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Abstract. Patellar tendinitis, commonly known as "jumper's knee", is a prevalent overuse injury
that primarily affects athletes involved in sports requiring frequent jumping and abrupt
directional changes. This review provides a comprehensive analysis of the pathophysiology,
causes, and injury mechanisms associated with patellar tendinitis, focusing on the role of
repetitive mechanical overload and circulatory disturbances at the tendon’s insertional region.
The high tensile stress experienced during jumping and landing activities significantly
contributes to tendon microtears and degeneration, potentially leading to chronic tendinopathy
if left untreated. The review also classifies patellar tendinitis based on severity, ranging from
mild pain to complete tendon rupture. Both surgical and conservative treatment options are
discussed, with surgical intervention recommended for severe cases and conservative approaches
such as pharmacotherapy, eccentric strength training, patellar taping, and shockwave therapy
shown to be effective in reducing pain and promoting tendon healing. This review aims to
provide valuable insights for clinicians and sports professionals, enhancing understanding of
injury mechanisms and treatment strategies to improve patient outcomes and athletic
performance.
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1. Introduction

Patellar tendinitis, often referred to as patellar ligament inflammation or "jumper's knee," is a prevalent
overuse injury predominantly affecting athletes involved in sports characterized by frequent jumping,
abrupt directional changes, and rapid deceleration [1]. This condition is marked by chronic inflammation
of the patellar tendon, typically resulting from repetitive mechanical stress and inadequate recovery.
Patellar tendinitis falls under the category of overuse syndromes, where persistent mechanical stress
during activities such as jumping and sudden stops exceeds the tendon’s ability to repair itself, leading
to progressive damage [2].

The pathophysiology of patellar tendinitis involves microtears in the collagen fibers of the tendon
due to excessive tensile stress. These microtears accumulate over time, resulting in degenerative changes
such as disorganized collagen fibers, increased cellularity, and neovascularization. The chronic
inflammatory response and subsequent tendon degeneration contribute to the pain and functional
limitations experienced by affected individuals. Without appropriate management, patellar tendinitis can
progress to severe tendon degeneration, which can significantly impair athletic performance and cause
long-term damage [3].
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Athletes participating in sports with repetitive jumping and landing, such as volleyball, basketball,
and soccer, are particularly at risk. Epidemiological studies suggest that approximately 40% of
volleyball players suffer from patellar tendinitis, underscoring the high-risk nature of these high-impact
sports. The condition is also prevalent among high-level basketball and soccer players, highlighting the
need for early recognition and intervention to address tendon stress and inflammation effectively [4].
Patellar tendinitis not only impacts athletic performance but also poses significant challenges to an
athlete’s overall health and career longevity. The condition typically presents as pain localized to the
anterior aspect of the knee, especially around the lower pole of the patella. Pain usually exacerbates with
activity, particularly during jumping or squatting, and may persist at rest in advanced cases. Early
diagnosis and intervention are crucial to prevent further tendon damage and to facilitate a successful
return to competitive activities [5].

In summary, patellar tendinitis is a significant overuse injury common among athletes involved in
sports with frequent jumping and rapid deceleration. Understanding the risk factors, pathophysiology,
and clinical implications of this condition is essential for developing effective treatment and
rehabilitation strategies, which are critical for maintaining athletic performance and preventing long-
term complications.

2. Injury mechanisms of patellar tendinitis

Athletic activities that involve frequent jumping, rapid deceleration, and sudden direction changes—
such as basketball, volleyball, and soccer—are particularly prone to causing patellar tendinitis. This
condition, primarily affects athletes due to the significant mechanical stress placed on the patellar tendon
during these movements. The exact etiology of patellar tendinitis remains complex and not fully
understood; however, it can be broadly categorized into two main aspects: local mechanical overload
on the patellar tendon and circulatory disturbances in the tendon’s insertional region. Understanding
these injury mechanisms is essential for developing effective prevention and treatment strategies.

2.1. Local mechanical overload on the patellar tendon

From a biomechanical perspective, the patellar tendon is essential for transmitting the force generated
by the quadriceps muscle during various physical activities. When the quadriceps contract, the resulting
force is transmitted through the patellar tendon to the tibia, facilitating movements such as jumping,
running, and landing. This process subjects the tendon to significant tensile stress. Under normal
conditions, the patellar tendon can withstand substantial forces. However, when the tensile load exceeds
the tendon’s physiological capacity or is applied repeatedly without sufficient recovery, pathological
changes can occur.

Mechanical overload on the patellar tendon can cause microtears in the collagen fibers, initiating a
cycle of injury and repair that may lead to tendinopathy. Repeated exposure to excessive tensile stress
can overwhelm the tendon’s ability to repair itself, resulting in the gradual accumulation of microtears,
inflammation, and ultimately, tendon degeneration. This issue is particularly pronounced in athletes
involved in sports with frequent jumping and sudden changes in direction, such as volleyball, basketball,
and soccer. In these sports, the patellar tendon may endure forces up to seven times the athlete's body
weight during sudden stops and jumps. Similarly, during the landing phase, the tendon can experience
tensile forces of up to 5.5 times the body weight [5]. Such substantial loads place significant strain on
the patellar tendon, making it highly susceptible to injury.

In younger populations, particularly adolescents, the patellar tendon is still developing and may be
more prone to injury due to the intense mechanical stress associated with sports activities. The repetitive
pulling forces exerted on the tendon can lead to the development of tibial tubercle osteochondrosis,
commonly known as Osgood-Schlatter disease. This condition involves inflammation and pain at the
growth plate of the tibial tubercle and is prevalent among young athletes participating in high-impact
sports. The mechanism behind this condition involves repeated stress on the growth plate by the patellar
tendon, potentially causing microtears, inflammation, and, in severe cases, fragmentation of the tibial
tubercle [6].
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Overall, local mechanical overload is a critical factor in the development of patellar tendinitis.
Excessive tensile stress during physical activity can lead to microtears, inflammation, and degeneration
of the patellar tendon, ultimately resulting in tendinopathy. This problem is especially evident in athletes
who engage in sports requiring frequent jumping, rapid deceleration, and abrupt changes in direction,
rendering them highly susceptible to patellar tendinitis.

2.2. Local circulatory disturbances in the tendon’s insertional region

In addition to mechanical overload, circulatory disturbances in the insertional region of the patellar
tendon have been identified as significant contributors to the development of patellar tendinitis.
Anatomical studies and angiographic examinations show that the blood supply to the patellar tendon,
particularly at its insertional region, is relatively poor. This area, located near the tendon’s attachment
to the patella, possesses a limited vascular network, making it more vulnerable to ischemia and
subsequent tissue damage [7].

During activities involving repetitive jumping, running, and landing, the patellar tendon experiences
continuous tensile stress, which can compromise blood flow to the insertional region. The sustained
mechanical loading increases intratendinous pressure, particularly within the fibrocartilaginous zones,
which are already poorly vascularized. This increased pressure impairs the diffusion of essential
nutrients and oxygen to tendon cells, leading to localized ischemia and subsequent tissue hypoxia [8].
Consequently, the tendon’s ability to repair itself is compromised, leading to the accumulation of
metabolic waste products and the initiation of an inflammatory response.

Chronic overuse of the patellar tendon, combined with impaired blood circulation, can cause
microtrauma within the tendon’s insertional region. Over time, these microtraumas result in
degenerative changes, including collagen disorganization, increased cellularity, and neovascularization.
While neovascularization is initially a reparative response, it can exacerbate the condition by introducing
fragile blood vessels prone to rupture. The resultant microhemorrhages further compromise the local
blood supply, creating a vicious cycle of ischemia, inflammation, and tendon degeneration [9].

Chronic circulatory disturbances also contribute to the development of tendinopathy by promoting
fibrotic tissue formation. Repeated episodes of ischemia and inflammation stimulate the production of
fibrotic tissue, which replaces normal tendon tissue. This fibrotic tissue is less elastic and more prone to
injury, further compromising the tendon’s function and increasing the risk of rupture. In severe cases,
prolonged ischemia and inflammation can lead to tissue necrosis and avascular necrosis, characterized
by tendon tissue death due to a lack of blood supply [10].

Circulatory disturbances in the patellar tendon’s insertional region are further exacerbated by the
increased metabolic demands placed on the tendon during intense physical activity. As tendon cells
become more metabolically active, their demand for oxygen and nutrients rises. However, the
compromised blood supply cannot meet these demands, leading to additional tissue damage and
inflammation [11]. This imbalance between the tendon’s metabolic needs and the available blood supply
perpetuates chronic ischemia, further damaging and inflaming the tissue.

In conclusion, the development of patellar tendinitis is a multifactorial process involving both local
mechanical overload and circulatory disturbances in the tendon’s insertional region. Excessive tensile
stress during physical activity leads to microtears, inflammation, and degeneration of the patellar tendon.
At the same time, impaired blood circulation exacerbates these pathological changes. Understanding
these mechanisms is essential for developing effective prevention and treatment strategies, particularly
for athletes at high risk for this condition.

3. Classification of patellar tendinitis injuries

The grading of patellar tendinopathy is typically based on the severity of symptoms, the extent of
functional limitations, and imaging findings. In Grade I, patients experience mild pain during or after
activity without impairment of normal function; in Grade I, pain intensifies during or after activity with
mild functional restrictions; in Grade III, severe and persistent pain significantly limits function, and
imaging shows widespread tendon pathology; Grade IV involves complete tendon rupture, leading to
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loss of knee joint function and necessitating surgical repair. Based on these gradings, clinicians can
develop appropriate treatment and rehabilitation plans [12].

4. Rehabilitation and treatment of patellar tendinopathy

The rehabilitation and treatment of patellar tendinopathy involve a combination of surgical intervention
and conservative management. The choice of treatment depends on the severity of the condition and the
effectiveness of conservative approaches. Given the chronic nature of patellar tendinopathy, a
comprehensive and often extended rehabilitation process is necessary.

4.1. Surgical treatment

Surgical intervention is typically considered when patellar tendinopathy reaches Grade IlIb or IV, or
when conservative treatments fail to produce significant improvement. The primary goal of surgery is
to remove damaged tissue and restore the patellar tendon’s normal structure and function. Common
surgical techniques include patellar tendon release, tendon repair, and excision of diseased tissue [8].
Post-surgery, patients require extensive rehabilitation to promote tissue healing and functional recovery.

4.2. Conservative treatment

Conservative treatment is essential for managing patellar tendinopathy, especially given its prolonged
course. It focuses on reducing knee joint load, avoiding excessive physical activity, and allowing
adequate time for tendon repair. Conservative methods include pharmacotherapy, physical factor
therapy, patellar taping, and strength training [13]. These methods not only help alleviate symptoms but
also improve the healing environment of the patellar tendon, preventing further deterioration.

4.2.1. Pharmacotherapy. Pharmacotherapy is primarily used for pain relief in patellar tendinopathy.
Non-steroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen and naproxen, are commonly
employed to alleviate pain. Corticosteroid injections or medications can also provide short-term relief.
However, while these medications are effective in managing acute symptoms, they do not address the
underlying tendon pathology and may have side effects with prolonged use. Thus, pharmacotherapy is
usually a short-term solution for symptom control.

4.2.2. Physical factor therapy. Physical factor therapy is a key component of conservative treatment
and has been increasingly utilized for patellar tendinopathy. Techniques such as cryotherapy, ultrasound
therapy, electrotherapy, traction therapy, and shockwave therapy are effective in reducing pain and
inflammation. Cryotherapy lowers local tissue temperature to alleviate pain; ultrasound therapy uses
high-frequency vibrations to promote tissue repair; electrotherapy and traction therapy help relieve
muscle tension and improve joint mobility; and shockwave therapy stimulates tissue regeneration, aiding
recovery. These therapies not only alleviate symptoms but also enhance local blood circulation and
support tissue healing.

4.2.3. Patellar taping techniques. Patellar taping is a non-invasive method that provides external
support to enhance knee joint function. It improves patellar tendon stability, reduces pain during physical
activity, and promotes tissue repair by increasing local blood flow. Studies, such as those by Aminaka,
demonstrated the effectiveness of patellar taping in alleviating symptoms of knee joint injuries,
including patellar pain syndrome [14]. Using white tape or kinesiology tape to support the patellar
tendon can improve local circulation and reduce symptoms.

4.2.4. Strength training. Strength training is crucial for the rehabilitation of patellar tendinopathy,
especially in strengthening the muscles surrounding the patellar tendon. Quadriceps atrophy is a
significant factor in patellar tendinopathy and other knee joint injuries. Research by Li Haizhen et al.
indicated that regular eccentric strength training can significantly reduce pain and improve functional
capacity in patients with patellar tendinopathy [14]. Eccentric training increases the tensile capacity of
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the patellar tendon, helping it adapt to physical activity and reducing the risk of re-injury. Incorporating
other exercises, such as core strengthening and flexibility training, can further enhance athletic
performance and support recovery [15].

In summary, a well-designed rehabilitation plan that integrates both surgical and conservative
treatments is essential for effectively managing patellar tendinopathy. Such a plan not only alleviates
pain and restores knee joint function but also prevents recurrence and supports long-term recovery.

5. Conclusion

This review provides a comprehensive analysis of the mechanisms, causes, and treatment strategies for
patellar tendinitis, with a particular focus on athletes engaged in high-impact sports. The research
emphasizes the critical roles of mechanical overload and circulatory disturbances within the tendon as
primary contributors to the development of this condition. The biomechanical analysis sheds light on
how repetitive stress and inadequate recovery contribute to tendon degeneration and inflammation.
Additionally, the classification and treatment approaches, encompassing both surgical and conservative
methods, provide a structured framework for managing patellar tendinitis according to the severity of
the condition.

Looking ahead, the future of patellar tendinitis treatment will likely focus on enhancing early
diagnosis, refining rehabilitation protocols, and incorporating innovative therapeutic approaches.
Advances in imaging technologies, such as high-resolution ultrasound and MRI, are expected to improve
the early detection of tendon degeneration before severe symptoms emerge, enabling more proactive
interventions. Furthermore, personalized rehabilitation programs that integrate cutting-edge therapies,
including platelet-rich plasma (PRP) injections, stem cell therapy, and advanced shockwave treatments,
hold promise for accelerating healing and reducing the recurrence of tendon injuries.

Future research should prioritize a deeper understanding of the cellular and molecular mechanisms
underlying tendinitis, particularly in relation to tissue regeneration and repair. The development of
targeted pharmacological interventions that address the root causes of tendon degeneration, rather than
merely alleviating symptoms, could significantly improve long-term outcomes. By combining these
advancements with biomechanical training and injury prevention strategies, the prevalence of patellar
tendinitis among athletes could be substantially reduced, leading to quicker and more effective
recoveries.
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