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ABSTRACT

The treatment of tendinopathy can be challenging for clinicians and might be associated with serious adverse events.
However, evidence shows that tendinopathy can significantly impact the professional careers of the affected athletes.
The main clinical features of the condition include decreased performance and strength of the affected tendons, swelling,
and localized pain. Although tendinopathy might seem a non-critical condition, estimates show that it might be career-
ending for many professional athletes, and therefore, reducing their quality of life. In the present literature review, we
have discussed the epidemiology, etiology, and pathogenesis of tendinopathy among athletes. Different intrinsic and
extrinsic factors were found to contribute to the development of the condition and the impact of various systemic
diseases. Evidence also shows that the prevalence of the condition is high among athletes. However, these rates were
variable across the different studies in the literature. This is probably owing to various factors, like demographics and
the process of detection. The pathogenesis of the condition is also very complicated, and the development of pain has
been attributed to the process of angiogenesis and associated ingrowth of nerve fibers.
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INTRODUCTION extensor carpi radialis brevis and rotator cuff are the most

frequently affected tendons in the lower limbs.*
Tendinopathy is a common disorder that affects athletes

and non-athletes. The condition is not critical. However, it
can be disabling and reduce daily activities, impacting the
quality of life. Patellar and Achilles tendons are the most
commonly affected in the lower limbs. On the other hand,

The treatment of tendinopathy can be challenging for
clinicians and might be associated with serious adverse
events. However, evidence shows that tendinopathy can
significantly impact the professional careers of the affected
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athletes. The main clinical features of the condition include
decreased performance and strength of the affected
tendons, swelling, and localized pain.? In addition,
although it has been frequently reported that the condition
is usually associated with increasing age, a previous report
showed that different age groups with variable physical
activities could be impacted by retinopathy.® Finally,
recovery from the condition is slow, and evidence indicates
that the treatment is challenging.*

Studying the epidemiology, etiology, and pathogenesis of
the condition might help clinicians and researchers to
understand the impact of the disease properly. This can
urge them to apply more adequate interventions and
innovative approaches to reduce exposure to the different
risk factors.>®> Consequently, we aim to conduct this
literature review to discuss the epidemiology, etiology, and
pathogenesis of tendinopathy in athletes based on evidence
from studies in the literature.

METHODS

This literature review is based on an extensive literature
search in Medline, Cochrane, and EMBASE databases
which was performed on 27" November 2021 using the
Medical subject headings (MeSH) or a combination of all
possible related terms, according to the database. To avoid
missing potential studies, a further manual search for
papers was done through Google Scholar while the
reference lists of the initially included papers. Papers
discussing epidemiology, etiology, and pathogenesis of
tendinopathy among athletes were screened for useful
information. No limitations were posed on date, language,
age of participants, or publication type.

DISCUSSION
Epidemiology

Estimates show that around 50% of athletes suffer from
tendon injuries. This rate has been reportedly increasing
due to the increasing rate of sporting activities worldwide.®
In addition, evidence shows that chronic overuse has been
associated with the development and pathogenesis of
tendinopathy. For instance, a previous study estimated that
an adjusted odds ratio of 31.2 for Olympic runners was
associated with increased incidence of Achilles
tendinopathy compared with their age-matched controls.®
In addition, an earlier report that included elite soccer
players also demonstrated that the risk of patellar
tendinopathy was associated with the total hours spent with
sports practicing activities.” The risk of developing
tendinopathy has also been associated with prolonged
loading over tendons and frequency of practicing tiring
activities without adequate rest intervals.®

Epidemiological studies reported various prevalence rates
of the condition with multiple risk factors. Estimates
indicate the Achilles tendinopathy among athletes is one of
the most commonly encountered lower limb overuse-

related injuries.® The condition is most frequently observed
among individuals who participate in repetitive high-
impact physical activities, like jumping and running. A
previous epidemiological study estimated that the lifetime
prevalence of Achilles tendinopathy among runners could
be up to 52% among runners.’® It has been furtherly
demonstrated that secondary career ending in these
professional athletes was reported to be up to 5% in the
affected  personnel.’*  Another  epidemiological
investigation also assessed the prevalence of Achilles
tendinopathy among 1400 included non-athlete
participants. The authors reported that the prevalence of
the condition was 5.6% among the included participants.
Of these events, 3.6% were non-insertional while 4% were
insertional, and 1.9% had combined lesions.*? Evidence
indicates that the older population has a higher prevalence
of chronic Achilles tendinopathy than the younger
population. Furthermore, it has been shown that active
individuals tend to have more insertional Achilles
tendinopathy. On the other hand, Overweight, less active,
and older individuals tend to have non-insertional Achilles
tendinopathy more frequently than other populations.®3
Furthermore, a previous study by Kuvist et al reported that
among athletes that had Achilles tendinopathy, around
one-quarter of them were in young age groups.**

Etiology

Various observational studies have reported different
causes of tendinopathy in sports. For instance, evidence
shows that tendinopathy affecting the achilles tendon
usually results from a chronic pathology following overuse
of tendon among athletes. Different extrinsic and intrinsic
factors have been associated with tendinopathy. These
factors are adequately reported in the literature. The
reported intrinsic factors include subtalar joint stiffness,
inequal limb lengths, equinus, forefoot varus, and other
biomechanical factors affecting the lower limbs, like cavus
hindfoot deformity.’> Different systematic factors were
also reported in the literature as major contributors to the
development of Achilles tendinopathy. These factors
include gout, obesity, hypertension, inflammatory
arthropathies, diabetes, and old age.®'® Other factors
include the frequent administration of corticosteroids,
quinolone antibiotics, aromatase inhibitors, and statin
medications. Various extrinsic factors were also reported
in the literature.’® These factors are mostly related to
recurrent mechanical overload and excessive training
errors.

Some of the reported factors include a rapid increase in
mileage, training on sloping or hard surfaces, frequently
changing training schedules, increased hill training, and
excessive growth in interval training. Other reported
factors include wedging from uneven wear and wearing
running or footwear surfaces with modest shock absorption
characteristics (particularly when changing from a normal
position).*>2  Therefore, the etiology of developing
Achilles tendinopathy results from the accumulation of
these factors (leading to the weakened tendon) and
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repetitive microtrauma to the affected region. In addition,
the reduced ability of the different body mechanisms to
heal the impacted traumatic events affected the tendon also
contributes to the condition's pathology and developing
tendinopathy. Furthermore, evidence also shows that the
pathology of Achilles tendinopathy might be elicited by
poor blood flow to the central part of the tendon, increasing
the risk and progression of the previously mentioned
factors.?1:2

Pathogenesis

Mechanical overloading on the different tissues of tendons
can significantly lead to various anabolic events. These
events include increased synthesis of collagen proteins and
upregulation of collagen gene expression. Previous studies
have demonstrated that these favorable events usually peak
at one day after overloading over the tendon and the
complimentary events typically last for up to 70-80
hours.?324 On the other hand, it has been demonstrated that
other catabolic events also co-occur with the
aforementioned anabolic effects of loading. These include
degradation of collagen proteins, and evidence even shows
that it might peak even before anabolic events. The net
result of these events is the significant loss of collagen
tissues within the first 24-36 hours.?> However, collagen
gain occurs in the following hours. Therefore, it has been
recommended that athletes should have adequate
restitution time intervals to avoid the development and
progression of adverse catabolic events. In addition,
different anatomical factors related to the structure of
tendons significantly contribute that the tendon has its
specific functions of load endurance. These parameters
include nerve-ending receptors, extracellular matrix,
tenocytes, and tendon cells.

Microrupture of collagen fibers and increased
inflammatory mediators production usually result from
repetitive manipulation of tenocytes by overloading and
strain  events.  Following  repetitive  mechanical
overloading, it has been shown that the levels of
inflammatory mediators are significantly increased. A
crucial inflammatory mediator found in these events is
Prostaglandin E2 (PGE2).?6 Previous studies reported that
a histological pattern of tendinopathy might result from the
peritendinous administration of PGEL. In the same context,
it has been shown that significant degenerative changes
were observed following the administration of
intratendinous PGE2.228 Thus, current evidence indicates
that inflammatory changes play an essential part in the
pathogenesis of tendinopathy. This is in addition to
different granulomatous effects on the surrounding blood
vessels.

Studies show that the affected regions have abundant
infiltration by T and B lymphocytes, mast cells, and
macrophages.?®3® These findings also show the essential
role of intrinsic immune functions in mediating the
pathogenesis of tendinopathy. As a result of these events,
activation of the inflammatory cascade following the

mentioned cells usually develops. Examples of the
inflammatory mediators include interleukin (IL)-6, IL-15,
and 1L-18.3% It has been furtherly shown that fibroblasts
and tendon cells can remarkably turn into myofibroblasts.
This occurs secondary to being stimulated by transforming
growth factor B (TGF-B) and inflammatory cytokines, in
addition to being subjected to repetitive traumatic events.

The biological importance of the presence of
myofibroblasts includes tissue healing and adaptation.®
However, it has been indicated that the fat of these
myofibroblasts is apoptosis.? This occurs after completing
their functions of tissue healing and adaption following the
release of mechanical stressors. However, in cases when
this process fails, the formulated myofibroblasts will
undergo fibrosis and hyperproliferation. This has been
observed as a main histological feature in tendinopathy.
Furthermore, hypoxia can also contribute to the
hyperproliferation of fibroblasts.®® This has been
associated  with  altered tendon-related  material
composition secondary to upregulation of the matrix
metalloproteinases.®* It has been furtherly reported that
vascular endothelial growth factor is usually upregulated
following hypoxia. This contributes to tendinopathy due to
the potential increase in the process of angiogenesis.®* A
previous study also suggested that associated pain with
tendinopathy results from angiogenesis. This is logical
because diminished pain parameters are usually associated
with sclerotherapy.®® This is attributed to the growth of
nerve fibers together with the newly formed blood vessels.

On the other hand, the per se development of blood vessels
is not a painful process.3>%%3" This can be indicated by the
fact that healthy tendons are nonpainful, non-neuronal in
the standard physiological settings. On the other hand,
increased growth of nerve fibers and release of a
nociceptive substance that leads to significant painful
sensations are usually noticed in cases of chronically-
inflamed tendons.*®3" Relieving pain and reducing its
severity can be done by denervation and resectioning the
growing pathological nerve fibers.® This can be achieved
by releasing the paratenon or using a minimally-invasive
surgical procedure. Ingrowth of these nerve fibers and the
development of painful events have been reported
secondary to traumatic injuries and repetitive loading.%°

However, such events are not usually observed during
standard settings. This is because the ingrowth of nerve
fibers and subsequent release of a nociceptive substance is
usually encountered by the ingrowth of corresponding
autonomic nerve fibers. This significantly leads to nerve
retraction and reduced nociception.®#° No retraction occurs
in cases of tendinopathy. Such processes contribute to the
pathogenesis of the condition by reduced healing of
wounds secondary to the aberrant sprouting of sensory
nerves and neuronal dysregulation.

Accordingly, in cases of tendinopathy, evidence indicates
increased hyperproliferative changes and increased pain
signaling.®” Different functions were also reported
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secondary to the development of these peripheral nerve
fibers. It has been shown that these fibers release abundant
amounts of chemical substances in response to mechanical
stimulation.

These substances are suitable for hemostasis and healing.
However, prolonged-release can cause fibrosis.*® Old and
recent investigations have adequately documented the
presence of nerve receptors and mediators in tendons, 364
Increased levels of substance P and neuropeptides were
observed during tendinopathy. These factors contribute to
the development of atrophic changes and inflammation,
and the discussed nociceptive functions.

Mechanical loading can upregulate the release of substance
P.30:3637 The latter has been associated with neurokinin 1,
cytokines, plasma extravasation, and vasodilatation. It has

Flattened,
elongated
fibroblasts
uniformly

distributed
throughout the

N \_,.,

highly aligned
type | collagen
fibrils

Densely packed,

been further shown that substance P has been associated
with increased levels of TGF-B, leading to the
transformation of fibroblasts into myofibroblasts.3424¢ |t
also has a potential function over endothelial proliferation.
Therefore, abnormal regulation of substance P can be
associated with hypervascularization, hypercellularity,
tenocyte transformation, and fibrosis.

These pathological changes are well-demonstrated among
patients with tendinopathy. Increased upregulation of the
neurotransmitter glutamate was also evidenced in these
events.*”* Evidence shows that this substance plays an
essential role in the pathology of different painful
conditions. Recent evidence furtherly confirms its role in
the pathogenesis of tendinopathy.® Figure 1 demonstrates
the morphological changes observed in tendinopathy
compared to normal tendon structure.
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Figure 1: Morphological changes of tendinopathy compared to normal tendon.%°

CONCLUSION

Although tendinopathy might seem a non-critical
condition, estimates show that it might be career-ending
for many professional athletes, and therefore, reducing
their quality of life. In the present literature review, we
have discussed the epidemiology, etiology, and
pathogenesis of tendinopathy among athletes. Different
intrinsic and extrinsic factors were found to contribute to
the development of the condition and the impact of various
systemic diseases. Evidence also shows that the prevalence
of the condition is high among athletes. However, these
rates were variable across the different studies in the
literature. This is probably owing to various factors, like
demographics and the process of detection. The
pathogenesis of the condition is also very complicated, and
the development of pain has been attributed to the process
of angiogenesis and associated ingrowth of nerve fibers.
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