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ABSTRACT – Lower limb tendinopathies are prevalent and challenging conditions in athletes, demanding a 
complex approach to diagnosis, management, and prevention. This review synthesizes current knowledge and 
advances in the field, offering insights into effective strategies for treating and preventing these injuries. The com-
plex interaction of biomechanical, physiological, and external factors in tendinopathies necessitates individual-
ized treatment plans. Recent advancements in diagnostic imaging and therapeutic interventions have significantly 
enhanced our understanding and management of these conditions.

The review explores various treatment modalities, including pharmacological interventions, physical thera-
pies, and surgical options. The efficacy of hyaluronic acid, cellular therapies, and platelet-rich plasma (PRP) in pro-
moting tendon healing is examined alongside the potential of newer approaches like stem cell therapy. The role 
of surgery, primarily as a last resort, is discussed, highlighting advancements from open techniques to minimally 
invasive procedures.

Return to Play (RTP) strategies are critical in managing athletic tendinopathies. A structured RTP process, 
balancing complete recovery and minimizing deconditioning, is essential. This review emphasizes the importance 
of gradual and controlled progression in the RTP phase to prevent re-injury. Additionally, the role of prevention 
through education, biomechanical assessments, and training load management is underscored.

This review calls for a collaborative approach in sports medicine, integrating research, clinical practice, and 
athlete experiences. Such collaboration is vital for developing innovative solutions, ensuring athletes can contin-
ue their pursuits with minimal disruption from tendinopathies.

KEYWORDS: Lower-limb tendinopathies, Sports medicine, Rehabilitation strategies, Return to play, Injury 
prevention, Therapeutic intervention.
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INTRODUCTION

Tendinopathies encompass a range of tendon disorders characterized by pain, swelling, and impaired 
functional performance1. This term refers to various changes in damaged and diseased tendons, leading 
to pain and reduced function, including tears, inflammatory enthesitis, or chronic degeneration2. 

Historically, tendon pain accompanied by decreased function was termed tendinitis3. Tendinitis im-
plies an inflammatory response accompanying tendon injury. However, histopathology studies4 compar-
ing healthy and injured (symptomatic) tendons reveal that these injured tendons are often in a degener-
ative state with few or no inflammatory cells present.

These disorders are prevalent in the general population but are particularly concerning among ath-
letes, especially in disciplines involving running, jumping, and repetitive strain on specific tendon groups5. 
Tendons must withstand, store, and then deliver substantial force for daily activities. In sports-related 
activities, where loading repetition and speed are drastically increased, the mechanical force exerted 
on the tendon is significantly amplified, demanding greater tendon capacity6. The prevalence of these 
injuries varies based on the sport, training intensity, athlete’s age, and other biomechanical factors.

Even in cases of healing, symptom resolution and return to full activity can take more than two years, 
with the progression often being slow and inconsistent. The pathology of tendinopathies is not yet fully 
understood; there are still many questions about the role of the inflammatory component in healing, 
the degenerative aspect, neovascularization, and the influence of intrinsic factors on the healing pro-
cess7. As sports medicine evolves, understanding the complexities of tendinopathies becomes crucial, 
not just for treatment but also for prevention.

Therefore, this study aims to comprehensively analyze the etiology, diagnosis, treatment, and pre-
vention strategies for tendinopathies, focusing on enhancing the understanding and management of 
these complex conditions in athletes.

PATHOPHYSIOLOGY

Understanding tendinopathies’ pathophysiology is crucial for its diagnosis and treatment8. A deeper 
insight into etiopathology is essential to develop targeted treatments. The tendon, though seemingly 
simple, has a complex microarchitecture pivotal to its function and, when disrupted, contributes to the 
manifestation of tendinopathies9.

Tendons consist of densely packed collagen fibers, primarily type I collagen, which impart tensile 
strength1. These fibers, along with specialized proteins like fibrillin and proteoglycans, form the extra-
cellular matrix (ECM) and are organized into fascicles. These fascicles are surrounded by the endotenon, 
and the entire tendon is encased in a sheath known as the epitenon10. Tenocytes, the primary cellular 
component within this collagenous matrix, are responsible for maintaining and repairing the tendon ma-
trix. In a normal tendon, the extracellular matrix is dense, with predominantly parallel-aligned collagen 
fibers, primarily type I collagen, interspersed with proteoglycans, glycosaminoglycans, and glycopro-
teins, including small leucine-rich proteoglycans2.

Tendons adapt to varying loads, changing in response to the stresses they endure. This process, known 
as “mechanotransduction”, involves tenocytes transforming mechanical stimuli into cellular responses, 
promoting the transcription of new proteins and collagen, thus altering the tendon’s structure11,12. While 
tendons can adapt to increased loads by enhancing collagen density and mechanical properties, excessive 
or repetitive loading can surpass their adaptive capacity13. Neural mechanisms also play a role in this reg-
ulation, with evidence of increased corticospinal excitability but simultaneous inhibition of other cortical 
areas in tendinopathies14. The complexity of these peripheral and central mechanisms during tendon me-
chanical stimulation contributes to the unclear pathophysiology of tendinopathy.

Several factors can contribute to the onset of a tendon disorder scenario in athletes (Table 1)15. These 
risk factors can trigger the development of tendinopathy. The concept of preclinical disease, where clinical 
symptoms are not yet apparent, is supported by genetic susceptibility data. Studies15,16 have identified 
single-nucleotide variants in genes like COL5A1, MMP3, TIMP2, and TNC. Human tissue analyses of asymp-
tomatic tendons show dysregulation of the extracellular matrix, immune responses, and stromal respons-
es. Failure of normal homeostatic responses can lead to early tendinopathy, characterized by immune cell 
influx, stromal cell dysfunction, apoptosis, oxidative stress, and matrix dysfunction. Dysregulation of repair 
mechanisms, such as auto-amplificatory loops and matrix-stromal-immune crosstalk dysfunction, leads to 
established or chronic tendinopathy, marked by poor function, pain, and reduced load capacity2.
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In tendinopathy, tenocytes decrease in volume, elongate, have an increased nucleus-to-cytoplasm 
ratio, and produce less ECM but with an increase in type III collagen density16. Histological examination 
of patient biopsy samples has shown2,16,17 intratendinous collagen degeneration, fiber disorientation, 
glycosaminoglycan accumulation between thinning fibrils, and inflammatory cell infiltrates. Neovascu-
larization and neoinnervation are also frequently observed in diseased tendons2. The tendon continuum 
model, introduced in 2009, classifies tendinopathy based on structural changes in tendons: normal ten-
don, reactive tendon, tendon disrepair, and degenerative tendinopathy17. A tendon may simultaneously 
exhibit multiple phases or progress through the continuum, with histological changes depleting its me-
chanical properties17,18. 

Even if pain could be considered a personal experience, influenced by biological, psychological, and 
social factors, nociceptive input seems to play a key role in the development of tendon pain19. However, 
the exact source of nociception in tendinopathies remains debated, and multifactorial causes seem to 
be present20,21. The increase in intra-tendinous pressure that could occur in tendons after a mechanical 
overload can activate mechanical nociceptors located in the peri tendinous connective tissue and be 
considered a source of nociception22. On the other hand, tenocytes could release neurotrophic and neu-
roinflammatory mediators, which can cause nerve sprouting and nerve fiber ingrowth into the tendon. 
This will expose those fibers to cytokines and neuropeptides, such as substance P, found in tendino-
pathic tendons. These nerve fibers can become sensitized, leading to pain even with minimal stimuli23.

Collagen fiber disorganization and increased ground substance can alter the tendon’s biomechanical 
properties, leading to microtears under stress and exacerbating pain24,25. Reduced blood flow or im-
paired vascular supply can cause localized hypoxia, contributing to pain and further tissue degeneration. 
These peripheral nociceptive inputs could sensitize the nervous system both at the peripheral, spinal, 
and cortical levels26, and these sensitization mechanisms could play a role in the transition from an 
acute to a chronic pain state27. The lack of a strong association between nociceptive input and tendon 
pain suggests that a combination of these and other cortical factors likely determines tendon pain28. 
Consequently, the use of repetitive transcranial magnetic stimulation techniques has been theorized for 
muscle disorders, including tendinopathies23.

EPIDEMIOLOGY

The incidence of lower limb tendinopathy is reported to be 10.52 per 1,000 person-years, surpassing 
even the incidence of osteoarthritis29. In the lower extremity, the most common tendinopathies occur 
at the heel (plantar fascia and Achilles tendon), the greater trochanter (gluteal insertional complex), the 
knee (patellar tendon), and the ankle (tibialis posterior tendon)30. Reports suggest that 1-2% of adults 
experience lower extremity tendinopathy during their lifetime31.

The patellar tendon, connecting the patella to the tibia, is crucial for knee extension and is particu-
larly stressed during jumping activities. Patellar tendinopathy, often termed “jumper’s knee”, is charac-

Table 1. Risk factors of tendinopathies in athletes. 

External risk factors Internal risk factors

Training mistakes (excessive loading,  Wrong posture
 few resting times, wrong technique)
Wrong play or training field Dysmorphisms
Wrong play or training equipment Muscles imbalances 
Psychological factors Age, sex, BMI
Wrong food supplements Genetic factors
Previous unresolved injuries Metabolic factors: diabetes mellitus, 
  hyperlipidemia
Medications: fluoroquinolones, hormone replacement therapy Altered neuromuscular control

BMI: body mass index.
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terized by progressive activity-related anterior knee pain and focal patellar tenderness32. This condition 
can significantly impact an athlete’s career, sometimes leading to its premature end. Approximately 20% 
of athletes experience patellar tendinopathy at some point, particularly in sports like volleyball (24.8%), 
basketball (20.8%), and soccer (6.1%). It is more prevalent in men and those over 18 years33. In soccer, 
it often resolves within six days in about 60% of cases but has a high recurrence rate34. Key risk factors 
include gender, sport type, training hours, and age35. High prevalence is noted36 in sports involving jump-
ing, with the greatest risk during landing, particularly from a horizontal jump. Associations have also 
been found37 between patellar tendinopathy and decreased hamstring and quadriceps flexibility, as well 
as low ankle dorsiflexion38. 

Achilles tendinopathy, affecting the largest and strongest tendon in the human body, is common 
among runners, with up to 10% experiencing it at some point39,40. It can be divided into midportion and 
insertional types. The incidence rate in the adult population is 2.35 per 1,00041, with a lifetime prev-
alence of 23.9% in athletes compared to 5.9% in the general population42. In elite soccer, it accounts 
for about 30% of all tendinopathies in outfield players and 16% in goalkeepers, with an average of one 
case per season and a median absence of 9 days43. Risk factors include prior lower limb tendinopathy or 
fracture, certain medications, moderate alcohol use, and specific biomechanical patterns (Figure 1)42. 
Genetic markers also contribute to the risk profile, though the associations are currently ambiguous. 
According to a recent article by Della Villa et al44, non-contact (83%) or indirect contact (17%) injuries 
are the most common causes of Achilles tendon rupture in professional football, a very serious and po-
tentially career-ending injury.

Figure 1. Biomechanical analysis of running pattern of an athlete: overpronation with gait line alterations.

While the patellar and Achilles tendons are frequently discussed, other tendons in the lower limb 
are also susceptible to tendinopathies. Quadriceps tendinopathy, affecting the tendon connecting the 
quadriceps to the patella, is common in basketball and volleyball players45. Peroneal tendon disorders, 
involving the tendons running behind the outer ankle bone, are significant causes of posterolateral an-
kle symptoms in active individuals following both acute lateral ankle sprains (subluxation or dislocation) 
as well as chronic ankle instability (hypertrophic tendinopathy and tears or ruptures)46. In particular, pe-
roneal tendon dislocation is most prevalent in sports that require cutting movements, including soccer 
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and basketball47. In athletes with acute dislocation, the surgical approach with a combination of groove 
deepening and superior peroneal retinaculum repair is the recommended choice for appropriate treat-
ment48. Posterior tibialis tendinopathy, affecting the tendon along the inner side of the ankle and foot, 
is common in runners, particularly those with flat feet. It is often associated with adult-acquired flatfoot 
deformity and can result from various causes, including trauma, anatomical, mechanical, inflammatory, 
and ischemic factors49.

DIAGNOSIS

A recent consensus study50 has established “tendinopathy” as the preferred terminology for persistent 
tendon pain and loss of function related to mechanical loading. The diagnosis of tendinopathy primarily 
hinges on clinical symptoms and patient history, particularly focusing on activity-provoked localized 
tendon pain and stiffness.

Imaging modalities, while not essential for diagnosis, are frequently used to confirm the condition 
and assess its severity, especially in elite athletes50. Ultrasound and magnetic resonance imaging (MRI) 
are the cornerstone imaging techniques for diagnosing tendinopathies (Figure 2). These modalities have 
been extensively studied and discussed in academic and clinical settings. However, it is important to 
note that tendon structural disorganization does not always correlate directly with clinical symptoms. 
Imaging findings can sometimes create a confusing clinical picture, as they reveal the presence and 
extent of structural changes within the tendon but require careful interpretation in the context of pain 
characteristics and aggravating loads20. 

Figure 2. Comparison between ultrasound (US) and magnetic resonance imaging (MRI) of an Achilles tendinopathy.

Ultrasound is a non-invasive, cost-effective modality offering real-time dynamic imaging. Common 
ultrasonographic findings20 associated with tendinopathy include tendon thickening, hypoechoic re-
gions, loss of collagen organization or alignment, and possible neovascularization. However, its effec-
tiveness can be limited by operator dependency and difficulty visualizing deep-seated tendons.

Axial-strain sonoelastography is an innovative ultrasonography technique for measuring tissue hard-
ness. It involves manual axial compression of tissue using a hand-held ultrasound transducer to generate 
tissue strains (deformations)51. Its role in imaging Achilles tendinopathy has grown recently, offering ad-
ditional insights into the biomechanical properties of the tendon compared to conventional ultrasound.
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MRI provides detailed images of the tendon structure and surrounding tissues, including any associ-
ated inflammation. However, it is more expensive and less accessible than ultrasound. Additionally, as a 
static imaging modality, MRI cannot assess dynamic changes during movement.

Emerging techniques in imaging, particularly the integration of artificial intelligence (AI), are rev-
olutionizing the diagnosis of tendinopathies52. Convolutional neural networks (CNNs), a class of deep 
learning algorithms, are particularly promising in this regard. CNNs are adept at processing and an-
alyzing complex visual data, making them ideal for interpreting medical images such as ultrasounds 
and MRIs53.

CONSERVATIVE TREATMENTS

Multiple rehabilitation strategies are recommended for patients with tendinopathy. These approaches, 
though diverse in mechanisms, aim to reduce symptoms, particularly pain, promote tendon healing, and 
enhance patient function. Effective tendinopathy management necessitates a multifaceted approach, 
tailored to the specific tendon involved, the condition’s severity, and the athlete’s needs (Table 2). A 
patient-centered and personalized approach is essential in every case. Educating patients about the 
disease process, acknowledging any previous unsuccessful treatments if relevant, understanding the 
potentially prolonged time frames for management, and addressing any fear mechanisms associated 
with starting treatment are crucial steps.

Table 2. Proposed treatment algorithm for tendinopathies management in athletes.

Step 0 Patient education and 
  load management
Step 1 Exercise therapy - Progressive individualized strengthening program that 
   incorporates the current evidence-based principles of 
   load and exercise progression 
  - At least 12 weeks 
 ± ESWT - Emax 0.15-0.20 mJ/mmq 
  - Adjustment of therapy protocols according to athletic 
   needs of performance and RTP, 
  - Rest in the following 24-48 hours
 ± Nutraceutical - Collagen or gelatin + vitamin C 1 hour before exercise
  - Higher protein intake (2-2.5 g protein/kg BM-1/D-1), 
   20-30 g/meal, 4-6 meals/day, 30-40 g casein protein 
   before sleep
  - supplementation with free-form essential amino acids 
   (plateaus at 15-18 g), adequate hydration 
   (5-7 ml/kg BM), daily ingestion of 3 fish oils (4 g/day), 
   Vitamin D and creatine (20 g/D-1 x 5 d, 5 g/d) 

If failure, progress:
Step 2 Percutaneous electrolysis - Absence of Doppler positivity and a tendon not too thick
  - Intensity (mA): 1-6 mA, T (sec): 1-5 s, 
   Number of impacts: 1-5,
  - Periodization: 0-7-14-14.
 Injections - HA
  - Stem cells
  - PRP
  - Sclerosant agent

If failure, progress:
Step 3 Surgery

ESWT: extracorporeal shock wave therapy; HA: hyaluronic acid; PRP: platelet-rich plasma; RTP: return to play.
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Central to tendinopathy management, exercise therapy aims to restore tendon strength and func-
tion. Tendon-loading programs are currently the most effective conservative treatment approach. Exer-
cise therapy, focusing largely on resistance exercise, often eccentric actions, encourages load tolerance, 
leading to structural and functional improvements at the musculotendinous unit54,55. It is supported by 
the highest level of scientific evidence and is always recommended as the initial therapy step56. Exercise 
therapy has been shown to promote collagen fiber cross-linking, facilitate tendon remodeling, and cause 
an upregulation of insulin-like growth factor (IGF), which aids in cellular proliferation, matrix remodel-
ing, and tendon fiber reorganization and healing1. Eccentric exercise has been a preferred treatment for 
chronic tendinopathy, especially in patellar and Achilles tendinopathies, for over 30 years57,58, since it 
has been beneficial both at microscopical59 and macroscopical level60 (Figure 3). Subsequently, different 
methodological options to treat chronic tendinopathy, using different exercise modalities, have been 
developed, such as heavy slow resistance61, isoinertial62, and isometric63: this latter, in particular, shows 
an important analgesic effect. However, to date, there is no strong evidence to support the use of a 
single type of exercise when treating tendinopathies43,64. Load and speed parameters might influence 
tendon healing more than the exercise type itself, and sports withdrawal should not be a dogma65,66. 
In clinical trials66,67 on the use of exercise for tendinopathy, the length of the interventions tends to be 
about 12 weeks. Several randomized clinical trials (RCT)67 did not report any disadvantage due to con-
tinued sports activity, so it is possible to let the patient train with pain but with particular attention to 
its eventual worsening. The pain monitoring model helps patients understand the permissible amount 
of pain during and after exercise68. Moreover, interventions including additional weight, training once 
daily, and a higher volume of resistance exercises are effective69. 

Figure 3. Examples of eccentric exercises in the rehabilitation pathway of a professional football player with patel-
lar tendinopathy.

The treatment of tendinopathy often involves various modalities, typically used in conjunction with 
exercise. Some adjuvant therapies are combined or used sequentially. Many adjuvants to exercise lack 
strong evidence for or against their use, but their safety is established with varying effectiveness.

Physical Therapy

Nowadays, one of the most effective biophysical therapies in tendinopathy management is Extracor-
poreal Shock Waves Therapy (ESWT)70. Shock waves (SW) are acoustic waves (mechanical stimulations) 
that, when applied to living tissues, do not cause damage but rather can induce some therapeutic bio-
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logical reactions through the phenomenon known as mechanotransduction71,72. SW has been shown71 
to modify cellular membrane permeability, increase nitric oxide production, dilute neurotransmitters 
(like Substance P), reduce small unmyelinated nerve fibers, and generally have an antinociceptive effect. 
Additionally, they can enhance the synthesis of growth factors such as Vascular Endothelial Growth 
Factor (VEGF) and Bone Morphogenetic Proteins (BMPs), promote angiogenesis, vasculogenesis, and 
lymphangiogenesis, as well as stem cell proliferation, migration, “homing” and differentiation72. From 
a general point of view, it is reasonable to say that SW can induce a tissue-specific regenerative effect 
by stimulating the self-healing ability of our body by modulating some inflammatory pathways73,74. SW 
also plays a significant role in regulating macrophage functions by promoting the shift towards the M2 
(or pro-resolving) phenotype71. Cellular components of innate immunity have a key role in maintaining 
tendon homeostasis, both in healthy tendons and in tendinopathies. Moreover, they can be recruited 
following a tendon injury and may regulate tendon healing and remodeling75. The mechanical stimulus 
provided by ESWT might initiate tendon regeneration by promoting pro-inflammatory and catabolic 
processes associated with removing damaged matrix constituents as a prelude to restoration of ho-
meostasis76. From a clinical point of view, ESWT has been proven effective in both patellar and Achilles 
tendinopathy, with most studies76-79 reporting positive effects, a success rate ranging from 65% to 91%, 
and a low rate of complications. Nevertheless, ESWT should always be accompanied by a comprehen-
sive supervised exercise program: Zhang et al80 showed that patients with Achilles tendinopathy who 
had greater sports activity levels had better therapeutic responses than nonsports-active patients after 
a 5-year follow-up. While its actual regenerative effects take weeks, it can optimize the rehabilitation 
pathway and accelerate RTP already in the short and medium term.

Another interesting instrumental technique that is gaining scientific attention nowadays is percuta-
neous electrolysis81. Percutaneous needle electrolysis (PNE) is a minimally invasive technique in which a 
galvanic is conveyed through an acupuncture needle into the non-homogeneous target area identified 
under direct ultrasound visualization82. The main technical difficulty is the ultrasound visualization of the 
needle, but it is a safe procedure83. It produces an analgesic and fibrinolytic effect and a local inflam-
matory process in musculoskeletal soft tissues that stimulates the repair of the affected tissue, such as 
tendon84, as shown by its effect in patellar tendinopathy85 or plantar fascitis86. Galvanic current induces 
an inflammatory process mediated by inflammasome activation by promoting tissue regeneration and 
remodeling processes87. The histological and functional evidence observed in an animal model of mus-
cle lesion demonstrates that the application of PNE during muscle regeneration induces a decrease in 
pro-inflammatory mediators (TNF-α and IL-1β) and an increase in the expression of anti-inflammatory 
proteins (PPAR-γ) and VEGF88,89. Further RCTs are needed to widely recommend its use, even if it has 
interesting and promising applications.

Injection Therapies 

Various injection therapies have been tested for tendinopathies, yielding different results. 
Hyaluronic acid (HA) has been extensively tested81 for tendinopathies. It plays a viscoelastic and 

biological role. HA is a significant component of tendon structure, being abundantly present in the 
extracellular space. It exhibits a lubricating action and has shown solid evidence of beneficial effects 
on tenocytes, including increased viability, metabolic activity, and expression of type I collagen, along 
with a reduction in apoptosis. Its low cost and high safety profile are additional important aspects. 
HA also integrates well with physical therapies. In the extracellular space of tendons, HA facilitates 
tendon gliding, reduces adhesions, improves tendon architectural organization, and limits inflamma-
tion90. Scientific literature reports showed results in terms of functional recovery, pain reduction, and 
improved mobility. In their prospective multicentric clinical trial, Frizziero et al91 demonstrated that 
one weekly injection for three weeks under ultrasound guidance of HA (500-730 kDa) induced prompt 
improvement in pain and function in mid-portion Achilles and patellar tendinopathies, lasting up to 
90 days post-treatment. Furthermore, HA has shown promising effects when combined with ESWT92. 
Fogli et al93 found that ultrasound-guided HA (500-730 kDa) peri-tendinous injections significantly 
relieved pain and reduced tendon thickness and neo-vascularization in ultrasound evaluations. HA 
proved effective in both low to medium molecular weight formulations (3 injections)94 and in a single 
injection of high molecular weight (2,700 KD)95 in improving various outcomes of different tendinop-
athies. However, there is no consensus in the literature regarding the optimal timing for starting infil-
trative therapy with hyaluronic acid.
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The use of cellular therapy, including progenitor cells, stem cells, and autologous tenocytes, in treating 
tendon disorders is on the rise2. Stem cells have shown significant potential for tissue repair and regen-
eration, making them a promising therapeutic option in sports medicine. Orthobiologics harness a high 
biological potential, leveraging a rich array of growth factors, cytokines, chemokines, and mesenchymal 
stem cells (MSCs). Sources include synovial membrane, bone marrow, and adipose tissue96, with the latter 
becoming preferred due to minimal harvest morbidity, high cell yield, and a large volume of available tis-
sue. Adipose tissue is abundant, easy to harvest, has minimal morbidity, and offers a higher MSC frequency 
volume rate compared to other sources10. This has led to increasing interest in using adipose tissue-derived 
MSCs for treating various pathologies, including tendinopathies97. However, many studies97,98 in this area 
have only provided level IV evidence of the efficacy of cellular therapy. The RCT by Usuelli et al98 compared 
a single injection of intratendinous adipose-derived stromal vascular fraction (SVF) with a single injection 
of platelet-rich plasma (PRP) for treating 44 patients with Achilles tendinopathy. The authors followed the 
patients for up to six months, evaluating them with clinical scores and imaging analyses. No complications 
were observed in either group. Both treatments offered clinical improvement from baseline to six months, 
with SVF providing faster clinical improvement: higher scores at 15 and 30 days compared to PRP (p<0.05), 
but no differences at longer follow-up and in imaging analyses. The injective treatment with SVF has been 
recently evaluated75 for patellar tendinopathy, showing promising results in terms of clinical improvements 
and imaging findings. The balance between pro- and anti-inflammatory cells (M1/M2) significantly impacts 
the resolution of the inflammatory process and thus tendon healing; inadequate or unregulated inflam-
mation resolution, with a persistent prevalence of pro-inflammatory type 1 macrophages, could lead to 
chronic inflammation, fibrosis, and tendon degeneration (hyaline, mucoid, fatty)75. A potential strategy 
involves controlling the immune system by increasing macrophage recruitment into the lesion to induce 
the polarization from inflammatory M1 to regenerative M2 phenotypes as well as activate endogenous 
stem cell regenerative ability99,100. Thus, the role of Peripheral Blood Mononuclear Cells (PB-MNCs) in treat-
ing tendinopathies has been hypothesized100. In a case series by Caravaggio et al101, authors presented 27 
cases of partial Achilles tendon injury, 6 women and 21 men, ranging in age from 23 to 71 years, treated 
with a single outpatient injection of PBMNCs. All subjects were evaluated at baseline and clinically after 
2 months, using the American Orthopedic Foot & Ankle Society - AOFAS scale, and radiologically (MRI 
examination). Moreover, a clinical reassessment using the AOFAS scale was performed at six months. No 
adverse effects were recorded in any patients. Functional and radiological signs of tendon healing pro-
cesses were detected as early as two months after the procedure, and the AOFAS scale rose from an initial 
average value of 37.5 to 85.4. Although the small sample size (n=27), this preliminary result suggests that 
autologous PB-MNCs can represent an innovative and safe therapeutic alternative to surgical options for 
Achilles tendinopathy and tendon partial injuries. 

Sclerosants, aimed at obliterating neovessels and nerve ingrowth, are believed to be sources of pain 
in tendinopathies102. Lower limb tendinopathies that can benefit from the use of sclerosing injections 
are those that are chronic and symptomatic, with tendon tissue alterations at ultrasound or MRI exam-
ination, with hypervascularization supported by neovessels penetrating the patellar tendon from the 
posterior wall and the Achilles tendon from the ventral wall103-106. These vessels guide a nerve branch 
into the tendon that runs near the vessels themselves, responsible for the pain104,106. The drug used for 
extra tendinous infiltrations into neovessels is polidocanol (Ethoxysclerol), an anesthetic with sclerosing 
properties for vessels. An ultrasound-guided injection is performed with 2 mL of polidocanol (5 mg/
mL or 10 mg/mL), causing the immediate closure of the neovessels, with the disappearance of intra-
tendinous hyperperfusion and subsequent ischemia and destruction of the nerve fiber adjacent to the 
neovessels104,107. Two weeks after the treatment, sports activities can be resumed. If the result is not 
satisfactory, the treatment can be repeated after 3-4 weeks for 3-5 times. Usually, there are no signifi-
cant side effects107. However, in the treatment of these tendon pathologies, to minimize recurrences and 
with the aim of a more accurate evaluation of results, it is advisable to consider predisposing factors, 
attempting to eliminate modifiable ones.

Several studies108 have investigated the use of PRP for managing tendinopathy at different anatomi-
cal sites, yielding varying results. PRP is a preparation of autologous blood centrifuged to contain a high 
concentration of platelets, with or without leukocytes. Platelet degranulation releases several factors, 
including TGFβ, PDGF, bFGF, VEGF, IGF1, and EGF, all involved in different phases of tendon healing. PRP 
demonstrated109 the therapeutic potential to promote cell proliferation and differentiation, regulate 
angiogenesis, increase extracellular matrix synthesis, and modulate inflammation in degenerative ten-
dons. However, controversy exists within the literature regarding the clinical use of PRP for tendinopa-
thy. Indeed, although PRP continues to be used as a treatment option, studies109,110 providing high-level 
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evidence have not confirmed its significant efficacy in tendinopathy treatment. A systematic review and 
meta-analysis110 showed the efficacy of both leukocyte rich-PRP and the leukocyte poor-PRP treatment 
for lateral epicondylitis, while less evidence supports the use in patellar tendinopathy. Another system-
atic review109 analyzing outcomes following PRP injection for patellar tendinopathy found inconsistent 
results in comparative studies demonstrating the superiority of PRP over placebo or other treatments, 
although PRP showed promise in non-comparative studies. The evidence for the efficacy of PRP in treat-
ing Achilles tendinopathy in athletes is mixed. The lower level-of-evidence case series and retrospective 
studies110,111 demonstrate a clear pattern of positive results.

Nutraceuticals

Finally, several dietary strategies and nutritional supplements have been studied112 for the compre-
hensive management of tendinopathies, including collagen peptides, Vitamin C, and omega-3 fatty 
acids. However, in comparison to muscle, the science of nutritional interventions to improve soft 
tissue function remains in its infancy112. Indeed, the physiology of tendons and ligaments is different 
from muscle, given that soft tissues have limited blood flow and are dependent on nutrient delivery 
through bulk fluid flow112.

However, some evidence comes from in vitro and in vivo studies113-115. Paxton et al113 reported that 
the amino acid proline with vitamin C improved collagen synthesis, and Shawn et al114 demonstrated 
that 15 g of gelatin (ingested with 50 mg of Vitamin C) one hour before exercise increased blood markers 
related to collagen synthesis in the athletic population.

Although more research is required, evidence suggests that the ingestion of gelatin is a promising 
nutritional intervention to improve both the function of connective tissues and speed the recovery 
from musculoskeletal injuries. Interestingly, Praet et al115 concluded that oral supplementation of spe-
cific collagen peptides might accelerate the clinical benefits of a structured calf-strengthening and re-
turn-to-running program in Achilles tendinopathy patients.

In line with this context, monitoring the overall energy intake of athletes during the injury phase and 
recovery (RTP process) is also of fundamental importance116,117. 

Finally, it is important to consider nutrition advice on what to avoid during injury. Beyond excessive 
energy intake, alcohol intake should also be discouraged. Alcohol intake after training and competition 
reduces rates of myofibrillar protein synthesis even when co-ingested with protein118. Moreover, the 
suppression of the anabolic response in skeletal muscle will impair recovery and adaptation to the reha-
bilitation program of the injured players116.

SURGERY

Surgery for tendinopathy theoretically aims to promote regenerative healing by triggering a reparative 
response in the matrix environment119. Surgical procedures for tendinopathy typically involve excising 
degenerative tendon tissue, removing adhesions around the tendon, decompressing the tendon, and/or 
performing multiple longitudinal tenotomies120. These procedures have evolved from open techniques 
to minimally invasive approaches using arthroscopy or percutaneous incisions under image guidance2,121.

In about 90% of cases, conservative treatment for patellar tendinopathy is effective. When it 
fails, surgery becomes a viable option. Tenotomy with excision of tendinopathic tissue is the most 
common surgical procedure for patellar tendinopathy, yielding results similar to those of eccen-
tric loading alone122. Patellar tendon rupture, a severe and potentially career-ending injury, occurs 
when the patellar tendon tears or detaches completely from the kneecap or shinbone. Fluoro-
quinolone antibiotics have been implicated123 in some cases of patellar tendon rupture. This injury 
often results from a strong eccentric contraction of the quadriceps muscle under load while the 
knee is partially flexed, typically causing a rupture in the central region of the tendon124. Athletes 
often report a “popping” sensation at the time of injury, followed by an inability to straighten the 
knee. Depending on the severity, classified by the Popkin-Golman classification, treatment can be 
surgical or conservative125.

For Achilles tendinopathy patients unresponsive to conservative treatments after 6-12 months, sur-
gical intervention is considered. In cases of midportion Achilles tendinopathy, a pedicled soleus trans-
plant can facilitate a quicker return to running without pain and reduce the need for surgical revisions. 
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Insertional tendinopathy, often associated with Haglund’s disease, involves degeneration of the Achil-
les tendon fibers at the calcaneal insertion126. Surgical treatment includes debridement of the Achilles 
insertional region and resection of the calcaneal exostosis (calcaneoplasty), which can be performed 
either openly or endoscopically, the latter being associated with fewer complications and quicker recov-
ery127,128 (Figure 4). 

Figure 4. A, A preoperative lateral ankle radiograph showing a Haglund deformity. B, Calcaneal exostectomy per-
formed by endoscopy: the posterior calcaneal tubercle is resected with a burr (1-4); in selected cases, a reinforce-
ment with anchors of the Achilles insertional area is possible (5). C, Postoperative radiograph showing resulted in 
calcaneal exostectomy.

In high-demanding athletes, reinforcing the Achilles tendon may be recommended to minimize the risk 
of AT detachment and expedite healing and recovery, although return-to-play (RTP) times can vary signifi-
cantly. A complete tear of the Achilles tendon, characterized by sudden sharp pain, is a medical emergency 
with increasing incidence129. Treatment options include conservative management and surgical repair130. 
There is no consensus on which is the best treatment for Achilles tendon ruptures, and their management 
is still controversial. A recent systematic review131 found that surgical treatment had a lower re-rupture 
rate compared to conservative treatment, but conservative management had fewer complications, except 
for re-ruptures. Open repair and minimally invasive surgery had similar re-rupture rates, but open re-
pair had fewer complications, including lower rates of sural nerve injuries. No significant differences were 
found in re-rupture rates or complications between early and late rehabilitation across different treatment 
modalities. For acute major trauma in the midportion, minimally invasive surgery with a transversal cut 
and high-resistance Fiber Wire is preferred, while chronic proximal/distal degenerative lesions are bet-
ter treated with open surgical procedures involving transfer or transposition. It is important to underline 
that in the case of tenorrhaphy of the Achilles tendon, the use of eccentric exercises in the rehabilitation 
program must be very cautious132. Furthermore, during Achilles tendon post-surgical rehabilitation, the 
progression of the intensity of the proposed exercises should be carefully monitored via MRI132.

RETURN TO PLAY AND PREVENTION STRATEGIES

Returning to sport after tendinopathy is a challenging process that requires balancing complete recov-
ery with minimizing deconditioning. A structured approach, often under the guidance of a sports medi-
cine professional, is crucial for optimizing outcomes133.
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RTP is a process, not a single event134. Typically, physiotherapists may follow a process where they first 
identify the key performance indicators of their sport, determine the physical attributes that correspond to 
these indicators, and then distribute the development of these capacities over the allocated timeframe135. 
Effective training plans are based on a theoretical or biological understanding of how we move and adapt 
to exercise stimuli. This understanding, coupled with knowledge of how these stimuli are best sequenced, 
allows one stimulus and subsequent adaptation to potentiate the next. Thus, reverse or backward engineer-
ing, when appropriately converged with plans devised around nutrition, conditioning, technical, and tactical 
training, likely gives athletes the best chance of attaining their performance goals (Figure 5)136,137.

Figure 5. Return to play the player’s profile.

Irrespective of the treatment path, a critical question remains: how can we most efficiently return pa-
tients to sports with a low risk of reinjury or other injuries? Inadequate rehabilitation and premature return 
to sport are risks that might be minimized with appropriate guidance during the return-to-sport phase138. 
Reinjury rates of Achilles tendinopathy in soccer players range from 27% to 44%. Notably, reinjury is more 
common following short recovery periods and in those who received no assistance with the return-to-sport 
phase, compared with those who followed a standardized progression program that gradually increased 
loading139. Therefore, during the return-to-sport phase, it is important to have a gradual and controlled pro-
gression that allows the athlete sufficient time to recover and gives the therapist time to evaluate symptoms. 
Since athletes may not experience symptoms from the Achilles tendon during sports participation, they may 
be tempted to return prematurely. Evaluating symptoms such as stiffness, pain, and swelling after training, 
especially the following day, can assist in determining appropriate increases in training intensity or volume68.

In the literature140, the resumption of activities such as running and jumping is generally recom-
mended when symptoms have subsided. Often, studies140 include an intervention for a minimum of 12 
weeks, after which return to sport is allowed. However, resting from sporting activities during the early 
phase of treatment may not be necessary141. Various factors need to be considered when planning the 
return to sport after lower-limb tendinopathy (Table 3)142. The guiding principle of the return-to-sport 
program is to progressively increase the demand on the tendon by controlling the intensity, duration, 
and frequency of tendon loading142.

Table 3. Return to play factors to be considered after tendinopathies142.

Pain and symptoms (pain-monitoring model)
Tendon healing and recovery
Impairments and risk factors: recovery of strength, ROM and function
Load management
Sport-specific demands

ROM: range of motion.
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Silbernagel et al142 described an RTP model consisting of a progressive rehabilitation pathway: 
1. Educate the athlete about the injury and explain the pain-monitoring model.
2. Initiate the program when the athlete can perform activities of daily living with pain no higher than 

2/10. Determine and classify specific activities as light, medium, or high level based on pain rating 
during and after the activity and the athlete’s perceived Achilles tendon exertion. Light-level activ-
ity can be performed daily. After a medium-level activity, two days of recovery are needed, during 
which the athlete cannot perform activities of the same or higher level. High-level activities require 
three days of recovery after medium- and/or high-level activities. 

3. When the athlete improves (i.e., the pain level and the perceived exertion level decrease), a new 
activity classification is performed, usually revisited every three weeks. A previous medium-level 
activity might then become light, and a new activity can be added to the high list.
A recent systematic review143 identified some criteria for RTP after Achilles tendinopathies (Table 4), 

while the same process after Achilles tendon rupture is even more complicated (Table 5).

Table 4. Criteria for return to play after Achilles tendinopathy143.

Pain - No pain during sports activities
 - No severe pain
 - Pain 5/10 on VAS
 - No increase in pain
 - Minimal residual tenderness
 - Minimal pain (2/10 on NRS) with daily activities
Functional recovery - Capable of completing a full practice
 - Able to walk comfortably at 4 mph for 10 miles
 - Regaining full function
 - Ability to perform and control sport-specific skills
Recovery of muscular strength - Recovery of full strength
 - Power
 - No calf muscle weakness
 - No muscle imbalance
 - Strength equal to the contralateral limb
 - LSI ≥90%
Recovery of ROM - Recovery of full ROM
 - No altered mobility of foot/ankle
 - ROM equal to contralateral limb
Level of endurance - Recovery of full endurance
 - Completing 3 series of 20 one-legged heel lifts on the stairs 
  without increased pain
 - Adequate endurance
Medical advice - Completed rehabilitation program
 - Gradual stepwise training program
 - Gradual return-to-sport specific function
 - Physical examination
 - Specific investigations
 - Demands of the specific sport
Psychosocial factors - Individual goals
 - Mental aspects
 - Confidence 
Anatomical/physiological properties  - Proprioceptive control
 of the musculotendinous complex  - Healing and recovery of tendon tissue
 - Rates and magnitudes of Achilles tendon load

VAS: visual analogic scale; NRS: numeric rating scale; LSI: limb symmetry index; ROM: range of motion.
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Finally, evidence suggests that long-term interventions, including balance training, may be effective 
in preventing patellar and Achilles tendinopathy. Shoe adaptations, such as shock-absorbing insoles, 
could have a preventive effect on Achilles tendinopathy. Hormone replacement therapy appears to 
reduce the risk of structural Achilles tendon changes in active post-menopausal women. No evidence 
supports the positive effect of stretching exercises. Prophylactic eccentric training and stretching can 
increase the risk of injury in asymptomatic players with patellar tendon abnormalities. More research is 
needed on the (multifactorial) etiology, risk factors, and preventive interventions for tendinopathy144.

CONCLUSIONS

Tendinopathies of the lower limb, while common among athletes, present significant challenges in terms 
of diagnosis, management, and prevention. The intricate interplay of biomechanical, physiological, and 
external factors makes each case unique, necessitating a tailored approach to treatment. Advancements 
in research, particularly in imaging and therapeutic interventions, have deepened our understanding of 
these conditions, leading to more effective treatment strategies.

Table 5. Return to play after Achilles tendon rupture.

Target area Test Measurement Required target

Swelling Palpation Palpation Absence144

Pain Pain during functional VAS No pain/minimal during
  activities    and after activity145

ROM Full ROM (dorsi/ Goniometer >95% LSI144

  plantarflexion)  (Weight-bearing)
Function of injured area 
 Strength Standing calf isometric test 1RM overcome force plate >3x BW (peak force)
 Seated calf isometric test 1RM overcome force plate >2x BW (peak force) 
 Big Toe flexor strength 1RM dynamometer >2.7 N/kg146

 Calf capacity test.  No. repetitions >25 reps (single leg) BW
  Post training session 
  (after main day)
 Stability Star excursion balance test.  Centimeters + quality >95% LSI147

  Post training (after main day)
 Plyometrics Single leg drops jumps  Force platforms (GCT; RSI;  LSI >20 cm + 95% >LSI
  (30 cm box)  Jump Height)
 Drop jump (30 cm box) Force platforms (GCT; RSI; >30 cm 
   Jump Height)
 SL repeated (3) broad jump Centimeters + quality >90% LSI148

Run* 
 Running Fitness test used by team Pre-injury level >95% pre-injury
 Average Team value/positional 
 Volume/High speed running value GPS At least x2.5 match demands149

 Coding T-test Speed-gate >90% pre-injury level or <10 sec150 

 30-mt sprint test Speed-gate >90% pre-injury level
Sport-specific* 
 Training volume At least 2-3 weeks of full 
  training without limitations    
 Context-specific High demands of chaos Psychological/Observation  

*: Only in case of absence from sport >8 weeks. BW: body weight; LSI: limb symmetry index.
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However, the adage “prevention is better than cure” is particularly apt for tendinopathies. As the 
sports community continues to push the boundaries of human performance, athletes, coaches, and 
healthcare professionals must prioritize tendon health. Through a combination of education, biome-
chanical assessments, and careful management of training loads, the incidence and impact of tendinop-
athies can be significantly reduced.

In the ever-evolving field of sports medicine, collaboration among researchers, clinicians, and ath-
letes is key to developing innovative solutions. This collaborative approach ensures that athletes can 
pursue their passions with minimal hindrance from tendinopathies, maintaining both their performance 
and well-being.
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