An
insertional AT shows pain which generally arise from the heel and is exacerbated by active
and passive mobilization [15].

There are three main clinical measures consisting of simple maneuvers during physical
examination, which can help clinicians in diagnosing AT:

1. Royal London Hospital Test (RLHT): the test is performed with the patient lying in
the prone position with the foot off the edge of the bench and the ankle in a neutral
position. The test consists of palpating the Achilles tendon to search for tenderness.
Then, the tenderness spot is palpated in maximum dorsiflexion of the ankle and in
maximum plantar flexion of the ankle (Figure 1). The test is considered positive for
AT if the pain on the initially identified tenderness spot is absent in maximum ankle
dorsiflexion [21]. A meta-analysis by Reiman et al. found a pooled sensitivity of 54%
and a specificity of 86%, but the test has moderate clinical value due to the risk of bias
of the included studies [22].

2. Palpation: this maneuver consists of a gentle palpation of the whole tendon length
squeezing the tendon, proximally to distally, between the thumb and the index finger.
The test is considered positive if the patient reports pain [23]. The palpation has a
pooled sensitivity of 64% and a specificity of 81% [22].

3. The Arc sign: the test is performed with the patient in the same position as the
RLHT. The clinician palpates the tendon in a distal to proximal direction searching for
localized thickening of the tendon. Then holding the fingers on the area of swelling
the patient is asked to perform an ankle dorsiflexion and plantarflexion. The test is
considered positive if the area of swelling moves with the ankle movement. The Arc
sign test has a pooled sensitivity of 42% and a specificity of 88% [22].
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imum ankle dorsiflexion (b). 

Subjective self-reported pain with a localization of pain 2–6 cm above the insertion of 
the Achilles tendon to the calcaneum, and subjective reporting of morning stiffness with 
a pain that is usually worse in the morning, are subjective assessments that a clinician 

Figure 1. Royal London Hospital Test: First the clinician palpates the tendons to search tenderness
(a). Then the patient is asked to actively dorsiflex the ankle and to actively plantarflex it. The test
is considered positive for AT if the pain on the initially identified tenderness spot (a) is absent in
maximum ankle dorsiflexion (b).

Subjective self-reported pain with a localization of pain 2–6 cm above the insertion of
the Achilles tendon to the calcaneum, and subjective reporting of morning stiffness with
a pain that is usually worse in the morning, are subjective assessments that a clinician
must consider when there is a suspicion of AT. Although Hutchison et al. [21] found that
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the tests, which demonstrated the highest validity, were “self-reported pain” and “pain
on palpation”.

The severity of AT can be measure through the Victorian Institute of Sport Assessment-
Achilles (VISA-A). VISA-A explores the domains of pain, function, and activity. The score
of 100, obtained from the sum of the scores of the individual domains, corresponds to the
value that a healthy person would obtain. The VISA-A questionnaire provides a valid,
reliable and easy to use index to assess the severity of AT [24,25].

Imaging offers three methods for diagnosing AT: radiographs, ultrasound (US) and
magnetic resonance imaging (MRI).

Radiographs are usually required for patients presenting symptoms lasting more
than six weeks; generally, radiographs of the foot can be used to evaluate the presence
of a posterior heel spur (sign of insertional AT), size of enthesophytes, intratendinous
calcifications, and a Haglund deformity [15,20]. Furthermore, a retrocalcaneal bursitis can
be diagnosed by analyzing the shape and brightness of Kager triangle on radiographic
imaging [26].

US is usually used to confirm the clinical diagnosis of AT through a visualization
of tendon structure; however it has a poor ability to detect an early tendon damage and
to monitor the progress of the pathology or healing. Furthermore, there seems to be a
poor correlation between imaging and clinical symptoms [27]. Therefore, an innovative
computerized imaging modality called “ultrasound tissue characterization” (UTC) was
developed by van Schie et al. [28], UTC allow quantitatively assessing the tendon structure
and to discriminate symptomatic from asymptomatic tendons [28,29].

MRI provides additional information on the morphology of the tendon and surround-
ing bone and allows distinguishing between healthy and diseased tendons. It allows the
surgeon to estimate the extent of diseased tissue present for preoperative planning [15].
However, the ability to predict symptoms is limited, in fact there would seem to be little
correlation between the abnormalities identified by MRI and the symptoms reported by
patients [30]. Furthermore, the ability of MRI to monitor response to treatment and progress
of healing is still debated. A recent study by Tsehaie et al. showed that MRI parameters
add no value in daily clinical practice in providing a prognosis [31].

3. Treatment
3.1. Conservative Treatment

Several conservative approaches are available for the treatment of AT. In general, the
conservative approach represents the first therapeutic choice for the treatment of TA and
should last for three to six months before considering surgery, in fact during this time the
AT tends to resolve in 75% of patients [15].

3.1.1. Exercise Therapy

Exercise rehabilitation provides the best level of evidence in tackling AT [1,32–34].
Different types of exercise are used in the conservative management of AT (Table 2). All the
exercises are based on the optimal load to the tendon in order to guarantee pain reduction,
improve lower limb muscles strength and flexibility, promote remodeling and leg function.
Factors included in the optimal loading have not yet been defined but loading programs
seem to be a good approach strategy [35–37]. The loading approach involves the patients
in a graduated program, using progressions guided by time-based criteria and symptom
severity [38]. In general, it appears that tendons have a better response to high loads with
longer duration than undergoing low loads with reduced duration [39].
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Table 2. Type of exercise for AT.

Type of Exercise Study Sets & Reps Frequency Type of Load

Eccentric Alfredson et al.,
(1998) 3 sets, 15 reps Twice daily for

12 weeks
Bodyweight initially. Increased

as pain allows

Combined Silbernagel et al.,
(2007)

Various combination
of sets & reps

Daily for 12 weeks to
6 months

Bodyweight initially. Increased
in phases based on patient status

Heavy slow
resistance training Beyer et al., (2015) 4 sets, 15 to 6 reps 3 times per week for

12 weeks

The number of repetitions
decreased,

and load gradually increased,
every week as the tendon got

stronger. 3 times,
15-repetition maximum (15 RM),

in week 1; 3 times, 12 RM,
in weeks 2 to 3; 4 times, 10 RM,

in weeks 4 to 5; 4 times,
8 RM, in weeks 6 to 8; and 4

times, 6 RM, in weeks 9 to 12.

Isometric exercise was recently proposed in the early stages of AT treatment [40], but
there is no evidence of its superiority over any other exercise modality [41] and does not
seem to have immediate effects in reducing pain in patients with chronic AT [42].

To date, eccentric loading exercise programs are considered the principal approach
to AT [43], which was confirmed by recent studies that demonstrate a strong evidence in
eccentric training exercises (Figure 2) [44,45]. In recent decades, the Alfredson’s eccentric
exercise protocol published in 1998 was long considered the best exercise protocol for AT
conservative treatment. This program consists of two different eccentric exercises (3 × 15
repetitions 2 times daily, 7 days/week, for 12 weeks) asking the patient to perform heel
drops on the injured ankle for loading eccentrically the plantar flexor muscle-tendon unit
while using the healthy lower limb to return to the start position [46]. Sayana & Mafulli [47]
showed that despite the large use of this protocol, 45% of individuals did not responded
favorably to the protocol, thus questioning its wide popularity; for this reason Jonsson
et al. [48] proposed a modified version of the Alfredson’s protocol without loading into
dorsiflexion to improve efficacy in patients with AT.
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Past studies demonstrated how the response of collagen to loading is quite slow [49,50],
for this reason the loading attitude of tendons could be impaired for 2 days after exercise.
Therefore, a recovery period of 2 days between the exercises sessions is recommended as
suggested by Silbernagel and Crossley [38].

In 2015 Beyer et al. demonstrated that heavy slow resistance training (HSRT), with
a loading frequency of three times weekly, produces good results with greater patient
satisfaction after 12 weeks if compared to Alfredson’s program [43]. A recent system-
atic review suggests that patients with AT could benefit more from a lower loading fre-
quency programmes compared to Alfredson’s high loading frequency program [51]. Sil-
bernagel et al. [1] in 2020 found that exercises providing a progressive tendon loading
promote the remodeling and restoration of calf-muscle function. The method shows the
highest evidence.

3.1.2. Extracorporeal Shockwave Therapy

Extracorporeal shockwave therapy (ESWT) as a treatment approach for AT involves
the delivery of shock waves directly to the painful area of the tendon. ESWT is a safe and
well tolerated treatment modality for AT [52]. Focused ESWT and radial ESWT are the
two different ESWT delivery modality available. Focused ESWT has greater penetration
power and impact force than radial ESWT, which is directed radially to the skin [53]. A
recent study by Santamato et al. [53] showed that patients with non-insertional AT treated
with focused ESWT achieved significant pain reduction and functional improvement at
1 and 3 months of follow-up. However, the authors found no efficacy in developing
neovascularization. To date it is not possible to establish which is the best treatment
modality with ESWT in fact there are no studies that compare the effects of radial shock
wave therapies and focused on AT [52].

Currently there is still a lot of variability in ESWT treatment parameters in terms
of energy level (expressed in mJ/mm2) which is determined by number of impulses per
treatment session and pressure (expressed in bar), frequency of impulses, number of weekly
sessions and number of total sessions. This makes it difficult to identify a standard way
of treating AT with ESWT. A recent meta-analysis conducted by Fan et al. [54] found
that medium energy ESWT (0.12–0.25 mJ/mm2) was comparable to low energy ESWT
(0.06–0.11 mJ/mm2) in improving pain VAS scores; furthermore, they found that ESWT led
to better VAS pain scores than other conservative treatments at both shorter (<6 months)
and longer (>6 months) follow-up. However, a recent work, not included in the meta-
analysis by Fan et al., compared the use of two different applicators, point-focused and
the line-focused applicator, in the treatment of AT. The authors found significant VISA-A
score improvement for all groups (including placebo group) during 24 weeks without a
statistically significant outcome difference between groups [55].

3.1.3. Other Physical and Manual Therapies

The use of low-level laser therapy (LLLT) for the treatment of soft tissue injuries and
inflammation began in the 1960s. Wavelengths between 660 nm and 905 nm are able to
penetrate the skin and soft/hard tissues, causing positive effects on pain, inflammation and
tissue repair [56]. Furthermore, it has been shown that LLLT could increase the synthesis of
collagen [57] and angiogenesis [58]. A meta-analysis by Tumilty et al. [59] in 2010 indicated
that LLLT could potentially be effective in treating tendinopathy when recommended
dosages were used, but the heterogeneity of the studies hampered to establish the exact
efficacy of LLLT. A more recent meta-analysis focused on the use of LLLT in AT showed
low to very low evidence highlighting the lack of sufficient data to support the clinical
effects of LLLT for AT [60].

Although ultrasound therapy (UT) is widely used in rehabilitation, there is insufficient
evidence to support a clinically beneficial effect. As reported by Warden et al. [61] UT
could have a beneficial effect on tissues under an acute inflammatory reaction. To date, few
studies have analyzed the effects of UT on tissues such as ligaments, tendons and muscles;
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therefore it is not possible to establish their real clinical efficacy in the treatment of AT [61].
A randomized and controlled pilot study showed safety in the use of UT, but no superiority
of efficacy over eccentric exercises in the treatment of sedentary subjects with AT [62].

Heat therapy, which induces a rise in temperature on the application area, can be an
effective method of treating tendon disorders [63]. The use of heat in the management of
AT lead to an improvement of blood flow and oxygen saturation in the Achilles tendon [64].
The use of thermotherapies such as hyperthermia and capacitive-resistive electric transfer
would appear to be effective in the treatment of AT [64–66].

The use of cryotherapy is debated, it seems to be effective in increasing tendon
oxygenation [67] and improving tendon thickness [65], but there is insufficient evidence
to prove its efficacy as a treatment for AT. A recent work by Dubois et al. [66] which
presents a new acronym guiding management PEACE and LOVE for soft-tissue injuries,
has raised doubts about the use of ice indeed there is no high-quality evidence to support
the effectiveness of ice. Moreover, ice could potentially interrupt the inflammatory process
angiogenesis and revascularization which could cause a reduction in the repair of damaged
tissues. Deep friction massage (DFM) is a technique widely used by physiotherapists in the
treatment of tendinopathies [68]. As far as we know there are no studies on the efficacy of
DFM for the treatment of AT. A review by Joseph et al. on the effectiveness of DFM in the
management of tendinopathies reports that it helps to restore tissue elasticity and to reduce
strain in the muscle-tendon unit in combination with other treatments [69]. However, there
is insufficient evidence to define the real effectiveness of DFM in fact the same review
demanded for further high-level studies to define DFM effectiveness.

3.1.4. Injections

Injections (a further conservative treatment of AT) make use of numerous substances
as extensively reported by Maffulli et al. [15]. High volume injections are popular [70].
Recently the scientific community is orienting research towards autologous blood-derived
products (ABP). Some studies have shown that the use of platelet-rich plasma (PRP) helps
to obtain a better tendon healing [71,72], for this reason the use of PRP injections has become
widely used in the orthopedic field. However, to date the results are mixed, Boesen et al. [73]
reported that PRP injection associated with eccentric training is effective in conservative
management of chronic AT while de Jonge et al. in their RCT involving 45 patients showed
that the use of PRP injections associated with an eccentric training program did not show
clinical superiority over placebo saline injections [74]. Furthermore, recent meta-analysis
showed that the use of ABP (including PRP) does not add beneficial effects thus preventing
their recommendation for use in clinical practice [75–77]. A recent RCT by Usuelli et al. [78],
whose purpose was to compare the effectiveness of a PRP injection with an adipose-derived
stromal vascular fraction (SVF) injection for the treatment of AT, found that both PRP and
SVF injection were safe and effective in the treatment of AT. Furthermore, they found that
patients treated with SVF obtained faster results suggesting its use in those patients who
need an early return to sports activity.

3.2. Surgical Treatment

If a benefit is not obtained after six months of conservative treatment (which can
happen to 24–45.5% of patients with AT) [15,79], surgical treatment can be used. There are
three main surgical options available: simple percutaneous tenotomy, minimally invasive
stripping of the tendon and open procedures [80]. Worst results are expected in women
after surgical treatment [81].

The simple percutaneous tenotomy consists of an area of variable tenolysis, about 4 cm
long, obtained through an incision. The procedure involves the repetition of additional four
incisions (2 cm medially and proximally, medially and distally, laterally and proximally
and laterally and distally) [82].

The minimally invasive stripping described by Longo et al. [83] consists of stripping
and freeding of the proximal and distal portions of Achilles tendon of all the peritendi-
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nous adhesions. The procedure can involve both the anterior and posterior side of the
Achilles tendon.

The open procedures include generally longitudinal tenotomies with debridement of
the tendon. This procedure may be performed with or without tendon augmentation (a
tendon augmentation or transfer should be considered if more than 50% of the tendon is
debrided [15]), gastrocnemius lengthening or recession.

A recent systematic review by Lohrer et al. [84] included twenty studies comparing
minimally invasive procedures to open procedures and reported a mean success rate of
surgery of 83.4%. The minimally invasive procedures reported an average success rate of
83.6% while the open procedures 78.9%. They also observed a tendency for an increase
of complications in open procedures (complication rate: 5.3% for the minimally invasive
techniques, 10.5% for the open procedures, p = 0.053).

Post-operative rehabilitation involves an initial healing phase whose focus is to early
mobilize the ankle avoiding the functional overload of the tendon. In the immediate
post-operative period, generally for the first 14 days, the patient is asked to use a splint
and to walk with crutches. Subsequently, passive and active mobilization exercises of the
ankle, to be performed every day, are allowed and prescribed [15].

The decision about weight-bearing the operated side is based on the type of surgery
and the degree of debridement performed during the surgery. Generally, as reported in
the review by Lohrer et al. [84] after open procedures, weight-bearing is usually allowed
after 2 weeks, and the use of a cast is recommended for over 6 weeks, while minimally
invasive procedures allow a full weight-bearing after 1 to 2 weeks and the use of a cast is
recommended for up to 6 weeks [15].

4. Discussion

AT is a rather frequent condition, based on the patient’s social and sports involvement
it can have a huge impact on the quality of life as described by Ceravolo et al. [85].

The early diagnosis and prevention of AT represent a real challenge since the early
signs of AT are essentially attributable to the only manifestation of pain that limits sports
participation. Although there are some signs and symptoms that may precede the onset
of pain, such as morning stiffness and mild pain, these are often ignored by patients and
doctors, making it even more difficult to implement prevention programs [1].

The lack of high-level guidelines makes AT management challenging. Diagnosis is
generally based on the clinical examination and requires the physician’s experience in
recognizing areas of intratendinous swelling and tenderness of the tendon that disappears
when tensioned. Silbernagel et al. [1] recommended the use of diagnostic tests such as pain
on palpation, arch sign and RLHT to confirm AT, in fact as reported by the authors the
recommendation is based on consistent and good quality evidence oriented to the patient.

The literature tends to agree in dealing with tendinopathy starting with conservative
treatment by entrusting the patient to rehabilitation. The rehabilitation team made up of
medical doctors, physiotherapists and athletic trainers should work in synergy, sharing
a timeline and short, medium, and long-term goals for a complete recovery. The patient
with AT should start an early rehabilitation program, under physiotherapist supervision,
including eccentric exercises whose effectiveness has been demonstrated, indeed a recent
systematic review confirmed that among the several conservative treatments of AT, the
only one universally accepted as a gold standard is the eccentric exercise widely used
in the clinical trials included in the review [86]. In addition to physical exercise, other
conservative therapies can be used, such as the use of ESWT, physical therapies and the
use of injections. It should be noted that these therapies alone are not enough to face up
to AT, but they could help in addition to physical exercise. After at least 3–6 months of
conservative treatments, surgical procedures could be suggested to the patient. Surgical
management seems to be effective in 75–85% of cases, with a return to sports after 6 months.

This work certainly has limitations: this paper is not a systematic review therefore it is
possible that not all relevant references have been included. Future works should focus
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on systematically reviewing the literature to provide guidance for each of the chapters
addressed in this overview.

5. Conclusions

Clinical examination is a key element in the diagnosis of AT, the RLHT showed
moderate clinical evidence in the diagnosis and assessment of early symptoms is crucial
for early initiation of conservative treatments.

Eccentric exercise represents the gold standard conservative treatment for AT. Regard-
less of the chosen therapeutic exercise modality (eccentric, combined, HSRT) it is important
to follow a progression of loads based on the evaluation and clinical history of the patient.

Frequency of rehabilitation sessions must take into account the response times of the
collagen tissue to load.

Surgery should be considered only when conservative management has failed; in
post-surgical rehabilitation, the granting of weight-bearing must be carefully considered
based on the type of surgery.

Author Contributions: Conceptualization, M.B. and F.S.; writing—original draft preparation, F.S.,
M.B.; writing—review and editing, M.B., F.S., F.B., S.M., S.S.; supervision, M.B., S.S. All authors have
read and agreed to the published version of the manuscript.

Funding: The authors received no funding for this work.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Silbernagel, K.G.; Hanlon, S.; Sprague, A. Current Clinical Concepts: Conservative Management of Achilles Tendinopathy. J. Athl.

Train. 2020, 55, 438–447. [CrossRef]
2. Li, H.Y.; Hua, Y.H. Achilles Tendinopathy: Current Concepts about the Basic Science and Clinical Treatments. BioMed Res. Int.

2016, 2016, 6492597. [CrossRef] [PubMed]
3. Scott, A.; Squier, K.; Alfredson, H.; Bahr, R.; Cook, J.L.; Coombes, B.; De Vos, R.-J.; Fu, S.N.; Grimaldi, A.; Lewis, J.S.; et al. ICON

2019: International Scientific Tendinopathy Symposium Consensus: Clinical Terminology. Br. J. Sports Med. 2020, 54, 260–262.
[CrossRef]

4. Sobhani, S.; Dekker, R.; Postema, K.; Dijkstra, P.U. Epidemiology of ankle and foot overuse injuries in sports: A systematic review.
Scand. J. Med. Sci. Sports 2013, 23, 669–686. [CrossRef] [PubMed]

5. Janssen, I.; van der Worp, H.; Hensing, S.; Zwerver, J. Investigating Achilles and patellar tendinopathy prevalence in elite athletics.
Res. Sports Med. 2018, 26, 1–12. [CrossRef]

6. de Jonge, S.; van den Berg, C.; de Vos, R.J.; van der Heide, H.J.; Weir, A.; Verhaar, J.A.; Bierma-Zeinstra, S.M.; Tol, J.L. Incidence of
midportion Achilles tendinopathy in the general population. Br. J. Sports Med. 2011, 45, 1026–1028. [CrossRef]

7. Ames, P.R.; Longo, U.G.; Denaro, V.; Maffulli, N. Achilles tendon problems: Not just an orthopaedic issue. Disabil. Rehabil. 2008,
30, 1646–1650. [CrossRef] [PubMed]

8. Holmes, G.B.; Lin, J. Etiologic factors associated with symptomatic achilles tendinopathy. Foot Ankle Int. 2006, 27, 952–959.
[CrossRef]

9. Longo, U.G.; Rittweger, J.; Garau, G.; Radonic, B.; Gutwasser, C.; Gilliver, S.F.; Kusy, K.; Zielinski, J.; Felsenberg, D.; Maffulli, N.
No influence of age, gender, weight, height, and impact profile in achilles tendinopathy in masters track and field athletes. Am. J.
Sports Med. 2009, 37, 1400–1405. [CrossRef]

10. Egger, A.C.; Berkowitz, M.J. Achilles tendon injuries. Curr. Rev. Musculoskelet. Med. 2017, 10, 72–80. [CrossRef]
11. Rompe, J.D.; Furia, J.P.; Maffulli, N. Mid-portion Achilles tendinopathy—current options for treatment. Disabil. Rehabil. 2008, 30,

1666–1676. [CrossRef]
12. Rolf, C.; Movin, T. Etiology, histopathology, and outcome of surgery in achillodynia. Foot Ankle Int. 1997, 18, 565–569. [CrossRef]
13. Kvist, M. Achilles tendon injuries in athletes. Sports Med. 1994, 18, 173–201. [CrossRef] [PubMed]
14. Leadbetter, W.B. Cell-matrix response in tendon injury. Clin. Sports Med. 1992, 11, 533–578. [CrossRef]
15. Maffulli, N.; Longo, U.G.; Kadakia, A.; Spiezia, F. Achilles tendinopathy. Foot Ankle Surg. 2020, 26, 240–249. [CrossRef] [PubMed]
16. Van Der Vlist, A.C.; Winters, M.; Weir, A.; Ardern, C.L.; Welton, N.J.; Caldwell, D.M.; Verhaar, J.A.N.; De Vos, R.-J. Which

treatment is most effective for patients with Achilles tendinopathy? A living systematic review with network meta-analysis of 29
randomised controlled trials. Br. J. Sports Med. 2021, 55, 249–256. [CrossRef]

http://doi.org/10.4085/1062-6050-356-19
http://doi.org/10.1155/2016/6492597
http://www.ncbi.nlm.nih.gov/pubmed/27885357
http://doi.org/10.1136/bjsports-2019-100885
http://doi.org/10.1111/j.1600-0838.2012.01509.x
http://www.ncbi.nlm.nih.gov/pubmed/22846101
http://doi.org/10.1080/15438627.2017.1393748
http://doi.org/10.1136/bjsports-2011-090342
http://doi.org/10.1080/09638280701785882
http://www.ncbi.nlm.nih.gov/pubmed/18608383
http://doi.org/10.1177/107110070602701115
http://doi.org/10.1177/0363546509332250
http://doi.org/10.1007/s12178-017-9386-7
http://doi.org/10.1080/09638280701785825
http://doi.org/10.1177/107110079701800906
http://doi.org/10.2165/00007256-199418030-00004
http://www.ncbi.nlm.nih.gov/pubmed/7809555
http://doi.org/10.1016/S0278-5919(20)30507-X
http://doi.org/10.1016/j.fas.2019.03.009
http://www.ncbi.nlm.nih.gov/pubmed/31031150
http://doi.org/10.1136/bjsports-2019-101872


Osteology 2021, 1 184

17. de Vos, R.J.; van der Vlist, A.C.; Winters, M.; van der Giesen, F.; Weir, A. Diagnosing Achilles tendinopathy is like delicious
spaghetti carbonara: It is all about key ingredients, but not all chefs use the same recipe. Br. J. Sports Med. 2021, 55, 247–248.
[CrossRef]

18. Maffulli, N.; Oliva, F.; Loppini, M.; Aicale, R.; Spiezia, F.; King, J.B. The Royal London Hospital Test for the clinical diagnosis of
patellar tendinopathy. Muscles Ligaments Tendons J. 2017, 7, 315–322. [CrossRef] [PubMed]

19. Cook, J.L.; Khan, K.M.; Purdam, C. Achilles tendinopathy. Man. Ther. 2002, 7, 121–130. [CrossRef]
20. Chimenti, R.L.; Cychosz, C.C.; Hall, M.M.; Phisitkul, P. Current Concepts Review Update: Insertional Achilles Tendinopathy. Foot

Ankle Int. 2017, 38, 1160–1169. [CrossRef]
21. Hutchison, A.-M.; Evans, R.; Bodger, O.; Pallister, I.; Topliss, C.; Williams, P.; Vannet, N.; Morris, V.; Beard, D. What is the best

clinical test for Achilles tendinopathy? Foot Ankle Surg. 2013, 19, 112–117. [CrossRef] [PubMed]
22. Reiman, M.; Burgi, C.; Strube, E.; Prue, K.; Ray, K.; Elliott, A.; Goode, A. The Utility of Clinical Measures for the Diagnosis of

Achilles Tendon Injuries: A Systematic Review With Meta-Analysis. J. Athl. Train. 2014, 49, 820–829. [CrossRef]
23. Maffulli, N.; Kenward, M.G.; Testa, V.; Capasso, G.; Regine, R.; King, J.B. Clinical diagnosis of Achilles tendinopathy with

tendinosis. Clin. J. Sport Med. 2003, 13, 11–15. [CrossRef]
24. Robinson, J.M.; Cook, J.L.; Purdam, C.; Visentini, P.J.; Ross, J.; Maffulli, N.; Taunton, J.E.; Khan, K.M. The VISA-A questionnaire:

A valid and reliable index of the clinical severity of Achilles tendinopathy. Br. J. Sports Med. 2001, 35, 335–341. [CrossRef]
25. Maffulli, N.; Longo, U.G.; Testa, V.; Oliva, F.; Capasso, G.; Denaro, V. Italian translation of the VISA-A score for tendinopathy of

the main body of the Achilles tendon. Disabil. Rehabil. 2008, 30, 1635–1639. [CrossRef]
26. Van Sterkenburg, M.N.; Muller, B.; Maas, M.; Sierevelt, I.N.; Van Dijk, C.N. Appearance of the weight-bearing lateral radiograph

in retrocalcaneal bursitis. Acta Orthop. 2010, 81, 387–390. [CrossRef]
27. Kaux, J.F.; Forthomme, B.; Goff, C.L.; Crielaard, J.M.; Croisier, J.L. Current opinions on tendinopathy. J. Sports Sci. Med. 2011, 10,

238–253.
28. van Schie, H.T.; de Vos, R.J.; de Jonge, S.; Bakker, E.M.; Heijboer, M.P.; Verhaar, J.A.; Tol, J.L.; Weinans, H. Ultrasonographic tissue

characterisation of human Achilles tendons: Quantification of tendon structure through a novel non-invasive approach. Br. J.
Sports Med. 2010, 44, 1153–1159. [CrossRef] [PubMed]

29. Rabello, L.M.; Dams, O.C.; van den Akker-Scheek, I.; Zwerver, J.; O’Neill, S. Substantiating the Use of Ultrasound Tissue
Characterization in the Analysis of Tendon Structure: A Systematic Review. Clin. J. Sport Med. 2019. [CrossRef]

30. Gardin, A.; Bruno, J.; Movin, T.; Kristoffersen-Wiberg, M.; Shalabi, A. Magnetic resonance signal, rather than tendon volume,
correlates to pain and functional impairment in chronic Achilles tendinopathy. Acta Radiol. 2006, 47, 718–724. [CrossRef]
[PubMed]

31. Tsehaie, J.; Poot, D.H.J.; Oei, E.H.G.; Verhaar, J.A.N.; De Vos, R.J. Value of quantitative MRI parameters in predicting and
evaluating clinical outcome in conservatively treated patients with chronic midportion Achilles tendinopathy: A prospective
study. J. Sci. Med. Sport 2017, 20, 633–637. [CrossRef]

32. Martin, R.L.; Chimenti, R.; Cuddeford, T.; Houck, J.; Matheson, J.W.; McDonough, C.M.; Paulseth, S.; Wukich, D.K.; Carcia, C.R.
Achilles Pain, Stiffness, and Muscle Power Deficits: Midportion Achilles Tendinopathy Revision 2018. J. Orthop. Sports Phys. 2018,
48, A1–A38. [CrossRef] [PubMed]

33. Silbernagel, K.G.; Gustavsson, A.; Thomee, R.; Karlsson, J. Evaluation of lower leg function in patients with Achilles tendinopathy.
Knee Surg. Sports Traumatol. Arthrosc. 2006, 14, 1207–1217. [CrossRef] [PubMed]

34. Knobloch, K.; Schreibmueller, L.; Longo, U.G.; Vogt, P.M. Eccentric exercises for the management of tendinopathy of the main body
of the Achilles tendon with or without the AirHeel Brace. A randomized controlled trial. A: Effects on pain and microcirculation.
Disabil. Rehabil. 2008, 30, 1685–1691. [CrossRef] [PubMed]

35. Murphy, M.; Travers, M.; Gibson, W.; Chivers, P.; Debenham, J.; Docking, S.; Rio, E. Rate of Improvement of Pain and Function in
Mid-Portion Achilles Tendinopathy with Loading Protocols: A Systematic Review and Longitudinal Meta-Analysis. Sports Med.
2018, 48, 1875–1891. [CrossRef] [PubMed]

36. Magnussen, R.A.; Dunn, W.R.; Thomson, A.B. Nonoperative treatment of midportion Achilles tendinopathy: A systematic review.
Clin. J. Sport Med. 2009, 19, 54–64. [CrossRef]

37. Sussmilch-Leitch, S.P.; Collins, N.J.; Bialocerkowski, A.E.; Warden, S.J.; Crossley, K.M. Physical therapies for Achilles tendinopathy:
Systematic review and meta-analysis. J. Foot Ankle Res. 2012, 5, 15. [CrossRef] [PubMed]

38. Silbernagel, K.G.; Crossley, K.M. A Proposed Return-to-Sport Program for Patients With Midportion Achilles Tendinopathy:
Rationale and Implementation. J. Orthop. Sports Phys. 2015, 45, 876–886. [CrossRef] [PubMed]

39. Magnusson, S.P.; Kjaer, M. The impact of loading, unloading, ageing and injury on the human tendon. J. Physiol. 2019, 597,
1283–1298. [CrossRef] [PubMed]

40. Gravare Silbernagel, K.; Vicenzino, B.T.; Rathleff, M.S.; Thorborg, K. Isometric exercise for acute pain relief: Is it relevant in
tendinopathy management? Br. J. Sports Med. 2019, 53, 1330–1331. [CrossRef] [PubMed]

41. Gatz, M.; Betsch, M.; Dirrichs, T.; Schrading, S.; Tingart, M.; Michalik, R.; Quack, V. Eccentric and Isometric Exercises in Achilles
Tendinopathy Evaluated by the VISA-A Score and Shear Wave Elastography. Sports Health 2020, 12, 373–381. [CrossRef]

42. Vlist, A.C.; Veldhoven, P.L.J.; Oosterom, R.F.; Verhaar, J.A.N.; Vos, R.J. Isometric exercises do not provide immediate pain relief in
Achilles tendinopathy: A quasi-randomized clinical trial. Scand. J. Med. Sci. Sports 2020, 30, 1712–1721. [CrossRef] [PubMed]

http://doi.org/10.1136/bjsports-2020-102863
http://doi.org/10.11138/mltj/2017.7.2.315
http://www.ncbi.nlm.nih.gov/pubmed/29264343
http://doi.org/10.1054/math.2002.0458
http://doi.org/10.1177/1071100717723127
http://doi.org/10.1016/j.fas.2012.12.006
http://www.ncbi.nlm.nih.gov/pubmed/23548453
http://doi.org/10.4085/1062-6050-49.3.36
http://doi.org/10.1097/00042752-200301000-00003
http://doi.org/10.1136/bjsm.35.5.335
http://doi.org/10.1080/09638280701785965
http://doi.org/10.3109/17453674.2010.487245
http://doi.org/10.1136/bjsm.2009.061010
http://www.ncbi.nlm.nih.gov/pubmed/19666626
http://doi.org/10.1097/JSM.0000000000000749
http://doi.org/10.1080/02841850600774035
http://www.ncbi.nlm.nih.gov/pubmed/16950711
http://doi.org/10.1016/j.jsams.2017.01.234
http://doi.org/10.2519/jospt.2018.0302
http://www.ncbi.nlm.nih.gov/pubmed/29712543
http://doi.org/10.1007/s00167-006-0150-6
http://www.ncbi.nlm.nih.gov/pubmed/16858560
http://doi.org/10.1080/09638280701786658
http://www.ncbi.nlm.nih.gov/pubmed/18720121
http://doi.org/10.1007/s40279-018-0932-2
http://www.ncbi.nlm.nih.gov/pubmed/29766442
http://doi.org/10.1097/JSM.0b013e31818ef090
http://doi.org/10.1186/1757-1146-5-15
http://www.ncbi.nlm.nih.gov/pubmed/22747701
http://doi.org/10.2519/jospt.2015.5885
http://www.ncbi.nlm.nih.gov/pubmed/26390272
http://doi.org/10.1113/JP275450
http://www.ncbi.nlm.nih.gov/pubmed/29920664
http://doi.org/10.1136/bjsports-2019-100591
http://www.ncbi.nlm.nih.gov/pubmed/31076398
http://doi.org/10.1177/1941738119893996
http://doi.org/10.1111/sms.13728
http://www.ncbi.nlm.nih.gov/pubmed/32474979


Osteology 2021, 1 185

43. Beyer, R.; Kongsgaard, M.; Hougs Kjaer, B.; Ohlenschlaeger, T.; Kjaer, M.; Magnusson, S.P. Heavy Slow Resistance Versus Eccentric
Training as Treatment for Achilles Tendinopathy: A Randomized Controlled Trial. Am. J. Sports Med. 2015, 43, 1704–1711.
[CrossRef] [PubMed]

44. Silbernagel, K.G.; Thomee, R.; Eriksson, B.I.; Karlsson, J. Continued sports activity, using a pain-monitoring model, during
rehabilitation in patients with Achilles tendinopathy: A randomized controlled study. Am. J. Sports Med. 2007, 35, 897–906.
[CrossRef] [PubMed]

45. Ebell, M.H.; Siwek, J.; Weiss, B.D.; Woolf, S.H.; Susman, J.; Ewigman, B.; Bowman, M. Strength of recommendation taxonomy
(SORT): A patient-centered approach to grading evidence in the medical literature. Am. Fam. Physician 2004, 69, 548–556.
[CrossRef]

46. Alfredson, H.; Pietila, T.; Jonsson, P.; Lorentzon, R. Heavy-load eccentric calf muscle training for the treatment of chronic Achilles
tendinosis. Am. J. Sports Med. 1998, 26, 360–366. [CrossRef]

47. Sayana, M.K.; Maffulli, N. Eccentric calf muscle training in non-athletic patients with Achilles tendinopathy. J. Sci. Med. Sport
2007, 10, 52–58. [CrossRef]

48. Jonsson, P.; Alfredson, H.; Sunding, K.; Fahlstrom, M.; Cook, J. New regimen for eccentric calf-muscle training in patients with
chronic insertional Achilles tendinopathy: Results of a pilot study. Br. J. Sports Med. 2008, 42, 746–749. [CrossRef]

49. Miller, B.F.; Olesen, J.L.; Hansen, M.; Dossing, S.; Crameri, R.M.; Welling, R.J.; Langberg, H.; Flyvbjerg, A.; Kjaer, M.; Babraj, J.A.;
et al. Coordinated collagen and muscle protein synthesis in human patella tendon and quadriceps muscle after exercise. J. Physiol.
2005, 567, 1021–1033. [CrossRef]

50. Langberg, H.; Skovgaard, D.; Petersen, L.J.; Bulow, J.; Kjaer, M. Type I collagen synthesis and degradation in peritendinous tissue
after exercise determined by microdialysis in humans. J. Physiol. 1999, 521 Pt 1, 299–306. [CrossRef]

51. Head, J.; Mallows, A.; Debenham, J.; Travers, M.J.; Allen, L. The efficacy of loading programmes for improving patient-reported
outcomes in chronic midportion Achilles tendinopathy: A systematic review. Musculoskelet. Care 2019, 17, 283–299. [CrossRef]

52. Stania, M.; Juras, G.; Chmielewska, D.; Polak, A.; Kucio, C.; Krol, P. Extracorporeal Shock Wave Therapy for Achilles Tendinopathy.
BioMed Res. Int. 2019, 2019, 3086910. [CrossRef]

53. Santamato, A.; Beatrice, R.; Micello, M.F.; Fortunato, F.; Panza, F.; Bristogiannis, C.; Cleopazzo, E.; Macarini, L.; Picelli, A.;
Baricich, A.; et al. Power Doppler Ultrasound Findings before and after Focused Extracorporeal Shock Wave Therapy for Achilles
Tendinopathy: A Pilot Study on Pain Reduction and Neovascularization Effect. Ultrasound Med. Biol. 2019, 45, 1316–1323.
[CrossRef]

54. Fan, Y.; Feng, Z.; Cao, J.; Fu, W. Efficacy of Extracorporeal Shock Wave Therapy for Achilles Tendinopathy: A Meta-analysis.
Orthop. J. Sports Med. 2020, 8, 232596712090343. [CrossRef] [PubMed]

55. Gatz, M.; Schweda, S.; Betsch, M.; Dirrichs, T.; de la Fuente, M.; Reinhardt, N.; Quack, V. Line- and Point-Focused Extracorporeal
Shock Wave Therapy for Achilles Tendinopathy: A Placebo-Controlled RCT Study. Sports Health 2021, 1941738121991791.
[CrossRef]

56. B Cotler, H. The Use of Low Level Laser Therapy (LLLT) For Musculoskeletal Pain. MOJ Orthop. Rheumatol. 2015, 2. [CrossRef]
57. Reddy, G.K.; Stehno-Bittel, L.; Enwemeka, C.S. Laser photostimulation of collagen production in healing rabbit Achilles tendons.

Lasers Surg. Med. 1998, 22, 281–287. [CrossRef]
58. Salate, A.C.; Barbosa, G.; Gaspar, P.; Koeke, P.U.; Parizotto, N.A.; Benze, B.G.; Foschiani, D. Effect of In-Ga-Al-P diode laser

irradiation on angiogenesis in partial ruptures of Achilles tendon in rats. Photomed. Laser Surg. 2005, 23, 470–475. [CrossRef]
59. Tumilty, S.; Munn, J.; Mcdonough, S.; Hurley, D.A.; Basford, J.R.; Baxter, G.D. Low Level Laser Treatment of Tendinopathy: A

Systematic Review with Meta-analysis. Photomed. Laser Surg. 2010, 28, 3–16. [CrossRef] [PubMed]
60. Martimbianco, A.L.C.; Ferreira, R.E.S.; Latorraca, C.O.C.; Bussadori, S.K.; Pacheco, R.L.; Riera, R. Photobiomodulation with

low-level laser therapy for treating Achilles tendinopathy: A systematic review and meta-analysis. Clin. Rehabil. 2020, 34, 713–722.
[CrossRef] [PubMed]

61. Warden, S.J. A new direction for ultrasound therapy in sports medicine. Sports Med. 2003, 33, 95–107. [CrossRef] [PubMed]
62. Chester, R.; Costa, M.L.; Shepstone, L.; Cooper, A.; Donell, S.T. Eccentric calf muscle training compared with therapeutic

ultrasound for chronic Achilles tendon pain—A pilot study. Man. Ther. 2008, 13, 484–491. [CrossRef]
63. Bito, T.; Tashiro, Y.; Suzuki, Y.; Kajiwara, Y.; Zeidan, H.; Kawagoe, M.; Sonoda, T.; Nakayama, Y.; Yokota, Y.; Shimoura, K.; et al.

Acute effects of capacitive and resistive electric transfer (CRet) on the Achilles tendon. Electromagn. Biol. Med. 2019, 38, 48–54.
[CrossRef]

64. Kubo, K.; Ikebukuro, T. Blood circulation of patellar and achilles tendons during contractions and heating. Med. Sci. Sports Exerc.
2012, 44, 2111–2117. [CrossRef]

65. Romero-Morales, C.; Javier Martín-Llantino, P.; Calvo-Lobo, C.; Palomo-López, P.; López-López, D.; Fernández-Carnero, J.;
Rodríguez-Sanz, D. Ultrasonography effectiveness of the vibration vs cryotherapy added to an eccentric exercise protocol in
patients with chronic mid-portion Achilles tendinopathy: A randomised clinical trial. Int. Wound J. 2019, 16, 542–549. [CrossRef]
[PubMed]

66. Dubois, B.; Esculier, J.-F. Soft-tissue injuries simply need PEACE and LOVE. Br. J. Sports Med. 2020, 54, 72–73. [CrossRef]
67. Knobloch, K.; Grasemann, R.; Spies, M.; Vogt, P.M. Midportion achilles tendon microcirculation after intermittent combined

cryotherapy and compression compared with cryotherapy alone: A randomized trial. Am. J. Sports Med. 2008, 36, 2128–2138.
[CrossRef]

http://doi.org/10.1177/0363546515584760
http://www.ncbi.nlm.nih.gov/pubmed/26018970
http://doi.org/10.1177/0363546506298279
http://www.ncbi.nlm.nih.gov/pubmed/17307888
http://doi.org/10.3122/jabfm.17.1.59
http://doi.org/10.1177/03635465980260030301
http://doi.org/10.1016/j.jsams.2006.05.008
http://doi.org/10.1136/bjsm.2007.039545
http://doi.org/10.1113/jphysiol.2005.093690
http://doi.org/10.1111/j.1469-7793.1999.00299.x
http://doi.org/10.1002/msc.1428
http://doi.org/10.1155/2019/3086910
http://doi.org/10.1016/j.ultrasmedbio.2018.12.009
http://doi.org/10.1177/2325967120903430
http://www.ncbi.nlm.nih.gov/pubmed/33283015
http://doi.org/10.1177/1941738121991791
http://doi.org/10.15406/mojor.2015.02.00068
http://doi.org/10.1002/(SICI)1096-9101(1998)22:5&lt;281::AID-LSM4&gt;3.0.CO;2-L
http://doi.org/10.1089/pho.2005.23.470
http://doi.org/10.1089/pho.2008.2470
http://www.ncbi.nlm.nih.gov/pubmed/19708800
http://doi.org/10.1177/0269215520912820
http://www.ncbi.nlm.nih.gov/pubmed/32204620
http://doi.org/10.2165/00007256-200333020-00002
http://www.ncbi.nlm.nih.gov/pubmed/12617689
http://doi.org/10.1016/j.math.2007.05.014
http://doi.org/10.1080/15368378.2019.1567525
http://doi.org/10.1249/MSS.0b013e31825fa82e
http://doi.org/10.1111/iwj.13074
http://www.ncbi.nlm.nih.gov/pubmed/30790440
http://doi.org/10.1136/bjsports-2019-101253
http://doi.org/10.1177/0363546508319313


Osteology 2021, 1 186

68. Chaves, P.; Simoes, D.; Paco, M.; Pinho, F.; Duarte, J.A.; Ribeiro, F. Cyriax’s deep friction massage application parameters:
Evidence from a cross-sectional study with physiotherapists. Musculoskelet. Sci. Pract. 2017, 32, 92–97. [CrossRef] [PubMed]

69. Joseph, M.F.; Taft, K.; Moskwa, M.; Denegar, C.R. Deep Friction Massage to Treat Tendinopathy: A Systematic Review of a Classic
Treatment in the Face of a New Paradigm of Understanding. J. Sport Rehabil. 2012, 21, 343–353. [CrossRef]

70. Maffulli, N.; Spiezia, F.; Longo, U.G.; Denaro, V.; Maffulli, G.D. High volume image guided injections for the management of
chronic tendinopathy of the main body of the Achilles tendon. Phys. Ther. Sport 2013, 14, 163–167. [CrossRef] [PubMed]

71. Schnabel, L.V.; Mohammed, H.O.; Miller, B.J.; Mcdermott, W.G.; Jacobson, M.S.; Santangelo, K.S.; Fortier, L.A. Platelet rich plasma
(PRP) enhances anabolic gene expression patterns in flexor digitorum superficialis tendons. J. Orthop. Res. 2007, 25, 230–240.
[CrossRef]

72. de Mos, M.; van der Windt, A.E.; Jahr, H.; van Schie, H.T.; Weinans, H.; Verhaar, J.A.; van Osch, G.J. Can platelet-rich plasma
enhance tendon repair? A cell culture study. Am. J. Sports Med. 2008, 36, 1171–1178. [CrossRef]

73. Boesen, A.P.; Hansen, R.; Boesen, M.I.; Malliaras, P.; Langberg, H. Effect of High-Volume Injection, Platelet-Rich Plasma, and
Sham Treatment in Chronic Midportion Achilles Tendinopathy: A Randomized Double-Blinded Prospective Study. Am. J. Sports
Med. 2017, 45, 2034–2043. [CrossRef]

74. de Jonge, S.; de Vos, R.J.; Weir, A.; van Schie, H.T.; Bierma-Zeinstra, S.M.; Verhaar, J.A.; Weinans, H.; Tol, J.L. One-year follow-up
of platelet-rich plasma treatment in chronic Achilles tendinopathy: A double-blind randomized placebo-controlled trial. Am. J.
Sports Med. 2011, 39, 1623–1629. [CrossRef] [PubMed]

75. Liu, C.J.; Yu, K.L.; Bai, J.B.; Tian, D.H.; Liu, G.L. Platelet-rich plasma injection for the treatment of chronic Achilles tendinopathy:
A meta-analysis. Medicine 2019, 98, e15278. [CrossRef] [PubMed]

76. Zhang, Y.-J.; Xu, S.-Z.; Gu, P.-C.; Du, J.-Y.; Cai, Y.-Z.; Zhang, C.; Lin, X.-J. Is Platelet-rich Plasma Injection Effective for Chronic
Achilles Tendinopathy? A Meta-analysis. Clin. Orthop. Relat. Res. 2018, 476, 1633–1641. [CrossRef] [PubMed]

77. Lin, M.T.; Chiang, C.F.; Wu, C.H.; Hsu, H.H.; Tu, Y.K. Meta-analysis Comparing Autologous Blood-Derived Products (Including
Platelet-Rich Plasma) Injection Versus Placebo in Patients With Achilles Tendinopathy. Arthroscopy 2018, 34, 1966–1975.e1965.
[CrossRef] [PubMed]

78. Usuelli, F.G.; Grassi, M.; Maccario, C.; Vigano, M.; Lanfranchi, L.; Alfieri Montrasio, U.; de Girolamo, L. Intratendinous adipose-
derived stromal vascular fraction (SVF) injection provides a safe, efficacious treatment for Achilles tendinopathy: Results of a
randomized controlled clinical trial at a 6-month follow-up. Knee Surg. Sports Traumatol. Arthrosc. 2018, 26, 2000–2010. [CrossRef]

79. Paavola, M.; Kannus, P.; Paakkala, T.; Pasanen, M.; Jarvinen, M. Long-term prognosis of patients with achilles tendinopathy. An
observational 8-year follow-up study. Am. J. Sports Med. 2000, 28, 634–642. [CrossRef]

80. Maffulli, N.; Longo, U.G.; Oliva, F.; Ronga, M.; Denaro, V. Minimally invasive surgery of the achilles tendon. Orthop. Clin. N. Am.
2009, 40, 491–498. [CrossRef]

81. Maffulli, N.; Testa, V.; Capasso, G.; Oliva, F.; Panni, A.S.; Longo, U.G.; King, J.B. Surgery for chronic Achilles tendinopathy
produces worse results in women. Disabil. Rehabil. 2008, 30, 1714–1720. [CrossRef]

82. Maffulli, N.; Testa, V.; Capasso, G.; Bifulco, G.; Binfield, P.M. Results of percutaneous longitudinal tenotomy for Achilles
tendinopathy in middle- and long-distance runners. Am. J. Sports Med. 1997, 25, 835–840. [CrossRef] [PubMed]

83. Longo, U.G.; Ramamurthy, C.; Denaro, V.; Maffulli, N. Minimally invasive stripping for chronic Achilles tendinopathy. Disabil.
Rehabil. 2008, 30, 1709–1713. [CrossRef]

84. Lohrer, H.; David, S.; Nauck, T. Surgical treatment for achilles tendinopathy—A systematic review. BMC Musculoskelet. Disord.
2016, 17. [CrossRef] [PubMed]

85. Ceravolo, M.L.; Gaida, J.E.; Keegan, R.J. Quality-of-Life in Achilles Tendinopathy: An Exploratory Study. Clin. J. Sport Med. 2020,
30, 495–502. [CrossRef] [PubMed]

86. Pavone, V.; Vescio, A.; Mobilia, G.; Dimartino, S.; Di Stefano, G.; Culmone, A.; Testa, G. Conservative Treatment of Chronic
Achilles Tendinopathy: A Systematic Review. J. Funct. Morphol. Kinesiol. 2019, 4, 46. [CrossRef]

http://doi.org/10.1016/j.msksp.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/28934644
http://doi.org/10.1123/jsr.21.4.343
http://doi.org/10.1016/j.ptsp.2012.07.002
http://www.ncbi.nlm.nih.gov/pubmed/23131435
http://doi.org/10.1002/jor.20278
http://doi.org/10.1177/0363546508314430
http://doi.org/10.1177/0363546517702862
http://doi.org/10.1177/0363546511404877
http://www.ncbi.nlm.nih.gov/pubmed/21602565
http://doi.org/10.1097/MD.0000000000015278
http://www.ncbi.nlm.nih.gov/pubmed/31008973
http://doi.org/10.1007/s11999.0000000000000258
http://www.ncbi.nlm.nih.gov/pubmed/29601383
http://doi.org/10.1016/j.arthro.2018.01.030
http://www.ncbi.nlm.nih.gov/pubmed/29685839
http://doi.org/10.1007/s00167-017-4479-9
http://doi.org/10.1177/03635465000280050301
http://doi.org/10.1016/j.ocl.2009.05.006
http://doi.org/10.1080/09638280701786765
http://doi.org/10.1177/036354659702500618
http://www.ncbi.nlm.nih.gov/pubmed/9397274
http://doi.org/10.1080/09638280701786922
http://doi.org/10.1186/s12891-016-1061-4
http://www.ncbi.nlm.nih.gov/pubmed/27165287
http://doi.org/10.1097/JSM.0000000000000636
http://www.ncbi.nlm.nih.gov/pubmed/30113966
http://doi.org/10.3390/jfmk4030046

	Introduction 
	Diagnosis 
	Treatment 
	Conservative Treatment 
	Exercise Therapy 
	Extracorporeal Shockwave Therapy 
	Other Physical and Manual Therapies 
	Injections 

	Surgical Treatment 

	Discussion 
	Conclusions 
	References

