JID: YMDA [mUS1Ga;January 4, 2022;12:15]

Disease-a-Month xxx (XxxX) XXX

Contents lists available at ScienceDirect

Disease-a-Month

journal homepage: www.elsevier.com/locate/disamonth

=4
@
o
]
17
?
g
=
e
8
-
g

Feature

Current understanding of the diagnosis and
management of the tendinopathy: An update
from the lab to the clinical practice ™

Lorena Canosa-Carro?, Maria Bravo-Aguilar?, Vanesa Abuin-Porras?,
Jaime Almazan-Polo?, Guillermo Garcia-Pérez-de-Sevilla?,

Isabel Rodriguez-Costa®, Daniel Lopez-Lopez

Emmanuel Navarro-Flores¢, Carlos Romero-Morales?

3 Faculty of Sport Sciences, Universidad Europea de Madrid, Villaviciosa de Odén, 28670, Spain
b Humanization in the Intervention of Physiotherapy for the Integral Attention to the People (HIPATIA) Research
Group, Physiotherapy Department, Faculty of Medicine and Health Sciences, University of Alcald, Alcald de Henares,

28805 Madrid, Spain

¢Research, Health and Podiatry Group, Department of Health Sciences, Faculty of Nursing and Podiatry,

Universidade da Corufia, 15403 Ferrol, Spain

d Frailty Research Organized Group (FROG), Department of Nursing, Faculty of Nursing and Podiatry, University of

Valencia, 46010 Valencia, Spain

ARTICLE INFO

ABSTRACT

Article history:
Available online xxx

Tendinopathy is labeled by many authors as a troublesome,
common pathology, present in up to 30% medical care con-
sultations involving musculoskeletal conditions. Despite the
lasting interest for addressing tendon pathology, current re-
searchers agree that even the exact definition of the term
tendinopathy is unclear. Tendinopathy is currently diagnosed
as a clinical hypothesis based on the patient symptoms and
physical context. One of the main goals of current clinical
management is to personalize treatment approaches to adapt
them to the many different needs of the population.

Tendons are complex structures that unite muscles and
bones with two main objectives: to transmit forces and stor-
age and release energy. Regarding the tensile properties of
the tendons, several authors argued that tendons have higher
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tensile strength compared with muscles, however, are con-
sidered less flexible.
Tendinopathy is an accepted term which is used to indicated
a variety of tissue conditions that appear in injured tendons
and describes a non-rupture damage in the tendon or para-
tendon, which is intensified with mechanical loading Even
when the pathoetiology of tendinopathy is unclear, there is
a wide array of treatments available to treat and manage
tendinopathy. Although tendinitis usually debuts with an in-
flammatory response, the majority of chronic tendinopathies
do not present inflammation and so the choosing of treat-
ment should vary depending on severity, compliance, pain
and duration of symptoms.
The purpose of this article is to review and provide an
overview about the currently research of the tendon diagno-
sis, management and etiology.
© 2021 The Author(s). Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Background
Introduction

Tendinopathy is labeled by many authors as a troublesome, common pathology present in up
to 30% medical care consultations involving musculoskeletal conditions.! Symptoms may vary in
intensity but can potentially affect the patients’ perceived life quality. In some cases, activities
and professions involving physical activity have to be interrupted.> Despite the lasting interest
for addressing tendon pathology, current researchers agree that even the exact definition of the
term tendinopathy is unclear.® Tendinopathy condition is usually related to a disorganization
within the tendon structure, but several authors have stablished a discrepancy between imaging
findings and clinical symptoms.* Therefore, in clinical practice, pain or disfunction observed in
clinical testing can be unrelated to imaging tests findings; such as magnetic resonance imaging
(MRI) or ultrasound imaging (USI).> Frequently, asymptomatic subjects present tendon disorga-
nization signs when explored through MRI or US, whereas subjects with tendon pain present an
image of apparently healthy tendons.® It is possible to observe changes in the clinical symptoms
of the patients (e.g. improvement or aggravation of the pain perception) that are not in line with
the changes on the US image of the structure.”

Therefore, tendinopathy is currently diagnosed as a clinical hypothesis based on the patient
symptoms and physical context. There is not a defined model of patient regarding the level of
activity, tendon loading, pain symptoms or functional capability.® Patients may range from el-
derly populations to young athletes, so one of the main goals of current clinical management is
to personalize treatment approaches to adapt them to the many different needs of those popu-
lations.!

Epidemiology

This wide range of conditions under the label of tendinopathy, makes their epidemiology an
important study topic.

Regarding age, children are less susceptible to tendon pathology, due to the specific features
of the infant’s musculoskeletal system, being the growth plate and the tendon insertion more
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susceptible to injuries that the body of the tendon, which is, in comparison, stronger and more
elastic.? Due to this fact, the most common tendinopathies reported in children are the Osgood-
Schlatter'® and Sever’s disease.!!

Osgood Schlatter disease is a traction apophysitis and/or tendonitis on the tibial tubercle.
It has prevalence of 10% over all sport overuse injuries and is considered a common cause of
anterior knee pain in young athletic population. This condition is usually related with jumping
sports, for example: basketball or volleyball.'? The prevalence of Sever apophysitis is estimated
around 8% amongst overuse injuries in teenagers. Obesity and high levels of physical activity had
been identified as primary risk factors, as well as high-impact sports (e.g., soccer, gymnastics,
running or ballet).?

Currently research showed that gender can be considered as a risk factor in some types of
tendinopathies, such as Achilles tendinopathy. However, this tendence is changing, probably due
to the increase of women'’s participation in sports and physical activities compared to the past
decades.’

Regarding the tendinopathy etiology and diagnosis, global data of incidence or prevalence of
this condition are not available. Nevertheless, it is possible to categorize the epidemiology of
tendon conditions into several subgroups.

Rotator cuff tendinopathy (RCT) has been described to be the most common responsible for
shoulder pain (80% prevalence). Moreover, half of the patients with RCT are still symptomatic
after a year, presenting limitations in their daily live activities.> Calcific tendinopathy is reported
in 2.5-7.5% of general population, especially in women (70% of cases), with no correlation with
physical activity.

Lateral epicondylitis (LE), also known as “Tennis Elbow” is estimated to affect between 1-3%
of adults,™ and 40% of tennis players.!> The prevalence of LE in subjects over 40 years seem to
be 2 to 3.5 times higher than in subjects under that age, and higher among tennis players that
practice more than 2 h/day.’

Medial epicondylitis (ME), also known as “Golfer’s elbow”, it is to be found mainly in golf,
baseball and javelin throwing athletes, but has also a prevalence of around 1% in general popu-
lation,'6 affecting both gender in their 40-60 years in a similar proportion.!”

Hand and wrist tendinopathies have a particularly high prevalence amongst stick and rac-
quet sports practitioners.’® De Quervain Tenosinovitys, that involves the first dorsal extensor,
shows a higher prevalence in women (2.8 per 1000) with an increase of symptomatic cases
over 40 years of age.!” Among athletes, volleyball players are a risk group for De Quervain
Tenosinovitys due to repetitive microtrauma.? In other sports, such as tennis, rowing or golf,
the risk factors seem to be more associated to the type of grip.'® Other less prevalent hand
and wrist tendinopathies would be Intersection Syndrome, Extensor Pollicis Longus Entrapment,
Flexor Carpi Radialis Tendinopathy, Flexor carpi Ulnaris Tendinopathy, and Extensor Carpi Ulnaris
Conditions. This last tendinopathy is mainly related to racquet or stick sports.?!

Lower limb tendinopathies are commonly found in sport practitioners. Hamstring tendinopa-
thy (HT) especially affects the proximal insertion, and is typically associated with long-distance
running and hurdling.?? In non-sports related cases, hormonal changes associated to menopause
and genetic predisposition are possible causes of HT.2> Tendons of the semimembranosus, semi-
tendinosus and biceps femoris can be affected separately or as a complex triad.?*

Gluteal tendinopathy (GT) is considered to be responsible for most cases of lateral hip pain
(62.5%).2> This frequent condition has an important impact in patients’ participation in daily liv-
ing activities. The prevalence is higher in population over 40 years of age, and it is also more
frequent in women.2® In the population between 50 and 79 years, the ratio is of 23.5% of women
and 8.5% of men, mainly in sedentary individuals, but also in athletes. Current evidence corre-
lates GT with mechanical factors, such as increased hip adduction.?’

A common sport-related injury is the Patellar tendinopathy (PT). Prevalence among elite
jumping athletes and recreational jumping athletes is of 45% and 14% respectively. It also has
a high prevalence in elite basketball players (45%) and volleyball players (32%) .22 Some authors
report that only 46% of sport practitioners affected with PT are able to return to previous ac-
tivity with no symptoms.2° Due to the morphologic characteristics of the quadriceps tendon,
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Quadriceps tendinopathy (QT) is less prevalent than PT. The main clinical symptom is pain in
the superior border of the patella. It is associated to chronic adaptations of the tendon to repet-
itive stress.? Several authors label QT and PT together as “Jumper’s knee”, without diagnostical
differentiation between the two of them. “Jumper’s knee” is mostly prevalent in athletes, but it
can also be found in non-athlete patients, showing a high statistical correlation with obesity and
subject’s height (increased height correlates with increased risk of tendinopathy).?!

Achilles tendinopathy (AT) is commonly found amongst runners, specially middle-distance
runners, who report an 83% prevalence of signals of AT.>? Track and field athletes have also a
high prevalence (43%), reporting pain and performance decrease. Recovery time is described to
last over a year, and recurrent injuries are common.>> AT is not necessarily sport-related, but
can also be found in general population. In these last cases, body weight and diabetes seem to
play a role as factor risks.?4:3>

[liotibial Band Syndrome (IBS), is a lower limb tendinopathy that affects mainly runners. (62%
women, 38% men). Several authors report IBS as a frequent cause of knee pain in cyclist (24%),
soccer and hockey players.3°

In conclusion, epidemiology of tendon injuries is necessarily divided and categorized by the
affected structure, as global numbers do not represent a clear picture of this miscellaneous con-
ditions that affect athletic and sedentary population equally.

Biomechanics and pathophysiology of the tendon injuries
Tendon structure

Tendons are complex structures that connect muscles and bones with two main objectives:
to transfer forces and storage and release energy.>’ All body tendons have a similar histological
organization, that is, a soft tissue structure mainly composed by connective cells.>® This connec-
tive tissue includes an extracellular matrix (ECM) described as a macromolecular network with
structural and changing functions.>® ECM is basically composed of collagen and tenocytes.*® Ac-
cording to currently research, collagen conforms 65-80% of dry mass in healthy people.*! In
addition, this collagen proteins are well organized and separated according to their features and
properties.*> Tendon has a hierarchical structure, well-observed in the ECM, which is high or-
ganized with collagen molecules connecting into filamentous collagen fibrils. These groups of
fibrils are known as collagen fibers, the main structural element of the tendon.*? Fibrils are or-
dered in fibrils packs, fascicles and fiber packs that are aligned in the same direction to the axis
of the tendon, named primary, secondary and tertiary bundles.**

Regarding the tensile properties of the tendons, several authors argued that tendons have
higher tensile strength compared to muscles; however, they are considered less flexible. Those
characteristics allow to support higher and time-maintaining loads with a lower rate of defor-
mation due to the force that a muscle can produce is maintained without losing any power.*
The myotendinous junction (the area where the tendon converges with the muscle) has collagen
fibrils that make connections with muscles cells shaping into folds. This area extends the con-
tact zone between tendon and muscle, facilitating a decrease in the force applied during muscle
contraction.*6

From a structural point of view, the tendon structure is constituted by a great number of
collagen bands, which are externally protected by the peritenon. Inside this cover, the secondary
and sub-fascicular band can both be found wrapped and divided by the endotendon.*’

Biomechanics of the tendon

Regarding tendon biomechanics, these structures achieve a mechanical advantage, increasing
the force generated by the muscle by the pulley or lengthening systems. In addition, viscoelas-
tic material properties allows to maintain and release energy, which is a main mechanism for
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Fig. 1. Load-elongation curve.

injury prevention.*® Knowledge about the tendon function, its morphology and biomechanics is
considered essential to achieving maximum efficiency of their functions and healing response.*?

Collagen fibrils form an undulation configuration (like a wave) present in all tendons, which
is known as “crimp”. This tissue structure can be viewed using a microscope and it is rele-
vant for the early loading stages, due to the tendon mechanical properties.”® At the first loading
stages, tendons suffer an initial stiffness expansion directly proportional to the received load.
Tendon biomechanics, due to this nonlinear characteristic shows two separate zone in the load-
elongation curve.*® The next Fig. 1 shows the behavior of tendon tissue in response to load
activity. On the left side of the curve, when the load is starting, a low deformation can be ob-
served in the stress-strain curve. After that, there is a cut point where a load increase providing
greater tissue deformity. In this context, the collagen fascicle itself is straightened and the crimp
vanishes. As deformation increases, there is a second cut point where tendon experience irre-
versible injury and, if sustained, could suffer a tear or rupture.’!

In this line, it must be pointed that the crimp formation and the collagen structure of the
ECM facilitates viscoelastic properties of the tendons, which are essential for the understanding
of the biomechanical characteristic of the tendons.

Pathophysiology

From a historical point of view an extent number of different terminologies has been de-
scribed to identify tendon injury, such as tendinitis or tendinosis.”> Before the nineties, tendons
that suffered a pain process were diagnosed as tendinitis, because it was thought that the in-
flammatory response was the key point of the pathological course.”>

Maffuli et al. were considered one of the first researchers to promote a change in the clinical
terminology from tendinitis to tendinopathy. Currently, tendinopathy is an accepted term which
is used to indicated a variety of tissue conditions that appear in injured tendons and describes
a non-rupture damage in the tendon or paratendon, which is intensified with mechanical load-
ing.”?

This shift in the nomenclature has been related with new advances in the understanding
of tendon pathophysiology, implying: 1) a further description of the overuse cycle and the fol-
lowing structural and functional damage in tendons with chronic pain; 2) increased knowledge
about the biomechanical disturbances which provoke chronic tendon pathology; and 3) a better
picture about the importance of intrinsic and extrinsic factors related to lifestyle.>*

Please cite this article as: L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al., Current understanding of the
diagnosis and management of the tendinopathy: An update from the lab to the clinical practice, Disease-a-Month,
https://doi.org/10.1016/j.disamonth.2021.101314


https://doi.org/10.1016/j.disamonth.2021.101314

JID: YMDA [mUS1Ga;January 4, 2022;12:15]
6 L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (Xxxx) Xxx

Tendinopathy phases

‘ Reactive tendinopathy

)

Tendon dysrepair

‘ Degenerative tendinopathy ‘

Fig. 2. Tendinopathy phases®.

Tendinosis has been usually employed to name chronic midportion tendon injury, focusing off
from the inflammatory process. If the damage is localized in the synovial sheath -for example
in the finger extensors/flexors- the appropriated term is tenosynovitis.”> Moreover, if the injured
zone is the paratendon, the chosen descriptor is paratendonitis or peritendinitis.”*

Inflammatory action is considered in the current scientific literature, as one factor in the on-
set of the tendinopathy; nevertheless, this process alone cannot explain the development of the
ailment.”® A large amount of research showed disruption without the presence of an inflamma-
tory cell infiltrate, separation or thinning in collagen fibrils.>”

In 215 century, degenerative theories have been reconsidered in order to explain the tendon
tissue injury process. The “cumulative injure” and “vascular failed model” are two of these ap-
proaches. These theories are focus on irreversible, degenerative cell transformations and separa-
tion of the matrix.”® Other studies have pointed that damage of the tendon appears in a healing
phase when there is a disorganization of the matrix with an increase of protein production and
cell activation.”®

Cook and Purdam developed a model that proposes that there is a continuum of the tendon
pathology. This model presents three different stages of tendinopathy: reactive tendinopathy,
tendon disrepair (failed healing) and degenerative tendinopathy.® From the pedagogical point of
view, this model is presented and divided in three stages, in which there is a progression be-
tween levels. In the early stages, increasing or reducing loading is the first stimulus that causes
the tendon to go forward or backward in the continuum model.®°

Reactive tendinopathy is the result of an acute compressive and/or tensile load which pro-
vokes a non-inflammatory proliferative cell and matrix response. This situation occurs after an
acute overload such as an excessive physical activity periods (Fig. 2).

Also it can be observed after a direct traumatism such as falling onto the tendon.t! It is
noticed that damaged tendons suffered structural changes observed through ultrasound.®? In
previous research, it was thought that a thickened tendon was a symptom of a maladaptive re-
sponse. Nowadays, some studies show that this adaptive response can be explain as an effort
to maintain an available amount of aligned fibrillar structured to avoid overloading in the dam-
aged area.%> This enlargement of the tendon surface can decrease stress and increase stiffness. If
there is enough time between loads or the overload is reverted, the tendon structure can return
to normal.8

Second stage is defined as tendon disrepair, which is determined for the development of
fibrillar disorganization. This phase is observed as the attempt at tendon healing, also known
before as “failed healing”.5* Changes in the matrix level are more noticeable and could be caused
by an increase of the vascularization of the tendon due to neuronal maturity.5>

The last stage is known as degenerative tendinopathy. In this phase, a variety of changes can
be observed within the matrix and cells. During this period, the possibility of natural recovery
decreases. Several areas of cells will die related to trauma or tenocyte apoptosis.’® As a result,
large zones of acellularity can be observed and the disordered zones of the matrix will appear
filled with vessels.®?

Several authors argued that it is essential to review the intrinsic and extrinsic factors that
may contribute to a successful management of the continuum model of tendon pathophysiology
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and that they may have an important role in the response to intervention in tendinopathy. In-
trinsic risk factors can be labeled as: unmodifiable or modifiable, some of them are related to
lifestyle or general health status, while others are linked to personal body characteristics.*’

In this line, the individual factors that should be considered are genes, age, sex, biomechanics,
and body composition. Obesity, illnesses associated with obesity and systematic diseases can
provoke tendinopathy.®’ Extrinsic factors could vary in each tendon; while weight bearing is
highly related to lower limbs tendinopathies, upper limbs tendons injuries can be observed in
overload movements. Health care professionals must understand load management and take it
into account as a part of their assessment and intervention.5®

Rotator cuff tendinopathy
Introduction

The rotator cuff tendon is formed by the contribution of scapular muscle tendon in the an-
terior aspect of humeral head, the supraspinatus in the superior aspect and the infraspinatus
and teres minor in the posterior margin of the humeral head. The confluence of these com-
ponents in a surrounding tendon of the humeral head, provides to the glenohumeral joint of
movement, stability for humeral head translations as well as sensory and proprioceptive infor-
mation for motor control.?? Rotator cuff tendons attach to the humeral head through a wide
and multilayered insertion in the greater and minor humerous tuberosity and firmly connected
to the glenohumeral capsule.® Posteriorly, the infraspinatus and teres minor muscles merge in
a tendon to form the posterior edge of the cuff. Superior and laterally, the infraspinatus and
supraspinatus tendon forms an interdigitation of theis fibers 15mm before its attachment in the
greater tuberosity.”? Subescapularis tendon inserts onto the minor tuberosity of humeral head
and supraspinatus tendon attach to the anterior aspect of the greater tuberosity. Both compo-
nents of the rotator cuff fuse at the end of the bicipital groove forming a fibrous tunnel for the
long head tendon of the brachial biceps commonly referred as a rotator cuff interval (RCI).”!.72
This triangular shape region is formed by the humeral head and slightly medially the superior
glenohumeral ligament as the base of the region, the coracohumeral ligament in the superior as-
pect, the subescapularis tendon medially and the supraspinatus laterally.”? The RCI plays a com-
plex role in function and stability of the shoulder and glenohumeral joint, supporting the long
head of the biceps tendon preventing from antero-medially and antero-inferior luxation in rota-
tor cuff and capsular injuries, in addition to participation in dynamic conflict syndromes which
affects glenohumeral rotations (anterior internal impingements, external coracoid impingements,
etc.).’2-74

Rotator cuff tendinopathy is considered a degenerative condition, which involves pain and
reduction of function in shoulder movements such as elevation and rotations, characterized by
the presence of structural abnormalities in tendon microstructure, cellular composition and pro-
tein fiber arrangement.”> Tendon degeneration involves a sequence of events that progress to
the fragmentation of collagen fibers and extracellular matrix disorganization, increasing the de-
posit of matrix protein fibers and substances, such as glycosaminoglycans, replacing the matrix
components as protective response.’”

Traditionally referred as a subacromial impingement syndrome, this term has been recom-
mended to be avoided due to the general lower consensus between structural alterations in
acromion morphology and the development of rotator cuff symptoms.’®

Rotator cuff tendon structure and biomechanics

The rotator cuff is made up by the interdigitation of various tendons, forming a particu-
lar structure where fascicles are separated by endontendon connective tissue, which contains
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amounts of proteoglycans, such as hyaluronic acid, that plays a role in matrix and bundle lu-
brication. From a microscopic point of view, five layers where described near the insertion of
the supraspinatus and infraspinatus in the medial lateral facets of the greater tuberosity. The
first most superficial layer is described as the coracohumeral ligament, directly superimposed
on the fourth layer that corresponds to the tendinous fibers of the rotator cuff. Immediately
below, a thicker third layer of tendon fibers is described with smaller fascicles, to give way to
a fourth layer of loose connective tissue that presents fibers from the coracohumeral ligament
forming the rotator cable. The fifth, deeper layer corresponds to the fibers of the glenohumeral
joint capsule with a multiaxial orientation.”’ Thereby, mechanical forces applied to the rotator
cuff through multiaxial joint movements of the glenohumeral joint, will subject tendon such
us supraspinatus and its different layers to internal shear stress, which becomes important in
functionality of the complex.

The objective of the biomechanics of the shoulder is to achieve 180° of mobility by incor-
porating all the joint elements that participate in this joint complex. In normal shoulder ki-
netics, the humeral head moves around the scapular glenoid fossa through the glenohumeral
joint (GHJ) in a coordinated manner incorporating the participation of all rotator cuff elements.
Above 120°, the scapula will rotate around the clavicle through the acromioclavicular joint (AC])
and it will rotate around the sternum through the sternocostoclavicular joint (SCC]). Moreover,
humeral head displacement must be integrated during normal physiological movements of the
glenohumeral joint and shoulder function. Superior translation of 0.35 mm of the humeral head
relative to the glenoid fossa has been described in the cranio-caudal direction during shoulder
elevation movements.”® Furthermore, anterior translations of the humeral head of 3.8 mm were
describe during flexion movement of the shoulder, and posterior humeral head translations of
4.9 mm during extension movements of the shoulder.”” Humeral head translations may be as-
sociated with capsular stiffness and connective tissue tightening, which it has been proposed as
a primary mechanism of glenohumeral internal rotation deficit (GIRD).80-82

Rotator cuff muscles and tendons are accurately involved in GH] stability and function,
throughout couples forces between paired muscles generating moment forces around an axis
of movement. Integrated and coordinated patterns of muscle activation coordinate migrational
translations forces and displacements of humeral head during shoulder movements. Functional
tasks in coronal plane that incorporates shoulder abduction, will require forces couples between
deltoid and supraspinatus in order to increase humeral head compression onto the glenoid fossa,
avoiding superior translations and compression of the soft tissue of the subacromial space. In-
fraspinatus and subscapular coordinates in the axial plane during rotational movements such as
internal or external rotations during throwing activities increasing horizontal forces against the
glenoid fossa of the scapula. Hereby, this couples force will increase compression joint reaction
forces against the concave glenoid fossa, known as concavity compression,3:8¢ which is a mech-
anism to improve dynamic stability of the glenohumeral joint by the scapular tilt modification
and humeral head and neck retroversion. For example, the subscapularis and the infraspinatus
couple forces stabilize the GH] in abduction from 0° to 150°, while in the last degrees the in-
fraspinatus becomes the main stabilizer in isolation.?”

Pathoethiology of rotator cuff tendons

Tendinopathy encompasses a broad concept that affects the tendon through a series of mech-
anisms that lead to the degeneration of the tendon structure, its cellular and molecular compo-
nents, resulting in decreased function and the appearance of pain.””

Microscopic lesions in the fibrillar collagen network through loads or repetitive mechanical
stress have been considered the main trigger for the onset of tendon degeneration and subse-
quent stages such as the appearance of partial or complete tears. In healthy conditions, damage
to the tendon matrix triggers effective repair responses, but the combination of extrinsic factors
such as mechanical overstimulation of the tendon or morphological variants as well as intrin-
sic factors such as low repair potential can tip the balance towards structural degeneration. In
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Fig. 3. Rotator cuff structures in a longitudinal ultrasound view. CHL, coracohumeral ligament; LHBB, long head of biceps
brachialis tendon; SB, subscapularis; SGL, superior glenohumeral ligament; SP, supraspinatus; RCT, rotator cuff tendon.

this context, the initial phases of degeneration remain clinically silent, but the accumulation of
cytokines, chemokines, vascular and neuro-inflammatory peptides unleash a cascade of nocicep-
tive events and signals that manifest the appearance of symptoms in patients, leading to loss of
function and appearance of pain.”>-86

Rotator cuff dysfunction is frequently associated with extrinsic and intrinsic tendon factors.
Extrinsic factors such as the coracoacromial arch or the bony acromion morphology may play a
role as potential structures which compress soft tissues immediately below in the subacromial
space, such as the subacromial bursa (SAB) or rotator cuff. The subacromial bursa formed by fi-
brous, areolar, fat and synovial cells have an important function diminishing humeral head fric-
tions against the coracoromial arch during shoulder movement. Moreover, it has been correlated
strongly the presence of pro-inflammatory peptides in the subacromial bursa and pain symp-
toms during shoulder elevations, which support the hypothesis of the bursa participation in the
detection of increasing compressive forces in subacromial space.%° Bone morphology variations
of the acromion has been traditionally argued in the irritation of rotator cuff. Despite this, recent
evidence support the avoidance of this pathoethiology hypothesis which has been mentioned as
“Subacromial impingement syndrome”, due to the poor level of association between symptoms
and structural deformation.8’-88 Tissue impingement between humeral head and coracoacromial
arch also could be associated to muscle imbalance or weakness during shoulder movements, de-
veloping motor control disturbances such as muscle activity inhibition delayed onset patterns of
muscle activation of rotator cuff or scapula, leading to the appearance of pain symptoms.59-91
In this sense, scapular dysfunction due to postural, motor control or muscle imbalance has been
proposed as an extrinsic mechanism of tendinopathy development, where individualize assess-
ment protocols are emerging aiming improvement due to broadly variations between posture
and symptoms presentations.’2

Chiefly, extrinsic factors such as tendon overloading or overuse, suddenly increases of training
loads or intensities, incorporations of new tasks or exercise during trainings, reduction of resting
periods, highly repetitive movements during overthrowing activities or poor technique or pos-
ture control, have been considered the main causative factor in tendinopathy development.’>?3
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Otherwise, intrinsic factors for tendon degeneration consider factors such as aging, genetics,
inflammatory conditions or metabolic diseases like diabetes meillitus or obesity, tendon vascu-
larization in main areas of degeneration, ligaments laxity and glenohumeral hypermobility or
mobility restrictions, muscle weakness or neuromuscular disorders.””

Despite this, the combination of intrinsic and extrinsic factors should be considered as a
mixed pattern in the development of rotator cuff tendinopathy. For example, the reduction of
acromiohumeral distance has been evidenced in muscle fatigue conditions of rotator cuff mus-
cles, specifically in supraspinatus tendon.?*%> In this way, a loading exercise program until ro-
tator cuff fatigue, was compared between shoulder controls and rotator cuff tendinopathy group
measuring the acromiohumeral distance and the supraspinatus thickness by ultrasound. Both
groups showed similar findings related to the increase in the thickness of the supraspinatus and
the reduction of the acromiohumeral space, but differences were observed in the reduction of
the recovery time of normal values in the control group respectively the tendinopathy group.?®
Studies in this direction would improve the understanding of the interaction of extrinsic factors
such as mechanical overuse and repetitive exposure to high loads, as well as intrinsic factors
such as recovery capacity and vascularization of rotator cuff degeneration.®’

Besides, central sensitization changes have been observed in patients with rotator cuff
tendinopathy showing hyperalgesia and hypersensitivity in local shoulder regions and referred
areas, which is a very typical symptom in shoulder clinical patterns presentation of rotator cuff
tendinopathy. Central sensitization is being related with chronic states of pain experience in pa-
tients and usually associated with central motor disturbances such as corticospinal inhibition or
reduction of excitability in some muscles such as infraspinatus, that assume an accurate role in
glenohumeral joint reaction forces, shoulder function and stability.?® Corticospinal disturbances
have been described in deltoid muscle exhibiting an hyperexcitability during resting tasks and
hipoexcitability during movements, supporting the hypothesis of how neuromuscular disruption
may be directly linked with tendinopathy disorders.*°

Assessment of the rotator cuff tendinopathy

Physical therapy evaluation of the shoulder in tendinopathy conditions requires numerous
steps to better identify and understand the most reliable approach for each patient due to the
general variables that may be related to tendon degeneration or, at least, the presence of pain
and loss of function in the rotator cuff.

Firstly, an extensive and detailed subjective interview of the patient will allow to recognize
the description and behavior of the symptoms as well as the functional restrictions of the shoul-
der. Questionnaires such as the Shoulder Pain and Disability Index (SPADI) or the Western On-
tario Rotator Cuff Index (WORC) will allow these variables to be objectively analyzed.!00

Secondly, the physical examination should focus specifically on the reproduction of the pa-
tient's symptoms, quantity and quality of movement during the analysis of active and pas-
sive mobility, the evaluation of the accessory movements of the humeral head with respect
to the glenoid fossa, the diagnosis of scapular dysfunction, the exploration of the extensibility
of the posterior capsule of the shoulder and glenohumeral internal rotation range of motion,
muscle function in terms of strength and endurance, as well as neurodynamic test for neu-
ral mechanosensitivity and orthopedic tests for the diagnosis of impingement or rotator cuff
tendinopathy.'”! Approaches based on symptom modification such as the Shoulder Symptom
Modification Procedure (SSMP)?? explore the interaction of thoracic spine, scapular different po-
sitions and humeral translations in patient’s shoulder symptoms. This Manual Therapy approach
based on the reproduction of symptoms arises because of the gaps related to the association
of symptoms based on a specific structural diagnosis. In this way, the relief and reproduction
of symptoms associated with the identification of postures, combined physiological movements,
directions of joint accessory movements and neighboring joints, serve as an approach guide to
the therapist.%?-100
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Additionally, whole-body screening for functional or technical gesture evaluation may play
a determinant role in overhead athletes with shoulder complaints. In this sense, the concept
of kinetic chain emerges referring to the transfer of energy through interconnected segments
from the lower limb, passing through the trunk and shoulder, being very illustrative in technical
gestures such as tennis serve or throwing in handball.'%? Functional or mobility restrictions in
segments of the lower limb responsible for generating energy, can reduce the transfer of energy
to the shoulder, increasing the mechanical and functional demands on it, which could have a
potential impact on pain, weakness, motor control or muscle imbalance.!03.104

Orthopedic test in rotator cuff tendinopathy

The performance of orthopedic tests based on the identification of structures responsible
for shoulder dysfunction, is based on the reproduction of symptoms such as pain or weakness.
Currently, there is controversy about the reliability of these tests to isolate the components of
the rotator cuff as a source of reproduction of the patient’s symptoms.'?> Due to the complex
anatomy of the glenohumeral joint, as well as the indivisible relationship between structural
components such as the joint capsule and the interdigitated rotator cuff tendons, or biomechan-
ically in relation to coupling forces and scapular orientation, they seem to question the clinical
validity for the diagnosis of structures involved in the patient’s symptoms.®?

Despite the existing controversy, numerous studies have analyzed the orthopedic tests that
provocation of the rotator cuff is related to the symptoms of impingement, in primary impinge-
ment (the inflammation or injury of the tendon directly causes the reduction of the space be-
tween the humeral head and the scapula) or secondary impingement (migration of the humeral
head in different directions as a consequence of the impact of structures). Cools’* proposed a
clinical assessment algorithm for impingement symptoms including tests such as Jobe, Neer or
Hawking; for rotator cuff pathology such as full and empty can test or for scapular dysfunc-
tion identification such as The Scapular Assistance Test (SAT) and The Scapular Retraction Test
(SRT) in order to identifiy the dominant pattern of symptoms in athletes in presence of shoul-
der pain. In this line, Kibler and Sciascia'?® also proposed a clinical algorithm for shoulder pain
or dysfunction in presence of scapular dysfunction in order to identify the causative factor of
symptoms.

Imaging tools in rotator cuff tendinopathy

Diagnostic imaging tools such as ultrasound or magnetic resonance imaging (MRI) in rotator
cuff tendinopathy has been used traditionally as a “gold standard test” in structural diagnosis
and in clinical validation of orthopedic test. The main criteria to confirm the diagnosis is the
presence of structural abnormality in imaging in order to rule out true positive test results. For
this reason, imaging tests associated with the diagnosis of rotator cuff tendinopathy are contro-
versial in the recent literature due to the presence of studies that showed findings of structural
shoulder alterations in participants who do not present symptoms.'?7-108 Qther studies have re-
ported associations between MRI findings and SPADI scores in patients diagnosed with subacro-
mial syndrome of at least 3 months of evolution at the beginning of the study and after one
year of evolution, but with a poor level of correlation in patients who received treatment and
who presented major degenerative changes, tendinosis or bursitis in the imaging test.'%°

Despite the improvements in the image quality of imaging tools, the outbreak of tests
such as ultrasound, that are more accessible and with less associated economic cost, and the
high reliability in the detection of degenerative signs in structures of the shoulder joint and
the rotator cuff, more studies are needed to assess the efficacy between the determination
of structural changes by imaging tests and the presentation of the patient’s symptoms!'!?.111
(Fig. 3).
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Conservative management of rotator cuff tendinopathy

Treatment of rotator cuff tendinopathy by the conservative point of view is integrated by
different approaches. Most of the approaches agrees in the importance of exercise therapy as
the main and useful therapeutic option for management of this patients independently of con-
comitant conditions presented such as rotator cuff partial tears, bursitis, etc. Different exercises
combinations and strategies focusing on pain control and relief, as well as increase of function
and decrease of weakness during progression have been proposed.'’® Exercise options may be
based on motor control exercise for glenohumeral rotator cuff muscles, scapular exercise related
to retraction position and mobility, shoulder self-stretches in order to restore glenohumeral in-
ternal rotation deficit (GIRD) in those patients which interact as a causative or risk factor,!?
restoration of normal values of range of motion,'"> strength improvement and endurance of the
rotator cuff muscles and scapula stabilizers as well as including functional and kinetic chain
based exercises in order to improve scapular and lumbopelvic muscle activation.!02-194.114 E]jen-
becker and Cools'!> have proposed an algorithm for rotator cuff injuries based on a integrated
approach focused in the detection of lack of tissue mobility of direct or indirect structures at-
tached to the shoulder such as capsular restrictions or scapular muscles shortening, or muscle
performance in terms of muscle control or strength. Progressions are stablished combining man-
ual therapy and exercise to restore the lack of these elements and including stretching exercise
programs, neuromuscular techniques and strength training.

However, active therapeutic approaches may also be related to reducing exercises or activ-
ities that increase the patient’s symptoms in tendinopathy. Irritable rotator cuff tendinopathy
conditions associated with a nightly increase in pain symptoms, persistent and highly irritated
conditions, can benefit from relative rest and activity restriction of those that increase pattern
irritability. In this context, exercise will focus on pain control strategies such as isometric exer-
cises, movement in pain-free ranges, load management, and gesture modification.'’? Ultrasound-
guided injections of the subacromial bursa with analgesics or corticosteroids should be a poten-
tially effective option in reducing pain from irritative clinical pattern conditions, but are also
recommended in combination with an exercise program. Finally, the evidence supports the im-
portance of focusing on patient education on pain, concepts and biomechanics of the shoulder
rotator cuff, the importance of the exercise program and personal involvement, activity restric-
tions or adaptation especially in athletes who are exposed daily to complex mobility exercises
or high doses of repetitions.!??

Hamstring tendinopathy
Introduction

Regarding the prevalence of proximal hamstring tendinopathy, specific numbers still not re-
ported, however literature shows a high prevalence in speed runners.''®'” In the same line
of other tendinopathies, proximal hamstring tendinopathies muscles are due to overload dur-
ing training or recreational activity.'’® Population shows 45% of gluteal tendinopathy in more
advanced countries and is not related to a specific exercise.'””-11° Therefore, is less prevalent
than others, gluteal tendinopathy in subjects with low exercise activities and can be related to
overload of the gluteus maximus and medius, or both.!?

Assessment and treatment

Diagnosis of hamstring and gluteus tendinopathy

Proximal hamstring tendinopathy reported a similar phenotype to general tendinopathy with
similar features and symptoms that common tendinopathies. Pain located at the gluteal region is
considered one of the main features, which could be irradiate along the hamstrings area.!!6.120
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Management of hamstring tendinopathy

‘ Neuromuscularcontrol, proprioceptive training

‘ Lumbopelvicbalance

‘ Mobilization of soft tissue

‘ Trigger point dry needle

‘ Platelet rich plasma

‘ Shockwave

‘ Ultrasound therapies

|
|
|
|
‘ Electric stimulation ‘
|
|
|
|

‘ Corticosteroid injection

Fig. 4. Management of hamstring tendinopathy.

In this context, symptoms are presented at the beginning of the exercise and disappear after
warming up and usually return when the activity is finished. Pain can progress without improve-
ment with warm up activities or even in case of continued effort, and remain after the exercise,
frequently with activities of daily living,'?! or in case of resting seated down or driving. In addi-
tion, sitting down or driving was also related with proximal hamstring tendinopathy.!!6

Gluteus tendinopathy is the most frequent lower limb tendinopathy.'?> Degenerative tendi-
nosis is the first clinical manifestation and could produce greater trochanter pain syndrome or
trochanteric bursitis.!?3.

Prevalence of gluteal tendinopathy is increasing in sportsmen as a result to the popularity
of amateur sport practise, such as running or football.'?? Regarding the biomechanical features,
anatomic differences could be a risk factor to predispose the development of this pathology, for
example: an increased acetabular anteversion, decreased gluteus medius insertion at the surface,
shorter gluteal abductor moment arm, and higher adiposity tissue. Lower femoral neck shaft
angle (coxa vara) is associated with gluteal tendinopathy'?* with a gluteus medius activation
during dynamic single-leg activity as a result of the increased hip adduction moment.'?? Con-
sidering the muscle tissue, hip abductors tension disturbances may contribute to increase the
risk of development gluteal tendinopathy. In this line, hip abductors during monopodal support
influences the direction of the resultant hip joint reaction force, which lies in line with femoral
neck and produce distribution of compressive force on the joint area.'??

Gluteus medius weakness is related to a higher reaction force vector on the hip in the vertical
plane and the flexion moment at the crural neck with balance disturbances; this outcomes as a
result of force concentration on the superior surface of crural head, as the case of higher tensile
forces along the superior femoral neck.

Management of hamstring tendinopathy

Usual care for hamstring tendinopathy are similar to the rest of tendinopathies: including ice
and load management based on physical exercise and soft tissue mobilization'?° (Fig. 4).

Several authors estimate the time to heal around one to three months. Regarding previ-
ous sport activity levels there are different results, meanwhile a little pain could persist more
weeks.!20:125 Other therapies have employed motor control for the lumbopelvic balance, trigger
point dry needling or muscle electric stimulation.'?® Moreover, a neuromuscular approach using
proprioceptive training was showed as a good treatment.'2?

Regarding the pathogenic cells tissue histology, low stretching could improve cell differenti-
ation in tenocytes which contribute to increase level of tendon homeostasis.'?” Otherwise, large
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Management of gluteal tendinopathy

Non Steroids Anti Inflmatori drugs, and physical therapy.
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Surgical treatment

‘ Platelet rich plasma

Fig. 5. Management of gluteal tendinopathy.

loading stretch could produce adverse effects, with degenerative symptoms as the case of calci-
fication, or similar disorders.?0

Different approaches have been described in recalcitrant tendon pathology, for example,
shockwave and ultrasound therapies, or ultrasound- guided corticosteroid injection, and platelet
rich plasma injection.'20-128.129 Comparing a combination of non-steroid anti-inflammatory
drugs with physiotherapy and specific exercises and shockwaves had significantly increase time
to resolve the disability with a time range from ten months..'23 However, ultrasound-guided cor-
ticosteroid could produce inhibition of collagen fibres, which could produce a difficult healing
process and recurrent pathology associated.’>° Besides symptoms reappears after good short-
term results.'3!

Platelet rich plasma as a new biological therapy has limited scientific evidence. For this rea-
son the needing of clinical trials to check efficacy and safety have been developed during last
years, however several limitations in method does not clarify the clinical significance.!3?.133

Management of gluteal tendinopathy

Gluteus tendinopathy have been managed in a conservative approach with exercise programs,
non-steroid anti-inflammatory drugs, and physical therapy!?? (Fig. 5).

Also there are evidence of the efficacy of shockwave therapy conservative treatment for
greater trochanteric pain.'28.134

Corticosteroids injections have been employed to treat greater trochanteric pain. But even
when patients reduce their pain around to 55%, the effect does not remain one year compared
to patients who does not receive injection.!>136 In addition, there are scientific literature that
corticosteroids could harm musculoskeletal tissues with worse results in epicondylitis condi-
tions.'3”-138 Surgical treatment is employed in case of gluteal tendinopathies which not respond
to conservative therapies. In this line, a decrease on pain intensity and functional results have
been showed with endoscopic and open abductor tendon repair. However, these techniques have
been related with other complications, for example: tendon re-tear, greater trochanter fracture,
or infection.'?®

There are some researchers who have reported positive outcomes of platelet rich plasma in
gluteal tendinopathy. Fitzpatrick et al.'4%-'#! carried out a randomized controlled trial compar-
ing ultrasound-guided platelet rich plasma injection with a corticosteroid injection, and results
highlighted that pain and function were improved for the platelet rich plasma group with re-
spect to corticosteroid group. However, Jacobson et al'*? developed a single-blinded prospective
clinical trial which not showed significative differences between 30 chronic gluteus tendinopa-
thy subjects treated with either percutaneous needle puncture or platelet rich plasma infiltra-
tion. Moreover, a significant pain score decrease was showed with a fifty-day follow-up that in
both groups.
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As mentioned above, the prevalence of tendinopathy is related with aging; however, subjects
who received surgical treatment for hamstring tendinopathy are frequently young and usually
physically active individuals.'?® Differences between sport activity stress and age regarding to
tendon degeneration is not clearly defined yet, Ruzzini et al. demonstrated that tendon cells in
older hamstring tendons had weaker potential related to mechanical tissue characterises which
could suggest a possible biological basis for age-related differences.'*3

The aetiology of hamstring tendinopathy still not clear and could be the same as in other
tendinopathies. In this line, similarities to other tendons tissues must be addressed with cau-
tion due to the different anatomy and fascial strains architecture. Despite platelet rich plasma as
new therapy could be an interesting treatment, the first conservative option should be a conser-
vative approach based on a load management exercise program to decrease pain symptoms and
increasing functionality.

Knee tendinopathy
Definition and epidemiology

Patellar tendinopathy (PT) is an injury often described as “jumper’s knee”. It is caused by
functional overload, which is related to an excessive and intense use of the patellar tendon.#*
This pathomechanic is caused by an inability to adapt to the forceful and repetitive loading of
the quadriceps, especially if there is a high volume of training.'#

PT has been described as a very limiting condition; sports involving explosive jumps or
explosive starts and stops are considered risk factors for the development of this overuse in-
jury.'6 Although this injury can be suffered by the entire population,'’ physically active people
were more predisposed to develop this musculoskeletal condition. The prevalence is reported as
lower in amateur athletes, who train fewer hours per week and less intensively than elite ath-
letes.™8.149 |t is mainly suffered by subjects who need to jump in their sports practice, such
as volleyball and basketball players, but it is also found in a lower percentage in athletes who
practice athletics (long-distance runners) due to repeated micro-traumas and soccer, as a result
of quick starts and repeated changes of direction.!?013!

Pain associated to PT usually appears at the beginning and at the end of physical activity,
whit a decreasing of symptoms during the physical activity. If the symptoms persists, PT could
be develop a continuous pain, even after the end of the exercise and at rest.!>?

Multiple causes could overlap in the development of PT. Intrinsic factors have been described
such as genetics, gender (with a higher incidence in men than in women), metabolic diseases, al-
tered flexibility, collagen metabolic disorders, hypercholesterolemia, diabetes, age (with a higher
incidence rate in young people than in adults), high uric acid levels and rheumatoid diseases,
among others. Extrinsic factors include all the training variables, the level of participation (with
a higher incidence in elite athletes versus recreational level), drug use and the administration of
some medications.!?3-1>8

Regarding biomechanical factors and anatomical alterations, it is known that patients with
PT have a greater degree of lateral patellar mobility compared to healthy subjects with-
out PT.™ Patellar mobility can be measured using a manual mobility test, however this
tool reported low reliability due to lack of accuracy during the assessment procedure.'®® In
this context, an alternative device who reported good validity is a patellofemoral arthrom-
eter, showing a high reliability if we compare its results with images taken by magnetic
resonance. 6!

There are multiple lower extremity injuries that are related to excessive hip adduction, such
as iliotibial band syndrome,'®? tibial stress fractures,'®® patellofemoral pain'®* and also in pa-
tients with PT.">® Increased hip adduction may lead to altered quadriceps loads, which could
lead to increased patellar tendon strain.'>®

Jumping sports, such as basketball or volleyball, shared two biomechanical features directly
related with patellar conditions: the lack of strength and increased lateral mobility of the patella
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and the lack of control of the hip due to an increased adduction, can lead to increased traction
and tension in the proximal portion of the patellar tendon during the landing phase after a jump
with an associated increase on the traction and tension in the proximal portion of the patellar
tendon.’™ Ground reaction forces and the force of gravity could also be taken into account in
the development of the TP.16>.166

Several studies reported biomechanical factors as contributors to PT, such as increased knee
and ankle flexion and increased internal tibial rotation during initial contact in jump reception
or running.'66-168 Therefore, dynamic tests performed in patients with PT founded biomechani-
cal alterations in the hip and/or in the ankle joint because of interdependence of the knee with
its surrounding joints. Those findings could be interpreted as a prevention strategy and should
be considered for the diagnosis and the management of this musculoskeletal condition. Regard-
ing the biomechanics disturbances, osteoarthritis disease located in the hip, which causes lim-
ited internal rotation, can lead to increased external rotation of the hip during flexion, resulting
in lateral knee pain associated with excessive traction force on the proximal insertion of the
patellar tendon.'®® In the same context, a misalignment of the knee flexion-extension axis, such
as increased physiological varus or valgus, presence of recurvatum or alteration of the Q angle,
can increase the loading forces and traction on the patellar tendon, which is related to patellar
tendinopathies.!>? It has also been described how a reduced flexibility of the hamstrings or a
previous knee injury can favor the development of patellar tendinopathy.!70

Diagnostic tests

It is necessary the employment of validated tests to detect PT, and it is suggested to combine
all the results to understand the multifactorial presentation of tendinopathy. Individual partici-
pation should be measured, and the degree of disability at work, in daily activities and in sports.
It is also necessary to quantify pain intensity at rest, during the performance of different activ-
ities and under functional load, such as performing a one-legged squat on a declined plane.'’!
Psychological factors and functional capabilities have been considered very important added to
an anamnesis, static and dynamic visual examination, palpation, and range of motion assess-
ment for a complete PT assessment.!”2-174 The most widely employed questionnaire for assess-
ing symptom severity is the Victorian Institute of Sports Assessment for patellar tendinopathy
(VISA-P), a validated tool consisting of eight items, six of which rate pain during functional tests
and activities and the other two provide information on the impact of PT on sports participation
or physical activity.!”2-17>

Ultrasound imaging and MRI can be used as diagnostic imaging tests for the detection of
abnormalities or disorders of the patellar tendon along its entire length, from the inferior pole
of the patella to its insertion on the tibial tuberosity!'’®-178 (Fig. 6). Finding histopathological
changes is not always related to symptoms, on the contrary, there is evidence that the presence
of abnormalities increases the probability of developing PT with symptoms.!”?

In injuries of less than eight weeks of duration, which are considered acute, the presence
of neovessels can be observed in the ultrasound and Doppler and could be justified with the
increase of vascularization of the tendon that occurs during the repair phase, this is a natural
and expected process. If the angiogenesis process persists beyond the first eight months (con-
sidered as a pathological finding) it may be related to an incorrect tendon repair. To neovascu-
larization assessment, ultrasound doppler can be used with the modified Ohberg scoring scale,
which scores over four grades and has been shown to be a reliable and reproducible assessment
tool.’80 The presence of neovessels in tendons with pathology is associated with a higher degree
of pain than in pathological tendons where neovascularization is not observed.'8!-182 Therefore,
the blood flow evaluation by ultrasound imaging could be beneficial for the diagnosis and man-
agement of tendon conditions.

In this line, ultrasound imaging has been described as a valid and reliable tool to evaluate
quantitative data of the tendon and peritendinous structures. Pathological tendons compared
with healthy tendons show differences for the architecture (thickness and CSA) and the pixel

Please cite this article as: L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al., Current understanding of the
diagnosis and management of the tendinopathy: An update from the lab to the clinical practice, Disease-a-Month,
https://doi.org/10.1016/j.disamonth.2021.101314


https://doi.org/10.1016/j.disamonth.2021.101314

JID: YMDA [mUS1Ga;January 4, 2022;12:15]
L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (XXxx) Xxx 17

Fig. 6. Ultrasound imaging in a longitudinal view of a healthy tendon (A) and a intrasubstance calcification tendon (B).

gray-scale. These changes may suggest different stages for the PT development. Hypoechoic areas
should be associated with pain locations and usually present blood flow signals assessed with
the doppler tool from an ultrasonography tool.!3> These imaging findings should be taken into
account carefully due to the PT was considered a clinical condition, based on the clinical findings
founded in the anamnesis. Therefore, the imaging findings were important always related with
the clinical test values and symptoms.'84.18

In this line, physical examination combined with imaging evaluation could be used with tools
such as the VISA-P questionnaire. Results reported by all the physical test, tools and question-
naires could be used to validate the efficacy and progress of treatment, as well as for early
identification of risk factors with good reliability.'4’

The Oslo Trauma Research Center developed the OSTRC questionnaire to quantify the preva-
lence and severity of repetitive trauma in sports injuries. PT cases can be identified through this
questionnaire whit the adaptation of OSTRC test based on symptoms and features of the injury.
Therefore, the specific PT questionnaire now called OSTRC-P was described also as a low-cost
tool that could be used on the one hand to perform a diagnostic self-report, which examines
the severity of the injury, and on the other hand to follow up the tendinopathy.'86

Treatment

Injury location within the tendon define the tendinopathy approach, when the injury is lo-
cated in the deep interface (near the Hoffas fat pad), tensile forces are transmitted more dur-
ing flexion movement, than in the superficial interface where extension is responsible for this
force. Moreover, the peritendon area was defined as the most reactive area subject to mechanical
changes that could be related on the development of patellar tendon pathology.'>?
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During the first eight weeks from the appearance of the injury, a great cellular and chemical
activity triggers the physiological healing process. If this process is prolonged in time and the
symptoms are persistent, the reactive tendinopathy enters into a degenerative processes and
therefore the tissue recovery become more difficult.'s”

Evidence-based literature support the classification of tendon condition as an overuse injury,
so an optimal training load management plays an important role in the first stages of tendon re-
habilitation.'®® In this line, exercise and load management were considered the first non-invasive
option for PT.189-193 An individualized approach including pain intensity assessment during ac-
tivity, via a visual analog pain scale (VAS), may be an appropriate for managing the training load
program.

Regarding the therapeutic exercise program that should be prescribed, there are also multiple
options, several studies reported a decrease in pain intensity and improvement in function by
performing a program for twelve weeks of unilateral squatting on a board with a decline of
25 degrees to reduce pain.'?4-198 According to the literature, treatment with eccentric exercises
improves functionality and reduces pain in the early stages of the disease, and also has the
ability to increase tendon remodeling due to the stimulation of collagen fibers.!?

Although the literature is much more extensive and there is sufficient evidence to implement
eccentric contraction exercises for patellar tendinopathy, there are other therapeutic exercise
alternatives such as isometric contraction.!?!+191:200.201 [n 3 study by Rio et al. it was shown
that a single isometric contraction in athletes in competition season resulted in immediate pain
relief that extended for 45 min, this finding is important as this pain latency period can be used
to increase load and performance.?°!

Other studies found clinical improvement in function and pain that could be related to nor-
malization of tendon fibril morphology following slow and heavy strength training (HSR) work.
The HRS consisted of a strength program performed bilaterally and for twelve weeks, including
squats, leg presses, and machine squats (hack squats).'91:202,

Therefore, we could use isometric exercises, eccentric exercises or HSR exercises, the first
ones would be more indicated during the competition phases, since it gives us that short-term
analgesia. Eccentric and HSR exercises seem more effective and adequate to improve functional-
ity and pain in the long term.'“3 Another option is to perform an isometric exercise and benefit
from the period of analgesia to implement the treatment with eccentric exercises or HSR.

In this line, currently research show that loading seems to be necessary for tendon remod-
eling, there are athletes who present pain during therapeutic exercise programs, and this may
justify the lack of improvement after completing such programs. A previously described proposal
for these cases is to perform the activity under pain monitoring. An alternative approach found
in the literature is the use of blood flow restriction therapy (BFR), an inflatable cuff that is placed
on the proximal thigh as a tourniquet with the intention of occluding blood flow during exercise.
In patients who do not support high load exercises, this training with BFR achieves the benefits
of high intensity such as increased strength and increased cross section of the quadriceps and
patellar tendon with the advantage of suffering less stress on the tendon and joint.203-205

If the subject presents hip adduction, which we know is directly associated with patients
with PT, we should include hip abduction work in our therapeutic exercise program to improve
the movement pattern.’”” The correlation between increased patellar mobility and the presence
of PT is also described, although more studies are needed, it would be interesting to investigate
the use of stabilizing supports to reduce the lateral displacement of the patella in the flexion
movement and how this could improve the symptoms in patients with PT.!>°

Extracorporeal shock waves therapy (ESWT) has been described as an alternative option,
which could reactivate the tendon repair process and reducing the surgery intervention. It
is a therapy that uses mechanical loading to try to reactivate the tissue regeneration of the
patellar tendon.2°6 The use of ESWT is becoming more and more widespread in lower limb
tendinopathies, although there is no clear guideline regarding the dosage of the technique and
further studies focused on the treatment of PT would be necessary. The use of ESWT is at-
tributed to a decrease in pain due to the suppressive effect of nociceptors, a decrease in edema
and swelling, a decrease in inflammatory cells in the tendon, a proliferation of tenocytes and
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Fig. 7. Ultrasound imaging of a healthy Achilles tendon -transversal (A) and a longitudinal view (B) - and an Achilles
tendinopathy tendon - transversal (C) and longitudinal view (D).

neovascularization that will facilitate the arrival of oxygen and nutrients to the injured area, and
a stimulation of healing to help the progressive regeneration of the tendon.207-210

Invasive treatments have been reported benefits, and there is an increasing range of possibil-
ities among which we find, among other therapies, treatment with ultrasound-guided elecroly-
sis, percutaneous neuromodulation (PNM), the use of adipose tissue stem cell injections (ASC),
hyaluronic acid (HA), and platelet-rich plasma (PRP), although these last two options are not
included as physiotherapy techniques and must be performed by specialized physicians.

Ultrasound-guided electrolysis produce the rupture of fibrotic and necrotic tissue, thereby
creating new blood vessels that ensure the supply of oxygen and nutrients to the area to allow
the tendon to regenerate.”!! In this line, repeated puncture of the damaged tendon area stim-
ulates an inflammatory response, which induces the creation of new granulation tissue, thus
reinforcing the tendon.?'2

Ultrasound-guided electrolysis could be considered one alternative and/or a complement of
physical therapy programs for the treatment of PT.2'2-215 [t has been shown that there is a re-
lationship between the healing process and the increase of growth factors.26:217 Although this
statement is promising, more studies are needed to determine a standard protocol for the num-
ber of sessions and the interval between electrolysis intervention.2!8:219

Regarding the use of ultrasound-guided, HA injections around the patellar tendon, several
studies have shown a decrease in pain, decreased pain on palpation, decreased neovasculariza-
tion, reduced swelling and decreased tendon thickness. It could therefore be considered an alter-
native to a physical therapy programs without adverse effects for the treatment of PT.209.220.221

Regarding the tissue regeneration, mesenchymal cells could differentiate and activate the pro-
liferation of tissue-specific cells where they are injected with ASC. Several authors support an ac-
tivation of the repair pathways of damaged tissue, regulate inflammation by their immunoregu-
latory action and secrete growth factors and neovascularization. Therefore, the use of autologous
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ASC is considered an useful treatment for the manageament of chronic patellar tendinopathy,
achieving a decrease in pain and an improvement in functionality and performance in the short
term. However, further studies are needed to define the role of this therapy in the treatment of
PT and to specify the dosage of the technique.?22-224

If all conservative treatments fail, surgery might be indicated in chronic and recalcitrant cases
of PT.22> However, some subjects remain symptomatic or even worsen after surgery.>26

Achilles tendinopathy and plantar fasciitis
Introduction

Achilles tendinopathy is a degenerative pathology that is caused by a failure in healing due
to an imbalance between the load and the rest of the tendon, which causes an affectation of
the tenocytes, a disorganization of the collagen fibers, and a proliferation of non-collagenous
matrix. In addition, it also increases type IIl collagen, which has poorer biomechanical properties,
due to its lower extensibility. Structurally, in these patients, an increase in the cross-sectional
area of the tendon can be observed by ultrasound imaging.??”-2>¢ Achilles tendinopathy can be
insertional, proximal, or more frequently, affect the central part of the tendon. In insertional
tendinopathy, other conditions such as intratendinous calcifications may also appear.??7-22?

Epidemiology

Achilles tendinopathy is common among athletes, especially in runners, where this pathology
represents 6-17% of all injuries. While 43% of elite track and field athletes have suffered from
this pathology at some point, among medium-distance runners the prevalence is 83%.3> Most
athletes who develop Achilles tendinopathy describe that at some point during their training
program there has been a sudden increase in load, as well as inadequate rest. Therefore, the
planning of sports training is very important in the prevention of this pathology.?3?

Diagnostic

The diagnosis of Achilles tendinopathy is clinical, and should be based mainly on the medical
history of the patient and the physical examination.>*! The most frequent symptoms are morn-
ing stiffness, stiffness after a period of inactivity, and a progressive appearance of pain associated
with sports activity. When this foot disorder is established, initially the pain appears only at the
beginning and at the end of sports activity. If the pathology does not remit and becomes chronic,
the pain can appear progressively in most daily living activities, even in low intensity tasks. In
addition to pain, swelling often occurs around the tendon, and athletes experience a decline in
athletic performance.??’” On physical examination, mid-tendon tenderness is considered a highly
sensitive and specific test to diagnose Achilles tendinopathy.>>? This test can be completed with
the Royal London Hospital test, which is more specific.2’!

In addition to clinical diagnosis, ultrasound tissue characterization has recently been estab-
lished as a valid method to quantitatively assess tendon structure?3? (Fig. 7).

In cases where the ultrasound diagnosis is unclear, magnetic resonance imaging (MRI) can be
used, which gives very extensive information on the internal morphology of the tendon, as well
as other structures that surround it. In fact, in the event of surgery, MRI makes it possible to dif-
ferentiate between tendinopathy and para-tendinopathy, in addition to quantifying the amount
of tissue affected. However, MRI data should be interpreted with caution, and should always be
checked against the patient’s symptoms to be relevant.2%’

To assess the evolution of the patient affected by Achilles tendinopathy, the Victorian Insti-
tute of Sport Assessment -Achilles questionnaire can be used, with a difference of 10 points
being considered clinically significant.?34
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Risk factors

The following risk factors must be taken into account and addressed when designing the
treatment of the Achilles tendinopathy: a decrease in plantar flexion strength, lack of motor con-
trol in the hip muscles, lack of range of motion in dorsiflexion of the ankle, excessive pronation
of the foot, or being overweight.2*> Other factors should not be ignored, such as the use of flu-
oroquinolone antibiotics, which have been related to the onset of Achilles tendinopathy or even
tendon rupture one week after being used.?>¢ Regarding other risk factors such as the influence
of footwear or sports surfaces, there is little scientific evidence to date about their relationship
with the development of the Achilles tendinopathy.?2-23°

Scientific evidence of Achilles tendinopathy treatments

To date, in 24-45.5% of patients suffering from this pathology, conservative treatment fails.
According to several authors, complete recovery from this pathology following conservative
treatment can last up to a year, so it is recommended to wait for this period before considering
surgical treatment. If conservative treatment is started as soon as the first symptoms of stiff-
ness and pain appear, the prognosis is more favorable.>> When considering surgical treatment,
the options are wide, ranging from percutaneous tenotomy to open surgeries.”2’ As intermediate
therapy between conservative and surgical treatment, percutaneous therapies can be carried out.
Among them, the less aggressive options are platelet-rich plasma injection and dry needling in
the tendon. According to observational studies, both therapies achieve effective benefits in terms
of pain and function, with similar results.?3” These treatments appear to have a positive impact
on neovascularization and tissue remodeling. Although the results are promising the level of
scientific evidence today is very weak.?38

Regarding conservative treatments, cryotherapy, to which analgesic and anti-inflammatory
properties are attributed, has not proven to be an effective technique for the management of
this pathology. However, some randomized clinical trials that analyzed the use of thermother-
apy suggest that this therapy could stimulate repair processes, relieve pain, and increase tendon
extensibility.2%’

Eccentric exercises are one of the main conservative therapies for Achilles tendinopathy. It
is attributed to them that they facilitate the remodeling of the tendon through the stimula-
tion of collagen formation.23° Even though in randomized clinical trials of high methodological
quality with eccentric exercises the results in the clinical manifestations of patients affected by
Achilles tendinopathy are very favorable,?40-24! the mechanisms that explain why pain decreases,
or the histological changes produced in the tendon are unclear.??’ Eccentric exercises could be
included within exercise rehabilitation, which is the conservative therapy with the most scien-
tific evidence for Achilles tendinopathy.?3> This therapy aims to provide a mechanical load to the
tendon by stimulating the remodeling of collagen fibers, in addition to increasing the strength
and endurance of the calf muscles.?*> The ideal dose of exercises is not well established, al-
though it seems that high loads with slow contractions are more effective than low loads at
high speeds.23°

In rehabilitation through exercise, it has recently been proposed that isometric exercises
should be performed in the initial stages due to their analgesic effect, in addition to eccentric
exercises.?*> In this initial phase, the load on the tendon should also be reduced, by changing
the type of activity, or by reducing the volume or intensity of the exercise. It is important not to
fall into the error of setting a complete rest since it is counterproductive and it would imply a
deconditioning of the muscles and other structures. The reduction of the training load must be
agreed upon with the patient, and also with the coaches if the patient is an athlete.?*3

As the patient’s symptoms improve, progressively exercises such as heel rise standing on a
step should be incorporated, gradually increasing the intensity, the number of repetitions, the
speed of movement, or the range of motion, always without causing pain. However, in patients
with insertional tendinopathy, the degree of dorsiflexion will be limited when performing these
exercises to avoid compressing the tendon. Specific strengthening exercises for the intrinsic mus-
cles of the foot, and exercises to improve hip muscles function should also be added since
they are key aspects of running biomechanics. Later, plyometric training should be incorporated,
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which will overlap with the return-to-sport phase. In this last phase, pain should be monitored
as a criterion to continue progressing towards returning to training, and functional tests are also
very useful to assess symmetry in terms of strength and motor control between limbs.?#? Fi-
nally, when returning to training, the sessions should be scheduled with enough space to allow
rest the tendon and avoid relapses, especially when performing high load activities.??

Regarding other conservative therapies, according to a recent meta-analysis published by Fan
et al. in 2020, low-energy shock waves are effective in reducing pain and improving the Victorian
Institute of Sports Assessment —Achilles questionnaire score in patients with Achilles tendinopa-
thy, which may be because the shock waves can stimulate soft tissue healing and inhibit pain re-
ceptors. However, more studies are needed to determine the optimal energy level.?** According
to another recent systematic review, low-energy shock waves combined with eccentric exercises
are more effective than therapy based exclusively on eccentric exercises.2*>

Finally, other therapies such as ultrasound or orthoses have not demonstrated their efficacy
to recommend their use to treat this pathology.2%’

Conclusions

In conclusion, patients affected by Achilles tendinopathy must understand that treatment is
not easy, that it can last many months, and that even after recovering, their symptoms may re-
lapse, or even require surgery if conservative approach fails after one year of treatment. Priority
should be given to a therapy based on rehabilitation through exercise, taking great care in the
progression between stages, and perhaps in combination with a low-energy shock-wave treat-
ment. On the other hand, in addition to thinking about a total cure of this pathology, it can be
very useful to teach patients to control symptoms by dosing training loads.?2-2%7

Plantar fasciitis

Introduction

Plantar fasciitis, also known as plantar heel pain or plantar fasciopathy, is a degenerative
pathology of the foot characterized by degenerative changes in the collagen fibers in the plantar
fascia, and histologically by micro-tears, without inflammatory signs. These degenerative changes
are generally due to overuse or repetitive microtraumas with stretching of the plantar fascia,
which exceed its ability to recover.>46

Often, patients affected by this condition have tightness of the calf muscle and the Achilles
tendon, in addition to painful ankle dorsiflexion. The most characteristic sign is post-static dysk-
inesia: Patients describe a stabbing pain at the origin of the plantar medial tubercle of cal-
caneal tuberosity when taking the first steps in the morning after the plantar fascia has not
been stretched for several hours during sleeping.2*’

Epidemiology

Plantar fasciitis is one of the most common foot pathologies, accounting for 10% of the in-
juries of runners, and 11-15% of consultations for foot pain in the adult population, having its
peak incidence in the range 40-60 years old.2*8

Diagnostic

The diagnosis of plantar fasciitis is clinical (Fig. 8). Patients often present with hypersensi-
tivity to the plantar fascia at the origin of the plantar medial tubercle of calcaneal tuberosity,
limited dorsiflexion, and contractures of the gastrocnemius. The use of radiography allows mak-
ing a differential diagnosis with a calcaneal stress fracture or with a calcification,?4° while ultra-
sonography allows seeing the plantar fascia thickness, in addition to fascial tears.>>?:2°! On the
other hand, the use of MRI is not necessary to diagnose plantar fasciitis. What is complicated
about this pathology is not its diagnosis but rather finding a cost-effective treatment.?>>
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Fig. 8. Plantar fasciitis diagnosis.

Risk factors

Some of the risk factors that have been associated with the development of plantar fasci-
itis are limb length discrepancy, limitation of dorsiflexion, and biomechanical factors of the foot
such as excessive pronation or supination of the foot, pes planus, and pes cavus,2>> as well as
being obese/overweight.2>* In addition, posterior leg muscles thickness is usually found in these
patients, possibly affecting their normal gait biomechanics.>>> Regarding gait deviations, accord-
ing to a systematic review carried out in 2017 in which 19 studies were included, the stance
phase during gait was not modified in patients affected by plantar fasciitis, while other parame-
ters such as pressure in the center of the rearfoot or the maximum vertical reaction force of the
ground at loading response were significantly lower. This implied, among other aspects, a longer
contact time of the midfoot and forefoot. Although more studies are needed to analyze the gait
in patients affected by plantar fasciitis, it seems clear that an inadequate gait is a risk factor for
developing this pathology.2>°

Scientific evidence of plantar fasciitis treatments

Commonly, plantar fasciitis treatment is conservative, and includes dosing the training load
to reduce pain and promote tissue regeneration,?”’ taping therapy to relieve tension in the plan-
tar fascia,2”® and soleus and gastrocnemius stretching.2>® It should be noted that the symptoms
can remain for weeks or months despite having a well-focused treatment. If the patient’s symp-
toms do not improve with conservative approach, techniques such as extracorporeal low-energy
shock-wave therapy or platelet-rich plasma injections can be used. Only in 5% of cases is surgery
necessary, when there has been no improvement after 12 months, the most common surgical
options being total or partial fasciotomy, although to date the results are not satisfactory.2>>

Regarding stretching, a recent meta-analysis compared the efficacy of calf stretching ver-
sus plantar fascia-specific stretching, the latter being more effective in reducing pain, with
moderate-quality evidence. To avoid long-term recurrences in this pathology, isolated stretch-
ing is not effective, but it is a valid short-term solution for pain.26°

The mobilization of the soft tissues of the plantar arch has been shown to be effective in re-
ducing pain caused by plantar fasciitis regardless of whether or not it is combined with stretch-
ing or joint mobilizations, according to a systematic review carried out in 2018, in which six
high- methodological quality randomized controlled trials were included, so it should be per-
formed in the earlier stages of the plantar fasciitis.25!

According to a meta-analysis carried out by Li et al. in 2018, in which 19 studies were in-
cluded, extracorporeal low-energy shock-wave therapy is effective in reducing pain in patients
affected by plantar fasciitis, especially in the first six weeks of evolution. There is no scien-
tific evidence about the effectiveness of ultrasound therapy, low-level laser therapy, or pulsed
radiofrequency, in improving the symptoms these patients.252

Regarding other conservative therapies, according to a systematic review carried out by Lewis
et al., orthotics are effective in reducing pain and increasing functionality in patients affected by
plantar fasciitis in its acute phase, used alone or in combination with conventional therapy, with
a level of evidence A.%%3

As for platelet-rich plasma injections, according to a recent meta-analysis, they allow the
plantar fascia to be regenerated through growth factors. These injections have been shown to be
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more effective than corticosteroid injections in relieving pain and improving function in patients
with plantar fasciitis in the short, medium, and long term.264

To reduce recurrences in plantar fasciitis, it has been suggested that specific physical exer-
cise consisting in strengthening the intrinsic muscles of the foot, could be effective by providing
more stability to the ankle, the foot joints, and the plantar arch. However, there is no scientific
evidence in this regard, according to a systematic review carried out by Huffer et al., due to the
wide heterogeneity of exercise programs and measurement tools, which is why more studies are
needed about this topic. However, it is believed that specific strengthening of the intrinsic mus-
cles of the foot could help relieve pain and increase function in patients.25> A recent randomized
controlled trial compared the effect of a muscle strengthening program versus stretching in pa-
tients with plantar fasciitis, finding a reduction in pain and a gait improvement in both groups,
with no significant differences between the two groups.26¢

Conclusions

In the management of plantar fasciitis, conservative treatment should be considered at first
with specific stretching of the plantar fascia, taping in the plantar fascia, use of orthotics, low-
energy shock-wave therapy, in addition to dosing the training load. If the patient does not
progress favorably, platelet-rich plasma injections could be performed. Regarding the strength-
ening of the intrinsic muscles of the foot, it is believed that it can be very useful to prevent
the appearance or recurrences of this pathology, but more studies should be carried out on this
treatment.

Other lower limb tendinopathies

Concerning other lower limb tendinopathies, some of the most common are the posterior
tibial tendinopathy and the iliotibial band syndrome, which are developed next.

Posterior tibial tendinopathy

Definition/epidemiology

Posterior tibial tendinopathy is an underdiagnosed condition, most common in women aged
more than 40 years, and its most frequent presentation in the initial stages is a tenosynovitis
of the distal part of the tendon. The posterior tibial tendon is the main stabilizer of the medial
longitudinal arch of the foot,257 so if this pathology is not treated correctly, it can cause a flat-
tening of the foot due to the fall of the medial longitudinal plantar arch, as well as abnormal
foot alignment, and an affectation of the ambulatory function.263

Risk factors

Some of the risk factors that predispose to developing this pathology are obesity and pre-
vious trauma in the area.’®’ On the other hand, to date, there is no evidence that hip muscle
performance is a risk factor for developing posterior tibial tendinopathy, but rather seems to be
a consequence.?%?

According to a recent meta-analysis, there is very limited evidence that a higher peak rearfoot
eversion is associated with a higher probability of developing this pathology in runners.?’? Like-
wise, according to another recent meta-analysis, patients affected by posterior tibial tendinopa-
thy present alterations in gait function, such as increased dorsiflexion and abduction of the fore-
foot, as well as increased plantarflexion and eversion of hindfoot during stance of walking, com-
pared with healthy controls.?’!

Diagnostics
Initially, the patient reports tenderness in the area, and swelling and warmth along the ten-
don can be observed. In this initial stage, the use of ultrasonographic ultrasound can be useful.
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If this keeps evolving, an increase in the hindfoot valgus and a collapse of the arch upon stand-
ing can be observed, and this can progress to a rigid forefoot abduction, with involvement of
the subtalar joint. Finally, this pathology can progress to the ankle joint. In these final stages,
deformities in different joints of the foot can be observed by radiography imaging.?’2

Scientific evidence of posterior tibial tendinopathy treatments

The classical approach to treating patients with posterior tibial tendinopathy consists in brac-
ing, stretching the gastrocnemius, and strengthening the posterior tibialis. When this approach
is not effective after six months, surgical intervention is indicated to correct the alignment of
the foot.?”!

According to a meta-analysis carried out in 2018, only three randomized controlled trials
have been published to date that analyze the effect of exercise strengthening in patients with
posterior tibial tendinopathy. Eccentric exercises have been shown to be effective in reducing
pain and disability, with moderate effect size, compared to the traditional therapies such as
stretching, orthoses, and concentric exercises. In these clinical trials, some exercise prescription
parameters are missing, to be able to reproduce these treatments.?’3

Conclusions

The causes of the posterior tibial tendinopathy are still unclear, although recent studies show
biomechanical alterations that may be related to this pathology. Regarding treatments, it appears
that eccentric exercises are an effective treatment option, although there is still a lack of studies
about this topic that fully detail the parameters of the exercises.

Iliotibial band syndrome

Definition, epidemiology, and diagnosis

Iliotibial Band Syndrome is a common cause of knee pain, especially in runners and cyclists,
because they perform repetitive flexion-extension of the knee joint.2’# Iliotibial band syndrome
accounts for 10% of running-related injuries. Also, the prevalence is higher in women. The pain
usually appears at 30° of knee flexion during the stance phase of running.27427>

The diagnosis of this pathology is mainly through clinical symptoms, although the inflamma-
tion symptoms can also be assessed by MRI. However, there is no uniform diagnostic criterion.2’6

Risk factors

Regarding the biomechanical risk factors that contribute to iliotibial band syndrome develop-
ment in runners, according to a recent systematic review, the main factors are an exaggerated in-
ternal knee rotation during the stance phase, a decrease in rearfoot eversion at heel strike27>-277
and weakness of the hip abductors that causes an increase in hip adduction, and an over-tension
of the iliotibial band during knee flexion-extension.’8

However, in a study carried out in 2020 with sonographic elastography, they concluded that
the tension in the iliotibial band was not related to the iliotibial band syndrome, while the
strength deficit of the hip abductors was a key factor.269

Scientific evidence of iliotibial band syndrome treatments

According to a systematic review carried out in 2020 by Bolia et al.?’# which included six
randomized controlled trials of moderate quality about non-operative treatment, multiple con-
servative therapies such as low-energy shock wave therapy, stretching of the gluteal muscles, or
hip abductors strengthening have been performed for the management of iliotibial band syn-
drome, mostly in runners. All these conservative therapies were effective in reducing pain, al-
though the follow-up time was short. There are no conclusive data about other variables, nor a
long-term follow-up, and there is a high heterogeneity of the treatments, so the scientific evi-
dence available about this topic is limited.?”# Nine randomized controlled trials about operative
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Fig. 9. Drug-induced tendinopathy.

treatment were included. This type of therapy is indicated if conservative treatments are not ef-
fective after six months. Multiple surgical options such as bursectomy and iliotibial band partial
release have been proposed, with an 81-100% reported return-to-sport rate, which was the main
outcome reported.2’4

According to a systematic review carried out by Baker et al. in 2016, after an acute phase in
which stretching and myofascial treatment of the gluteal muscles should be carried out as anal-
gesic measures, a program of progressive strengthening of the hip abductors should be started,
with exercises such as the single-leg step-down, the single-leg pelvic drop, or the single-leg
deadlift. Complementarily, doing a specific running technique training could also be very use-
ful 279

Conclusions

It seems that the iliotibial band syndrome, which occurs mainly in athletes who practice
sports with repetitive knee flexion-extension gestures, is closely related to a deficit of strength
of the hip abductors among other factors, and it seems that a treatment based on strengthen-
ing these muscles, along with adequate training load dosing, is an effective treatment strategy.
However, there is a lack of scientific evidence available about the iliotibial band syndrome man-
agement, so more randomized controlled trials about this topic are needed.

Drug-induced tendinopathy

Drug-induced tendinopathy or toxic tendinopathy is a rare complication that has been asso-
ciated with the administration of several medications (Fig. 9).

Primarily it has been linked to aromatase inhibitors, fluoroquinolone antibiotics, glucocor-
ticoids and statins, being the fluoroquinolones the most commonly related to tendon disor-
ders.280-282

Toxic tendinopathy has also been associated with metalloproteinase inhibitors, anabolic
steroids, Isotretinoin and antiretroviral agents (mainly protease inhibitors).280.281

The most frequent presentations associated with toxic tendinopathy are tendinosis, tendon
rupture and tenosynovitis.281-283

Fluoroquinolones

Fluoroquinolones (FQs) are broad-spectrum antibiotics used to treat bacterial infections. FQs
are frequently prescribed for urological, gastrointestinal, respiratory, sexually transmitted, skin
and soft tissue infections.283.284

All fluoroquinolones had been associated with tendinopathy and tendon rupture (284) In
1995, the US Food and Drug Administration (US FDA) included a warning about the possibil-
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ity of tendon rupture in relation to the use of FQs. This and other serious side effects led the US
FDA to add a “black box” warning to fluoroquinolones in 2008.283.285

It has been recently recommended restricting the use of fluoroquinolones only to complicated
infections and patients for whom there is no other appropriate alternative.8*

Fluoroquinolone tendon toxicity can be observed with all members of this class of antibiotics
regardless of the administration route or the dosage; however the risk is incremented by the
concomitant use of corticosteroids; so much that 50% of tendon rupture patients had had recent
use of corticosteroids.286-289

Half of ruptures occurred within the first week of FQs administration, and symptoms appear
in 85% of cases in less than one month when FQ was administered in association with oral
corticosteroid.?8”

The most frequently reported FQs causing tendon disorders are ciprofloxacin and pe-
floxacin. However, all regularly used FQs (levofloxacin, ofloxacin, norfloxacin) have been
reported although its incidence appears to be much lower that ciprofloxacin induced
tendinitis.?84-288.290

Achilles tendinopathy is the most common presentation for tendon disorders caused by flu-
oroquinolones, accounting for nearly 90% of the reported cases with 27% of patients suffering
from bilateral involvement. Other affected tendons include quadriceps, peroneus brevis and ro-
tator cuff; two episodes of epicondylitis have also been reported.287.291

Given the evidence available, clinicians should be suspicious of unexplained changes in recov-

ery trajectory in patients and tendon disorders without a history of overuse or past tendinopa-
thy,284-286.288

Statins

Statins are lipid-lowering drugs that work by competitively inhibiting 3-hydroxy-3-methyl-
glutaryl-coenzyme (HMGCR) and thus limiting cholesterol biosynthesis.2% Statins are used to
lower blood cholesterol levels, which helps prevent cardiovascular disease.”> Statins have in-
creasingly been a mainstay treatment for hyperlipidemia since 1987.2%4

Statins are administered daily for primary and secondary prevention of coronary heart dis-
ease, stroke and peripheral arterial disease. They are also used in patients with coronary heart
disease with LDL cholesterol elevations and in previously healthy patients with high/normal
baseline LDL cholesterol values.??> Commonly used statins are rosuvastatin, atorvastatin, fluvas-
tatin, lovastatin, simvastatin, pravastatin and pitavastatin.>®? Although they are largely believed
to be safe, muscle toxicity is not rare.2?3

Statins have been associated with tendonitis and tendon rupture and have been reported in
the FDA adverse event database.2%S Its more common side effects are myopathy, tendinopathy,
hepatotoxicity, type 2 diabetes, cataract, polyneuropathy, memory loss and behavioural changes.

Rosuvastatin and fluvastatin had the most adverse effect cases reported while atorvastatin
and simvastatin showed intermediate risks and pravastatin and lovastatin had the lowest rate of
side effects.292:297

The data available suggest an increased risk of tendon disorders between statin users al-
though this data is inconclusive.??> The side effects associated with statins are dose indepen-
dent and appear approximately 8 to 10 months after the beginning of the treatment with an
estimated incidence of 2%.298

The Achilles tendon was the most reported type of tendinopathy. Other case reports showed
tendon disorders in rotator cuff, biceps brachii, extensor carpi radialis brevis, gluteus medius,
quadriceps, patellar tendon, tibialis anterior, supraspinatus, scapularis terrea, infraspinatus and
finger extensor and flexor tendons.292:295

Statins could predispose tendons to damage and even rupture; they can deteriorate the in-
tegrity of tendons by reducing the cholesterol content in cell membranes and thus promoting
its apoptosis.2?9-300 Statins affect tenocyte migration and also the functional network which is a
potential mechanism for statin related tendinopathy.??*
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We can associate statin use and tendinopathy based in the available studies that shows tem-
poral relationship between symptomatology debut and the beginning of statin use, the disap-
pearance or improvement of symptoms after the disruption of statins and the reappearance of
symptoms when statins therapy was reinstituted.?%>

In some studies the rate of tendon rupture among statin users was similar to the background
rate in the general population.?9! This may be understood because patients suffering from di-
abetes, chronic kidney disease and hyperuricemia are more likely to suffer from tendinopa-
thy292:299 and the of use of statins by this group of patients is higher than the common popula-
tion299:300 therefore no conclusion can be made related whether the statin use is linked directly
to tendon disorders.??! tendon disorders are due to overuse conditions and so, degenerative pro-
cess are detected rather than inflammatory; consequently, corticosteroid or anti-inflammatory
therapy is mostly ineffective.>%2

Various studies suggest that corticosteroids are associated with a higher risk of tendon rup-
ture.393 There is also strong evidence that even though corticosteroid could have some short-
term effect on pain in some tendinopathy, their long-term use would not be more effective than
other treatment options and their effect was reversed at long and intermediate —terms.302-306
Long-term corticosteroid is a well-documented source of iatrogenic tendon rupture regardless of
the administration route.307-308

Aromatase inhibitors

Aromatase inhibitors (Als) are an antihormonal therapy in the treatment of breast cancer in
postmenopausal women. Al-associated tendinopathy and muscle tendon rupture is extraordinar-
ily rare.?%° The most common reported symptom was severe early morning stiffness, hand/wrist
pain and trigger finger.307.310

Currently, the particular range of syndromes induced by aromatase inhibitors has still to be
determined.?!!

Other drugs with potential tendon toxicity

Isotretinoin

It has been linked with tendinopathy and enthesopathy, to this day the pathophysiologi-
cal mechanism remains unknown. To our knowledge no case of rupture tendon has been re-
ported.280,307

Anabolic steroids

Some studies have found a relation between the use of anabolic steroids in animal models
and an alteration of the mechanical properties of the tendon but there is no certainty that it
increases risk of tendon rupture in humans.??” According to some reports, risk of tendinopa-
thy associated with steroids use may be linked to a difference between the increase of muscle
strength due to anabolic steroids use and slower changes in tendon strength.?!2

Antiretroviral drugs
They have been linked to tenosynovitis and capsulitis of some joints. The data available has

only shown a few cases of bilateral ankle tenosynovitis and adhesive capsulitis of the shoul-
der. 130,131,307

Clinical applications

Even when the pathoetiology of tendinopathy is unclear, there is a wide array of treatments
available to treat and manage tendinopathy.>'> Although tendinitis usually debuts with an in-
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flammatory response, the majority of chronic tendinopathies do not present inflammation. One
plausible explanation for tendinopathy is the mechanical theory, which suggests a failed heal-
ing process because of overloading, and thus the generation of multiple micro-injuries to the
tendon.>™

There are a number of risk factors for the development of tendinopathy such as age, gender,
heavy physical work, type of training surface and high training volume3'* Several of these risk
factors are modifiable and preventable through appropriate physiotherapy programs and should
be assessed as such.

The choosing of treatment should vary depending on severity, compliance, pain and duration
of symptoms.>"

Nowadays, the consensus is still that eccentric exercise and other exercise programs are the
gold standard for conservative tendinopathy management>'# 31> Strong, consistent findings sup-
ports this, particularly heavy eccentrics based in Alfredson eccentric protocol.3!3-316

However, there is not enough evidence that eccentric exercise is better than any other kind of
exercise in order to improve pain and function in tendinopathies.>'* For instance, some evidence
showed that eccentric exercises were not effective in athletes during a competitive season.'®3
Isometric and heavy slow resistance (HSR) exercises have also shown potential in pain reduction
and functional improvement. A vastly shared study by Rio in 2015 showed isometric as a better
option to reduce pain in tendinopathies. Nevertheless, it remains unclear if isometric exercise
provides a greater pain relief when compared to other types of exercise.!??

Exercise-induced hypoalgesia (EIH) is a response to exercise in healthy populations however
EIH is not present in some patients usually due to central sensitization.?'* The EIH response is
independent of the type of exercise and so it would make irrelevant the differentiation between
isometric or eccentric exercise to alleviate pain during tendinopathies.?!4-31

The great majority of available evidence is based on one type of tendon only, commonly the
patellar tendon, the Achilles tendon and the rotator cuff complex. Further research including
comparison between different types of tendinopathy should be considered in order to develop
more accurate clinical guidance.

Progressive tendon loading seems to be crucial in the management of tendinopathy®'* The
rule of 10% appears to be the method of choosing for progression for most clinicians. This rule
is based on control between the loads applied every week and the average load applied in the
previous week. If this progression happens to be higher than a 10% the risk of injury would
increase significantly.34:315

Generally, the progression criterion is symptomatology based and not driven by physical or
structural capacity.’'* There is still a too heterogeneous criterion for progression in load and
a lack of consensus leading to an uncertain assessment in a central matter for tendinopathy
management; on that account, following investigations should be directed to the unification of
this criterion.

Other treatments are usually combined with exercise protocols in order to accelerate and
guarantee a better outcome in tendinopathy management. Previous reviews showed low quality
evidence supporting Non-steroidal anti-inflammatory drugs or extra corporeal shockwave ther-
apy for tendinopathy related shoulder pain.’!6 There is also no consensus in the use of platelet
rich plasma or corticoid injections in rotator cuff tendinopathy'93-316 however exercise and man-
ual therapy were widely recommended.?'°

For patellar tendinopathy extra corporeal shockwave therapy has shown positive results just
as static stretches were also found useful.?!” For the management of Achilles tendinopathy, tradi-
tional physiotherapy, based in ultrasound and deep friction massage provided good outcomes for
tendinopathy.’'® Achilles tendinopathy is presented typically in two different forms depending
of the portion affected. The results may vary depending whether it is the mid portion affected or
the insertional part. Either way, extra corporeal shockwave therapy reported successful results;
the mechanical stimulus provided by ESWT is believed to help initiate tendon regeneration in
tendon disorders.?!?

In treating Achilles tendinopathy, all injection therapies were found unhelpful and with in-
sufficient evidence to recommend its clinical use.?2°
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The use of corticosteroids or NSAIDs is not supported based on the high risk of tendon rup-
ture and toxic tendinopathy and the lack of inflammation in most tendinopathy presentations.3%6

Surgical approaches may be justified for more complex or advanced tendinopathies but only
should they be considered after a failure in conservative approach, as they were unsuccessful in
improving both function and/or pain.>'?

Nowadays, some renowned experts in tendinopathy management proposed the continuum
model based on the changes within the tendon tissue with the purpose of helping clinicians
understand the different presentation of tendinopathies and allowing for better interventions.?2!
Despite the great progress in tendon research, to date the management of tendinopathies is still
mostly restricted to symptomatic therapy and further investigation should address this issue in
order to improve the management of tendon disorders.322

Conclusions

Current advances and research in tendinopathy shows that even though there is still a lot
we do not know, conservative treatment through exercise and load management should be the
first source of treatment, aided by other conservative treatments like ESWT. Surgical approach
should only be used as a last resource once the conservative options have failed after six to
twelve months of treatment. Future research lines are necessary in order to achieve a consensus
of exercises dosage, intensity and type.

Conflicts of Interest

There are no conflicts of interest.

Acknowledgements

Funding for open access charge: Universidade da Corufia/CISUG.

References

1. Morrissey D. Guidelines and pathways for clinical practice in tendinopathy: their role and development. J Orthop
Sport Phys Ther. 2015;45(11):819-822.

2. Jeon H, McGrath ML, Grandgenett N, Rosen AB. Clinical measures and their contribution to dysfunction in individ-
uals with patellar tendinopathy. J Sport Rehabil. 2019;28(2):165-170.

3. Docking SI, Ooi CC, Connell D. Tendinopathy: is imaging telling us the entire story? Vol. 45. ] Orthopaed Sports Phys
Ther. 2015:842-852 Movement Science Media.

4, Scott A, Docking S, Vicenzino B, Alfredson H, Zwerver ], Lundgreen K, et al. Sports and exercise-related
tendinopathies: a review of selected topical issues by participants of the second international scientific tendinopa-
thy symposium (ISTS) Vancouver. Br J Sports Med. 2012;47(9):536-544 2013.

5. Rio E, Moseley L, Purdam C, Samiric T, Kidgell D, Pearce A]J, et al. The pain of tendinopathy: physiological or patho-
physiological? Sport Med. 2014;44(1):9-23.

6. Bley B, Abid W. Imaging of tendinopathy: a physician’s perspective. J Orthop Sport Phys Ther. 2015;45(11):826-828.

7. Cook JL, Khan KM, Harcourt PR, Grant M, Young DA, Bonar SF. A cross sectional study of 100 athletes with jumper’s
knee managed conservatively and surgically. The Victorian institute of sport tendon study group. Br J Sports Med.
1997;31(4):332-336.

8. Cook ]JL, Purdam CR. Is tendon pathology a continuum? A pathology model to explain the clinical presentation of
load-induced tendinopathy. Br J Sports Med. 2009;43(6):409-416.

9. Maffulli N, Wong ], Almekinders LC. Types and epidemiology of tendinopathy. Clin Sports Med. 2003;22(4):675-692.

10. Ladenhauf HN, Seitlinger G, Green DW. Osgood-Schlatter disease: a 2020 update of a common knee condition in
children. Curr Opin Pediatr. 2020;32(1).

11. Ramponi DR, Baker C. Sever’s disease (calcaneal apophysitis). Adv Emerg Nurs J. 2019;41(1):10-14.

12. Malliaras P, Johnston R, Street G, Littlewood C, Bennell K, Haines T, et al. The efficacy of higher versus lower dose
exercise in rotator cuff tendinopathy: a systematic review of randomized controlled trials. Arch Phys Med Rehabil.
2020;101(10):1822-1834.

Please cite this article as: L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al., Current understanding of the
diagnosis and management of the tendinopathy: An update from the lab to the clinical practice, Disease-a-Month,
https://doi.org/10.1016/j.disamonth.2021.101314


http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0001
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0001
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0002
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0002
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0002
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0002
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0002
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0003
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0003
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0003
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0003
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0004
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0005
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0006
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0006
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0006
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0007
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0008
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0008
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0008
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0009
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0009
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0009
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0009
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0010
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0010
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0010
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0010
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0011
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0011
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0011
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0012
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15
L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (XXxx) Xxx 31
13. Chianca V, Albano D, Messina C, Midiri F, Mauri G, Aliprandi A, et al. Rotator cuff calcific tendinopathy: from

14.

15.

16.

17.

18.
19.

20.

21.

—_

22.

23.

24.

25.

26.

27.

~

28.
29.

30.

31

—_

32.

33.

34,

35.

36.

37.

38.
39.

40.

41.
42.

43.

44,

45.
46.

47.

48.

diagnosis to treatment. Acta Biomed. 2018;89(1-S):186-196.

Duncan J, Duncan R, Bansal S, Davenport D, Hacker A. Lateral epicondylitis: the condition and current management
strategies. Br J Hosp Med. 2019;80(11):647-651 Lond.

Abrams GD, Renstrom PA, Safran MR. Epidemiology of musculoskeletal injury in the tennis player. Br J Sports Med.
2012;46(7):492-498.

Amin NH, Kumar NS, Schickendantz MS. Medial epicondylitis: evaluation and management. ] Am Acad Orthop Surg.
2015;23(6):348-355.

Shiri R, Viikari-Juntura E, Varonen H, Heliovaara M. Prevalence and determinants of lateral and medial epicondylitis:
a population study. Am J Epidemiol. 2006;164(11):1065-1074.

Patrick NC, Hammert WC. Hand and wrist tendinopathies. Clin Sports Med. 2020;39(2):247-258.

Wolf JM, Sturdivant RX, Owens BD. Incidence of de Quervain’s tenosynovitis in a young, active population. ] Hand
Surg Am. 2009;34(1):112-115.

Rossi C, Cellocco P, Margaritondo E, Bizzarri F, Costanzo G. De Quervain disease in volleyball players. Am ] Sports
Med. 2005;33(3):424-427.

Carneiro RS, Fontana R, Mazzer N. Ulnar wrist pain in athletes caused by erosion of the floor of the sixth dorsal
compartment: a case series. Am J Sports Med. 2005;33(12):1910-1913.

Degen RM. Proximal hamstring injuries: management of tendinopathy and avulsion injuries. Curr Rev Musculoskelet
Med. 2019;12(2):138-146.

Pietrzak JR, Kayani B, Tahmassebi ], Haddad FS. Proximal hamstring tendinopathy: pathophysiology, diagnosis and
treatment. Br | Hosp Med (Lond). 2018;79(7):389-394.

Benazzo F, Marullo M, Zanon G, Indino C, Pelillo F. Surgical management of chronic proximal hamstring tendinopa-
thy in athletes: a 2 to 11 years of follow-up. J Orthop Traumatol. 2013;14(2):83-89.

Bird PA, Oakley SP, Shnier R, Kirkham BW. Prospective evaluation of magnetic resonance imaging and physical
examination findings in patients with greater trochanteric pain syndrome. Arthritis Rheum. 2001;44(9):2138-2145.
Grimaldi A, Fearon A. Gluteal tendinopathy: integrating pathomechanics and clinical features in its management. J
Orthop Sports Phys Ther. 2015;45(11):910-922.

Grimaldi A, Mellor R, Hodges P, Bennell K, Wajswelner H, Vicenzino B. Gluteal tendinopathy: a review of mecha-
nisms. Assess Manage Sports Med. 2015;45(8):1107-1119.

Muaidi QI. Rehabilitation of patellar tendinopathy. ] Musculoskelet Neuronal Interact. 2020 Dec;20(4):535-540.
Kettunen JA, Kvist M, Alanen E, Kujala UM. Long-term prognosis for jumper’s knee in male athletes. A prospective
follow-up study. Am J Sports Med. 2002;30(5):689-692.

King D, Yakubek G, Chughtai M, Khlopas A, Saluan P, Mont MA, et al. Quadriceps tendinopathy: a review—part 1:
epidemiology and diagnosis. Ann Transl Med (Focus “Lower Extrem Arthroplast. 2019;7(4) 2019.

Toppi J, Fairley ], Cicuttini FM, Cook ], Davis SR, Bell R], et al. Factors associated with magnetic resonance imaging
defined patellar tendinopathy in community-based middle-aged women: a prospective cohort study. BVIC Muscu-
loskelet Disord. 2015;16:184.

Silbernagel KG, Hanlon S, Sprague A. Current clinical concepts: conservative management of achilles tendinopathy.
J Athl Train. 2020;55(5):438-447.

Janssen [, van der Worp H, Hensing S, Zwerver . Investigating Achilles and patellar tendinopathy prevalence in elite
athletics. Res Sports Med. 2018;26(1):1-12.

de Jonge S, van den Berg C, de Vos R], van der Heide HJL, Weir A, Verhaar JAN, et al. Incidence of midportion
Achilles tendinopathy in the general population. Br J Sports Med. 2011;45(13):1026-1028.

Gaida JE, Ashe MC, Bass SL, Cook JL. Is adiposity an under-recognized risk factor for tendinopathy? A systematic
review. Arthritis Care Res Off ] Am Coll Rheumatol. 2009;61(6):840-849.

Jiménez Diaz F, Gitto S, Sconfienza LM, Draghi F. Ultrasound of iliotibial band syndrome. ] Ultrasound.
2020;23(3):379-385.

Jung H-J, Fisher MB, Woo SL-Y. Role of biomechanics in the understanding of normal, injured, and healing ligaments
and tendons. 2009;

Tresoldi 1. Tendons ultrastructure. Muscles, Ligaments. Tendons J J. 2013.

Halper ], Kjaer M. Basic components of connective tissues and extracellular matrix: elastin, fibrillin, fibulins, fib-
rinogen, fibronectin, laminin, tenascins and thrombospondins. Adv Exp Med Biol. 2014;802:31-47.

Theocharis AD, Skandalis SS, Gialeli C, Karamanos NK. Extracellular matrix structure. Adv Drug Deliv Rev.
2016;97:4-27.

Kannus P. Structure of the tendon connective tissue. Scand ] Med Sci Sports. 2000;10(6):312-320.

Winnicki K, Ochata-Klos A, Rutowicz B, Pekala PA, Tomaszewski KA. Functional anatomy, histology and biomechan-
ics of the human Achilles tendon — A comprehensive review. Ann Anatomy. 2020;229.

Franchi M, Triré A, Quaranta M, Orsini E, Ottani V. Collagen structure of tendon relates to function. ScientificWorld-
Journal. 2007;7:404-420.

Zhang S, Ju W, Chen X, Zhao Y, Feng L, Yin Z, et al. Hierarchical ultrastructure: an overview of what is known about
tendons and future perspective for tendon engineering. Bioact Mater. 2022;8:124-139.

Bailey AJ. Molecular mechanisms of ageing in connective tissues. Mech Ageing Dev. 2001;122(7):735-755.

Charvet B, Ruggiero F, Le Guellec D. The development of the myotendinous junction. A review. Muscles Ligaments
Tendons J. 2012;2(2):53-63 Apr.

Canata GL, D'Hooghe P, Hunt KJ. Muscle and tendon injuries: evaluation and management. Muscle Tendon Inj Eval
Manag. 2017:1-450 May.

Woo SLY, Fisher MB, Feola AJ. Contribution of biomechanics to management of ligament and tendon injuries. Mol
Cell Biomech. 2008;5(1):49-68.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0013
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0014
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0014
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0014
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0014
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0014
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0014
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0015
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0015
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0015
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0015
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0016
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0016
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0016
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0016
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0017
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0017
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0017
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0017
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0017
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0018
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0018
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0018
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0019
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0019
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0019
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0019
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0020
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0020
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0020
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0020
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0020
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0020
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0021
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0021
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0021
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0021
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0022
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0022
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0023
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0023
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0023
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0023
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0023
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0024
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0024
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0024
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0024
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0024
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0024
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0025
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0025
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0025
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0025
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0025
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0026
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0026
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0026
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0027
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0028
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0028
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0029
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0029
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0029
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0029
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0029
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0030
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0031
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0032
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0032
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0032
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0032
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0033
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0033
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0033
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0033
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0033
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0034
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0035
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0035
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0035
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0035
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0035
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0036
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0036
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0036
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0036
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0036
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0038
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0038
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0039
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0039
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0039
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0040
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0040
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0040
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0040
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0040
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0041
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0041
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0042
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0042
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0042
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0042
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0042
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0042
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0043
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0043
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0043
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0043
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0043
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0043
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0044
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0045
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0045
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0046
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0046
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0046
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0046
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0047
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0047
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0047
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0047
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0048
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0048
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0048
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0048
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15
32 L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (xXxx) Xxx

49, Lake SP, Miller KS, Elliott DM, Soslowsky LJ. Tensile properties and fiber alignment of human supraspinatus
tendon in the transverse direction demonstrate inhomogeneity, nonlinearity, and regional isotropy. | Biomech.
2010;43(4):727-732.

50. Miller KS, Connizzo BK, Feeney E, Soslowsky LJ. Characterizing local collagen fiber re-alignment and crimp behavior
throughout mechanical testing in a mature mouse supraspinatus tendon model. J Biomech. 2012;45(12):2061-2065.

51. Haruki O, Guillo S, Bauer T. Insertional plantar fasciitis. Muscle and Tendon Injuries: Evaluation and Management.
2017. 381-389 p.

52. Maffulli N, Khan KM, Puddu G. Overuse tendon conditions: time to change a confusing terminology. Arthrosc |
Arthrosc Relat Surg Off Publ Arthrosc Assoc North Am Int Arthrosc Assoc. 1998;14(8):840-843.

53. Khan KM, Cook JL, Kannus P, Maffulli N, Bonar SF. Time to abandon the “tendinitis” myth. BMJ. 2002;324:626-627
Clinical research ed..

54. Scott A, Backman LJ, Speed C. Tendinopathy: Update on pathophysiology. J Orthop Sports Phys Ther.
2015;45(11):833-841.

55. Fedorczyk JM, Barr AE, Rani S, Gao HG, Amin M, Amin S, et al. Exposure-dependent increases in IL-1beta, substance
P, CTGF, and tendinosis in flexor digitorum tendons with upper extremity repetitive strain injury. J Orthop Res Off
Publ Orthop Res Soc. 2010;28(3):298-307.

56. Rees D, Stride M, Scott A. Tendons-time to revisit inflammation. Br ] Sports Med. 2014;48(21):1553-1557.

57. Astrom M, Rausing A. Chronic Achilles tendinopathy. A survey of surgical and histopathologic findings. Clin Orthop
Relat Res. 1995(316):151-164.

58. Rees ]JD, Wilson AM, Wolman RL. Current concepts in the management of tendon disorders. Rheumatology (Oxford).
2006;45(5):508-521.

59. Jézsa L, Kannus P. Histopathological findings in spontaneous tendon ruptures. Scand | Med Sci Sports.
1997;7(2):113-118.

60. Cook JL, Purdam C. Is compressive load a factor in the development of tendinopathy? Br J Sports Med.
2012;46(3):163-168.

61. Garau G, Rittweger ], Mallarias P, Longo UG, Maffulli N. Traumatic patellar tendinopathy. Disabil Rehabil.
2008;30:1616-1620 20-22.

62. Abate M, Gravare Silbernagel K, Siljeholm C, Di lorio A, De Amicis D, Salini V, et al. Pathogenesis of tendinopathies:
inflammation or degeneration? Arthritis Res Ther. 2009;11(3):235.

63. Docking SI, Cook ]. Pathological tendons maintain sufficient aligned fibrillar structure on ultrasound tissue charac-
terization (UTC). Scand | Med Sci Sports. 2016;26(6):675-683.

64. Fu S-C, Rolf C, Cheuk Y-C, Lui PP, Chan K-M. Deciphering the pathogenesis of tendinopathy: a three-stages process.
Sports Med Arthrosc Rehabil Ther Technol. 2010;2:30.

65. Danielson P, Alfredson H, Forsgren S. Distribution of general (PGP 9.5) and sensory (substance P/CGRP) innervations
in the human patellar tendon. Knee Surg Sports Traumatol Arthrosc. 2006;14(2):125-132.

66. Lian @, Scott A, Engebretsen L, Bahr R, Duronio V, Khan K. Excessive apoptosis in patellar tendinopathy in athletes.
Am ] Sports Med. 2007;35(4):605-611.

67. Scott A, Zwerver ], Grewal N, De Sa A, Alktebi T, Granville DJ, et al. Lipids, adiposity and tendinopathy: is there a
mechanistic link? Critical review. Br J Sports Med. 2015;49(15):984-986.

68. Orchard JW, Blanch P, Paoloni ], Kountouris A, Sims K, Orchard JJ, et al. Cricket fast bowling workload patterns as
risk factors for tendon, muscle, bone and joint injuries. Br J Sports Med. 2015;49(16):1064-1068.

69. Lewis JS. Rotator cuff tendinopathy. Br J Sports Med. 2009;43(4):236-241.

70. Vosloo M, Keough N, De Beer MA. The clinical anatomy of the insertion of the rotator cuff tendons. Eur J Orthop
Surg Traumatol. 2017;27(3):359-366.

71. Huri G, Kaymakoglu M, Garbis N. Rotator cable and rotator interval: anatomy, biomechanics and clinical importance.
EFORT open Rev. 2019;4(2):56-62.

72. Tamborrini G, Moller I, Bong D, Miguel M, Marx C, Miiller AM, et al. The rotator interval - a link between anatomy
and ultrasound. Ultrasound Int open. 2017;3(3):E107-E116.

73. de Miguel Valtierra L, Salom Moreno ], Fernandez-de-Las-Pefias C, Cleland JA, Arias-Buria JL. Ultrasound-guided ap-
plication of percutaneous electrolysis as an adjunct to exercise and manual therapy for subacromial pain syndrome:
a randomized clinical trial. J Pain. 2018;19(10):1201-1210.

74. Cools AM, Cambier D, Witvrouw EE. Screening the athlete’s shoulder for impingement symptoms: a clinical rea-
soning algorithm for early detection of shoulder pathology. Br J Sports Med. 2008;42(8):628-635.

75. Millar NL, Silbernagel KG, Thorborg K, Kirwan PD, Galatz LM, Abrams GD, et al. Tendinopathy. Nat Rev Dis Prim.
2021;7(1):1.

76. Lewis ]S, Sandford FM. Rotator cuff tendinopathy: is there a role for polyunsaturated Fatty acids and antioxidants?

77.

78.

79.

80.

81

J hand Ther Off ] Am Soc Hand Ther. 2009;22(1):49-55 quiz 56.

Clark JM, Harryman 2nd DT. Tendons, ligaments, and capsule of the rotator cuff. Gross and microscopic anatomy. J
Bone Joint Surg Am. 1992;74(5):713-725.

Howell SM, Galinat BJ, Renzi AJ, Marone P]. Normal and abnormal mechanics of the glenohumeral joint in the
horizontal plane. J Bone Joint Surg Am. 1988;70(2):227-232.

2nd Harryman DT, JA Sidles, Clark JM, McQuade K], Gibb TD, 3rd Matsen FA. Translation of the humeral head on
the glenoid with passive glenohumeral motion. | Bone Joint Surg Am. 1990;72(9):1334-1343.

Keller RA, De Giacomo AF, Neumann JA, Limpisvasti O, Tibone JE. Glenohumeral internal rotation deficit and
risk of upper extremity injury in overhead athletes: a meta-analysis and systematic review. Sports Health.
2018;10(2):125-132.

Andersson SH, Bahr R, Clarsen B, Myklebust G. Risk factors for overuse shoulder injuries in a mixed-sex cohort of
329 elite handball players: previous findings could not be confirmed. Br J Sports Med. 2018;52(18):1191-1198.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0049
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0049
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0049
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0049
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0049
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0050
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0050
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0050
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0050
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0050
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0052
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0052
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0052
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0052
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0053
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0053
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0053
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0053
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0053
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0053
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0054
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0054
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0054
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0054
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0055
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0056
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0056
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0056
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0056
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0057
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0057
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0057
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0058
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0058
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0058
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0058
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0059
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0059
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0059
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0060
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0060
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0060
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0061
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0061
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0061
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0061
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0061
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0061
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0062
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0063
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0063
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0063
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0064
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0064
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0064
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0064
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0064
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0064
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0065
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0065
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0065
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0065
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0066
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0067
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0068
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0069
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0069
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0070
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0070
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0070
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0070
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0071
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0071
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0071
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0071
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0072
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0073
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0073
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0073
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0073
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0073
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0073
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0074
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0074
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0074
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0074
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0075
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0076
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0076
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0076
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0077
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0077
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0077
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0078
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0078
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0078
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0078
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0078
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0079
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0080
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0080
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0080
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0080
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0080
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0080
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0081
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0081
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0081
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0081
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0081
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15
L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (XXxx) Xxx 33
82. Vigolvino LP, Barros BRS, Medeiros CEB, Pinheiro SM, Sousa CO. Analysis of the presence and influence of Gleno-

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101
102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

humeral Internal Rotation Deficit on posterior stiffness and isometric shoulder rotators strength ratio in recreational
and amateur handball players. Phys Ther Sport Off ] Assoc Chart Physiother Sport Med. 2020;42:1-8.

Parsons IM, Apreleva M, Fu FH, Woo SLY. The effect of rotator cuff tears on reaction forces at the glenohumeral
joint. J Orthop Res Off Publ Orthop Res Soc. 2002;20(3):439-446.

Huegel ], Williams AA, Soslowsky LJ. Rotator cuff biology and biomechanics: a review of normal and pathological
conditions. Curr Rheumatol Rep. 2015;17(1):476.

Akhtar A, Richards ], Monga P. The biomechanics of the rotator cuff in health and disease - A narrative review. J
Clin Orthop trauma. 2021;18:150-156.

Hopkins C, Fu S-C, Chua E, Hu X, Rolf C, Mattila VM, et al. Critical review on the socio-economic impact of
tendinopathy. Asia-Pacific | Sport Med Arthrosc Rehabil Technol. 2016;4:9-20.

Dhillon KS. Subacromial impingement syndrome of the shoulder: a musculoskeletal disorder or a medical myth?
Malaysian Orthop J. 2019;13(3):1-7.

Papadonikolakis A, McKenna M, Warme W, Martin BI, Matsen FA. Published evidence relevant to the diagnosis of
impingement syndrome of the shoulder. ] Bone Joint Surg Am. 2011;93(19):1827—1832.

Chester R, Smith TO, Hooper L, Dixon ]. The impact of subacromial impingement syndrome on muscle activity
patterns of the shoulder complex: a systematic review of electromyographic studies. BMC Musculoskelet Disord.
2010;11(1):45.

Diederichsen LP, Nerregaard ], Dyhre-Poulsen P, Winther A, Tufekovic G, Bandholm T, et al. The activity
pattern of shoulder muscles in subjects with and without subacromial impingement. | Electromyogr Kinesiol.
2009;19(5):789-799.

Myers ], Hwang ], Pasquale M, Blackburn T, Lephart S. Rotator cuff coactivation ratios in participants with subacro-
mial impingement syndrome. J Sci Med Sport. 2008;12:603-608.

Lewis JS. Rotator cuff tendinopathy/subacromial impingement syndrome: is it time for a new method of assess-
ment? Br ] Sports Med. 2009;43(4):259-264.

Hegedus E, Cook C, Brennan M, Wyland D, Garrison C, Driesner D. Vascularity and tendon pathology in the rotator
cuff: A review of literature and implications for rehabilitation and surgery. Br J Sports Med. 2009;44:838-847.
Mccreesh K, Donnelly A, Lewis ]J. 65 immediate response of the supraspinatus tendon to loading in roator cuff
tendinopathy. Br J Sports Med. 2014;48:A42-A43.

Michener L, Subasi Yesilyaprak S, Seitz A, Timmons M, Walsworth M. Supraspinatus tendon and subacromial space
parametes measured on ultrasonographic imaging in subacromial impingement syndrome. Knee Surg Sport Trauma-
tol Arthrosc. 2013:23.

Mccreesh K, Purtill H, Donnelly A, Lewis ]. Increased supraspinatus tendon thickness following fatigue loading in
rotator cuff tendinopathy: potential implications for exercise therapy. BMJ Open Sport Exerc Med. 2017;3:e000279.
Magnusson SP, Langberg H, Kjaer M. The pathogenesis of tendinopathy: balancing the response to loading. Nature
Rev Rheumatol United States. 2010;6:262-268.

Ngomo S, Mercier C, Bouyer L, Savoie A, Roy J-S. Alterations in central motor representation increase over time in
individuals with rotator cuff tendinopathy. Clin Neurophysiol. 2014:126.

Berth A, Pap G, Neuman W, Awiszus F. Central neuromuscular dysfunction of the deltoid muscle in patients with
chronic rotator cuff tears. J Orthop Traumatol. 2009;10:135-141.

Lewis J, McCreesh K, Roy JS, Ginn K. Rotator cuff tendinopathy: navigating the diagnosis-management conundrum.
J Orthop Sports Phys Ther. 2015;45(11):923-937.

Lewis ]. Rotator cuff related shoulder pain: assessment, management and uncertainties. Man Ther. 2016;23:57-68.
Ellenbecker T, Aoki R. Step by step guide to understanding the kinetic chain concept in the overhead athlete. Curr
Rev Musculoskelet Med. 2020;13.

Richardson E, Lewis ], Gibson ], Morgan C, Halaki M, Ginn K, et al. Role of the kinetic chain in shoulder reha-
bilitation: does incorporating the trunk and lower limb into shoulder exercise regimes influence shoulder muscle
recruitment patterns? Systematic review of electromyography studies. BMJ Open Sport Exerc Med. 2020;6:e000683.
Saini S, Shah S, Curtis A. Scapular dyskinesis and the kinetic chain: recognizing dysfunction and treating injury in
the tennis athlete. Curr Rev Musculoskelet Med. 2020.

Boettcher C, Ginn K, Cathers 1. The “empty can” and “full can” tests do not selectively activate supraspinatus. J Sci
Med Sport. 2009;12:435-439.

Kibler W, Sciascia A. Evaluation and management of scapular dyskinesis in overhead athletes. Curr Rev Musculoskelet
Med. 2019:12.

Hodgson R, O’Connor P, Hensor E, Barron D, Robinson P. Contrast-enhanced MRI of the subdeltoid, subacromial
bursa in painful and painless rotator cuff tears. Br J Radiol. 2012;85:1482-1487.

Reuter R, Hiller W, Ainge G, Brown D, Dierenfield L, Shellock F, et al. [ronman triathletes: MRI assessment of the
shoulder. Skeletal Radiol. 2008;37:737-741.

Tran G, Cowling P, Smith T, Bury ], Lucas A, Barr A, et al. What imaging-detected pathologies are associated with
shoulder symptoms and their persistence? A systematic literature review. Arthritis Care Res. 2018:70.

Saraya S, Ultrasound El Bakry R. Can it replace MRI in the evaluation of the rotator cuff tears? Egypt | Radiol Nucl
Med. 2016;47(1):193-201.

Aminzadeh B, Najafi S, Moradi A, Abbasi B, Farrokh D, Emadzadeh M. Evaluation of diagnostic precision of ultra-
sound for rotator cuff disorders in patients with shoulder pain. Arch bone Jt Surg. 2020;8:689-695.

Cools A, Johansson F, Barbara C, Cambier D, Witvrouw E. Stretching the posterior shoulder structures in subjects
with internal rotation deficit: comparison of two stretching techniques. Shoulder Elb. 2012;4.

Mine K, Nakayama T, Milanese S, Grimmer K. Effectiveness of stretching on posterior shoulder tightness and gleno-
humeral internal rotation deficit: a systematic review of randomised controlled trials. | Sport Rehabil. 2016:26.
Huxel Bliven KC, Anderson BE. Core stability training for injury prevention. Sport Heal A Multidiscip Approach.
2013;5(6):514-522.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0082
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0082
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0082
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0082
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0082
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0082
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0083
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0083
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0083
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0083
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0083
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0084
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0084
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0084
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0084
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0085
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0085
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0085
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0085
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0086
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0087
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0087
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0088
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0088
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0088
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0088
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0088
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0088
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0089
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0089
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0089
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0089
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0089
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0090
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0091
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0091
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0091
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0091
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0091
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0091
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0092
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0092
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0093
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0094
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0094
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0094
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0094
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0095
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0095
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0095
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0095
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0095
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0095
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0096
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0096
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0096
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0096
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0096
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0097
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0097
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0097
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0097
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0098
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0098
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0098
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0098
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0098
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0098
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0099
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0099
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0099
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0099
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0099
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0100
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0100
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0100
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0100
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0100
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0101
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0101
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0102
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0102
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0102
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0103
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0104
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0104
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0104
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0104
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0105
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0105
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0105
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0105
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0106
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0106
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0106
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0107
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0107
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0107
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0107
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0107
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0107
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0108
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0109
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0110
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0110
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0110
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0111
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0112
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0112
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0112
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0112
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0112
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0112
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0113
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0113
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0113
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0113
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0113
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0114
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0114
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0114
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15

34

115.

116.

17.

118.

119.

120.

121

122.
123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.
145.

146.

L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (xXxx) Xxx

Ellenbecker T, Cools A. Rehabilitation of shoulder impingement syndrome and rotator cuff injuries: An evi-
dence-based review. Br ] Sports Med. 2010;44:319-327.

Beatty NR, Félix I, Hettler J, Moley PJ, Wyss JF. Rehabilitation and prevention of proximal hamstring tendinopathy.
Curr Sports Med Rep. 2017;16(3):162-171.

Dos Santos Franco YR, Miyamoto GC, Franco KFM, de Oliveira RR, Cabral CMN. Exercise therapy in the treatment of
tendinopathies of the lower limbs: a protocol of a systematic review. Syst Rev. 2019;8(1).

Goom TSH, Malliaras P, Reiman MP, Purdam CR. Proximal hamstring tendinopathy: clinical aspects of assessment
and management. | Orthop Sports Phys Ther. 2016 Jun;46(6):483-493.

Torres A, Fernandez-Fairen M, Sueiro-Fernandez ]. Greater trochanteric pain syndrome and gluteus medius and
minimus tendinosis: nonsurgical treatment. Pain Manag. 2018;8(1):45-55.

Lempainen L, Johansson K, Banke IJ, Ranne ], Mdkeld K, Sarimo ], et al. Expert opinion: Diagnosis and treatment of
proximal hamstring tendinopathy. Muscles Ligaments Tendons J. 2015;5(1):23-28.

Goom TS, Malliaras P, Reiman MP, Purdam CR. Proximal hamstring tendinopathy: clinical aspects of assessment
and management. | Orthop Sports Phys Ther. 2016;46(6):483-493.

Borgstrom H, McInnis KC. Female athlete hip injuries: a narrative review. Clin J Sport Med. 2021:9000.

Albers IS, Zwerver ], Diercks RL, Dekker JH, Van den Akker-Scheek I. Incidence and prevalence of lower extremity
tendinopathy in a Dutch general practice population: a cross sectional study. BVIC Musculoskelet Disord. 2016;17(1).
Moulton KM, Aly AR, Rajasekaran S, Shepel M, Obaid H. Acetabular anteversion is associated with gluteal
tendinopathy at MRI. Skeletal Radiol. 2015;44(1):47-54.

Lorenz D, Reiman M. The role and implementation of eccentric training in athletic rehabilitation: tendinopathy,
hamstring strains, and acl reconstruction. Int J Sports Phys Ther. 2011;6(1):27-44.

Jayaseelan DJ, Moats N, Ricardo CR. Rehabilitation of proximal hamstring tendinopathy utilizing eccentric train-
ing, lumbopelvic stabilization, and trigger point dry needling: 2 case reports. | Orthop Sports Phys Ther.
2014;44(3):198-205.

Zhang ], Wang JH. Mechanobiological response of tendon stem cells: implications of tendon homeostasis and patho-
genesis of tendinopathy. J Orthop Res. 2010;28(5):639-643.

Cacchio A, Rompe ]D, Furia JP, Susi P, Santilli V, De Paulis F. Shockwave therapy for the treatment of chronic
proximal hamstring tendinopathy in professional athletes. Am J Sports Med. 2011;39(1):146-153.

MclInnis KC, Chen ET, Finnoff JT, Roh EY, Borg Stein ]. Orthobiologics for the hip region: a narrative review. PM R.
2020;12(10):1045-1054.

Drezner JA. Practical management: hamstring muscle injuries. Clin J Sport Med Off J Can Acad Sport Med.
2003;13(1):48-52.

Lempainen L, Banke IJ, Johansson K, Brucker PU, Sarimo ], Orava S, et al. Clinical principles in the management of
hamstring injuries. Knee Surg Sports Traumatol Arthrosc. 2015;23(8):2449-2456.

Wetzel R], Patel RM, Terry MA. Platelet-rich plasma as an effective treatment for proximal hamstring injuries. Or-
thopedics. 2013;36(1):e64-e70.

Mautner K, Colberg RE, Malanga G, Borg-Stein JP, Harmon KG, Dharamsi AS, et al. Outcomes after ultra-
sound-guided platelet-rich plasma injections for chronic tendinopathy: a multicenter, retrospective review. PM R.
2013;5(3):169-175.

Rompe ]D, Segal NA, Cacchio A, Furia JP, Morral A, Maffulli N. Home training, local corticosteroid injection, or radial
shock wave therapy for greater trochanter pain syndrome. Am J Sports Med. 2009;37(10):1981-1990.

Brinks A, van Rijn RM, Willemsen SP, Bohnen AM, Verhaar JAN, Koes BW, et al. Corticosteroid injections for greater
trochanteric pain syndrome: a randomized controlled trial in primary care. Ann Fam Med. 2011;9(3):226-234.
Labrosse JM, Cardinal E, Leduc BE, Duranceau J, Rémillard ], Bureau NJ, et al. Effectiveness of ultrasound-guided cor-
ticosteroid injection for the treatment of gluteus medius tendinopathy. AJR Am | Roentgenol. 2010;194(1):202-206.
Coombes BK, Bisset L, Brooks P, Khan A, Vicenzino B. Effect of corticosteroid injection, physiotherapy, or both
on clinical outcomes in patients with unilateral lateral epicondylalgia: a randomized controlled trial. JAMA.
2013;309(5):461-469.

Dean BJF, Lostis E, Oakley T, Rombach I, Morrey ME, Carr AJ. The risks and benefits of glucocorticoid treatment
for tendinopathy: a systematic review of the effects of local glucocorticoid on tendon. Semin Arthritis Rheum.
2014;43(4):570-576.

Alpaugh K, Chilelli BJ, Xu S, Martin SD. Outcomes after primary open or endoscopic abductor tendon repair in the
hip: a systematic review of the literature. Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc North Am Int Arthrosc
Assoc. 2015 Mar;31(3):530-540.

Fitzpatrick J, Bulsara MK, O’Donnell ], McCrory PR, Zheng MH. The effectiveness of platelet-rich plasma injections in
gluteal tendinopathy: a randomized, double-blind controlled trial comparing a single platelet-rich plasma injection
with a single corticosteroid injection. Am J Sports Med. 2018;46(4):933-939.

Fitzpatrick J, Bulsara MK, O'Donnell ], Zheng MH. Leucocyte-rich platelet-rich plasma treatment of gluteus medius
and minimus tendinopathy: a double-blind randomized controlled trial with 2-year follow-up. Am J Sports Med.
2019;47(5):1130-1137.

Jacobson JA, Yablon CM, Henning PT, Kazmers IS, Urquhart A, Hallstrom B, et al. Greater trochanteric pain syn-
drome: percutaneous tendon fenestration versus platelet-rich plasma injection for treatment of gluteal tendinosis.
J ultrasound Med Off | Am Inst Ultrasound Med. 2016;35(11):2413-2420.

Ruzzini L, Abbruzzese F, Rainer A, Longo UG, Trombetta M, Maffulli N, et al. Characterization of age-related changes
of tendon stem cells from adult human tendons. Knee Surg Sports Traumatol Arthrosc. 2014;22(11):2856-2866.
Ferretti A. Epidemiology of Jumper's. Knee. 1986;295:289-295.

Dan M, Parr W, Broe D, Cross M, Walsh WR. Biomechanics of the knee extensor mechanism and its relationship to
patella tendinopathy: a review. | Orthop Res. 2018;36(12):3105-3112.

Elias DA, White LM. Imaging of patellofemoral disorders. 2004;543-57.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0115
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0115
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0115
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0116
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0116
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0116
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0116
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0116
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0116
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0117
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0117
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0117
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0117
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0117
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0117
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0118
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0118
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0118
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0118
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0118
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0119
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0119
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0119
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0119
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0120
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0121
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0121
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0121
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0121
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0121
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0122
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0122
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0122
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0123
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0123
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0123
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0123
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0123
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0123
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0124
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0124
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0124
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0124
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0124
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0124
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0125
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0125
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0125
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0126
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0126
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0126
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0126
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0127
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0127
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0127
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0128
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0129
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0129
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0129
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0129
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0129
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0129
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0130
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0130
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0131
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0132
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0132
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0132
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0132
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0133
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0134
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0135
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0136
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0137
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0137
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0137
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0137
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0137
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0137
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0138
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0139
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0139
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0139
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0139
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0139
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0140
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0140
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0140
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0140
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0140
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0140
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0141
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0141
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0141
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0141
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0141
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0142
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0143
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0144
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0144
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0145
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0145
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0145
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0145
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0145
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0145
https://doi.org/10.1016/j.disamonth.2021.101314

JID: YMDA [mUS1Ga;January 4, 2022;12:15]

147.

148.

149.

150.

151

—_

152.

153.

154.

155.

156.

157.

158.
159.

160.
161.
162.

163.
164.

165.

166.

167.

168.

169.
170.

171.
172.

173.
174.

175.

176.

17

178.
179.
180.
181.

182.

~

L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (XXxx) xxXx 35

Celebi MM, Kose SK, Akkaya Z, Zergeroglu AM. Cross - cultural adaptation of VISA - P score for patellar tendinopa-
thy in Turkish population. Springerplus. 2016.

Vetrano M, Castorina A, Vulpiani MC, Baldini R, Pavan A, Ferretti A, et al. The American Journal of Sports Medicine
Platelet-Rich Plasma Versus Focused Shock Waves in the Treatment of Jumper ' s Knee in Athletes. 2013;
Stuhlman CR, Stowers K, Stowers L, Smith ]. Current Concepts and the Role of Surgery in the Treatment of Jumper's
Knee. Orthopedics. 2016 Nov;139(6):e1028-e1035.

Lian OB, Engebretsen L BR. Prevalence of jumper$ knee among alite athletes from different sports: a cross-sectional
study. Am J Sport Med. 2005;33(4):561-567.

Van Ark M, JL Cook, Docking SI, Zwerver ], Gaida JE, Den Akker-scheek I Van, et al. Journal of science and medicine
in sport do isometric and isotonic exercise programs reduce pain in athletes with patellar tendinopathy in-season ?
A randomised clinical trial. J Sci Med Sport. 2016;19(9):702-706.

Fernandez-Jaén T, Sanz-Zapata F, Cortés JM, Balius-Mata R, Alvarez-Rey G, Garrido-Gonzalez ]I, et al. Proposal for
a clinical analysis of patellar tendon pathologies: in search of efficient therapeutic indications. Orthop J Sport Med.
2020;8(8):1-5.

Reviews S. Proposing a Patellar Tendinopathy Screening tool following a systematic review. 2016;1-11.

Taylor B, Cheema A, Soslowsky L. Tendon Pathology in Hypercholesterolemia and Familial Hypercholesterolemia.
2017;17-22.

Rickaby R, El Khoury LY, Samiric T, Raleigh SM. Epigenetic status of the human MMP11 gene promoter is altered in
patellar. Tendinopathy. 2019:155-159 (December 2018).

Po P, Lui Y. Tendinopathy in diabetes mellitus patients — Epidemiology. Pathogen Manage. 2017:1-12 December
2016.

Addona AD, Maffulli N, Formisano S, Rosa D. Science direct the surgeon. J Royal Colleges Surg Edinburgh Ireland
Inflamm Tendinop Surg. 2017:2-7.

Article O. Injury history as a risk factor for incident injury in youth soccer. 2005;462-6.

Lazaro RM, Souza RB, Luke AC. Patellar mobility and lower limb kinematics during functional activities in individ-
uals with and without patellar tendinopathy. Knee. 2021;30:241-248.

Review 1. Physical Examination and Patellofemoral Pain Syndrome.2021 85(3):234-43.

Ward SR, Chen Y-J, Powers CM. Concurrent Criterion-Related Validity and 2021.

Ferber R, Noehren B, Hamill ], Davis IS. Competitive female runners with a history of iliotibial band syndrome
demonstrate atypical hip and knee kinematics. | Orthop Sports Phys Ther. 2010;40(2):52-58.

Milner CE, Hamill PJ, Davis PIS; 2010:59-66.

Souza RB, Draper CCE, Fredericson M, Powers MDCM. Femur rotation and patellofemoral joint kinematics. A
Weight-Bearing Magnet Resonance Imaging Anal. 2010;40(5):277-285.

Bisseling RW, Hof AL, Bredeweg SW, Mulder T. Are the takeoff and landing phase dynamics of the volleyball spike
Jjump related to patellar tendinopathy ? Are the takeoff and landing phase dynamics of the volleyball spike jump related
to patellar tendinopathy ? The Netherlands; 2008.

Grau S, Maiwald C, Krauss I, Axmann D, Janssen P, Horstmann T; 2008:2042-2046.

Richards DP, Ajemian S V, Wiley JP, Brunet JA, Zernicke RF. Relation Between Ankle Joint Dynamics and Patellar
Tendinopathy in Elite Volleyball Players. 2002;266-72.

Backman L, Danielson P. The American Journal of Sports Medicine Low Range of Ankle Dorsiflexion Predisposes for
Patellar Tendinopathy in Junior Elite Basketball Players. 2011;

Luciana D Mendonga. (0493) 2021

Mu SA. Tendon healing : an overview of physiology, biology, and pathology of tendon healing and systematic review
of state of the art in tendon bioengineering. 2013;

PT, PhD; Juliana Melo Ocarino.:2-23.2021

Vicenzino B, De Vos ], Alfredson H, Bahr R, Cook JL, Coombes BK, et al. ICON 2019 — international scientific
tendinopathy symposium consensus : there are nine core health- - related domains for tendinopathy (CORE DO-
MAINS). Delphi study of healthcare professionals and patients; 2019:1-8.

Outcome evaluation in tendinopathy: Foundations of assessment and a.2021

Korakakis V, Kotsifaki A, Stefanakis M, Sotiralis Y, Whiteley R, Thorborg K. Evaluating lower limb tendinopathy with
Victorian Institute of Sport Assessment (VISA) questionnaires: a systematic review shows very-low-quality evidence
for their content and structural validity—part 1. Knee Surgery, Sport Traumatol Arthrosc. 2021;29(9):2749-2764.
Upasana G, Kumar A, Rajasekar S, John A. Journal of clinical orthopaedics and trauma reliability and validity of
Kannada version of Victorian institute of sports assessment for patellar tendinopathy (VISA-P-K) questionnaire. |
Clin Orthop Trauma. 2018:8-11.

Crema MD, Cortinas LG, Lima GBP, Abdalla R], Jean S, Ingham M, et al. Magnetic resonance imaging-based morpho-
logical and alignment assessment of the patellofemoral joint and its relationship to proximal patellar tendinopathy.
2017;

Figueroa D, Figueroa F, Calvo R. Patellar tendinopathy: diagnosis and treatment. | Am Acad Orthop Surg.
2016;24(12):e184-e192.

Kaux ], Forthomme B, Goff C Le, Crielaard ], Croisier ]. Current opinions on tendinopathy. 2011;(June):238-53.
Cook JL, Khan KM, Kiss ZS, Purdam CR, Griffiths L. Asymptomatic Patellar Tendinopathy in. 2000;473-9.

Sunding K, Fahlstrom M, Werner S, Forssblad M, Willberg L. Evaluation of Achilles and patellar tendinopathy with
greyscale ultrasound and colour Doppler: using a four - grade scale. 2014;

Cook JL, Malliaras P, Luca ] De, Ptasznik R, Morris ME, Goldie P. Neovascularization and Pain in Abnormal Patellar
Tendons of Active Jumping Athletes. 2004;14(5):296-9.

Sunding K, Willberg L, Werner S, Fahlstro M. Sclerosing injections and ultrasound-guided arthroscopic shaving for
patellar tendinopathy : good clinical results and decreased tendon thickness after surgery — a medium-term follow-up
study; 2014.

Please cite this article as: L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al., Current understanding of the
diagnosis and management of the tendinopathy: An update from the lab to the clinical practice, Disease-a-Month,
https://doi.org/10.1016/j.disamonth.2021.101314


http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0147
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0147
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0147
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0147
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0147
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0149
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0149
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0149
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0149
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0149
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0150
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0150
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0150
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0151
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0152
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0155
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0155
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0155
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0155
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0155
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0156
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0156
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0156
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0157
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0157
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0157
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0157
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0157
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0159
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0159
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0159
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0159
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0162
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0162
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0162
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0162
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0162
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0163
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0163
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0163
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0163
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0164
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0164
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0164
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0164
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0164
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0165
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0165
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0165
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0165
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0165
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0166
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0172
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0174
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0175
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0175
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0175
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0175
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0175
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0177
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0177
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0177
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0177
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0182
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0182
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0182
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0182
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0182
https://doi.org/10.1016/j.disamonth.2021.101314

JID: YMDA [mUS1Ga;January 4, 2022;12:15]

36

183.
184.
185.
186.
187.

188.

189.

190.
191

192.

193.

194.
195.

196.
197.
198.
199.
. Kongsgaard M, Aagaard P, Roikjaer S, Olsen D, Jensen M, Langberg H, et al.; 2006:748-754.
201.
202.
203.
204.
205.
206.
207.

208.

209.

210.
211.
212.
213.
214.

215.
216.

L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (Xxxx) Xxx

Malliaras P, Purdam C, Maffulli N, Cook ]. Temporal sequence of greyscale ultrasound changes and their relationship
with neovascularity and pain in the patellar tendon; 2010:944-947.

Cook JL, Khan KM, Kiss ZS, Coleman BD, Griffiths L. Asymptomatic hypoechoic regions on patellar tendon ultra-
sound. A 4-year clinical and ultrasound followup of 46 tendons; 2001:321-327.

Boesen AP, Boesen MI, Torp-pedersen S, Christensen R, Boesen L, Holmich P, et al. The American Journal of Sports
Medicine and Tendon Pain Symptoms in. 2012;

Owoeye OBA, Wiley JP, Walker REA, Palacios-Derflingher L, Emery CA. Diagnostic accuracy of a self-report measure
of patellar tendinopathy in youth basketball. J Orthop Sports Phys Ther. 2018;48(10):758-766.

Management C. Spanish Consensus Statement Clinical Management and Treatment of Tendinopathies in Sport.
2016;1-8.

Malliaras P. Patellar tendinopathy: clinical diagnosis, load management, and advice for challenging case presenta-
tions 13 Australian centre for research into injury in sport and its prevention Australian centre for research into
injury in sport and its prevention 22 A. J Orthop. 2015.

van Rijn Dafne, van den Akker-Scheek, Steunebrink Mirjam, Diercks Ron L, Zwerver Johannes, van der Worp HP.
Comparison of the effect of 5 different treatment options for managing patellar tendinopathy: a secondary analysis.
Clin J Sport Med. 2019;29(3):181-187.

Larsson MEH, Kdll I, Nilsson-Helander K. Treatment of patellar tendinopathy-a systematic review of randomized
controlled trials. Knee Surg Sport Traumatol Arthrosc. 2012;20(8):1632-1646.

Kongsgaard M, Qvortrup K, Larsen ], Aagaard P, Doessing S, Hansen P, et al. The American Journal of Sports Medicine
Fibril Morphology and Tendon Mechanical Properties in Patellar Tendinopathy. 2010;

Abat F, Gelber PE, Polidori F, Monllau JC, Sanchez-Ibafiez JM. Clinical results after ultrasound-guided intratissue
percutaneous electrolysis (EPI®) and eccentric exercise in the treatment of patellar tendinopathy. Knee Surg Sports
Traumatol Arthrosc. 2015;23(4):1046-1052 Apr.

Lim HY, Wong SH. Effects of isometric, eccentric, or heavy slow resistance exercises on pain and function in indi-
viduals with patellar tendinopathy: a systematic review. Physiother Res Int. 2018;23(4):1-15.

Nuhmani S. Injection therapies for patellar tendinopathy. Phys Sportsmed. 2020;48(2):125-130.

Frohm A, Saartok T, Halvorsen K, Renstrom P. Eccentric treatment for patellar tendinopathy: a prospective ran-
domised short-term pilot study of two rehabilitation protocols. Br J Sports Med. 2007;41(7):1-7.

Article O. Eccentric decline squat protocol offers superior results at 12 months compared with traditional eccentric
protocol for patellar tendinopathy in volleyball players. 2005;(2001):102-5.

Gaida JE, Cook ]. Treatment options for patellar tendinopathy: critical review. Curr Sports Med Rep.
2011;10(5):255-270.

Visnes H, Bahr R. The evolution of eccentric training as treatment for patellar tendinopathy (jumper’s knee): a
critical review of exercise programmes. Br | Sports Med. 2007;41(4):217-223.

Rudavsky A, Cook J. Physiotherapy management of patellar tendinopathy (Jumper's knee). J Physiother. 2014.

Rio E, Hons BAP, Phys M, Van Ark M, Docking S, Hons B, et al. Isometric contractions are more analgesic than
isotonic contractions for patellar tendon pain. An In-Season Randomized Clinical Trial. 2016;0(0):1-7.

Kongsgaard M, Kovanen V, Aagaard P, Doessing S, Hansen P, Laursen AH, et al. Corticosteroid injections, eccentric
decline squat training and heavy slow resistance training in patellar tendinopathy. 2009;790-802.

Giles L, Webster KE, Mcclelland ], Cook JL. Quadriceps strengthening with and without blood flow restriction in the
treatment of patellofemoral pain: a double-blind randomised trial. 2017;(October 2015):1-8.

Ladlow P, Coppack R], Dharm-datta S, Conway D, Sellon E, Patterson SD, et al. Low-load resistance training with
blood flow restriction improves clinical outcomes in musculoskeletal rehabilitation: A Single-Blind Randomized
Controlled Trial. 2018;9(September):1-14.

Trial C. Effects of blood flow restriction training on the lower extremities: A Randomized. 2019;11(2):149-56.
Lopez- MP, Gomez- EM, Ortiz- M, Galan- RM, Bataller- AV. Comparative study of treatment interventions for patellar
tendinopathy: a protocol for a randomised controlled trial. 2020;1-8.

Orhan Z, Cam K, Alper M. The effects of extracorporeal shock waves on the rat Achilles tendon: is there a critical
dose for tissue injury? 2004;631-5.

Huisstede BMA, Gebremariam L, Der Sande R Van, Hay EM, Koes BW. Evidence for effectiveness of extracorporal
shock-wave therapy (ESWT) to treat calci fi ¢ and non-calci fi ¢ rotator cuff tendinosis e A systematic review. Man
Ther. 2011;16(5):419-433.

Kumai T, Muneta T, Tsuchiya A, Shiraishi M. The short-term effect after a single injection of high-molecular-weight
hyaluronic acid in patients with enthesopathies (lateral epicondylitis, patellar tendinopathy, insertional Achilles
tendinopathy, and plantar fasciitis): a preliminary study. 2014;

Chen Y, Wang C, Yang KD, Kuo Y, Huang H, Huang Y, et al. Extracorporeal shock waves promote healing of
collagenase-induced Achilles tendinitis and increase TGF- p 1 and IGF-I expression. 2004;22.

Rodriguez Rivero A, Mayordomo Acevedo R. Revisién sistemdtica de la eficacia de la electrolisis percutanea en el
tratamiento de tendinopatias en la extremidad inferior. Rev Espafiola Podol. 2017;28(2):93-98.

Wang L, Yang T, Siu K, Tu Y, Ph D. Comparative effectiveness of different nonsurgical review and network meta-
analysis. Arthrosc ] Arthrosc Relat Surg. 2019;35(11):3117-3131 e2.

Kanaan Y, Jacobson JA, Jamadar D, Housner ], Caoili EM. P ©2013. 2013;771-7.

Housner JA, Jacobson JA, Morag Y, Pujalte GGA, Northway RM, Boon TA. Should ultrasound-guided needle fenes-
tration be considered as a treatment option for recalcitrant patellar tendinopathy? A Retrospect Study 47 Cases.
2010;20(6):488-90.

Housner JA, Jacobson JA, Misko R. Needle Tenotomy for the Treatment of. 2009;1187-92.

Maffulli N, Buono A Del, Oliva F, Testa V, Capasso G, Maffulli G. High-Volume Image-Guided Injection for Recalci-
trant Patellar Tendinopathy in Athletes. 2016;Im(1):12-6.

Please cite this article as: L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al., Current understanding of the
diagnosis and management of the tendinopathy: An update from the lab to the clinical practice, Disease-a-Month,
https://doi.org/10.1016/j.disamonth.2021.101314


http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0183
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0183
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0183
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0183
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0183
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0184
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0184
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0184
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0184
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0184
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0184
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0186
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0186
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0186
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0186
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0186
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0186
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0188
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0188
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0189
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0190
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0190
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0190
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0192
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0192
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0192
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0192
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0192
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0192
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0193
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0193
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0193
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0194
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0194
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0195
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0195
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0195
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0195
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0195
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0197
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0197
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0197
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0198
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0198
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0198
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0199
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0199
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0199
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0200
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0201
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0208
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0208
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0208
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0208
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0208
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0208
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0211
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0211
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0211
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0212
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0212
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0212
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0212
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0212
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0212
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15
L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (Xxxx) Xxx 37
217. Nielsen TG, Miller LL, Mygind-klavsen B, Lind M. High-volume image-guided injection in the chronic recalcitrant

218.

219.

220.

221.

222.

223.

224,
225.

226.

227.

229.

230.

231

232.

233.

234,

235.

236.

237.

238.

239.
240.

241,

242.

243,

244,

245.

246.

247.

248.

249.

non-insertional patellar tendinopathy: a retrospective case series. 2020;7.

Abate M, Di L, Sandra C, Patrizia V, Gregorio D, Schiavone C, et al. Synergistic activity of platelet rich plasma and
high volume image guided injection for patellar tendinopathy. Knee Surg Sport Traumatol Arthrosc. 2018;0(0):0.
James SLJ, Ali K, Pocock C, Robertson C, Walter ], Bell . Ultrasound guided dry needling and autologous blood injection
for patellar tendinosis; 2007:518-522.

Frizziero A, Oliva F, Vittadini F, Vetrano M, Bernetti A, Giordan N. Efficacy of ultrasound-guided hyaluronic acid
injections in achilles and patellar tendinopathies: a prospective multicentric clinical trial. 2019;9:305-13.

Fogli M, Giordan N, Mazzoni G, Giordan N. Efficacy and safety of hyaluronic acid (500-730kDa) Ultrasound-guided
injections on painful tendinopathies: a prospective, open label, clinical study Corresponding author: 2017;7(2):388-
95.

Khoury MA, Chamari K, Tabben M, Alkhelaifi K, Ricardo T, Damian C, et al. Expanded adipose derived mesenchymal
stromal cells are effective in treating chronic insertional patellar tendinopathy: clinical and MRI evaluations of a
pilot study. J Exp Orthop. 2021;8(1).

Clarke AW, Alyas F, Morris T, Robertson CJ, Bell ], Connell DA, et al. The American journal of sports medicine
skin-derived tenocyte-like cells for the treatment of patellar. Tendinopathy. 2011.

Costa-almeida R, Calejo I, Gomes ME. Mesenchymal Stem Cells Empowering Tendon Regenerative Therapies. 2019;
Cuddeford T, Brumitt J. In-season rehabilitation program using blood flow restriction therapy for two decathletes
with patellar tendinopathy: a case report. Int J Sports Phys Ther. 2020;15(6):1184-1195.

Bahr R, Fossan B, Loken S, Engebretsen L. Surgical treatment compared with eccentric training for patellar
tendinopathy (Jumper’s knee): a randomized, controlled trial. J Bone Jt Surg - Ser A. 2006;88(8):1689-1698.
Maffulli N, Longo UG, Kadakia A, Spiezia F. Achilles tendinopathy. Foot Ankle Surg. 2020;26(3):240-249.

. A'S, 1J B, Tendinopathy CS. Update on Pathophysiology. | Orthop Sports Phys Ther. 2015;45(11):833-841.

Alfredson H, Spang C. Clinical presentation and surgical management of chronic Achilles tendon disorders — A
retrospective observation on a set of consecutive patients being operated by the same orthopedic surgeon. Foot
Ankle Surg. 2018;24(6):490-494.

Magnusson SP, Kjaer M. The impact of loading, unloading, ageing and injury on the human tendon. J Physiol.
2019;597(5):1283-1298.

Maffulli N, Oliva F, Loppini M, Aicale R, Spiezia F, King ]B. The Royal London hospital test for the clinical diagnosis
of patellar tendinopathy. Muscles Ligaments Tendons J. 2017;7(2):315.

Hutchison A-M, Evans R, Bodger O, Pallister I, Topliss C, Williams P, et al. What is the best clinical test for Achilles
tendinopathy? Foot Ankle Surg. 2013;19(2):112-117.

Wezenbeek E, Mahieu N, Willems T, Van Tiggelen D, De Muynck M, De Clercq D, et al. What does normal ten-
don structure look like? New insights into tissue characterization in the Achilles tendon. Scand ] Med Sci Sports.
2017;27(7):746-753.

Murphy M, Rio E, Debenham ], Docking S, Travers M, Gibson W. Evaluating the progress of mid-portion achilles
tendinopathy during rehabilitation: a review of outcome measures for self- reported pain and function. Int J Sports
Phys Ther. 2018;13(2):283-292.

Martin R, Chimenti R, Cuddeford T, Houck ], Matheson ], McDonough C, et al. Achilles pain, stiffness, and muscle
power deficits: midportion achilles tendinopathy revision. J Orthop Sports Phys Ther. 2018;48(5):A1-38 2018 May.
Van der Vlist A, Breda S, Oei E, Verhaar ], De Vos R. Clinical risk factors for Achilles tendinopathy: a systematic
review. Br ] Sports Med. 2019;53(21):1352-1361.

Abate M, Di Carlo L, Salini V. Platelet rich plasma compared to dry needling in the treatment of non-insertional
Achilles tendinopathy. Phys Sportsmed. 2019;47(2):232-237.

Darrieutort-Laffite C, Soslowsky LJ, Le, Goff B. Molecular and structural effects of percutaneous interventions in
chronic achilles tendinopathy. Int | Mol Sci. 2020;21(19):1-18.

Maffulli N, Longo UG. How do eccentric exercises work in tendinopathy? Rheumatology. 2008;47(10):1444-1445.
Gatz M, Betsch M, Dirrichs T, Schrading S, Tingart M, Michalik R, et al. Eccentric and isometric exercises in achilles
tendinopathy evaluated by the VISA-A score and shear wave elastography. Sports Health. 2020;12(4):373-381.
Rabusin C, Menz H, McClelland ], Evans A, Malliaras P, Docking S, et al. Efficacy of heel lifts versus calf mus-
cle eccentric exercise for mid-portion Achilles tendinopathy (HEALTHY): a randomised trial. Br J Sports Med.
2021;55(9):486-492.

Silbernagel K, Crossley K. A proposed return-to-sport program for patients with midportion achilles tendinopathy:
rationale and implementation. J Orthop Sports Phys Ther. 2015;45(11):876-886.

O'Neill S, Radia ], Bird K, Rathleff M, Bandholm T, Jorgensen M, et al. Acute sensory and motor response to 45-s
heavy isometric holds for the plantar flexors in patients with Achilles tendinopathy. Knee Surg Sports Traumatol
Arthrosc. 2019;27(9):2765-2773.

Fan Y, Feng Z, Cao J, Fu W. Efficacy of extracorporeal shock wave therapy for achilles tendinopathy: a meta-analysis.
Orthop ] Sport Med. 2020;8(2).

Zhi X, X L, Han ], Xiang Y, Wu H, Wei S, et al. Nonoperative treatment of insertional Achilles tendinopathy: a
systematic review. | Orthop Surg Res. 2021;16(1).

Becker BA, Childress M. Common foot problems: over-the-counter treatments and home care. Am Fam Physician.
2018;98(5):298-303.

Yang W, Han Y, Cao X, Pan J, Zeng L, Lin ], et al. Platelet-rich plasma as a treatment for plantar fasciitis: A meta-
analysis of randomized controlled trials. Medicine. 2017;96(44) Baltimore.

Cotchett M, Lennecke A, Medica V, Whittaker G, Bonanno D. The association between pain catastrophising and
kinesiophobia with pain and function in people with plantar heel pain. Foot (Edinb). 2017;32:8-14.

Schneider H, Baca ], Carpenter B, Dayton P, Fleischer A, Sachs B. American college of foot and ankle surgeons
clinical consensus statement: diagnosis and treatment of adult acquired infracalcaneal heel pain. J Foot Ankle Surg.
2018;57(2):370-381.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0218
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0219
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0222
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0223
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0225
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0225
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0225
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0226
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0226
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0226
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0226
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0226
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0227
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0227
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0227
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0227
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0227
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0228
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0228
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0228
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0228
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0229
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0229
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0229
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0230
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0230
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0230
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0231
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0232
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0233
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0234
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0235
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0236
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0236
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0236
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0236
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0236
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0236
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0237
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0237
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0237
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0237
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0238
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0238
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0238
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0238
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0239
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0239
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0239
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0240
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0241
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0242
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0242
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0242
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0243
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0244
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0244
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0244
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0244
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0244
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0245
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0246
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0246
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0246
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0247
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0248
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0248
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0248
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0248
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0248
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0248
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0249
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15

38

250.

251,

252.

253.

254,

255.

256.

257.
258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.
281.

282.

283.

284.

285.

L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (xXxx) Xxx

Kim M, Choi Y, You M, Kim J, Young K. Sonoelastography in the evaluation of plantar fasciitis treatment: 3-month
follow-up after collagen injection. Ultrasound Q. 2016;32(4):327-332.

Wu C, Chen W, Wang T. Plantar fascia softening in plantar fasciitis with normal B-mode sonography. Skeletal Radiol.
2015;44(11):1603-1607.

Draghi F, Gitto S, Bortolotto C, Draghi AG, Ori Belometti G. Imaging of plantar fascia disorders: findings on plain
radiography, ultrasound and magnetic resonance imaging. Insights Imaging. 2017;8(1):69-78.

Luffy L, Grosel ], Thomas R, So E. Plantar fasciitis: a review of treatments. JAAPA. 2018;31(1):20-24.

Van Leeuwen K, Rogers ], Winzenberg T, Van Middelkoop M. Higher body mass index is associated with plantar
fasciopathy/'plantar fasciitis’: systematic review and meta-analysis of various clinical and imaging risk factors. Br J
Sports Med. 2016;50(16):972-981.

Arnold M], Moody AL. Common running injuries: evaluation and management. Am Fam Physician.
2018;97(8):510-516.

Phillips A, McClinton S. Gait deviations associated with plantar heel pain: a systematic review. Clin Biomech.
2017;42:55-64 Bristol, Avon.

Gutteck N, Schilde S, Delank K. Pain on the plantar surface of the foot. Dtsch Arztebl Int. 2019;116(6):83-88.
Schuitema D, Greve C, Postema K, Dekker R, Hijmans ]. Effectiveness of mechanical treatment for plantar fasciitis:
a systematic review. | Sport Rehabil. 2019;29(5):657-674.

Engkananuwat P, Kanlayanaphotporn R, Purepong N. Effectiveness of the simultaneous stretching of the Achilles
tendon and plantar fascia in individuals with plantar fasciitis. Foot ankle Int. 2018;39(1):75-82.

Siriphorn A, Eksakulkla S. Calf stretching and plantar fascia-specific stretching for plantar fasciitis: a systematic
review and meta-analysis. | Bodyw Mov Ther. 2020;24(4):222-232.

Pollack Y, Shashua A, Kalichman L. Manual therapy for plantar heel pain. Foot (Edinb). 2018;34:11-16.

Li X, Zhang L, Gu S, Sun J, Qin Z, Yue ], et al. Comparative effectiveness of extracorporeal shock wave, ultrasound,
low-level laser therapy, noninvasive interactive neurostimulation, and pulsed radiofrequency treatment for treating
plantar fasciitis: A systematic review and network meta-analysis. Medicine (Baltimore). 2018;97(43).

Seligman DAR, Dawson D, Streiner DL, Seligman DJ, Davis A. Treating heel pain in adults: a randomized controlled
trial of hard vs modified soft custom orthotics and heel pads. Arch Phys Med Rehabil. 2021;102(3):363-370.

Hurley E, Shimozono Y, Hannon C, Smyth N, Murawski C, Kennedy ]. Platelet-rich plasma versus corticosteroids for
plantar fasciitis: a systematic review of randomized controlled trials. Orthop J Sport Med. 2020;8(4).

Huffer D, Hing W, Newton R, Clair M. Strength training for plantar fasciitis and the intrinsic foot musculature: a
systematic review. Phys Ther Sport. 2017;24:44-52.

Thong-On S, S B, Vachalathiti R, Intiravoranont W, Suwannarat S, Smith R. Effects of strengthening and stretching
exercises on the temporospatial gait parameters in patients with plantar fasciitis: a randomized controlled trial.
Ann Rehabil Med. 2019;43(6):662-676.

Beeson P. Posterior tibial tendinopathy: what are the risk factors? ] Am Podiatr Med Assoc. 2014;104(5):455-467.
Guelfi M, Pantalone A, Mirapeix RM, Vanni D, Usuelli FG, Guelfi VS M. Anatomy, pathophysiology and classification
of posterior tibial tendon dysfunction. Eur Rev Med Pharmacol Sci. 2017;21(1):13-19.

Steinberg N, Dar G, Dunlop M, Gaida ]J. The relationship of hip muscle performance to leg, ankle and foot injuries:
a systematic review. Phys Sportsmed. 2017;45(1):49-63.

Mousavi SH, Hijmans JM, Rajabi R, Diercks R, Zwerver ], van der Worp H. Kinematic risk factors for lower limb
tendinopathy in distance runners: a systematic review and meta-analysis. Gait Posture. 2019;69:13-24.

Wang J, Mannen E, Siddicky S, Lee ], Latt L. Gait alterations in posterior tibial tendonitis: A systematic review and
meta-analysis. Gait Posture. 2020;76:28-38.

Pedowitz D, Beck D. Presentation, diagnosis, and nonsurgical treatment options of the anterior tibial tendon, pos-
terior tibial tendon, peroneals, and Achilles. Foot Ankle Clin. 2017;22(4):677-687.

Ross MH, Smith MD, Mellor R, Vicenzino B. Exercise for posterior tibial tendon dysfunction: a systematic review of
randomised clinical trials and clinical guidelines. BMJ Open Sport — Exerc Med. 2018;4(1):430.

Bolia IK, Gammons P, Scholten D], Weber AE, Waterman BR. Operative versus nonoperative management of distal
iliotibial band syndrome—where do we stand? a systematic review. Arthrosc Sport Med Rehabil. 2020;2(4):e399.
Charles D, Rodgers C. A literature review and clinical commentary on the development of iliotibial band syndrome
in runners. Int J Sports Phys Ther. 2020;15(3):460.

Ding G, Shi S, Ling X, Yuan ], Zhang Z, Luo C, et al. [Clinical diagnosis and treatment for iliotibial band syndrome].
Zhongguo Gu Shang. 2018;31(10):965-970.

Aderem ], Louw QA. Biomechanical risk factors associated with iliotibial band syndrome in runners: a systematic
review. BMC Musculoskelet Disord. 2015;16(1).

Stickley CD, Presuto MM, Radzak KN, Bourbeau CM, Hetzler RK. Dynamic varus and the development of iliotibial
band syndrome. J Athl Train. 2018;53(2):128.

Baker R, Fredericson M. Iliotibial band syndrome in runners: biomechanical implications and exercise interventions.
Phys Med Rehabil Clin N Am. 2016;27(1):53-77.

Bolon B. Mini-review: toxic tendinopathy. Toxicol Pathol. 2017;45(7):834-837.

Cohen PR. Cephalexin-associated Achilles tendonitis: case report and review of drug-induced tendinopathy. Cureus.
2018;10(12).

Magnusson SP, Heinemeier KM, Kjaer M. Metabolic influences on risk for tendon disorders. Adv Exp Med Biol.
2016;920:11-25.

Lang TR, Cook ], Rio E, Gaida JE. What tendon pathology is seen on imaging in people who have taken fluoro-
quinolones? A systematic review. Fundam Clin Pharmacol. 2017;31(1):4-16.

Berger I, Goodwin I, Buncke GM. Fluoroquinolone-associated tendinopathy of the hand and wrist: a systematic
review and case report. Hand. 2017;12(5) NP121-6.

Alves C, Mendes D, Marques FB. Fluoroquinolones and the risk of tendon injury: a systematic review and meta-
analysis. Eur ] Clin Pharmacol. 2019;75(10):1431-1443.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0250
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0250
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0250
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0250
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0250
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0250
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0251
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0251
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0251
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0251
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0252
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0252
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0252
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0252
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0252
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0252
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0253
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0253
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0253
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0253
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0253
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0254
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0254
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0254
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0254
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0254
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0255
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0255
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0255
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0256
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0256
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0256
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0257
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0257
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0257
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0257
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0258
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0258
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0258
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0258
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0258
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0258
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0259
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0259
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0259
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0259
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0260
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0260
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0260
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0261
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0261
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0261
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0261
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0262
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0263
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0263
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0263
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0263
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0263
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0263
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0264
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0265
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0265
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0265
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0265
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0265
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0266
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0267
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0267
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0268
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0269
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0269
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0269
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0269
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0269
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0270
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0271
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0271
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0271
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0271
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0271
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0271
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0272
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0272
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0272
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0273
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0273
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0273
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0273
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0273
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0274
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0274
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0274
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0274
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0274
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0274
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0275
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0275
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0275
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0276
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0277
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0277
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0277
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0278
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0278
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0278
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0278
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0278
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0278
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0279
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0279
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0279
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0280
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0280
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0281
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0281
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0282
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0282
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0282
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0282
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0283
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0283
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0283
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0283
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0283
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0284
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0284
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0284
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0284
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0285
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0285
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0285
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0285
https://doi.org/10.1016/j.disamonth.2021.101314

JID: YMDA [mUS1Ga;January 4, 2022;12:15]

286.
287.

288.

289.

290.

291
292.

293.

294,
295.
296.
297.
298.
299.
300.
301.
302.

303.

304.

305.

306.

307.

308.
309.

310.

311

312.

313.

314.

315.

316.

317.

318.

319.

L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (Xxxx) Xxx 39

DeLaney MC. Risks associated with the use of fluoroquinolones. Br J] Hosp Med. 2018;79(10):552-555.

Bisaccia DR, Aicale R, Tarantino D, Peretti GM, Maffulli N. Biological and chemical changes in fluoroquinolone-asso-
ciated tendinopathies: a systematic review. Br Med Bull. 2019;130(1):39-49.

Godoy-Santos AL, Bruschini H, Cury ], Srougi M, de Cesar-Netto C, Fonseca LF, et al. Fluoroquinolones and the risk
of achilles tendon disorders: update on a neglected complication. Urology. 2018;113:20-25.

Stephenson AL, Wu W, Cortes D, Rochon PA. Tendon injury and fluoroquinolone use: A systematic review. Drug Saf.
2013;36(9):709-721.

Kanbay A, Mihcioglu I, Tekin N. A rare but a serious complication: gemifloxacin induced tendinopathy. Tuberk
Toraks. 2020;68(2):184-187.

Tam PK, Ho CTK. Fluoroquinolone-induced Achilles tendinitis. Hong Kong Med J. 2014;20(6):545-547.

Muhammad ZA, Ahmad T, Baloch N. Can alternate-day Statin regimen minimize its adverse effects on muscle and
tendon? A systematic review. | Pak Med Assoc. 2019;69(7):1006-1013.

Eliasson P, Svensson RB, Giannopoulos A, Eismark C, Kjer M, Schjerling P, et al. Simvastatin and atorvastatin reduce
the mechanical properties of tendon constructs in vitro and introduce catabolic changes in the gene expression
pattern. 2017;1-16.

Deren ME, Klinge SA, Mukand NH, Mukand JA. Tendinopathy and tendon rupture associated with statins. JBJS Rev.
2016;4(5):1-6.

Marie I, Delafenétre H, Massy N, Thuillez C, Noblet C. Tendinous disorders attributed to statins: A study
on ninety-six spontaneous reports in the period 1990-2005 and review of the literature. Arthritis Care Res.
2008;59(3):367-372.

Gowdar SD, Thompson PD. Multiple tendon ruptures associated with statin therapy. J Clin Lipidol. 2020.

Hoffman KB, Kraus C, Dimbil M, Golomb BA. A Survey of the FDA ' s AERS Database Regarding Muscle and Tendon
Adverse Events Linked to the Statin Drug Class. 2012;7(8).

Alexander JA, Loftus CG. Statin-associated Achilles tendon rupture and reproducible bilateral tendinopathy on re-
peated exposure. Mayo Clin Proc. 2018;93(10):1531-1532.

Contractor T, Beri A, Gardiner JC, Tang X, Dwamena FC; 2015:377-381.

Oliveira LP, Vieira CP, Marques PP, Pimentel ER; 2016:1-7.

Teichtahl AJ, Brady SR, Urquhart DM, Wluka AE, Wang Y, Shaw JE, et al. Statins and tendinopathy: a systematic
review. Med J Aust. 2016;204(3):115-122.

Loiacono C, Palermi S, Massa B, Belviso I, Romano V, Di Gregorio A, et al. Tendinopathy: Pathophysiology, Thera-
peutic Options, and Role of Nutraceutics. A Narrative Literature Review. 2019.

John B, Dean F, Lostis E, Oakley T, Rombach I, Morrey ME, et al. The risks and bene fi ts of glucocorticoid treatment
for tendinopathy : a systematic review of the effects of local glucocorticoid on tendon . Semin Arthritis Rheum.
2013:1-7.

Dougados M, Gossec L. Efficacy and safety of steroid injections for shoulder and elbow tendonitis: a meta-analysis
of randomised controlled trials. 2009;1843-9.

Sirico F, Ricca F, Meglio FDI, Nurzynska D, Castaldo C, Spera R, et al. Local corticosteroid versus autologous meta-
analysis of randomized controlled trials. 2017;53(3):483-92.

Coombes BK, Bisset L, Vicenzino B. Efficacy and safety of corticosteroid injections and other injections for manage-
ment of tendinopathy: a systematic review of randomised controlled trials. Lancet. 2010;376(9754):1751-1767.
Kirchgesner T, Larbi A, Omoumi P, Malghem ], Zamali N, Manelfe ], et al. Drug-induced tendinopathy: from physi-
ology to clinical applications. Jt Bone Spine. 2014;81(6):485-492.

Schlienger RG, Blanco I, Kr S. Corticosteroid-Associated. 2005;28(7):633-43.

Mitsimponas N, Klouva E, Tryfonopoulos D. Aromatase inhibitor-associated tendinopathy and muscle tendon rup-
ture: Report of Three Cases of This Exceedingly Rare Adverse Event. 2018;557-61.

Morales DR, Slattery ], Pacurariu A, Pinheiro L, Mcgettigan P, Kurz X. Relative and absolute risk of tendon rupture
with fluoroquinolone and concomitant fluoroquinolone /corticosteroid therapy : population - based nested case -
control study. Clin Drug Investig. 2019;39(2):205-213.

Henry NL, Giles Jon T, Ang Dennis, Mohan Monika, Dadabhoy Dina, Robarge Jason, Hayden Jill, Lemler Suzanne,
Shahverdi Karineh, Powers Penny, Li Lang, Flockhart David, Stearns Vered, Hayes Daniel F. Prospective characteri-
zation of musculoskeletal symptoms in early stage breast cancer patients treated with aromatase inhibitors. Breast
Cancer Res Treat Vol. 2008;111(2):365-372.

Maravelias C, Dona A, Stefanidou M, Spiliopoulou C. Adverse effects of anabolic steroids in athletes: A constant
threat. Toxicol Lett. 2005;158(3):167-175.

Id O, Article R. Clinical Management of Tendinopathy: A Systematic Review of Systematic Reviews Evaluating the
Effectiveness of Tendinopathy Treatments Running Title::0-2.

Morgan S, Coetzee FF, Africa S, Sciences S, Africa S. Causative factors and rehabilitation of patellar tendinopathy: A
systematic review. 2015;1-11.

Escuder AE-, Casafia J, Cuesta- Al. Load progression criteria in exercise programmes in lower limb tendinopathy: a
systematic review. 2020;1-15.

Doiron-Cadrin P, Lafrance S, Saulnier M, Cournoyer E, Roy JS, Dyer JO, et al. Shoulder rotator cuff disorders: a
systematic review of clinical practice guidelines and semantic analyses of recommendations. Arch Phys Med Rehabil
Am Congress Rehabil Med. 2020;101:1233-1242.

Plinsinga ML, Brink MS, Vicenzino B, Van Wilgen CP. Evidence of nervous system sensitization in commonly pre-
senting and persistent painful tendinopathies: A systematic review. J Orthop Sports Phys Ther. 2015;45(11):864-875.
Murphy MC, Travers M], Chivers P, Debenham JR, Docking SI, Rio EK, et al. Efficacy of heavy eccentric calf training
for treating mid-portion Achilles tendinopathy. a systematic review and meta-analysis. 2019:1-9.

Pavone V, Vescio A, Mobilia G, Dimartino S, Stefano G Di. Conservative Treatment of Chronic Achilles Tendinopathy:
A Systematic Review. 2019;

Please cite this article as: L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al., Current understanding of the
diagnosis and management of the tendinopathy: An update from the lab to the clinical practice, Disease-a-Month,
https://doi.org/10.1016/j.disamonth.2021.101314


http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0286
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0286
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0287
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0287
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0287
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0287
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0287
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0287
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0288
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0289
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0289
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0289
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0289
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0289
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0290
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0290
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0290
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0290
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0291
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0291
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0291
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0292
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0292
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0292
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0292
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0294
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0294
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0294
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0294
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0294
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0295
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0295
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0295
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0295
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0295
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0295
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0296
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0296
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0296
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0298
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0298
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0298
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0299
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0299
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0299
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0299
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0299
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0299
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0300
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0300
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0300
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0300
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0300
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0301
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0302
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0303
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0306
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0306
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0306
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0306
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0307
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0310
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0311
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0312
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0312
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0312
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0312
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0312
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0316
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0317
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0317
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0317
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0317
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0317
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0318
https://doi.org/10.1016/j.disamonth.2021.101314

ARTICLE IN PRESS

JID: YMDA mUS1Ga;January 4, 2022;12:15
40 L. Canosa-Carro, M. Bravo-Aguilar and V. Abuin-Porras et al./Disease-a-Month xxx (xXxx) Xxx

320. Barker-davies RM, Nicol A, Mccurdie I, Watson ], Baker P, Wheeler P, et al. Study protocol : a double blind ran-
domised control trial of high volume image guided injections in Achilles and patellar tendinopathy in a young
active population. 2017;1-12.

321. Malliaras P, Cook ], Purdam C, Rio E. Patellar tendinopathy: clinical diagnosis, load management, and advice for
challenging case presentations. J Orthop Sports Phys Ther. 2015;45(11):887-898.

322. Steinmann S, Pfeifer CG, Brochhausen C, Docheva D. Spectrum of tendon pathologies : triggers. Trails End-State.
2020:1-20.



http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0321
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0321
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0321
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0321
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0321
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0322
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0322
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0322
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0322
http://refhub.elsevier.com/S0011-5029(21)00190-5/sbref0322
https://doi.org/10.1016/j.disamonth.2021.101314

	Current understanding of the diagnosis and management of the tendinopathy: An update from the lab to the clinical practice
	Background
	Introduction
	Epidemiology

	Biomechanics and pathophysiology of the tendon injuries
	Tendon structure
	Biomechanics of the tendon
	Pathophysiology

	Rotator cuff tendinopathy
	Introduction
	Rotator cuff tendon structure and biomechanics
	Pathoethiology of rotator cuff tendons
	Assessment of the rotator cuff tendinopathy
	Orthopedic test in rotator cuff tendinopathy
	Imaging tools in rotator cuff tendinopathy
	Conservative management of rotator cuff tendinopathy

	Hamstring tendinopathy
	Introduction
	Assessment and treatment
	Diagnosis of hamstring and gluteus tendinopathy
	Management of hamstring tendinopathy
	Management of gluteal tendinopathy


	Knee tendinopathy
	Definition and epidemiology
	Diagnostic tests
	Treatment

	Achilles tendinopathy and plantar fasciitis
	Introduction
	Epidemiology

	Diagnostic
	Risk factors
	Scientific evidence of Achilles tendinopathy treatments
	Conclusions

	Plantar fasciitis
	Introduction
	Epidemiology
	Diagnostic
	Risk factors
	Scientific evidence of plantar fasciitis treatments
	Conclusions


	Other lower limb tendinopathies
	Posterior tibial tendinopathy
	Definition/epidemiology
	Risk factors
	Diagnostics
	Scientific evidence of posterior tibial tendinopathy treatments
	Conclusions

	Iliotibial band syndrome
	Definition, epidemiology, and diagnosis
	Risk factors
	Scientific evidence of iliotibial band syndrome treatments
	Conclusions


	Drug-induced tendinopathy
	Fluoroquinolones
	Statins
	Aromatase inhibitors
	Other drugs with potential tendon toxicity
	Isotretinoin
	Anabolic steroids
	Antiretroviral drugs


	Clinical applications
	Conclusions
	Conflicts of Interest
	Acknowledgements
	References


