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Foreword

Dear ISAKOS member,
The Leg Ankle and Foot (LAF) has been recently created. Under the 

impulsion of the chairs Pieter d’Hooghe, Gian Luigi Canata, and Kenneth 
Hunt, recognized authors all around the world have worked together in order 
to provide the best current knowledge about muscle and tendon.

Several chapters are dedicated to basic science. These chapters are crucial 
to understand the management of lesions. They also allow to define future 
directions. In this booklet about muscles and tendons, surgical management 
is challenged by conservative management. Several studies with a high level 
of evidence had been published comparing these two approaches; it may help 
the sport medical doctor and surgeon and also the physiotherapist in their 
research and their clinical practice.

The collection of the ISAKOS booklets is chaired and coordinated by Joao 
Espregueira Mendes for a few years. These booklets are becoming one of the 
flags of the education program of ISAKOS.

Thanks to the authors who spent their time to summarize the state of the 
art in muscle and tendon anatomy, biology, biomechanics, and pathology, and 
congratulations to the LAF.

A great booklet useful for our young and experienced ISAKOS 
members!

ISAKOS President Philippe Neyret
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Preface

Muscle and tendon injuries are extremely common in sports activities and in 
work-induced physical loading: prevention, diagnosis and treatment of these 
pathologies are demanded to all those involved in sports medicine, orthopae-
dic surgery and rehabilitation.

This book is an updated presentation of the main aspects of muscle and 
tendon disorders.

It is practically impossible to write a scientific book without the help of 
co-workers. ISAKOS has been the nest where ideas can become reality, and 
the ISAKOS excellencies have done a great job. The LAF Committee has 
been the starter of this project, and the co-editors Pieter d’Hooghe, LAF 
Committee Chair, and Ken Hunt, Deputy Chair, must be commended for their 
extraordinary support and their friendship. The latest available information 
have been offered by world-renowned experts in the field to all those who 
wish to better treat patients with muscle and tendon problems. On behalf of 
all editors. we thank the authors who contributed to the excellence of this 
book giving their time and exceptional effort with enthusiasm, meeting the 
demands of deadlines and revisions.

Torino, Italy Gian Luigi Canata
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book for their invaluable cooperation.
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Functional Morphology of Muscles 
and Tendons

James N. Fisher, Alessia Di Giancamillo, 
Eliana Roveda, Angela Montaruli, 
and Giuseppe M. Peretti

1.1  Muscle

Muscle is one of the four principal tissue types; it 
produces movement by pulling on the dense con-
nective tissue which forms the tendons and 
periosteum.

In the human body there are four different 
types of muscle:

 1. Smooth muscle, also known as involuntary, or 
nonstriated muscle, is responsible for the 
generation of the tunica muscularis, or mus-
cle coat, of the internal organs and blood ves-
sels and makes up the stroma of several 
visceral organs. The contraction of smooth 
muscle cells is involuntary, as opposed to the 
contraction of striated muscle; it is slower 
and requires less energy but can be main-
tained for longer periods of time. The sarco-
plasm (cytoplasm of muscle cells) of smooth 
muscle cells is rich in myofibrils, which are 
not arranged in sarcomeres as in striated mus-
cle types.

 2. Cardiac muscle, also called myocardium, 
makes up the walls of the heart and is respon-
sible for the pumping of blood. Cardiac mus-
cle contraction is involuntary, unlike skeletal 
muscle, although it is characterised by stria-
tions similar to those in skeletal muscle which 
are due to the organised distribution of myofi-
brils within the cell sarcomere.

 3. Skeletal muscle, also known as striated or vol-
untary muscle, is connected to the skeleton 
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and is responsible for generating movement. 
Contraction is under voluntary control, and as 
a result the skeletal muscle is highly inner-
vated by motoneurons: every muscle fibre is 
contacted by a motoneuron at the neuromus-
cular junction, which transmits the signal to 
contract.

1.1.1  Anatomy of Skeletal Muscle 
Tissue

Skeletal muscle represents about 40% of adult 
bodyweight and is characterised by elongated cylin-
drical cells of varying length and diameter, called 
muscle fibres. They are arranged parallel to one 
another, surrounded by a thin membrane of connec-
tive tissue that is richly innervated and vascularised. 
Technically, each muscle cell is a polynuclear syn-
cytium, a cytoplasmic mass with multiple nuclei 
which form during embryonic and foetal develop-
ment from the fusion of several mesodermal mono-
nuclear fusiform progenitor cells, myoblasts.

Figure 1.1 shows the organisation of the muscle 
and its constitutive elements which are made up of 
fascicles, which are in turn composed of a number 
of muscle fibres. The individual fascicles are 
enveloped and separated by connective tissue that 
supports and protects the muscle. The connective 
tissue is rich in nerves and blood vessels that sup-

ply oxygen and nutrients and allow for the elimi-
nation of catabolic waste products, particularly 
lactic acid. Since muscle tissue undergoes contrac-
tion and extension, the vessels and nerves in mus-
cle are looped back on themselves in a wave-like 
pattern. The epimysium surrounds the fascicles 
that form the whole muscle tissue; the perimysium 
wraps around single fascicle, grouping the bundles 
of muscle fibres; finally, the endomysium encloses 
each individual muscle fibre. The role of these 
connective tissues is to favour the transmission of 
mechanical force and at the same time protect the 
muscle fibres during contraction. The collagen 
fibres that make up these connective tissues over-
lap and, at the ends of the muscle, come together to 
form the tendons.

Muscle cells range in size from 10 to100 μm in 
diameter and from 1 mm to 20 cm in length. The 
sarcoplasm is rich in mitochondria needed to pro-
vide ATP and hosts a highly developed sarcoplas-
mic reticulum (SR; smooth endoplasmic reticulum 
of myocytes) which contains an elevated concen-
tration of calcium ions (Ca++) which is necessary 
for muscle contraction. The multiple nuclei are 
located peripherally adjacent to the sarcolemma, 
the plasma membrane that surrounds the muscle 
fibre and regulates the movement of chemical sub-
stances in and out of the cell. The sarcoplasmic 
reticulum is composed of tubules and cisternae 
which wrap around the myofibril. The tubules run 

Fig. 1.1 Organisational levels and connective tissue 
sheaths in skeletal muscle. Courtesy of CIC Edizioni 
Internazionali—From “Il tendine e il muscolo” (Eds.: 

Giuseppe M. Peretti, Gian Luigi Canata), CIC Edizioni 
Internazionali, Rome 2014

J.N. Fisher et al.
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parallel to the myofibril and anastomose with one 
another within the H-zone, while between the A- 
and I-bands, they open into terminal cisternae 
which run perpendicularly to the axis of the mus-
cle fibre (Fig. 1.2). The terminal cisternae are con-
nected by transverse tubules (or T-tubules). The 
sarcoplasm also contains numerous myofibrils, 
composed of bundles of multiple myofilaments, 
which in turn are composed of specialised contrac-
tile proteins. Both myofilaments and myofibrils 
are distributed parallel to one another and to the 
longitudinal axis of the muscle fibre.

The contractile proteins within the myofibrils 
are distributed in a partially overlapping manner 
which gives the myofibrils the distinct banding 
pattern (striation) of dense and less dense areas 
seen in striated muscle. The contractile proteins 
that form the myofilaments are myosin, a filamen-
tous protein with a globular head domain that 
forms the dense bands (A, anisotropic when 
viewed with polarised light), and actin which con-
stitutes the thin filaments and, together with tropo-
nin and tropomyosin, makes up the less dense (I, 
isotropic) bands (Fig. 1.3). The Z-disc, a thin dark 
band, corresponds to either end of the sarcomere, 
while the M-line, a dark band in the centre of the 
lighter H-zone, marks the centre of the sarcomere 
where the thick filaments are stabilised by cross-
linking (Agarkova and Perriard 2005). The thin 

filaments (actin) are present in the A-band as well 
as myosin; however, the H-zone is occupied solely 
by myosin. Thus, the dark appearance of the 
A-band is due to the overlap of thin and thick 
 filaments. Within the A-band each filament of 
myosin is surrounded by six actin filaments 
(Fig. 1.2). The sarcomere represents the functional 
unit of the muscle cell as it is the sliding  movement 

Triad T tubule

Tubules of
sarcoplasmic

reticulum

Sarcoplasmic
reticulum

Terminal cistern
of sarcoplasmic
reticulum

(thick and thin filaments) (thick filaments only) (thin filaments only)
A-band I-bandH-zone

Fig. 1.2 Sarcoplasmic reticulum and T-tubules in the 
skeletal muscle fibres. The figure shows a cross-sectional 
view of a location within the sarcomere. Courtesy of CIC 

Edizioni Internazionali—From “Il tendine e il muscolo” 
(Eds.: Giuseppe M. Peretti, Gian Luigi Canata), CIC 
Edizioni Internazionali, Rome 2014

Fig. 1.3 Microscopic anatomy of the skeletal muscle 
fibre: basic structure of the sarcomere. Courtesy of CIC 
Edizioni Internazionali—From “Il tendine e il muscolo” 
(Eds.: Giuseppe M. Peretti, Gian Luigi Canata), CIC 
Edizioni Internazionali, Rome 2014
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of the overlapping actin and myosin strands that 
cause the contraction of the myofibril and thus 
muscle contraction (Huxley 2004).

The contractile proteins are therefore filamen-
tous molecules that constitute the myofilaments 
present in the sarcomere of muscle fibres. The 
thick filaments are composed of myosin mole-
cules; the globular head moieties project out from 
the filament and make contact with actin. The thin 
filaments are composed predominantly of actin 
and make transverse connections to one another at 
the Z-disc. Actin filaments are formed from three 
molecules of globular actin and assume the form 
of a polarised helical chain, with a plus and minus 
end, and a number of additional accessory pro-
teins including tropomyosin and troponin. 
Tropomyosin forms two filaments that insert into 
the groove of actin and binds three molecules of 
troponin. When cellular Ca++ levels are low, the 
interaction of tropomyosin and troponin blocks 
interaction with myosin. Upon release from the 
SR, calcium ions bind troponin C and cause a 
conformational change in the troponin/tropomyo-
sin complex which uncovers the myosin binding 
site on the actin molecule. Myosin binding causes 
the thin and thick filaments to slide past one 
another, due to the motor activity of myosin which 
is powered by the hydrolysis of ATP.

The calcium ions are rapidly removed from 
the sarcoplasm by a large number of ATP- 
dependent Ca++ pumps; tropomyosin, in the 
absence of calcium ions, returns to its original 
conformation blocking the actin active site, and 
the muscle returns to its resting length.

1.1.2  Classification of Skeletal 
Muscles

Skeletal muscles are located under the integu-
mentary system, covered by a sheet of connective 
tissue which, in some points, may be attached to 
the periosteum that covers the bone surface. Their 
function is to produce movement, by pulling on 
the skeletal frame of the body, to maintain pos-
ture and to protect the underlying structures, par-
ticularly in areas lacking skeletal protection. In 
addition, muscular contraction causes thermo-
genesis and acts as a vascular pump.

The physical form differs greatly between dif-
ferent muscles, and some are flat and thin, while 
others are short and thick or long and spindly. The 
length of the muscle, excluding the tendon com-
ponent, correlates with the contractile length, 
while the contractile force depends on the mass of 
the muscle in question, which may be used only 
partially depending on the level of force desired. 
The contractile mass is termed muscle belly; it is 
the most developed form of skeletal striated mus-
cle and is both highly vascularised and innervated. 
The extremities of the muscle belly develop into 
either tendons or aponeuroses which attach the 
contractile part of the muscle to bones or, in the 
case of the facial muscles, to the skin.

Single muscle fibres may be orientated in one 
of two ways; parallel or oblique to the direction 
of muscle action. On this basis, the muscle can be 
classified as muscles in which the fascicle 
arrangement is parallel or muscles in which the 
fascicle arrangement is oblique to the body mid-
line (Fig. 1.4). In the former case (Fig. 1.4a–c), 
the fibres run directly parallel to the long axis of 
the muscle, and the tendons are arranged in the 
same orientation as the muscle. Contraction of 
the muscle occurs in the same direction as the 
fibres are oriented, increasing the amplitude of 
the movement. Muscle of this type may assume 
various shapes, such as the straplike muscles 
(Fig. 1.4a) and fusiform muscles, with an 
expanded central belly and more thinned extremi-
ties where the muscle gives way to tendon 
(Fig. 1.4b) as well as muscles with circular pat-
tern of fascicles, usually called sphincters, in 
which fibres are arranged in concentric rings 
(Fig. 1.4d). In triangular muscles, the fibres fan 
out over a wide area (Fig. 1.4e), converging on a 
thick central tendon. The triangular arrangement 
of the fibre allows the muscle to function in vari-
ous planes of movement depending on the subset 
of fibres utilised; the trapezoid and pectoral mus-
cles exemplify this type of muscle.

In the muscles in which the fascicle arrange-
ment is oblique, the muscle fibres are shorter and 
attach obliquely to the tendon with respect to the 
direction of muscle action. These muscles are 
referred to as pennate muscles, due to the muscle 
structure which resembles the fibres of a feather 
(Fig. 1.4f–g). This arrangement maximises the 

J.N. Fisher et al.
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number of fibres incorporated in a given area, and 
because a greater number of fibres result in a 
greater cross-sectional area, the force produced by 
these muscles will be greater. In reality, the force 
produced by a muscle is influenced by several mor-
phological factors, including the cross- sectional 
area and the fascia angle (the angle formed by the 
longitudinal axis of the muscle and the tendon).

1.1.3  Number of Points of Origin

A muscle group may be composed of several 
independent muscles, called “muscle heads”. 
These are named according to the number of 

muscles involved; examples include the biceps 
(“two heads”), triceps (“three heads”) and quad-
riceps (“four heads”) which are composed, 
respectively, of 2, 3 and 4 muscles with different 
origins that converge on a common tendon.

1.1.4  Mode of Action

On the base of functional criteria, muscles may 
be classified as flexors or extensors, abductors or 
adductors, pronators or supinators and internal or 
external rotators, depending on the movement 
generated by contraction. The names of many 
forearm and leg muscles begin with extensor or 

a

e

b

f g

c

d

Contracted muscle

Relaxed muscle

Fig. 1.4 Patterns of 
fascicle arrangement in 
muscles. In (a–c) the 
fibres are parallel to the 
long axis of the muscle. 
In (d) the fibres are 
arranged in concentric 
rings. In e, the origin of 
the muscle is broad, and 
the fibres converge 
towards a thick central 
tendon. In (f) and (g) 
muscle fibres are short 
and attach obliquely to a 
tendon. Courtesy of CIC 
Edizioni 
Internazionali—From 
“Il tendine e il muscolo” 
(Eds.: Giuseppe 
M. Peretti, Gian Luigi 
Canata), CIC Edizioni 
Internazionali, Rome 
2014
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flexor, indicating how they move the hand, foot 
and digits. To transmit their action, a muscle 
must bridge a point of articulation and attach to 
two bones.

On the basis of the insertion point of the 
muscle to the skeleton, and how many articula-
tions are involved, a muscle may be classified as 
mono-, bi- or polyarticular. Monoarticular mus-
cles bridge one joint and join two bones; thus, 
movement is confined to one joint, e.g. the cora-
cobrachialis muscle. Biarticular muscles span 
two joints; often these muscles have two or 
more tendons at one extremity and one tendon at 
the other end; one tendon is monoarticular, 
while the other is biarticular. Polyarticular mus-
cles span more than two joints, with tendon 
insertions on several bone sites; these include 
very long muscles, usually located along the 
spinal column, that make contact with each 
vertebra.

1.1.5  Classification of Skeletal 
Muscle Fibres

The body is capable of a wide range of move-
ments, from simple maintenance of posture to the 
capacity to engage in activities such as the high 
jump to running the marathon. The skeletal mus-
cle is able to generate a finely tuneable output; 
the power generated represents the product of the 
force produced by the shortening of the muscle 
fibres multiplied by the velocity at which the 
muscles contract. The velocity of contraction is, 
to a large degree, determined by the expression of 
different isoforms of the myosin heavy chain 
(MHC), which have greatly differing ATPase 
activity. Type I, or slow fibres, contain MHC-1B; 
intermediate fibres, type IIa, contain MHC-IIA; 
and the fast fibres contain MHC-IIx. MHC-1B, in 
slow fibres, are seven to nine times slower than 
type IIx fibres which contain MHC-IIx. Therefore 
the power can be altered by regulating either of 
the two input variables: force and velocity; both 
of these variables depend on the properties of the 
muscle fibres, the characteristics of the motor 
units and by their recruitment.

Skeletal muscle fibres have different charac-
teristics depending on their different molecular, 
metabolic, structural and contractile properties 
which permit their classification into three 
groups.

 1. Type I fibres (also known as red fibres or slow 
oxidative (SO) fibres). These are small fibres, 
containing a high concentration of myoglobin, 
a red- pigmented molecule similar to haemo-
globin which similarly stores oxygen. Thus, 
even at rest, the fibres contain a reserve of 
oxygen which is made available the instant of 
contraction. Tissues composed of these fibres 
are rich in capillaries, ensuring the supply of 
blood to the muscle. The sarcoplasm of type I 
fibres contains few myofibrils but many mito-
chondria. Type I fibrils are also known as slow 
fibres due to their slow speed of contraction. 
The large number of mitochondria produces 
more ATP than myosin can hydrolyse com-
bined with the large reserve of myoglobin 
help to avoid fatigue. Therefore, this type of 
muscle fibre is prevalent in postural muscles, 
which must remain contracted for long peri-
ods of time.

 2. Type II fibres, or white fibres, are fast-twitch 
glycolytic (FTG) fibres. Fibres of this group 
are much more voluminous that type I fibres 
due to the presence of increased numbers of 
myofibrils and which consequently produce 
more force. They contain fewer mitochondria 
and less myoglobin than type I fibres and con-
tain fewer capillaries. Type II fibres are also 
known as fast fibres, as they contract at a 
greater velocity than type I, due to a faster 
form of myosin, as well as a system of 
T-tubules and a SR that is more efficient at 
releasing calcium ions. The cost of faster con-
traction is more rapid exhaustion of ATP, so 
type II fibres are more susceptible to fatigue 
with respect to type I. With fewer mitochon-
dria, type II fibres rely on the cleavage of gly-
cogen to produce ATP. Since anaerobic 
respiration is far less efficient at producing 
ATP, these muscles cannot maintain pro-
longed contraction. However, since these 
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fibres contract and relax rapidly, they are well 
suited to activities that require short bursts of 
intense power, such as sprinting.

 3. Intermediate fibres are fast-twitch oxidative- 
glycolytic (FTOG) fibres. Recently discov-
ered, these fibres are structurally, architecturally 
and biochemically a mix of the previous two 
types in that they consist of rapid contracting 
fibres that are resistant to fatigue. Histologically 
they are similar to fast fibres but contain a 
greater number of mitochondria and capillar-
ies, and as a result they are more resistant to 
fatigue with respect to type II fibres while gen-
erating more force more rapidly than type I 
fibres. These fibres have been found in mus-
cles which perform both rapid, high power 
tasks, such as jumping, but also work to main-
tain posture (e.g. in the leg).

The proportion of the diverse groups of fibres 
depends on the type of activities for which an 
individual uses their muscles, for example, ath-
letes that practise endurance sports tend to have 
prevalently slow fibres. Training represents a 

stimulus for the recruitment of fibres or rather the 
motor units, which are activated in a precise 
order, depending on the intensity of the exercise. 
The type I fibres are recruited first during light 
exercise, before the intermediate type and finally 
the white fibres, which are most susceptible to 
fatigue (Table 1.1).

Unlike in animals where one may speak of 
white meat (such as chicken breast) or red meat 
(such as chicken leg), the skeletal muscles in 
humans are mixed, that is, all types of fibres are 
present albeit in different proportions, due to the 
varied functional demands placed on them. This 
diverse functionality that a given muscle may be 
used to satisfy different needs (maintenance of 
posture, very precise movements, repeated sub-
maximal movements, contractions at maximum 
power) derives from precise organisation that 
requires the involvement of different types of 
muscle fibres and sophisticated nervous system 
control. The combination of fibre types within an 
individual’s muscles is the result of genetic fac-
tors as well as an element of conditioning due to 
training and usage. Thus, slow fibres are utilised 

Table 1.1 Characteristics of the muscle fibres found in skeletal muscle and their innervation

Fibre Characteristics
Motor 
unit

Nerve axon 
diameter

Conduction 
velocity

Order of 
activation

Order of 
deactivation

Type I, slow 
oxidation

Small cells, high in 
myoglobin and 
mitochondria. 
Found in postural 
and low-power, 
high resistance 
muscles

FR Thin Slow 1 3

Intermediate, 
FTOG fibres

Recently 
described, fast 
contracting cells 
with intermediate 
resistance to 
fatigue

S Intermediate Intermediate 2 2

Type II, FTG, 
white fibres

Voluminous cells 
with lots of 
myofibrils but few 
mitochondria. 
Rapid and 
powerful 
contraction but 
susceptible to 
fatigue

FF Large Fast 3 1

FTG Fast-twitch glycolytic, FTOG fast-twitch oxidative-glycolytic, FR fast-resistant, FF fast-fatigable, S slow

1 Functional Morphology of Muscles and Tendons
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predominantly for postural control and for slow 
repeated contractions, while fast fibres give bet-
ter performance in rapid, powerful and short 
duration contractions.

1.1.6  Motor Units and Their 
Recruitment

The motoneurons responsible for muscular con-
tractions are found in the anterior horn of the grey 
matter in the spinal column. The motoneurons that 
innervate a single muscle constitute a pool of 
motoneurons. As all the muscle cells innervated 
by a single motoneuron contract simultaneously in 
response to an action potential, this group of myo-
cytes are referred to as a motor unit. The motor 
unit represents the functional unit of movement; 
the ratio between the myocytes and the motoneu-
rons that control them is referred to as the innerva-
tion ratio and can vary largely from a single 
motoneuron controlling hundreds of muscle fibres 
to very few fibres. Usually the innervation ratio is 
proportional to the volume of muscle; small mus-
cles tend to be involved in tasks that require preci-
sion and fine control, whereas large muscles tend 
to be used for tasks involving greater power. The 
smaller the number of fibres within a given motor 
unit, the greater the possibility that exists for pre-
cise control over the muscle tension, increasing or 
decreasing the number of motor units involved; 
this concept is called summation.

The fibres that constitute a motor unit are dis-
tributed throughout the muscle rather than co- 
localising; the effect of this is to distribute the 
exerted force throughout the muscle, even if the 
number of fibres is relatively low. Additionally, 
the different motor units within a given muscle 
will contract asynchronously to produce a more 
constant force, which also helps reduce fatigue. 
As the muscle fibres within any motor unit have 
similar morphological and functional character-
istics, they can be divided into three groups:

 1. Fast-fatigable (FF). These are formed from 
FTG-type fatigable fast fibres, which produce 
rapid, powerful contractions but are suscepti-
ble to fatigue.

 2. Fast-resistant (FR). These fast FTG-type 
fibres are capable of both rapid and sustained 
contractions and which are relatively resistant 
to fatigue.

 3. Slow (S). Formed from SO fibres, these fibres 
produce relatively low levels of power and 
contract relatively slowly but are capable of 
maintaining their maximum level of power 
output for prolonged periods.

The class of motor unit and the type of moto-
neuron which are related in those muscle fibres 
which are more susceptible to fatigue are inner-
vated by motoneurons which are larger than those 
that innervate slower motor units. In addition, as 
the nerve conduction velocity of axons with 
larger diameter is faster than in thinner axons, 
there is a correlation between the conduction 
velocity and contraction velocity.

Depending on the necessary force required, 
the pyramidal neurons of the cerebral cortex 
recruit increasing numbers of motor units, 
therefore increasing number of muscle fibres, 
according to the size principle which states 
that motoneurons are activated on the basis of 
cell size (Henneman et al. 1965). Muscular 
contraction is stimulated by the activation of 
motor units innervated initially by smaller (and 
thus, slower) motoneurons, followed by faster 
non-fatigable motor units, and finally motor 
units containing fast, fatigable muscle fibres 
which are activated by the largest motoneu-
rons. The order of motor unit deactivation is 
reversed, i.e. the motoneurons which are acti-
vated first and deactivated last (Henneman 
1957).

1.1.7  Vascularisation 
and Innervation

Striated muscle is highly vascularised, each mus-
cle receiving blood from diverse arteries. The 
arteries enter the muscle at a point that is less 
subject to movement during contraction and rap-
idly branches to form a network of capillaries 
that run parallel to the muscle fibres and join via 
transverse anastomoses.

J.N. Fisher et al.
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The muscles are permeated by an irregular 
network of motoneurons and sensory neurons, 
concentrated in certain areas. The nerves com-
municate with the muscle cells via neuromuscu-
lar junctions that are usually located about 
halfway along the muscle cell at a specialised 
area of the sarcolemma, the motor endplate.

There are two types of specialised sensory 
receptors, the Golgi tendon organ and the muscle 
spindles, which provide proprioception, control 
muscle movement and regulate muscle tone. The 
Golgi tendon organs are located at the musculo- 
tendon junction and are stimulated by the con-
traction of collagen fibres within the tendon 
during muscular contraction.

1.1.8  Muscle Plasticity

Skeletal muscle tissue undergoes significant 
changes over the course of a lifetime. This is asso-
ciated with the manner in which it is utilised or to 
particular types of training, as well as the process 
of ageing. Despite the fact that the muscle fibres 
tend to maintain their morpho- functional charac-
teristics, change from one type of muscle fibre to 
another is possible as the result of certain stimuli. 
Fast fibres, when subjected to prolonged stimuli, 
similar to those which activate slow fibres, can 
change their phenotype towards aerobic respira-
tion, developing greater resistance to fatigue and 
a slower contractile velocity. During this change, 
the muscle cell volume does not change, but the 
number of fibres increases (hyperplasia). If the 
new “slow” stimulus is removed, the cells resume 
their original phenotype. Strength training, on the 
other hand, does increase the volume of the mus-
cle, due to hypertrophy of the white fibres and an 
increase in contractile proteins without changing 
the biochemical profile of the cell.

1.2  Tendons

Tendons are fibrous connective tissue located 
between the muscles and bone whose role is to trans-
mit force generated by skeletal muscle in a manner 
which maintains posture and joint movement.

1.2.1  Tendon Structure

Macroscopically, tendons present as mother of 
pearl in colour, with a viscous-elastic consistency 
with high mechanic resistance; in fact, being 
more rigid than muscles, tendons have a greater 
tensile strength and therefore can support greater 
loads while deforming less, which means that 
force generated by the muscles is transmitted 
without the dissipation of energy due to stretch-
ing (Redaelli and Montevecchi 2007). Form is 
dictated by function and vice versa; muscles 
responsible for precision movements, such as 
those in the fingers, end in long and slender ten-
dons, while muscles that do a lot of work, such as 
the flexors and extensors of the thigh, have thick 
robust tendons.

The tendon is wrapped in a membrane or 
synovial sheath, which facilitates tendon 
movement, avoids friction and maintains the 
position of the tendon during muscular con-
traction. Furthermore tendons which have 
fibres with one predominant orientation, such 
as the Achilles tendon, are covered with an 
external sheath called the paratenon which 
consists of peritendineal sheets of loose fibril-
lar tissue which are predominantly formed of 
collagen types I–III and elastic fibres. The 
number of these sheets varies as a function of 
the type of tendon and anatomical location. 
The function of the paratenon is then to reduce 
tendon friction during movement (Strocchi 
et al. 1985). Immediately below the paratenon 
lies the epitenon, a thin sheath composed of 
dense connective tissue, and together the 
paratenon and epitenon make up the peritenon 
(Fig. 1.5). Internally adjacent to the epitenon 
lies the endotenon, a thin connective tissue 
membrane which functions to encompass and 
group collagen fibrils into bundles of varying 
dimensions and to organise the distribution of 
nervous system and vascular structures within 
the tendon. Alternatively, tendons that are sub-
ject to greater degrees of bending during move-
ment, such as the flexor tendons of the fingers, 
are enclosed within a richly vascularised syno-
vial sheath. The presence of synovial liquid 
between the external wall of the tendon and the 

1 Functional Morphology of Muscles and Tendons
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internal wall of the sheath ensures minimal 
friction between the tendon and the bone.

The area where the tendons insert into the 
bone is called the osteotendinous junction (enthe-
sis) and comprises four zones: the tendon, fibro-
cartilage, mineralised fibrocartilage and bone. 
The areas where the tendon meets the muscle is 
called the myotendinous junction; here the colla-
gen fibrils make contacts with muscle cells form-
ing folds which increase the contact surface area 
between muscle and tendon hence reducing the 
applied stress during muscular contraction 
(Charvet 2012).

Structurally the tendon is formed by numer-
ous collagen bands covered externally by the 
peritenon. Internally we see tertiary, secondary 
and sub-fascicular bands as well as single col-
lagen fibres, wrapped by and separated from 
others by the endotenon. The basic building 
blocks of the tendon are collagen fibres them-
selves composed of many collagen fibrils 
which have a diameter of 20–150 nm depend-
ing on the functional role of the tendon (Dyer 
and Enna 1976).

The majority of fibres are aligned with the 
main axis of the tendon, which makes the tendon 
very load resistant; this property is associated 
with the average diameter of the collagen fibres 
(Parry et al. 1978). Within the tendons, aggre-
gates of collagen fibrils form fibres, which them-
selves form the bands of varying dimensions that 
are together called tendons. More precisely, a 

group of collagen fibrils form a primary band, or 
sub-band, and many of these primary bands sur-
rounded by the endotenon form a secondary 
band or fascicle. A group of secondary bands 
form a tertiary band and many tertiary bands 
together constitute the tendon, enclosed within 
the endotenon.

1.2.2  Biochemical Composition 
of the Tendon

From a biochemical perspective, the tendon is a 
complex structure comprising collagen fibres 
immersed in a proteoglycan matrix. The acellular 
portion of the tendon is composed of a water-rich 
matrix (60–65% water) made up of proteogly-
cans and glycosaminoglycans, elastin and colla-
gen fibrils (Table 1.2) (Silver et al. 1992).

Collagen fibril

Tertiary fascicolar band

Secondary fascicolar band

Sub-fascicolar band

Endotenon

Epitenon
Peritenon

Paratenon

Fig. 1.5 Cross-sectional 
anatomy of the tendon. 
The figure illustrates the 
various substructures of 
the tendon. Courtesy of 
CIC Edizioni 
Internazionali—From 
“Il tendine e il muscolo” 
(Eds.: Giuseppe 
M. Peretti, Gian Luigi 
Canata), CIC Edizioni 
Internazionali, Rome 
2014

Table 1.2 Biochemical makeup of the tendon

Component Percentage (%)

Cells 3–6
Collagen I 25–31
Collagen III 2
Collagen IV <1
Elastin 1
Proteoglycans 1–4
Water 60–65

Courtesy of CIC Edizioni Internazionali—From “Il ten-
dine e il muscolo” (Eds.: Giuseppe M. Peretti, Gian Luigi 
Canata), CIC Edizioni Internazionali, Rome 2014
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1.2.2.1  Collagen
Tendons have a modular structure, being formed 
by fascicles, which can reach up to 100 μm in 
diameter and which contain fibres whose cross- 
sectional area comprises between 1 and 300 μm. 
The fibres are made up of collagen fibrils, which 
vary from 20 to 280 nm in diameter and 0.3–2 mm 
in length and are made of multiple collagen mole-
cules arranged in parallel. The collagen fibrils are 
then the smallest structural unit within the tendon. 
The majority of the collagen found in the tendon is 
type I (see Table 1.2), but type III is also present 
(Wang 2006). Type I collagen is found in two 
forms, as a homotrimer (5%) but predominantly as 
a heterotrimer (95%). Type I collagen has a triple-
helical fibrillar structure made up of three left-
handed polypeptide chains which are able to 
interact with one another to form a  right- handed 
triple helix, the basic unit of the tendon matrix, tro-
pocollagen. The cross-section of a microfibril is 
made up of five molecules of tropocollagen, and 
multiple microfibrils make up left- handed helical 
structure of collagen fibrils. Collagen type I is also 
found in numerous other tissues, including the 
skin, bone, ligaments, teeth as well as vascular and 
alveolar walls. The basic structure of collagen is 
composed of three amino acids: glycine (33%), 
proline (15%) and hydroxyproline (15%). 
Phenylalanine, leucine and glutamic acid can be 
substituted for proline, and arginine and leucine 
can take the place of hydroxyproline.

Over time, collagen undergoes non-enzymatic 
glycosylation whereby glucose and fructose react 
with lysine and arginine forming Schiff bases and 
Amadori products (Robins and Bailey 1972). 
This process, glycation, plays an important role 
in the senescence of connective tissue (Bailey 
2005; Avery and Bailey 2005); the amount of 
glycosylated amino acids increases with time 
(Bailey 2005) and significantly alters the physi-
cal structure of collagen, increasing the mechanic 
resistance of the tendon (Avery and Bailey 2005).

1.2.2.2  Elastin
The dimension of elastin fibres varies from 0.3 to 
2.0 μm; usually the individual fibres are widely 
distributed, forming an irregular net within the 

tissue. These fibres are synthesised by fibroblasts 
as a precursor called tropoelastin and poly-
merised extracellularly. Elastin fibre is organised 
with an amorphous and homogenous central core 
with a periphery of fibrillin, a glycoprotein with a 
width of approximately 110 angstrom. Elastin is 
synthesised by fibroblasts as a precursor form 
called tropoelastin and is polymerised extracel-
lularly. Fibrillin is incorporated surrounding or 
within the elastin allowing the polymerisation of 
elastin. The elastin component of the tendon is 
higher in youth and decreases with senescence.

1.2.2.3  Proteoglycans
A three-dimensional net of proteoglycans (PG) 
exists between the collagen fibrils; PGs are com-
posed of polysaccharides, i.e. polymers of simple 
sugars, prevalently in the form of glycosamino-
glycans (GAGs) (Scott 1998, 2001). PGs slow 
the deformation of tissues and add to the visco-
elastic component of the same tissues. In addition 
PGs have other functions inherent to the metabo-
lism of the extracellular matrix, specifically large 
PGs such as aggrecan and versican function to 
occupy the intra-fibrillar space and prevent their 
collapse. Aggrecan is the second most abundant 
PG in tendons; it is a macromolecule which is 
alternately glycosylated and is concentrated in 
areas of the tendon that are subject to the greatest 
levels of compressive stress. It additionally acts 
as a lubricant allowing the fibrils to slide over one 
another (Yoon and Halper 2005). Aggrecan and 
versican bind hyaluronic acid (HA), and this 
association is fundamental for the integrity of the 
extracellular matrix.

Small PGs such as decorin function in the 
organisation and deposition of collagen fibrils. 
Decorin is the most expressed PG in tendons and 
is considered a crucial regulator of matrix assem-
bly as it limits the diameter of the collagen fibrils 
and thus intervenes in the remodelling of the ten-
don in response to tension (McCormick 1999). 
Mechanical forces and pressure determine the 
expression of a range of PGs; it has been observed 
that decorin is synthesised during tension, while 
compression stimulated the synthesis of aggrecan 
(Robbins and Vogel 1994; Robbins et al. 1997).

1 Functional Morphology of Muscles and Tendons
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1.2.3  Tendon Cells

The predominant cell type within the tendon is 
the fibroblast, which in the tendon is called the 
tenoblast-tenocyte and represents 90–95% of the 
cells present. Other cell types are also present in 
lesser quantities such as endothelial and nerve 
cells, lymphocytes, macrophages and masto-
cytes. Tenocytes are fusiform cells which align in 
columns along the direction of the collagen fibre; 
the tenocytes synthesise and organise the matrix, 
controlling the structure through the processes of 
degradation and remodelling.

In younger subjects, the cell-to-matrix ratio is 
very high, and tenocytes are distributed parallel 
to one another with variable forms and dimen-
sions. During the initial stages of growth, the 
 biosynthetic activity of the cell is very high, and 
this decreases in the later stages. With age, the 
morphology of the cell changes too; at the end of 
development, tenoblasts become elongated (up to 
300 μm in length) and are called tenocytes. 
Tenocytes are responsible for the synthesis of tro-
pocollagen molecules and also control fibrillo-
genesis and influence the orientation of the newly 
synthesised fibrils in the matrix. Tenocytes are 
able to sense mechanical deformation through 
physical and functional links to the matrix and 
stimulate an increased or decreased synthesis of 
the matrix (Galbraith and Sheetz 1998). The 

tenocyte cytoskeleton is linked to the matrix via 
adhesion molecules present in the cell mem-
brane; the most important of these are composed 
of the integrin family. Integrins are transmem-
brane receptors that are composed of three 
domains:

 1. Extracellular domain, which interacts with 
collagen structural PGs

 2. Transmembrane domain
 3. Cytoplasmic domain which interacts with 

cytoskeletal proteins

Integrins play a strategic role in signal trans-
duction, transmitting mechanical signals from 
outside the cell to the interior and vice versa 
(Galbraith and Sheetz 1998), influencing protein 
synthesis and cell differentiation (Wang 2000, 
2006), as well as cell decisions such as move-
ment (Paul et al. 2016), growth and cell death 
(Gao et al. 2003; Vachon 2011).

1.2.4  Tendon Crimps

Tendons present with bands of fibre aligned along 
their main axis; these bands show a characteristic 
wave-like undulation, or tendon crimps, when 
observed under the microscope (Fig. 1.6) (Rowe 
1985; Gathercole and Keller 1991; De Campos 

Fig. 1.6 Microscopic visualisation of tendon crimps. The 
characteristic undulating morphology of the tissue within 
the tendon is visible within this longitudinal section of the 
Achilles tendon. Staining: haematoxylin and eosin. Scale 

bar, left 200 μm, right 100 μm. Courtesy of CIC Edizioni 
Internazionali—From “Il tendine e il muscolo” (Eds.: 
Giuseppe M. Peretti, Gian Luigi Canata), CIC Edizioni 
Internazionali, Rome 2014
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2003). In Fig. 1.6 the tendon can be seen to contain 
dense fibrous connective tissue in closely adjacent 
parallel bands separated by small quantities of 
intercellular material. These bands follow the 
“stress lines” to resist the forces of traction and the 
tensions generated during muscular movement.

1.2.5  Vascularisation

The tendons are vascularised by the perimysium, 
the periosteum and the paratenon; the flow of 
blood is slow (0.5 ml per 100 g tissue per minute) 
and is concentrated on the external surface of the 
tendon. For this reason the tendon is considered a 
poorly vascularised tissue and therefore is sub-
ject to prolonged regeneration times.

1.2.6  Innervation

The tendon is scarcely innervated, and the nerve 
branches form a course parallel to the main axis 
of the tendon with transversal and oblique anas-
tomoses. In some cases, these branches terminate 
in contact with corpuscular receptors (Golgi, 
Pacini corpuscles, Ruffini corpuscles and Golgi- 
Mazzoni corpuscles) that are involved in proprio-
ceptive sensitivity and myotatic reflexes (Perugia 
et al. 1981), while others terminate in free 
branched ends which are mostly found in the 
peritendinous sheets involved in nociception.
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Tendon Biomechanics

Zakary M. Beach, Daniel J. Gittings, 
and Louis J. Soslowsky

2.1  Introduction

Tendons are soft connective tissues that provide 
both joint stability and also act to transmit tensile 
loads between the muscle and bone. Furthermore, 
tendons may provide a mechanical advantage for 
force generated by the muscle by acting around a 
pulley or lengthening a lever arm. Additionally, 
viscoelastic material properties allow tendons to 
passively store and release energy during loading 
cycles. Similarly, tendons dissipate energy and 
prevent injury by maintaining joint alignment 
under high loads (O’Brien 1992; Dykyj and Jules 
1991). Given the critical function of tendons, it is 
imperative to understand their structural and 
mechanical properties in order to optimize their 
function and healing response. Moreover, tendon 
injury and degeneration can be highly debilitat-
ing, and can result in substantial pain, disability, 
and health-care costs. Thus, the purpose of this 
chapter is to provide an overview of tendon bio-
mechanics, including a description of tendon 
composition and structure, mechanical proper-
ties, mechanical testing, and factors that affect 
mechanics.

2.2  Composition and Structure

The basic composition and structure of tendons 
are paramount to their mechanical and functional 
properties. Like most connective tissues, tendons 
are composed primarily of water and collagen. 
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Water comprises 50–60% of tendon weight. 
Collagen is approximately 75% of the dry weight, 
with 95% being type I collagen (Woo et al. 2008). 
Collagen molecule groups form fibrils that are 
embedded in an extracellular matrix (ECM) that 
consists of proteoglycans and other components. 
Proteoglycans consist of a core protein with 
chains of negatively charged glycosaminogly-
cans (GAGs). The combination of the structure of 
collagen fibrils and also the polarized nature of 
GAGs together contribute to the mechanical 
properties displayed by tendons.

Tendons are arranged in a hierarchical struc-
ture. The structure begins with a triple helix of 
collagen, then microfibrils, fibrils, fascicles, and 
ultimately the tendon itself (Fig. 2.1). Tenocytes 
synthesize the building blocks necessary for ten-
don structure. Tenocytes are spindle-shaped 
fibroblast-type cells that synthesize the collagen 
fibrils and ECM. The overall thickness and qual-
ity of the collagen fibrils are dictated by small 
leucine-rich proteoglycans (SLRPs) such as 
decorin and biglycan (Kalamajski and Oldberg 
2009). The collagen fibrils also have a waveform 
structure known as crimp, which is present in all 
tendons. Furthermore, the ultrastructure of ten-
dons shows “crimp” that can be viewed using a 
microscope (Fig. 2.2). Crimp is important to ten-

don mechanical properties, particularly in the 
early phase of loading.

2.3  Mechanics

Tendon’s longitudinal and fibrillar structure 
results in anisotropic and nonlinear properties. 
Anisotropy refers to a material having direction-
ally dependent properties. In the tendon, this 
results in mechanical properties that are up to 
1000 times higher during tensile testing along the 
longitudinal versus transverse axes (Lake et al. 
2010). In addition to anisotrophic properties, ten-
dons also display nonlinear characteristics under 
an applied force, which results in an initial 
increase in stiffness as more force is applied. The 
nonlinear characteristics of the tendon result in 
two distinct regions in a load-elongation curve, 
termed the toe and linear regions (Fig. 2.3). The 
toe region of the load-elongation curve describes 
the behavior of tendons at low deformation, 
where the collagen fibril crimp is straightened. 
As deformation increases through the toe region 
into the linear region, crimp disappears and the 
collagen fascicle itself stretches (Dale et al. 1972; 
Diamant et al. 1972; Atkinson et al. 1999). As 
deformation continues to increase through the 

Tropocollagen

Microfibril

Fibril

Fibroblasts Waveform
or crimp
structure

Endotenon Epitenon

Tendon

Fascicle

Fig. 2.1 Tendon hierarchical structure. Collagen mole-
cules are assembled into progressively larger bundles, 
until the level of the tendon itself is reached. Reproduced 
with permission from Reuther KE, Gray CF, Soslowsky 

LJ: Form and Function of Tendon and Ligament, in 
O’Keefe RJ, Jacobs JJ, Chu CR, Einhorn TA (eds): 
Orthopaedic Basic Science, 4th edition. Rosemont, IL, 
American Academy of Orthopaedic Surgeons, 2013
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linear region, the tendon accumulates irreversible 
damage and eventually ruptures. The anisotropic 
and nonlinear properties of tendons are further 
explained by other properties, such as 
viscoelasticity.

Viscoelasticity is the ability for materials to 
display both elastic and viscous behavior. One 
component of a viscoelastic material is viscosity, 
a measure of resistance to deformation. Although 
it has been traditionally used to characterize flu-
ids, it can also describe other materials, such as 
rubber, glass, and biopolymers. Elasticity is the 
ability of a material to return to its original shape 
after forces that cause deformation are removed. 

The elasticity of a material can be described in 
the context of structural or material properties. 
Stiffness is a structural property that defines the 
extent to which a material resists deformation 
from an applied force. Stiffness is derived from 
the slope of the load-elongation curve (Fig. 2.4a). 
In contrast with structural properties, material 
properties are normalized properties, taking into 
account tissue size or shape. Material properties 
are calculated using stress and strain. Stress is the 
intensity of the load or force normalized by the 
cross-sectional area. Strain is a relative measure 
of deformation, a change in length divided by the 
original length. These parameters are used to cal-
culate Young’s modulus, a material property that 
describes elasticity and is defined as the slope of 
the stress-strain curve (Fig. 2.4b). Both load- 
elongation and stress-strain curves are generated 
through mechanical testing. Mechanical testing 
protocols can be adapted to measure different 
types of properties, including viscoelastic 
properties.

Dynamic mechanical analysis is one meth-
odology used to assess tendon viscoelastic 
properties. This analysis is performed by apply-
ing an oscillatory stress and measuring the 
strain response. A phase lag is a delay between 
the applied stress and resulting strain response. 

a b

Fig. 2.2 Polarized light microscopy of crimp in a mouse 
supraspinatus tendon. (a) Collagen fibrils with crimp 
without an applied load. (b) Collagen fibrils uncrimped 
while under an applied tensile load. Reproduced with per-
mission from Miller, KS, Connizo, BK, Feeney, F, 

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)
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Fig. 2.3 Stress-strain curve demonstrating the toe and 
linear regions
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Phase lags may be measured to describe the 
viscous or elastic behavior of a material. In 
purely elastic materials, there is no phase lag; 
the strain response occurs simultaneously with 
the applied stress (Fig. 2.5a). In purely viscous 
materials, strain lags stress by 90° or one quar-
ter cycle behind the stress applied (Fig. 2.5b). 
The phase lag for any material will always be 
between 0º and 90º, making purely elastic and 
purely viscous materials both the upper- and 
lower-bounds for phase lag, respectively. 
Additionally, viscoelasticity of tendons can 
also be characterized via hysteresis. Hysteresis 
represents the amount of energy dissipated as a 
result of internal friction during mechanical 
loading and unloading. Like all materials, ten-
don dissipates energy throughout loading and 
unloading cycles. Thus, hysteresis can be 
derived from the area between loading and 
unloading load-elongation curves during 
mechanical testing (Fig. 2.6).

The viscoelastic properties of tendon also 
lead to phenomena known as creep and stress 
relaxation. Creep is an increase in deformation 
of a material under a constantly applied load. 
Initially, elongation under a constant load 
occurs quickly, however, this response slows 
with time (Fig. 2.4c). Cyclic creep occurs dur-
ing cyclic dynamic testing, where each consec-
utive load cycle generally causes an increase in 
the amount of deformation. In contrast with 
creep, stress relaxation holds strain constant. 
Stress relaxation in tendon is demonstrated 
when a measured load in a tendon decreases 
over time with a constant strain (Fig. 2.4d). 
This load initially decreases under a constant 
strain quickly, but the rate of change decreases 
over time as it approaches equilibrium. Cyclic 
stress relaxation also generally occurs when a 
tendon is exposed to cycling dynamic testing, 
requiring a decreased force to reach a constant 
strain over time.
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Fig. 2.4 (a) Tendon load-elongation curve. Various mate-
rial properties can be derived from this curve. (b) Tendon 
stress-strain curve. This curve normalizes properties to 
each individual tendon’s parameters, including length and 
area. Reproduced with permission from Woo SL, Debski 
RE, Withrow JD, Janushek MA: Biomechanics of knee 
ligaments. Am J Sports Med 1999; 27(4):533–543. (c) 

Creep test where load is held constant and amount of ten-
don deformation is measured. (d) Stress relaxation test 
where deformation is held constant and stress is mea-
sured. Both the creep test and stress relaxation test dem-
onstrate viscoelastic behavior of tendon in response to 
load
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2.4  Mechanical Testing Methods

There are many parameters that affect the results 
of mechanical testing. In order to standardize 
measurements for comparison, cyclic precondi-
tioning is commonly performed before mechani-
cal testing. Preconditioning is performed at low 
loads to stretch the tendon without causing irre-
versible damage. After applying a precondition-
ing protocol, a steady state is reached where no 
further changes occur unless the protocol is 

altered (Fung 1993; Miller et al. 2012). After pre-
conditioning, many mechanical testing methods 
such as ramp to failure, dynamic cyclic, and 
fatigue testing can be used to assess tendon 
mechanical properties.

Ramp to failure testing is the most common 
form of mechanical testing used to assess ten-
dons. One purpose of this method is to find the 
maximum force and displacement a sample can 
endure before failure. It is typically performed by 
applying a constantly increasing displacement on 
the sample until failure. In addition, this test is 
also used to determine the stiffness and modulus 
of both the toe and linear regions and the transi-
tion point between these regions. It is not uncom-
mon for ramp to failure testing to be performed in 
series with dynamic testing. This is because the 
low strains used in dynamic testing to measure 
creep and stress relaxation do not alter the ten-
don’s integrity, making it is possible to combine 
these tests together (Fig. 2.7).

Many different parameters set during dynamic 
cyclic testing affect tendon response due to the 
viscoelastic nature of the tissue. The dynamic 
modulus derived from cyclic dynamic testing is 
defined as the stress amplitude divided by the 
strain amplitude. Thus, the dynamic modulus 
measurement is affected by testing parameters, 
based on the strains and frequencies that are 
selected. These moduli describe how tendons 
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Fig. 2.5 Stress and strain response curves that represent a perfectly elastic material (a), with 0° phase lag between 
stress and strain, and a perfectly viscous material (b), with a 90° phase lag between stress and strain
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Fig. 2.6 A graph showing the loading and unloading 
curves of an idealized rubber band, with the area between 
the curves, highlighted by red lines, representing 
hysteresis
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behave depending on rate of loading and loading 
history. As previously discussed, creep and stress 
relaxation can also be used to characterize the vis-
coelastic behavior of tendons. Creep and stress 
relaxation are affected by the magnitude of force 
or strain, respectively. A more comprehensive 
method of evaluating creep and stress relaxation 
is to perform dynamic testing using various mag-
nitudes of force. Examining these properties 
across a range of values provides a deeper insight 
into the viscoelastic characteristics of the sample.

Fatigue testing is another type of cyclic testing 
which consists of cycling within a defined range 
of force or displacement, and recording the num-
ber of cycles until failure. During this testing, 
tendons have three phases marked by changes in 
stiffness (Freedman et al. 2014). Initially, the ten-
don increases in stiffness, reaches a maximum, 
and finally descreases in stiffness, demonstrating 
a triphasic behavior pattern. This decrease in 
stiffness is attributed to an accumulation of sub-
rupture damage, which results in increases in 
deformation and decreases in stiffness prior to 
failure. This testing is useful for characterization 
of tendons that undergo repetitive loads, such as 
the Achilles tendon and other tendons that func-
tion in locomotion (Fung et al. 2009, 2010; Wren 
et al. 2003).

2.5  Experimental Factors 
Influencing Tendon 
Mechanics

Several technical aspects must be considered 
when preparing for testing of tendon mechanical 
properties. The overall process typically includes 
sample isolation, storage, preparation, and test-
ing. Tendons are prepared by isolating them for 
independent testing by removing bony or muscu-
lar attachments that may confound results. This 
process may be labor intensive, thus, it is not 
uncommon to store samples in a freezer before 
further preparation and testing. However, when 
storing these samples prior to testing, freeze- thaw 
cycles must be taken into consideration. While 
studies have reported no changes in mechanics 
with less than five freeze-thaw cycles (Suto et al. 
2012), other studies have noted a decline in 
mechanics with each cycle and to use caution 
when exposing tendons to more than five cycles 
(Chen et al. 2011; Huang et al. 2011). The envi-
ronment in which the tendon is tested also requires 
careful consideration. Specifically, hydration and 
temperature of the tendon must be controlled, as 
changed in either of these parameters will have 
profound effects on tendon behavior. For exam-
ple, dehydration of tendon has been shown to 
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Fig. 2.7 An example of 
a tendon viscoelastic 
testing protocol. The test 
begins with 
preconditioning, 
followed by a stress 
relaxation and a series of 
frequency sweeps. 
Multiple stress 
relaxations can be 
performed at higher 
strains, followed by 
more frequency sweeps. 
The test ends with a 
ramp to failure test
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cause a shortening of the collagen molecules, 
resulting in the generation of large stresses (Masic 
et al. 2015). Decreases in temperature make ten-
don behavior less viscous and more elastic (Huang 
et al. 2009). For these reasons, a water bath is 
typically used to immerse the tendon in order to 
control for hydration and temperature during test-
ing.Before proceeding with testing, accurate mea-
surement of tendon cross- sectional area is vital to 
ensure that material properties are properly 
reported. This is most robust when done through 
noncontact methods, such as laser-based systems, 
to reduce error (Favata 2006). Once cross-sec-
tional area is measured, tendons are mounted in 
an anatomical orientation, where the fibers are 
loaded longitudinally, in order to model the 
in vivo scenario. Grips placed on the tendon ends 
properly are important to isolate the tendon and 
also prevent errors associated with slipping and 
stress concentrations. To reduce these errors, ten-
dons are ideally tested with a high length versus 
width ratio. Furthermore, errors from grip slip-
page can be further reduced by using optical or 
other noncontact techniques to accurately calcu-
late strain and measure finite levels of local defor-
mation (e.g., finding the deformation at the 
insertion or midsubstance) (Peltz et al. 2009). 
During testing, the rate of loading also has an 
impact on data. For tendon, specifically, rate-
dependent mechanical changes have been associ-
ated with altered uncrimping and volumetric 
contraction (Buckley et al. 2013).

2.6  Biological Factors 
Influencing Tendon 
Mechanics

Several non-modifiable and modifiable biologic 
factors significantly affect tendon mechanical 
properties. Non-modifiable factors include age, 
gender, and anatomic location. Advanced age is 
a risk factor for increased incidence of tendon 
injury (Abate et al. 2009; Langberg et al. 2001; 
Birch et al. 2016). Although there appears to be 
diminished mechanical properties with age, the 

mechanisms behind these phenomena are still 
under investigation. Additionally, gender has 
also been shown to be a risk factor for injury 
susceptibility and altered healing characteris-
tics (Pardes et al. 2016; Fryhofer et al. 2016). 
Sex hormones regulate the collagen composi-
tion leading to altered mechanical properties 
(Hansen and Kjaer 2016). Anatomic location of 
the tendon within the body is another non-mod-
ifiable factor that affects tendon mechanical 
properties. Similar to what is seen ex vivo in the 
laboratory, variations of the loading environ-
ment such as load cycles and local temperature 
in various anatomic regions of the body affect 
the mechanical properties (Maganaris 2002). In 
contrast with non- modifiable factors, modifi-
able factors offer greater potential for optimiz-
ing therapeutic strategies for tendon pathology. 
Modifiable factors include comorbidities and 
activity level. Comorbidities such a diabetes, 
hypercholesterolemia, tobacco use, and renal 
disease have all been shown to adversely affect 
tendon mechanics (Connizzo et al. 2014; 
Beason et al. 2013; Ichinose et al. 2010; Taşoğlu 
et al. 2016; Artan and Basgoze 2015). Exercise 
also profoundly affects tendon mechanics, with 
increased activity increasing modulus com-
pared to age-matched control tendons 
(Arnoczky et al. 2008). Furthermore, return to 
early activity after acute tendon injury has been 
shown to improve mechanical properties 
(Freedman et al. 2016).

Conclusion

Tendon composition, structure, mechanical 
properties, and testing methods provide 
insight into the fundamental mechanisms 
that govern tendon function. The collagen 
matrix composition and crimp structure pro-
mote viscoelastic mechanical properties of 
tendons. By testing these mechanical prop-
erties, the physiologic and pathologic 
behavior of tendons is better understood. 
Translation of tendon biomechanics to the 
bedside aids clinicians in improving the 
care of patients.
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Tendon injuries are common, especially in ath-
letic populations, and result in pain and dysfunc-
tion in the tendon (called tendinopathy). 
Clinicians require a thorough understanding of 
normal structure and behaviour of tendons, as 
well as factors contributing to pathology to be 
able to successfully manage tendinopathy.

3.1  Structure and Histology

Tendons connect muscles to bones and help 
transmit force. They vary in size and length in 
different regions of the body, and they may be 
long, broad, flat, round or aponeurotic. Tendons 
lie around bony pulleys (peroneal tendons around 
the malleoli), enclose sesamoids (flexor hallucis 
longus) and may also be located in intramuscular 
situations, as well as connecting different muscle 
bellies to each other (intermediate tendon) 
(Benjamin et al. 2008).

Tendons are organised in a hierarchical pattern 
to form strong, fibrous structures. Tendon cells 
(tenocytes) manufacture all of the components of 
tendon in response to the environment (both load 
and chemical signalling). Tendons are primarily 
made up of collagen, which transmits tensile load 
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through the long axis of the tendon. Collagen is the 
major component of the extracellular matrix 
(ECM). The ECM also contains ground substance, 
which includes water, proteoglycans (PGs), glyco-
proteins and glycosaminoglycans (GAGs).

The tendon as a whole is enveloped by the 
peritendon, made up of the paratenon (loose 
outer layer) and epitenon (thin inner layer) (Grant 
et al. 2013). This allows the tendon to glide 
against the surrounding tissue (Elliot 1965). 
Paratenon lined with synovial cells is called a 
tenosynovium, while one with a double-layer 
sheath without synovial cells is known as a teno-
vagium. Peritendinous structures are highly vari-
able depending on location and function of each 
tendon. The long finger flexor and extensor ten-
dons exhibit a highly organised and structured 
peritendon due to the amount of movement 
against surrounding tissues, while those in the 
hip and knee have a negligible peritendon. 
Peritendon cells are responsive to loading 
(Langberg et al. 1999, 2001) and appear more 
sensitive and reactive to stimuli than intratendi-
nous cells (Rempel and Abrahamsson 2001). 
Their importance and exact role in maintaining 
tendon structure and contributing to pathology, 
however, are not fully known.

3.2  Tenocytes

Tenocytes are arranged sparsely and longitudi-
nally between collagen fibrils (Benjamin et al. 
2008). They communicate through cell processes 
and gap junctions (McNeilly et al. 1996; 
Kraushaar and Nirschl 1999; O’Brien 1997). 
These gap junctions transfer ions and small 
metabolites (Waggett et al. 2006). Adherens junc-
tions are also found between cells forming cell- 
cell adhesions, mediating cell proliferation, 
polarisation and migration (Kjaer et al. 2009).

Tenocytes modify their shape, function and 
cellular regulation (Kjaer et al. 2009) in response 
to load such as tensile strain and compression, as 
well as in response to growth factors and hydro-
static pressure (Leadbetter 1992). The gap junc-
tions between tenocytes are important in response 
to load, with a higher rate of turnover and increased 

formation of gap junctions following loading 
(Waggett et al. 2006; Wall and Banes 2005; Banes 
et al. 1999). This enables greater collagen synthe-
sis (Kjaer et al. 2009). Adherens junctions also 
exhibit force-dependent behaviour (Nagafuchi 
2001) and are likely involved in mechanotrans-
duction (Schwartz and DeSimone 2008) and also 
in adaption to loading (Kjaer et al. 2009).

Along with cell-to-cell attachments, the cell 
has direct contact with the extracellular matrix. 
Focal adhesion complexes link the internal cyto-
skeleton with the surrounding ECM (Ingber 1997). 
These focal adhesion complexes consist of actin 
filaments of the cytoskeleton, actin- associated 
molecules intracellularly, and integrin molecules 
that have direct contact with the ECM. The inter-
nal cytoskeleton has been shown to be critical in 
the detection of mechanical stimuli, with disrup-
tion of the cytoskeleton resulting in the cell being 
unable to detect mechanical stimuli (Lavagnino 
and Arnoczky 2005; Gardner et al. 2012). As these 
focal adhesion complexes physically link the 
internal compartment of the cell to the ECM, it is 
likely to have a critical role in detecting mechani-
cal stimuli and converting it into a biochemical 
response (Arnoczky et al. 2007).

3.3  Extracellular Matrix

Tendon ECM is predominantly made up of Type 
I collagen, though many other collagens also 
contribute to the fibrillar matrix (Riley 2005). 
Collagen is arranged in a hierarchical manner 
(Kastelic et al. 1978). Tenocytes assemble pro-
collagen within the cell, before being cleaved 
into tropocollagen (Kjaer 2004; Robins 1988). 
The tropocollagen molecule is made up of three 
polypeptide chains, forming a triple-helical struc-
ture (Kadler et al. 1996). These are bound 
together by enzymes to form the smallest ‘unit’ 
of collagen, a collagen fibril. Collagen molecules 
overlap one another in an orderly fashion, to rein-
force the fibril (O’Brien 1997; Robins 1988). 
Fibrils are arranged mostly longitudinally but 
some are transversely to reinforce and protect 
tendon against forces from a variety of directions 
(Robins 1988; Khan et al. 1999). Cross-links 

M. Girdwood et al.



25

between molecules are an important part of force 
transmission (Depalle et al. 2015) and contribute 
to the mechanical properties of the tendon 
(Magnusson et al. 2010; Kjaer 2004). Molecular 
gliding occurs between fibrils to allow tendon 
elongation (Fratzl et al. 1998; Screen et al. 2004; 
Benjamin et al. 2008). Fibrils are grouped 
together to become fibres, which are then bound 
together into larger bundles and finally fascicles 
(Kastelic et al. 1978). Fascicles are visible on 
ultrasonographic examination. A tendon is made 
up of many fascicles, and this is thought to be a 
protective mechanism against failure of individ-
ual fibre bundles (Benjamin and Ralphs 1997).

The collagen matrix provides the tensile 
strength for force transmission in tendons. It 
allows for stiffness and strength when loaded but 
flexibility when bent or twisted (Amiel 
et al. 1984). However, it remains unknown 
whether microdamage to individual fibrils or 
changes to the non-collagenous components are 
responsible for alterations to tendon capacity 
(Magnusson et al. 2010).

Collagen fibres and fascicles (but not fibres) 
are surrounded by connective tissue, known as 
endotendon (Screen et al. 2015). The endotendon 
allows for blood vessels, nerves and lymphatics 
to supply the tendon at a fascicle level (Grant 
et al. 2013; Elliott 1965). The endotendon also 
contains small amounts of Type III collagen 
(smaller diameter and looser more reticular bun-
dles) (Williams et al. 1984).

3.3.1  Ground Substance

Ground substance is the non-collagenous compo-
nents of the ECM, mainly made up of proteogly-
cans and glycoproteins. Proteoglycans are formed 
from an association between a protein core and 
glycosaminoglycan (GAG) side chain/s (Yoon 
and Halper 2005). PGs are hydrophilic (water 
attracting) and hence water makes up 60–80% of 
the weight of ground substance. Proteoglycans 
and water are thought to be responsible for lubri-
cating and spacing collagen fibrils in tendons and 
play an important role in viscoelasticity (Screen 
et al. 2005; Kjaer 2004). They also appear to have 

a role in aligning and orientating collagen 
(Baldock et al. 2001).

Small proteoglycans (that have fewer GAG 
chains and therefore bind less water) are the most 
abundant in normal tendon and include decorin, 
biglycan and fibromodulin (Birch et al. 2013). 
Decorin appears to have a role in inhibiting the 
fusion of adjacent collagen fibrils, with high con-
centration in decorin resulting in a high propor-
tion of small-diameter collagen fibrils. Larger 
proteoglycans (with more protein cores and GAG 
chains) such as aggrecan and versican are less 
common but integral to viscoelasticity of a ten-
don and resistance to compressive loading (Yoon 
and Halper 2005).

Glycoproteins are also found within the 
ECM. They are made up of protein and carbohy-
drates, such as tenascin-C, which is an anti- 
adhesive protein found to respond to mechanical 
loading and contribute to the elasticity of the ten-
don (Martin et al. 2003; Mehr et al. 2000). Elevated 
levels are found in tendons subject to compression 
and heavy mechanical loading (Jarvinen et al. 
2003; Midwood and Orend 2009; Riley et al. 
1996). The ECM also contains integrin- associated 
proteins, which form cell-to- ECM connections 
that are involved in controlling and signalling 
adaptive cell responses to loading (Chiquet et al. 
2003). They may remain elevated for as long as 
four days after loading (Mehr et al. 2000).

3.4  Blood and Nerve Supply

Tendons are relatively avascular when compared 
with the muscle and skin (Benjamin and Ralphs 
1997), with blood vessels making up only 1–2% 
of the area of the ECM (Kjaer 2004). Vascular 
supply to a tendon arises from three distinct 
zones: the musculotendinous junction, the bone- 
tendon junction, and surrounding more highly 
vascularised peritendon (Fenwick et al. 2002; 
Zantop et al. 2003; Ahmed et al. 1998; Schatzker 
and Branemark 1969). Vessels enter the tendon 
via the endotendon (Grant et al. 2013).

Blood supply is variable and affected by fac-
tors such as muscle contraction, stretching and 
shearing (Cook et al. 2005a; Khan et al. 1999; 
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Benjamin and Ralphs 1997). Blood flow is ade-
quate throughout tendons (Astrom and Westlin 
1994), and poor regional blood flow (such as in 
the Achilles mid-portion) does not contribute to 
pathology (Chen et al. 2009).

Tendons have an almost exclusively afferent 
nerve supply that is located mostly near the 
muscle- tendon junction to assist in mediating 
proprioception (Kirkendall and Garrett 1997; 
O’Brien 1997; O'Brien 1992). Most nerve fibres 
do not enter the tendon proper, and supply to the 
mid-tendon is minimal (Ackermann et al. 2005). 
Similarly to the vascular supply, the paratenon is 
richly innervated.

3.5  Structural Regions 
in Tendons

All tendons connect the muscle to bone via a 
region called the enthesis. The enthesis is the 
zone of transition between the tendon and bone, 
where collagen fibres become integrated into 
mineralised bony tissue. Different types of enthe-
ses (fibrous and fibrocartilaginous) have been 
described (Biermann 1957; Woo 1988; Hems and 
Tillman 2000) (Benjamin and Ralphs 1997; 
Apostolakos et al. 2014).

A fibrous enthesis occurs when a tendon 
inserts directly into the bone or periosteum and 
contains dense fibrous connective tissue 
(Benjamin and Ralphs 1997). They insert into the 
metaphysis or diaphysis, typically over a large 
surface area, and are seen on long bones, such as 
linea aspera on the femur (Benjamin et al. 2006; 
Apostolakos et al. 2014). They rarely cause pain 
or pathology.

Fibrocartilaginous entheses are seen at ten-
dons inserting into the epiphysis or apophysis 
(Benjamin and Ralphs 1997; Apostolakos et al. 
2014). They have four distinct zones to form con-
tinuity from uncalcified tendon to fully calcified 
the bone: the tendon, fibrocartilage, calcified 
fibrocartilage and then bone (Benjamin et al. 
1986, 2006; Shaw and Benjamin 2007; 
Apostolakos et al. 2014). These represent a 
change in tissue flexibility (Hems and Tillman 
2000). Other structures exist around fibrocarti-

laginous tendon insertions, such as bursae, fat 
pads and retinaculum, and have been collectively 
termed the enthesis organ (Benjamin and 
McGonagle 2001). The fat pad and bursae are 
innervated structures that help to maintain tendon 
function (distribute stress) (Kumai and Benjamin 
2002) and also may provide proprioceptive infor-
mation (Shaw and Benjamin 2007).

3.6  Response to Load

Tendons are responsive to load through a com-
plex primarily cell-driven response. Tensile load-
ing leads to matrix and cell deformation, which 
leads to ECM protein production and/or change 
in mechanical strength that improves tissue 
capacity and tolerance to subsequent load 
(Magnusson et al. 2010). Tendon loading changes 
both collagen degradation and production 
(Magnusson et al. 2010), with peak synthesis at 
around 24 h, and relative elevated production for 
up to 72 h (Langberg et al. 1999). Increased turn-
over likely maintains normal homeostasis 
(Heinemeier and Kjaer 2011; Rees et al. 2009). 
Different contraction types do not affect the syn-
thesis or degradation of collagen, and differences 
between concentric, eccentric or isometric load-
ing are related to the total tendon strain (Kjaer 
et al. 2009; Heinemeier et al. 2007). Other matrix 
proteins, including a number of proteoglycans 
(PGs), also exhibit increased turnover in response 
to exercise.

Compressive or shearing forces on tendons 
result in increased production of larger PG, such 
as aggrecan (Docking et al. 2013; Vogel et al. 
2004; Giori et al. 1993). This expression is 
thought to be a homeostatic response to loading, 
similar to that of collagen production(Koob et al. 
1992). Compressive forces may also increase 
fibrocartilaginous tissue near the compressed 
areas of a tendon insertion (Docking et al. 2013; 
Benjamin and Ralphs 1998).

On a molecular level, loading leads to an 
increase in growth factors and cytokines, such as 
insulin-like growth factor 1 (IGF-1), transform-
ing growth factor β (TGF-β) and interleukin 6 
(IL-6) (Nourissat et al. 2015; Magnusson et al. 
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2010; Kjaer et al. 2009). Many of these regulate 
collagen production via tendon cells (Andersen et 
al. 2011) and remain elevated for at least 36 h 
after loading (Langberg et al. 2002). Other 
responses include release of substance P and cal-
citonin gene-related peptide (CGRP) (Danielson 
et al. 2007). Substance P has been shown to be 
elevated after 1 week of loading in animal mod-
els (Backman et al. 2011a). In vitro research also 
suggests substance P released after loading is 
involved in upregulating proliferation of teno-
cytes and can regulate tendon homeostasis 
(Backman et al. 2011b; Zhou et al. 2015).

3.7  Function and Mechanics 
of Tendons

The properties of tendon are related to their shape 
and size that is in turn related to function (and 
forces placed on the tendon) (Roberts 2002). A 
larger tendon can withstand a higher load, while 
a longer tendon will be able to store more energy 
(Brughelli and Cronin 2008).

Mechanical properties of a tendon may be 
expressed as tensile stress or strain. Stress is cal-
culated by dividing the total tensile load by the 
cross-sectional area at the point of loading 
(Brughelli and Cronin 2008). For example, the 
thinnest part of a tendon will be subjected to the 
most stress under a given load. Strain refers to the 
amount a tendon stretches while loaded com-
pared with its unloaded length. The relationship 
between these two measures determines other 
mechanical properties such as Young’s modulus.

Tendons are also subject to compressive 
forces, when in contact with the bone, retinacula 
or fascia (Almekinders et al. 2003). They also 
experience shearing forces that are a vector of 
compressive and tensile loads (Benjamin et al. 
2008).

Functionally, one of the most important func-
tions of a tendon is to store and release energy, 
acting like a spring. This allows for the use of 
elastic energy to create movement (Holt et al. 
2014; Kirkendall and Garrett 1997; Alexander 
2002; Amiel et al. 1984). An example of this is 
the Achilles tendon during running, which recov-

ers energy stored with tendon lengthening to be 
released during propulsion (push off) (Alexander 
et al. 1982; Dimery et al. 1986).

3.8  Summary

Tendons are complex structures that connect 
muscles and bones. They have two main func-
tions: to transmit force from the muscle to bone 
to create joint movement and to store and release 
energy like a spring. Around the body they are 
seen in a variety of different shapes and sizes, 
which often reflect their purpose and location. 
Tendons are composed of a highly organised 
extracellular matrix (ECM), produced and regu-
lated by tenocytes. At its insertion onto the bone, 
tendon structure transitions to the bone at the 
enthesis. Tendons have an almost exclusively 
afferent nerve supply and low but sufficient vas-
culaturity. Tendons are highly load tolerant and 
adaptable to changing stresses. This is mediated 
by an interplay of a range of different factors 
such as chemical changes and loading types. 
Understanding this complex interaction is 
required to accurately assess and treat 
tendinopathy.

Understanding how tendons transition from 
normal to injured and painful tendons is impor-
tant when considering treatment. A number of 
factors impact on the development of tendon 
pathology. Historically a wide variety of termi-
nology has been used to describe tendon pathol-
ogy, such as tendinitis or tendinosis (Khan et al. 
1999) (Maffulli et al. 1998).

3.9  Structural Changes 
in Tendon Pathology

End-stage degenerative tendon pathology is 
clearly described, characterised by changes in 
cell activity, disorganisation of the collagen 
matrix and increased neovascularisation (Kannus 
1997). Histopathological studies of tendon 
pathology demonstrate increased proteoglycan 
and glycosaminoglycan content and in turn more 
bound water (Samiric et al. 2009; Xu and Murrell 
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2008). There are more tenocytes that are more 
active and rounded (Magnusson et al. 2010). 
Elevated levels of messenger RNA (mRNA) are 
seen for collagen production, proteoglycans, vas-
cular growth and stress-responsive proteins, sug-
gesting a hypercellular environment (Magnusson 
et al. 2010). Lower amounts of Type I and greater 
amounts of Type III collagen are synthesised in 
pathological tendons (Maffulli et al. 2000; 
Eriksen et al. 2002; Riley et al. 1994); Type III 
collagen has lower tensile strength and forms less 
organised bundles, possibly due to fewer cross- 
links (Goncalves-Neto et al. 2002). Increased 
neovascular ingrowth is present in the tendon 
(Alfredson et al. 2003). Other changes include 
increased substance P production (Fearon et al. 
2014) and more substance P-positive nerve fibres 
(Schubert et al. 2005).

Tendons with pathology are often thickened 
and have an increased cross-sectional area (Abate 
et al. 2009). Thickened tendons were previously 
thought to be maladaptive; however new research 
proposes that a tendon may thicken to maintain a 
sufficient amount of aligned fibrillar structure to 
compensate for the area of pathology (Docking 
and Cook 2016).

3.10  Pathoaetiology

The primary change in tendon pathology may be 
collagen, tendon cell or inflammation or some 
combination of these. Tearing, disruption and 
degeneration of collagen fibres were originally 
considered the cause of tendinopathy (Leadbetter 
1992). Models of failed healing have also been 
put forward; injury to tendon structure leads to a 
failed healing response, and this in turn leads to a 
clinical manifestation of tendon pain (Fu et al. 
2010). While this model seemingly accounts for 
cellular findings listed above as well as structural 
changes, it does not explain the disconnect seen 
between pain and structure.

The presence, relevance and impact of inflam-
mation in tendon pathology have long been 
debated amongst experts. While clinical inflam-
mation (swelling, redness) is often described in 
cases of tendon pathology (Scott et al. 2004), 

research in Achilles, patellar and extensor carpi 
radialis brevis tendons all showed no difference 
in levels of prostaglandin E2 when comparing 
pathological tendons with controls (Alfredson 
et al. 1999, 2000, 2001) (Pingel et al. 2012; 
Jarvinen et al. 1997). Upregulation of inflamma-
tory cytokines (such as endothelial growth fac-
tors, tumour necrosis factors, COX-2, PGE-2 and 
interleukins) (Mousavizadeh et al. 2014; Zhang 
and Wang 2010; Wang et al. 2004) may occur as 
a consequence of mechanical loading of a normal 
tendon (Kjaer et al. 2013).

Research showing elevated inflammatory cells 
in tendon disorders are cited as evidence of inflam-
mation as a cause of tendon pain (Dean et al. 2016; 
Millar et al. 2010); however the link between these 
features and pain remains unclear. An inflamma-
tory response may be a factor in the development 
of tendinopathy (Rees et al. 2014; Abate et al. 
2009); however inflammation alone as a cause of 
tendinopathy is not supported, and the clinical 
importance of these processes remains unclear.

Other findings point to increased inflamma-
tory cytokines not at the site of tendinopathy itself 
but in peritendinous structures (Riley 2008; Kjaer 
et al. 2013). While this may be consistent with 
theories suggesting the peritendon as a source of 
pain (Stecco et al. 2014), it does not explain the 
development of pathology in the tendon itself.

3.10.1  Continuum Model 
of Tendinopathy

The continuum of tendon pathology presents dif-
ferent stages of tendinopathy: reactive tendinopa-
thy, tendon dysrepair and degenerative 
tendinopathy (Cook and Purdam 2009; Cook et al. 
2016). Reactive tendinopathy is seen after acute 
tensile and/or compressive overload, resulting in a 
noninflammatory cell-based response. This is 
often seen after abusive loading, unaccustomed 
activity (both in athletes and sedentary popula-
tions) (Scott et al. 2007) or even a direct blow to 
the tendon (Garau et al. 2008). From a histopatho-
logical perspective, reactive tendinopathy is char-
acterised by a hypercellular environment with an 
increase in large proteoglycans synthesised, and 
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thus more bound water is observed (Magnusson 
et al. 2010). Clinically this is seen as a thickened 
tendon—a response that can reduce the stress on 
tendon tissue in the short term. While this stage is 
sometimes described clinically as ‘inflamed’ due 
to the swollen appearance and acute pain, there is 
no significant upregulation of inflammatory cells 
as a driver of this stage (Scott et al. 2007). 
Importantly there is structural change in the col-
lagen matrix, and if the overload is sufficiently 
reduced, tendon structure can return to normal.

Tendon dysrepair marks the development of 
fibrillar disorganisation on the back of increased 
proteoglycan production. This stage may be simi-
lar to what has previously been described as 
‘failed healing’ (Fu et al. 2010).

Degenerative tendon pathology is defined by 
irreversible degenerative tendon pathology and 
associated neurovascular changes. Collagen matrix 
degradation occurs and can be visualised as 
hypoechoic areas on ultrasound. The degenerative 
portion does not transmit any load and is thought 
of as mechanically silent. Importantly, tendons that 
have degenerative areas also have regions of nor-
mal tendon tissue. Tendon thickening is proposed 
as an adaption to maintain sufficient aligned fibril-
lar structure for loading (Docking and Cook 2015).

Patients present for clinical management when 
in pain; however at other times pathology may be 
asymptomatic or ‘dormant’. The continuum 
model suggests that within this model two pre-
sentations are seen clinically: (1) reactive tendi-
nopathy as first-time presentation of pain and (2) 
reactive-on-degenerative presentation—reactive 
part of previously normal tendon surrounding 
‘dormant’ degenerative component. Therefore, it 
is the reactive state of pathology that is proposed 
to be nociceptive and not the degenerative portion 
of the tendon. Pain-free tendons may still demon-
strate significant structural pathology but insuffi-
cient nociceptive signalling (Rio et al. 2015).

3.11  Pain in Tendinopathy

Tendon pain has some unique characteristics 
compared to other musculoskeletal conditions. 
Pain in tendinopathy remains highly localised 

(regardless of length of time of symptoms), is 
provoked by loading in an ‘on/off’ fashion and 
is not usually seen at rest, suggesting a primary 
tendon-based nociceptive driver of pain. This 
also infers that inhibitory control at the spinal 
cord is maintained in contrast with many other 
persistent pain presentations where spreading of 
pain is observed with chronicity. This may be 
due to the relationship with loading that pre-
vents potentiation. The extent of structural dis-
organisation observed on imaging does not 
correlate with clinical symptoms. Inflammation 
in tendinopathy also does not provide an expla-
nation for the clinical presentation of tendon 
pain.

The key drivers of nociception are unclear 
(Littlewood et al. 2013a; Rio et al. 2015). Tendons 
have poor sensory innervation, with almost no 
afferent fibres deep in the tendon itself 
(Ackermann et al. 2005). Paracrine signalling 
from the tendon has been proposed as a cause of 
tendon pain (Danielson et al. 2006), by sensitis-
ing more peripherally located nociceptive nerves 
(Rio et al. 2015). The peritendon has also been 
proposed as a source of pain in tendinopathy 
(Stecco et al. 2014), and this may be due to sensi-
tisation of the peripheral nerve or from tendon 
swelling in a reactive tendinopathy presentation 
(Cook et al. 2016).

Nerve fibres positive for substance P are also 
sensitive to a number of other substances such as 
acetylcholine (ACh), glutamate and catechol-
amines (Danielson et al. 2007; Alfredson et al. 
2001), which may be upregulated by the teno-
cyte, suggesting cell-driven signalling as a poten-
tial mechanism for tendon pain (Danielson 
2009). These substances also impact on cell 
homeostasis, collagen production and other func-
tions of tenocytes, which may contribute to the 
structural changes in tendinopathy (Danielson 
2009). Ion channels in cell membranes may also 
be important in tendon pain (Rio et al. 2015). 
They are implicated in cell signalling and mecha-
notransduction. A decreased pH as a result of 
accumulation of lactate (Alfredson et al. 2002) 
may lead to altered expression of acid-sensing 
ion channels. These ion channels may also 
explain for the ‘warm-up’ phenomenon seen in 
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tendinopathy, as they exhibit evidence of satura-
tion (Jones et al. 2004). Changes in acid-sensing 
ion channels have been shown to impede cell 
function in the bone, cartilage and intervertebral 
discs (Jahr et al. 2005; Rong et al. 2012; 
Uchiyama et al. 2007).

The impact of peripheral nervous system 
(PNS) and CNS sensitisation is widely accepted 
in a variety of musculoskeletal conditions; how-
ever its involvement in tendinopathy is less clear. 
Evidence shows that contralateral sensory 
changes exist in tendinopathy (Heales et al. 
2014); however these are also seen in other acute 
conditions such as ankle sprains and may be 
reversed instantly with anaesthetic (Ramiro- 
Gonzalez et al. 2012). In addition, secondary 
hyperalgesia is not seen in lower limb 
 tendinopathy, as tendon pain remains highly 
localised, without spontaneous or spreading of 
pain. While development of bilateral symptoms 
or tendinopathy on the contralateral side to initial 
presentation can occur (Paavola et al. 2000), this 
process is likely complex and may involve cen-
tral mechanisms, with alterations in loading pat-
terns, morphological differences or systemic 
drivers. Isometric exercises performed on one 
side in bilateral presentations decrease ipsilateral 
symptoms but no impact on contralateral pain, 
also supporting the significance of locally driven 
factors in tendon pain (Rio et al. 2015).

All pain is an output of the brain; thus, it is 
critical the clinician understands and can com-
municate key messages about tendinopathy. For 
example, the use of the term ‘tear’ relating to ten-
don imaging is likely unhelpful, evokes fear and 
therefore will probably promote unloading. In 
our management of tendinopathy, we must edu-
cate patients to understand their tendon and the 
importance of rehabilitation.

3.12  Regional Changes 
in Tendinopathy

Other structures may also be affected by tendi-
nopathy and are important differential diagnoses. 
The peritendon may become irritated and painful 
by friction loads and is seen commonly in the 

wrist, hands and feet. Peritendinitis has an inflam-
matory component (Kannus 1997; Reynolds and 
Worrell 1991). Chronic peritendinitis can lead to 
changes in the structure of the peritendon, with 
more connective tissue adhesions, vascular 
ingrowth and an influx of a variety of cells 
(Jarvinen et al. 1997; Kvist et al. 1992).

A number of other structures exist around a 
tendon, including fat pad and bursae, and coexist 
with tendinopathy. Bursitis is usually associated 
with tendon pathology. Some tendons may be 
adjoined by fat pads, which are highly innervated 
and may be a source of pain. Fat pads show an 
inflammatory response in painful presentations 
(Ward et al. 2016).

3.13  Epidemiology 
of Tendinopathy

Tendinopathy is primarily the result of load that 
exceeds a tendon’s capacity. Tendinopathy is prev-
alent in active and sporting populations, though 
sedentary individuals who have a low capacity are 
also prone to overload and may be further compro-
mised by other systemic factors (Ackermann and 
Renstrom 2012; Maffulli et al. 2003; Hopkins 
et al. 2016; Cook et al. 1998). Elite athletes in par-
ticular are prone to developing tendinopathy given 
their high training loads (Ackermann and 
Renstrom 2012; Cook and Purdam 2003). 
Tendinopathy and their associated aetiology occur 
in many common sites (Table 3.1) but can occur in 
any tendon (e.g. flexor hallucis longus, tibialis 
posterior and distal biceps brachii tendon).

The prevalence of tendinopathy may be under-
estimated as the condition may be mild, and 
patients may not present for diagnosis and man-
agement. This is also seen in a sporting context, 
where an athlete may continue to train and play 
with tendinopathy; tendinopathy may not register 
as an injury as injury statistics are usually 
recorded when there is a sporting time loss. It is 
worth noting that the burden is greater than 
missed participation as the impact on perfor-
mance is difficult to measure.

Because of the varied definitions, diagnostic 
criteria, tendon studied and population, estimates 
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of prevalence vary between studies. The general 
population have a 2–5% prevalence of tendinop-
athy (across all body sites) (Hopkins et al. 2016), 
though subgroups such as patellar tendinopathy 
in volleyball players have rates of up to 40%. 
Incidence of rotator cuff tendinopathy is esti-
mated as high as 5.5% (Littlewood et al. 2013), 
while incidence of lateral epicondylalgia is 
around 1–2% (Gabel 1999; Allander 1974).

Prevalence of tendinopathy in elite sport also 
is highly dependent on the nature of the sport and 
thus the loading factors present (Ackermann and 
Renstrom 2012). Studies in soccer have shown 
2.4% prevalence of patellar tendinopathy across 
a season; median absence from play was only 5 
days per injury (Hagglund et al. 2011). An 11% 
lifetime prevalence of Achilles tendinopathy has 
been shown in runners (Jarvinen et al. 2005).

Pathology can be identified on imaging, but it 
may be asymptomatic, highlighting the poor con-
nection between pain and structure (Docking 
et al. 2015). The presence of tendon pathology in 
pain-free individuals has been estimated as high 
as 50% in some populations, such as Australian 

football (Docking et al. 2015). Pathology on 
imaging is a risk factor for developing future 
symptoms (McAuliffe et al. 2016), though the 
risk is inconsistent across different tendons. In 
patellar and Achilles tendinopathy, the presence 
of pathology on greyscale ultrasound increased 
the risk of developing tendinopathy approxi-
mately five times (McAuliffe et al. 2016). Despite 
these findings, a number of other risk factors are 
involved in the development of tendinopathy. 
The majority of those with asymptomatic pathol-
ogy will not develop symptoms and will never 
present for medical management; hence, caution 
in interpreting the importance of imaging abnor-
malities is required.

3.14  Intrinsic Risk Factors

Intrinsic factors may be modifiable or unmodifi-
able and relate to a person’s body composition, 
lifestyle and general health. It is critical to inves-
tigate these factors and address systemic contrib-
utors for successful management.

Table 3.1 Tendinopathy sites

Tendon Site of tendinopathy Loading factors Age/sex

Achilles Achilles insertion or 
mid-portion

Distance running, change 
of direction (combined 
tensile and compressive 
load at the calcaneus)

Men—elite and recreational 
(Jarvinen et al. 2005)

Patellar Inferior pole of patella Jumping and landing, fast 
change of direction, e.g. 
volleyball

Younger athletes (Cassel et al. 
2015)
<30 years old

Proximal hamstring Ischial attachment of 
hamstring

Training errors
Sprinting +− bending, e.g. 
hockey (combined 
compressive and tensile 
load)

Any age in an active person 
(Goom et al. 2016)

Gluteal Greater trochanter Stairs and walking Postmenopausal women 
(Grimaldi et al. 2015)

Adductor Adductor tendon or 
insertion

Kicking Male athletes (Weir et al. 2015)
Kicking sports

Lateral elbow Common extensor origin Manual work or gripping 
tasks, racquet sports 
(Roquelaure et al. 2006; 
Descatha et al. 2013)

>40 years old (Bisset and 
Vicenzino 2015)

Rotator cuff Sub-acromial Overhead activity (Seitz 
et al. 2011)

Young overhead athletes (Sein 
et al. 2010)
Older than 50 years (Bodin et al. 
2012)
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3.14.1  Genetics

Genetic factors are implicated in the pathogen-
esis of tendinopathy. Identical twin studies have 
implicated genetic factors in lateral epicon-
dylalgia (Hakim et al. 2003). A number of dif-
ferent genes have been found to be upregulated 
and downregulated in tendinopathy; however 
their significance is yet to be determined 
(September et al. 2007; Jelinsky et al. 
2011; Magra and Maffulli 2008). Two variants 
for COL5A1 gene and the tenascin-C (TNC) 
gene have been implicated in tendon pathology. 
COL5A1 encodes for a component of Type V 
collagen, which aligns and organises Type I col-
lagen (Birk et al. 1990). A specific phenotype 
results in more tightly packed collagen bundles 
leading to both better energy storage and also 
greater vulnerability to tendinopathy. Variations 
in the COL5A1 gene are linked to an increased 
risk of Achilles tendinopathy (Chauhan et al. 
2015; Mokone et al. 2006; September et al. 
2009). Tenascin-C is an anti- adhesive protein, 
which is important in the regulation of load 
capacity after tendon loading and compression 
(Jarvinen et al. 2000). Variants of the TNC gene 
have also been linked with Achilles tendinopa-
thy, with certain polymorphisms increasing the 
risk of developing symptoms sixfold (Mokone 
et al. 2005). Polymorphisms within the TNC or 
COL5A1 gene have been suggested to be linked 
to other injuries such as ACL tears (September 
et al. 2007); however so far results have been 
conflicting (Stepien-Slodkowska et al. 2015; 
Posthumus et al. 2010).

Other factors involved in tissue repair in 
tendons include transforming growth factor β1 
(TGF-β1) and growth/differentiation factor 5 
(GDF-5) (Hou et al. 2009; Rickert et al. 2005). 
A genetic association study however showed 
no difference in TGF-β1 expression between 
people with tendinopathy and controls. Genes 
coding for GDF-5 however were significantly 
associated with Achilles tendinopathy, show-
ing a modest two times elevated risk 
(Posthumus et al. 2010).

3.14.2  Sex

The impact of sex on tendinopathy varies across 
the population, as well as affecting different ten-
dons. Postmenopausal women exhibit higher 
rates of tendinopathy (Frizziero et al. 2014) and 
tendon rupture (Maffulli et al. 2007); however 
this may be confounded by other factors such as 
increased blood lipids. There was no impact of 
gender in Achilles or patellar tendinopathy in 
masters athletes (Longo et al. 2009, 2011). 
Peritendon disorders such as De Quervain’s teno-
synovitis are more common in women (Wolf 
et al. 2009), and this may be linked to altered 
inflammatory responses in women (Hart et al. 
1998).

3.14.3  Age

Ageing is thought of as a risk factor for develop-
ing degenerative pathology; however ageing 
alone does not explain tendon pathology. Ageing 
affects the structure and histology of tendons, 
with increased stiffness, deformation and cross- 
sectional area, as well as decreased peak tendon 
stress and strain (Carroll et al. 2008; Tuite et al. 
1997). However, when force is normalised, there 
is no difference seen between young and old ten-
dons in terms of deformation, strain and stiffness, 
suggesting change in force-output capacity may 
be more responsible for the alterations seen dur-
ing ageing (Carroll et al. 2008). Other studies 
have shown increase in collagen cross-linking, 
decrease in water content and collagen concen-
tration (Narici et al. 2008; Couppe et al. 2009), as 
well as a decrease in blood supply (Tuite et al. 
1997). Together it seems that load capacity 
decreases with age, particularly with reference to 
energy storage and release loading. Ageing is a 
risk factor for tendon rupture (Pedowitz and 
Kirwan 2013), and cumulative loading may also 
be a factor, as past athletes exhibit higher rates of 
tendinopathy and rupture (Kujala et al. 2005).

Young athletes exhibit high rates of tendon 
pathology. In children, tendon pathology may be 
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seen on imaging (Simpson et al. 2016); however 
pain is commonly attributed to the apophysis 
(such as Osgood-Schlatters disease). Evidence is 
however emerging to suggest that tendon pathol-
ogy may be present in children and adolescents 
distant to the apophysis (Sailly et al. 2013).

3.14.4  Medications

Fluoroquinolones, a class of antibiotic, have been 
closely associated with the development of tendi-
nopathy and tendon rupture (Lewis and Cook 
2014). The Achilles tendon is the site most com-
monly affected (Lang et al. 2016; Khaliq and 
Zhanel 2003). Men appear to be at greater risk, 
with a dose-dependent response seen (Khaliq and 
Zhanel 2003; Lewis and Cook 2014). 
Fluoroquinolones are thought to have their effect 
by decreasing cell numbers and increasing matrix 
breakdown. Fluoroquinolone-associated tendi-
nopathy may be slower to respond to treatment 
(Lewis and Cook 2014).

Statin medications have also been implicated 
as a risk factor for developing tendinopathy, 
though evidence is conflicting (Teichtahl et al. 
2016; Kirchgesner et al. 2014). A number of 
case reports show increased incidence of tendi-
nopathy (Kirchgesner et al. 2014; Marie et al. 
2008); however a recent systematic review 
showed no increased risk (Teichtahl et al. 
2016). Conversely simvastatin may actually 
slightly decrease the risk of tendinopathy 
(Contractor et al. 2015).

Finally local and systemic use of glucocorti-
coids has been suggested to negatively affect ten-
don tissue (Dean et al. 2014; Blanco et al. 2005). 
Local glucocorticoid injection leads to decreased 
collagen production, impaired cell proliferation, 
increased matrix disorganisation and hence lower 
mechanical load tolerance of the tendon cells 
(Dean et al. 2014). Long-term clinical outcomes 
were worse following corticosteroid injection in 
lateral epicondylalgia (Coombes et al. 2016). An 
association between local injection and rupture 
has been proposed (Kirchgesner et al. 2014; 

Blanco et al. 2005); however little evidence sup-
ports this (Scott et al. 2015a).

3.14.5  General Health

Obesity is considered a risk factor for a variety of 
musculoskeletal conditions and has also been 
shown as a risk factor for developing tendinopa-
thy (Scott et al. 2015b; Gaida et al. 2008, 2009a; 
Franceschi et al. 2014). Elevated body mass 
index has been shown in tendinopathy compared 
to control, though a variety of interactions may 
be responsible (Scott et al. 2013; Klein et al. 
2013; Gaida et al. 2008, 2009a). Increased waist 
circumference was also linked with asymptom-
atic tendon pathology. There are differences 
between fat distributions in men and women; 
men with tendinopathy have more central adipos-
ity, while women exhibit peripheral distribution 
of fat (Gaida et al. 2010). This is supported by 
findings in men showing waist girth over 83 cm 
was a risk factor for patellar tendinopathy in vol-
leyball players but not in women (Malliaras et al. 
2007).

Obesity has both mechanical and systemic 
effects (Scott et al. 2014). Elevated load on ten-
dons due to excessive weight has been postulated 
to be behind the elevated risk of tendinopathy. 
From a systemic viewpoint, obesity increases 
blood lipids, which have also been shown elevated 
in Achilles tendinopathy (Gaida et al. 2009b).

Systemic diseases and illnesses associated 
with obesity can predispose to tendinopathy. 
People with Type II diabetes mellitus have a 3.6 
times greater prevalence of tendinopathy than 
controls (Ranger et al. 2016). Increased tendon 
thickness is also reported in diabetes (de Oliveira 
et al. 2011a). The mechanism may be via hyper-
glycaemia that reduces proteoglycan content and 
increased levels of transforming growth factor β1 
(TGF-β1) (Burner et al. 2012). Diabetes also 
leads to increased formation of advanced glyca-
tion end products (AGE), which can create more 
collagen cross-links (Snedeker and Gautieri 
2014; Abate et al. 2013; Reddy 2003). Increased 
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AGE content is shown to decrease the viscoelas-
tic properties of tendons, by decreased sliding 
between fibres (Li et al. 2013; Fessel et al. 2014). 
Increased cross-linking can increase load to fail-
ure (Snedeker and Gautieri 2014) and increase 
stiffness, while other studies showed greater tis-
sue fragility (Fox et al. 2011; de Oliveira et al. 
2011b).

Dyslipidaemia may predispose tendons to 
pain and pathology by altering tendon structure 
and increased levels of immune and pro- 
inflammatory cells (Scott et al. 2014). The dys-
lipidaemia seen in Achilles tendinopathy is 
similar to that seen in insulin resistance, and it 
has been proposed that tendinopathy may be a 
comorbidity of metabolic syndrome and cardio-
vascular disease (Gaida et al. 2009b). This may 
also explain why decreased physical activity is 
associated with development of tendinopathy 
(Descatha et al. 2013). Tendon pain then further 
reduces physical activity.

Hypercholesterolaemia also appears to be 
associated with tendinopathy (Tilley et al. 2015; 
Esenkaya and Unay 2011), particularly in  familial 
cases (Abate et al. 2013; Beeharry et al. 2006). 
Increased blood lipids increase the accumulation 
of pro-inflammatory cells, mast cells and macro-
phages, as well as increased deposition of low- 
density lipoproteins (LDLs) in the tendon matrix 
(Tilley et al. 2015). Association with lower phys-
ical activity levels or other comorbidities may be 
driving this link (Tilley et al. 2015). A number of 
other illnesses have been linked with elevated 
risk for tendinopathy including hyperuricaemia 
(Abate et al. 2013), systemic lupus, rheumatoid 
arthritis (Fredberg 1997), psoriatic arthritis 
(Gutierrez et al. 2010) and hypertension (Holmes 
and Lin 2006).

3.14.6  Flexibility and Joint Stiffness

Reduced flexibility of muscles attaching to the at-
risk tendon as well as antagonist muscle groups 
has been shown to increase the risk of developing 
tendinopathy. Both quadriceps and hamstring 
inflexibility have been shown as a risk factor for 

development of patellar tendinopathy (Witvrouw 
et al. 2001; Silva et al. 2016; Crossley et al. 2007; 
Cook et al. 2002). Too much or too little ankle 
dorsiflexion range is a risk factor for developing 
Achilles and patellar tendinopathy (Backman and 
Danielson 2011; Malliaras et al. 2006; Crossley 
et al. 2007; Kaufman et al. 1999; Rabin et al. 
2014; Mahieu et al. 2006).

There is little evidence that foot posture and 
mechanics are associated with tendinopathy nor 
that altering them with orthotics is effective 
despite widespread clinical use (Munteanu et al. 
2015). Static foot posture has not been shown as 
a risk factor for patellar tendinopathy (de Groot 
et al. 2012; Crossley et al. 2007). Increased 
ankle inversion moments during landing and 
jumping tasks have been associated with patel-
lar tendinopathy (Richards et al. 2002). 
Excessive foot pronation is often suggested as a 
risk factor for Achilles tendinopathy (Munteanu 
and Barton 2011); however quality research 
beyond anecdotal evidence is lacking (Dowling 
et al. 2014).

3.14.7  Strength

Clinically, poor strength is often associated with 
tendinopathy, likely mediated by pain. Decreased 
eccentric strength has been found in the quadri-
ceps in people with patellar tendinopathy (Gaida 
et al. 2004) and gastrocnemius in those with 
Achilles tendinopathy (Silbernagel et al. 2006; 
Haglund-Akerlind and Eriksson 1993). 
Functional deficits such as decreased vertical 
jump and hopping ability (Silbernagel et al. 
2006) have also been shown.

However a strength deficit has not been shown 
prospectively, with no relationship shown 
between quadriceps and hamstring strength and 
the development of patellar tendinopathy 
(Witvrouw et al. 2001). Consideration of kinetic 
chain deficits is important, as reduced strength in 
other regions may predispose a tendon to over-
load, and should be assessed on an individual 
basis when managing tendinopathy (Malliaras 
et al. 2015; Kountouris and Cook 2007).
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3.15  Extrinsic Risk Factors

Extrinsic risk factors vary for each tendon. Lower 
limb tendinopathies are seen in weight-bearing 
sports, while shoulder tendinopathies are seen in 
overhead sports such as swimming and volley-
ball. Activities with high energy storage demands 
pose the highest risk for developing tendinopa-
thy. Common examples of tensile (energy stor-
age) overload include jumping in basketball or 
volleyball players, uphill running in runners and 
change of direction and kicking in field sports.

3.15.1  Load

Excessive loading above a tendon’s capacity is a 
cause of tendinopathy. Clinically, activities requir-
ing energy storage loads (such as running for the 
Achilles tendon) are associated with onset of ten-
don pain. While previous terminology has referred 
to tendinopathy as ‘repetitive strain injuries’, 
sports with high-frequency cyclical load such as 
cycling and rowing with low-energy  storage com-
ponents do not have high rates of tendinopathy. 
The clinician must understand load and use it as 
part of their differential diagnosis and decision 
making; the cyclist and rower are vulnerable to 
paratendinitis due to the repetitive friction in these 
activities and require different management.

The amount of loading may be critical; female 
basketball players with patellar tendon pathology 
trained 2.14 h more each week on average than 
their pain-free colleagues (Gaida et al. 2004). 
The number of hours trained significantly corre-
lated with supraspinatus tendinopathy in swim-
mers (Sein et al. 2010). Training volume, as well 
as increased game exposure, was also a risk fac-
tor for patellar tendinopathy in volleyball players 
(Visnes and Bahr 2013). These findings are simi-
lar to other sports-related injuries, such as in 
those seen in throwers in baseball (Olsen et al. 
2006) and bowlers in cricket (Hulin et al. 2014).

While total load is important, change in load-
ing and training errors are key factors in a num-
ber of musculoskeletal pathologies, including 
tendinopathy. Consideration of the acute versus 

chronic workloads may be a factor to decrease 
risk of injury (Gabbett 2016). An optimum 
amount of loading appears to be protective 
while excess or insufficient loading precipitat-
ing greater risk. Orchard et al. (2015) found that 
medium-term workload (3 months) was protec-
tive for the development of tendon injuries in 
cricket bowlers. Clinically, tendinopathy pre-
sentations are very often seen after changes in 
training loads (Ferretti 1986). This may be 
change of training cycle, onset of intensive 
competitions, and even change in equipment or 
footwear. It is often common to see increased 
cases of tendinopathy in the beginning of a sea-
son after resumption of training, and this may 
also relate to underloading in the off-season and 
a relative increase in load with resumption of 
training.

While the majority of research concerns ten-
don overload, offloading or unloading may pre-
dispose a tendon to pain and symptoms as it may 
lower the load capacity, placing an individual at 
risk of tendinopathy (Kannus et al. 1997). 
Sedentary individuals are also at risk of develop-
ing tendinopathy, when they perform abusive 
loading or unaccustomed activity (as it exceeds 
their load capacity). This has been proposed in 
rotator cuff tendinopathy, often seen in older less 
active patients (Lewis 2010). Underload may 
also be seen when an athlete resumes training 
after a long layoff (such as the off-season) or 
injury. The importance of load is reinforced by 
the fact that complete rest of a symptomatic ten-
don will not cure a patient’s presentation and 
often leads to a worsening tendinopathy once 
load is resumed.
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Tendon Healing

Thierry Pauyo, Elmar Herbst, and Freddie H. Fu

4.1  Introduction

The healing process following tendon injury is 
governed by a plethora of biomechanical factors 
that has been well studied in the literature from 
the basic science cellular model to interventions 
in the clinical setting. Overall, a fully healed ten-
don is characterized by reduced final mechanical 
stability (Sharma and Maffulli 2005). In order to 
optimize the treatment of tendon injury, the treat-
ing physician should have a thorough under-
standing of the principles of tendon healing. The 
following chapter will discuss tendon pathology, 
homeostasis, principles of healing, as well as bio-
logic and mechanical factors affecting the heal-
ing response.

4.2  Tendon Homeostasis

The maintenance and viability of tendons are 
largely dependent on the structural molecules 
that constitute the extracellular matrix (ECM) 
(Butler et al. 2004). The tenocytes are the pri-
mary regulator of the ECM and tendon homeo-
stasis (Galloway et al. 2013). These fibroblast-like 
cells are interconnected with one another and 
with adjacent collagen fibers, enabling recogni-
tion of mechanical changes in the ECM (Wang 
2006). The tenocytes are able to respond to load 
and mechanical changes by modulating the deg-
radation and formation of ECM (Wang 2006). 
The preservation of ECM homeostasis is critical 
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in the tendon healing process and its capacity to 
respond to injury.

The ECM is composed predominantly of type 
I collagen, which is the primary constituent of the 
native tendon (Hogan et al. 2011). The longitudi-
nal and parallel arrangement of type I collagen 
enables the ECM to respond to tensile loads 
(Karousou et al. 2008). Proteoglycans also play a 
role in the ECM’s capacity to resist tensile and 
compressive forces (Karousou et al. 2008). 
Indeed, the collagen network of the ECM is 
mechanosensitive and is stabilized by mechani-
cal strain (Bhole et al. 2009). Bhole et al. showed, 
using dynamic differential imaging, that non-
strained collagen fibril was resorbed faster than 
collagen fibrils subjected to strain (Bhole et al. 
2009). Normal physiologic loads on the tendon 
unit are necessary to maintain the ECM homeo-
stasis and structural integrity (Nabeshima et al. 
1996; Flynn et al. 2010).

4.2.1  Mechanism of Tendon Injury

The pathophysiology of tendon injury encom-
passes a wide spectrum of disorders ranging 
from chronic tendinopathy to the acute com-
plete tendon tear. One school of thought 
believes that acute tendon injuries are indica-
tive of a chronic underlying tendon disorder 
(Maganaris et al. 2004). Others believe that 
acute injury results from one tensile overload, 
and chronic injury results from repetitive 
abnormal load over an extended period of time 
(Galloway et al. 2013; Maganaris et al. 2004; 
Lin et al. 2004). The viscoelastic properties of 
tendon allow its capacity to withstand com-
pressive, tensile, and shear loads that are gen-
erated from muscle and transmitted to the rigid 
bone (Bunker et al. 2014). Noyes et al. 
described three primary failure modes of ten-
don injuries: (1) failure through the tendon 
substance, (2) avulsion fracture through the 
cancellous bone beneath the tendon attach-
ment, and (3) failure at the enthesis (tendon 
bone interface) (Noyes et al. 1974). While the 
location of the tear has been well described, 
the type of abnormal load on the tendon unit 

plays an integral role in the pathophysiology of 
tendon injury.

4.2.1.1  Stages of Tendon Healing
The biologic cascade that modulates tendon heal-
ing is divided in three distinct stages, each gov-
erned by different cell types (Sharma and Maffulli 
2006) (Fig. 4.1). The inflammatory stage is ini-
tiated by the traumatic event surrounding tendon 
injury, precipitating the hematoma and the 
agglomeration of platelets, releasing a slew of 
chemotaxic molecules, cytokines, and growth 
factors. The phagocytic cells, monocytes, neutro-
phils, and microphages, migrate to the site of 
injury via dilated vessels and begin the process of 
breaking down the blood clot and extracellular 
matrix. The process of angiogenesis is introduced 
by macrophages where a new network of vascu-
lature matures in the healing tissue (Gelberman 
et al. 1992). The ECM is notably stabilized by the 
increasing amount of collagen type III, which are 
not yet aligned in parallel. The inflammatory 
stage lasts between 3 to 7 days following tendon 
injury. The amount of collagen will steadily 
increase during the first 5 days where the tendon 
callus will reach its largest size (Oliva et al. 
2011).

The proliferative stage follows with an 
increasing amount of intrinsic fibroblast in the 
ECM. These cells emerge from the endotenon 
and epitenon and play a primordial role in resorb-
ing and producing new collagen (Muller et al. 
2015). At this stage, the immature healing ECM 
is still stabilized by a soaring amount of type III 
collagen, and this phase lasts for about 6 weeks. 
During the remodeling stage, the biomechanical 
strength of the tendon is at its greatest. The col-
lagen is reorganized in a longitudinal, parallel 
fashion, while the collagen type III is replaced by 
collagen type I. The ECM will continue to mature 
for the next year with a rising amount of longitu-
dinal and cross-linked collagen, while the callus 
volume of the tendon will decrease and the ten-
don biomechanical strength will continue to 
improve (Hogan et al. 2011). The healed tendon 
is biomechanically weaker than the uninjured 
tendon, with less cross-linking and smaller diam-
eter collagen, and is more susceptible to reinjury 
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(Hyman and Rodeo 2000). Dyment et al. corrob-
orated these findings in a histologic and biome-
chanical study in the mice model, where they 
demonstrated that the healed tendon regains 63% 
of its original strength after an 8-week time 
period (Dyment et al. 2012).

4.2.1.2  Growth Factors
Growth factors are molecules involved in modu-
lating the tendon healing response, more particu-
larly during the inflammation stages following 
injury (Molloy et al. 2003; Sciore et al. 1998). 
The molecules involved include fibroblast growth 
factor (FGF), vascular endothelial growth factor 
(VEGF), platelet-derived growth factor (PDGF-𝛽), 
transforming growth factor-beta (TGF-𝛽), and 
insulin-like growth factor-1 (IGF- 1) (Wurgler-
Hauri et al. 2007; Holladay et al. 2016). While 
these growth factors have been studied exten-
sively in vitro and in vivo, more recently, the 

attention of the scientific community has gravi-
tated toward platelet-rich plasma (PRP) to aug-
ment tendon healing (Filardo et al. 2016). PRP 
has been studied in patellar tendon, rotator cuff, 
lateral elbow tendon, and Achilles tendon (Behera 
et al. 2015; Brkljac et al. 2015; Crescibene et al. 
2015; De Carli et al. 2016; Carr et al. 2015). 
While PRP is widely used in the clinical setting, 
its efficacy is still controversial in the literature 
due to the heterogeneity of the study protocols 
(Filardo et al. 2016). Furthermore, new studies 
have focused on mesenchymal stem cells and 
their potential ability to differentiate into tendon 
cells and promote tendon regeneration (Chen 
et al. 2009).

4.2.1.3  Tendon Healing of Intrasynovial  
and Extrasynovial Tendon

As discussed earlier, the healing process follow-
ing tendon injury is dictated by a multifaceted 

Tendon healing
(one week)
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Peritenon and epitenon

cellular migration
Tendon healing
(three weeks)
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Fig. 4.1 Stages of tendon healing: (a) Inflammatory phase. (b) Proliferative phase. (c) Remodeling phase (Strickland 2000)
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cellular healing response and is also influenced 
by the anatomical location of the injured tendon. 
The intrasynovial tendons, such has flexor ten-
dons of the hand, and extrasynovial tendons, such 
as Achilles tendon, have different physiological 
mechanism of healing. The sheathed tendon 
heals with growth factors secreted from the epi-
tenon and endotenon which passively diffuse 
through the synovial fluid to the site of injury 
(Strickland 2000). On the other hand, extrasyno-
vial tendons, lacking the sheaths and synovial 
fluid, heal via blood flow and growth factors 
secreted by cells from the paratenon (Molloy 
et al. 2003; Galvez et al. 2014). The process of 
tendon healing is further characterized in intrin-
sic and extrinsic healing. During extrinsic heal-
ing, fibroblasts from the paratenon migrate to the 
site of injury and promote adhesion that poten-
tially inhibit tendon excursion (Sammer and 
Chung 2014). On the other hand, intrinsic heal-
ing is characterized by fibroblasts migrating from 
the endotenon and epitenon in the synovial sheet, 
preventing the formation of adhesion with the 
surrounding tissue, facilitating early mobilization 
and strength of healing (Sammer and Chung 
2014). Gelberman et al., in a study of flexor ten-
dons in a dog model, showed that tendon that is 
immobilized after injury leads to collagen resorp-
tion while promoting adhesion with the surround-
ing sheath (Gelberman et al. 1983). In contrast, 
the mobilized tendon had an increase in collagen 
number and longitudinal orientation while dem-
onstrating a decrease in adhesion with the periph-
eral soft tissue (Gelberman et al. 1983).

4.3  Rehabilitation

The cellular response during the tendon heal-
ing process is greatly influenced by the reha-
bilitation protocol initiated after injury. While 
the healed tendon never reaches the original 
strength of the native tendon (Dyment et al. 
2012), there is a need to optimize the rehabili-
tation factors influencing tendon healing. 
Schizas et al., in an animal study on Achilles 
tendons, demonstrated that the immobilized 
healed tendon had decreased strength, length, 

collagen diameter and organized orientation 
(Schizas et al. 2010). Another study exhibited 
similar finding showing that immobilization 
impairs tendon healing (Bring et al. 2009). 
Bring et al., in a histologic study of rat Achilles 
tendons, demonstrated that immobilized ten-
don had a decreased amount of angiogenesis, 
fibroblasts, and production of collagen (Bring 
et al. 2009). Furthermore, early mobilization 
has been shown to enhance healed tendon 
strength and decreased adhesion formation in 
intrasynovial tendons (Strickland 2000). The 
translation of basic science to the clinical set-
ting has yielded precious information regard-
ing post-injury rehabilitation protocols. The 
application of controlled mechanical load 
should be an integral part of tendon healing to 
support ECM regeneration and maintenance 
(Flynn et al. 2010). Valkering et al., in a ran-
domized controlled trial of Achilles tendon 
rupture, showed that functional weight- bearing 
enhances early healing response (Valkering 
et al. 2016). Functional weight- bearing also 
upregulated the release of metabolites associ-
ated with improved healing. The rehabilitation 
program should emphasize physiologic load-
ing applied to the healing tendon to optimize 
ultimate tendon function and repair (Galloway 
et al. 2013).

 Conclusion

The mechanisms governing the healing 
response after tendon injury have been well 
described in the literature where basic research 
led to the translation of ideas and innovation 
in the clinical research setting. While the heal-
ing of intrasynovial tendon such as flexor ten-
dons of the hand differs from extrasynovial 
tendon such as the Achilles tendon, they abide 
to the same biomechanical healing principles. 
The current literature seems to support early 
mobilization along with controlled mechani-
cal loads to maintain the homeostasis of the 
extracellular matrix. Future research should 
continue to explore the applications of growth 
factors and mesenchymal stem cell in order to 
potentially augment the cellular response in 
the tendon healing process.
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Muscle-Tendon Junction Injury

William E. Garrett Jr and Mallory S. Faherty

5.1  Introduction

Muscle strain injury is one of the most frequently 
occurring and debilitating injuries in sport and 
recreation (Glick 1980; Krejci and Koch 1979; 
Nikolaou et al. 1987; O’Donoghue 1984; Ryan 
1969). Both partial and full muscle strain injuries 
result in significant short-term and long-term 
consequences (Garrett et al. 1988). These conse-
quences include time lost from work at signifi-
cant compensation costs and inability to regain 
pre-injury levels of performance (Garrett et al. 
1988). Despite having knowledge of the conse-
quences, the understanding of muscle and tendon 
injuries is still vastly unknown. The exact ana-
tomical location of damage within the muscle- 
tendon junction and the predisposing factors for 
damage in normal, healthy muscle are still unan-
swered questions surrounding muscle strain 
injury (Garrett et al. 1988). Our understanding of 
muscle and tendon injuries has expanded consid-
erably in the last 30 years. Much more is known 
about the pathophysiology of injury in animal 
model and in clinical practice. However, much 
remains to be determined about prevention and 
treatment.

5.2  Structure

The structural link between the myofilaments and 
the connective tissues is the muscle-tendon junc-
tion (Garrett et al. 1988). The muscle-tendon 
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junction is responsible for aiding in the transmis-
sion of tension within the muscle (Garrett et al. 
1988). The tendon fibrils insert on the muscle 
fibers through an elaborate system of folds which 
increases their surface area (Schwarzacher 1960). 
The muscle-tendon junction, otherwise referred 
to as the connecting domain, has a vast number of 
fine filaments which are oriented approximately 
perpendicular to the major force vector (Trotter 
et al. 1981, 1983). These fine filaments connect 
the terminal myofibrils of the lamina densa to the 
collagen fibrils of the tendon (Trotter et al. 1981, 
1983). These filaments have a diameter of two to 
seven nanometers (Ajiri et al. 1978; Hanak and 
Bock 1971; Korneliussen 1973). New sarcomeres 
are developed at the muscle-tendon junction with 
growth and development and/or hypertrophy as a 
result of stretch (Williams and Goldspink 1971, 
1973, 1978). The ability to develop new sarco-
meres and the plasticity at the terminal sarco-
meres, located within the muscle fibers, 
demonstrate the available plasticity of the skeletal 
muscle (Williams and Goldspink 1971, 1973, 
1978). The plasticity allows for localized change 
within the muscle-tendon junction, in addition to 
the possibility of regional structural and func-
tional specializations (Garrett et al. 1988).

Important in the overall structure and func-
tion of the muscle-tendon unit are the tendon and 
ligament. Previous studies have examined the 
viscoelastic characteristics of tendons and liga-
ments (Butler et al. 1978; Solveborn 1983). 
When a tendon or a muscle is loaded with a con-
stant force, the length slowly increases without 
increase in a time-dependent (therefore visco-
elastic) manner (Solveborn 1983; Butler et al. 
1978). Elastic structures produce a constant 
deformation for a constant load (Butler et al. 
1978). The length- tension relation changes with 
load and therefore displays viscoelastic behavior 
rather than strict elastic behavior (Butler et al. 
1978). Increased length in response to a constant 
force is called creep (Butler et al. 1978). If a 
muscle or tendon is stretched to a constant 
length, the measured tension decreases (Butler 
et al. 1978). The decrease in tension over time is 
also referred to as stretch relaxation (Solveborn 
1983; Butler et al. 1978). Cyclic stretching of the 

ligament and tendon to the same length results in 
a decrease in tension with each stretch performed 
(Butler et al. 1978; Solveborn 1983). Descriptions 
of the muscle- tendon unit under two types of 
cyclic repetitive stretching have been provided 
by previous research (Taylor et al. 1985b, 1990). 
With repetitive cyclic stretching to the same 
length, there is an 80% increase in total length 
during the first four stretches (Taylor et al. 
1985b). The stretch relaxation curve following 
the first stretch is significantly different than the 
stretch relaxation curve following the second 
stretch (Taylor et al. 1985b). The third and fourth 
stretch relaxation curves are also different, but 
the final six curves demonstrate no differences 
between them (Taylor et al. 1985b, 1990). 
Another study, similar to the previously 
described study, demonstrated that the peak ten-
sion decreased with each stretch, in addition to 
an overall drop in peak tension of 16.6% between 
the first and tenth stretch (Taylor et al. 1985c). 
There is a significant decrease in peak tension 
between the first four stretches, but the peak ten-
sion in cycles five through ten do not differ 
(Taylor et al. 1985c). This information suggests 
that repetitive stretching will lead to a reduction 
of load on the muscle-tendon junction at a given 
length (Taylor et al. 1985c). This effect is inde-
pendent of any reflex effects or other influences 
mediated by the central nervous system; reflex 
effect and central nervous system influences may 
be involved in addition to the viscoelastic 
response (Taylor et al. 1985a).

The muscle-tendon unit is viscoelastic (Taylor 
et al. 1990). The decline in peak tension, which 
occurs because of the viscoelastic property of 
stretch relaxation, is associated with the internal 
changes in the structure of the muscle (Taylor 
et al. 1990). With each stretch, the relaxation 
curve for the muscle-tendon unit gradually levels 
off at higher tensions than the preceding relax-
ation curve (Taylor et al. 1990). Although a con-
stant amount of tension is not always maintained 
to cause a length increase, varying amounts of 
tension up to a maximum lead to elongation 
(Taylor et al. 1990). This is demonstrative of the 
creep property of the muscle-tendon junction, 
forming a curve toward a maximum deformation 
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(Taylor et al. 1990). Both peak tensile force and 
absorbed energy are dependent upon the rate of 
stretch applied (Taylor et al. 1990). Stretch rate 
dependency is the amount of stress relaxation 
that occurs in a given amount of time (Taylor 
et al. 1990). Slower stretches allow for a greater 
degree of stretch relaxation to occur, resulting in 
lowered peak forces (Taylor et al. 1990). Energy 
is absorbed by the muscle-tendon unit during the 
loading process and is then dissipated during the 
unloading process (Taylor et al. 1990). During 
any one stretch, the rate at which the muscle- 
tendon unit absorbs energy is different from the 
rate at which it dissipates energy (Taylor et al. 
1990). This creates a discrepancy between energy 
put into the system and the energy released form 
the system (Taylor et al. 1990). This difference 
may be explained by heat transfer and/or by 
internal changes within the ultrastructure of the 
muscle (Taylor et al. 1990).

5.3  Function

The function of the muscle and muscle-tendon 
junction has implications for muscle strain injury. 
The amount of stretch that a muscle may endure 
impacts the likelihood of having a muscle strain 
injury (Garrett 1990). Muscles that act on two 
joints are subjected to more stretch than muscles 
that act on one joint and are, therefore, more 
likely to suffer muscle strain injuries (Brewer 
1960). The ability to be stretched at more than 
one joint, based on anatomical location, may play 
a role in the risk of muscle strain injury associ-
ated with these two joint muscles (Brewer 1960; 
Garrett 1990). These two joint muscles have an 
intrinsic tightness; in turn they can limit the abil-
ity to produce range of motion, but normal physi-
ological joint motion can place the muscles in a 
position of increased passive tension (Brewer 
1960; Garrett 1990). Often times these types of 
muscles control the regular movement when they 
are eccentrically contracted (Brewer 1960; 
Garrett 1990). More specifically, they act to pro-
duce joint motion control or decelerate the joint, 
both actions that are eccentric in nature (Brewer 
1960; Garrett 1990).

Normal muscle activated by way of nerve 
stimulation, which has been previously theorized 
to lead to muscle strain injury, does not cause 
complete or incomplete disruption of the muscle 
(Garrett et al. 1984a). Although force is dimin-
ished and there is a failure of the excitation, there 
is no disruption of the muscle and no muscle 
strain injury (Garrett et al. 1984a). In order to see 
any gross microscopic muscle injury, stretch of 
the muscle is required, as opposed to solely nerve 
stimulation of the muscle (Garrett et al. 1984a). 
At the time of muscle failure, the forces produced 
without muscle activation are several times 
higher than the maximum isometric force pro-
duced by the activated muscles (Garrett et al. 
1988). In turn, the passive forces within the mus-
cle may play as much of a role as the active forces 
that occur in the muscle during muscle strain 
injury (Garrett et al. 1988).

The passive components of a stretched muscle 
have the ability to absorb energy, but that poten-
tial is greatly increased by active contraction of 
the muscle (Garrett 1990). This may provide an 
explanation as to why muscles can be injured 
when they are incapable of withstanding strain 
(Garrett 1990). A muscle’s ability to withstand 
strain is a measure of the energy absorbed by the 
muscle prior to failure (Garrett 1990). Strain 
energy is represented as the area underneath the 
curve as it relates stress to strain (Garrett 1990). 
The two components that compose a muscle’s 
ability to absorb energy include the passive com-
ponent which is not dependent on the muscle 
activation and is a property of the connective tis-
sue elements within the muscle, including muscle 
fiber and the connective tissue in the cell surface 
and existing between the fibers (Garrett 1990). 
There is an additional ability to absorb energy 
based on the contractile ability of the muscle 
(Garrett 1990). The active muscle components 
can double the ability of a muscle to absorb 
energy; therefore, conditions which diminish the 
ability of a muscle to contract might also dimin-
ish the ability of the muscle to absorb energy 
(Garrett 1990). Muscle fatigue and weakness are 
considered predisposing factors for muscle 
injury; this implies that the active ability to 
absorb the energy is diminished (Garrett 1990). 
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The ability of a muscle to absorb energy can pro-
tect the bone and joint, as well as the muscle 
itself (Radin et al. 1979). When the muscle is 
under a low strain, the energy absorption is due to 
the active component as opposed to the passive 
component (Radin et al. 1979).

5.4  Injury

A muscle strain is the response of a muscle fol-
lowing forceful stretching in an active or passive 
manner (Garrett 1990). Muscle strains may be 
partial or complete (Garrett 1990). These injuries 
are typically acute and usually a painful event, 
which is recognized by the patient as the event of 
injury (Garrett 1990). Two types of muscle strain 
injuries are possible, direct injury and indirect 
injury (Garrett 1990). Direct muscle strain injury 
is characterized by a contusion, which in turn 
causes an injury based on direct contact to a por-
tion of the muscle (Garrett 1990). An indirect 
injury is typically at or near the muscle-tendon 
junction or the tendon-bone junction (Garrett 
1990). A complete tear indicates that the muscle 
is asymmetric when compared to the non-injured 
contralateral side when the patient is at rest 
(Garrett 1990). When a complete tear occurs, 
typically when the muscle is contracted, there is 
a bulge at the muscle-tendon junction where the 
muscle is still attached to the bone (Garrett 1990).

Muscle strain injury occurs in two ways, a 
stretch of the muscle to complete rupture or, more 
commonly, an incomplete injury in which there is 
not a complete separate of the tissue to the level of 
complete tear (Garrett 1990). A strain injury tends 
to result in bleeding; this bleeding may occur 
immediately post-injury, but there is a possibility 
of experiencing a delay prior to the detection of 
the subcutaneous ecchymosis of one or more days 
(Garrett 1990). This bleeding is not confined to 
the muscle proper; the bleeding also escapes 
through the perimysium and the fascia into the 
subcutaneous space (Garrett 1990). Computed 
tomography has confirmed that within the muscle 
tissue there is also an inflammatory or edematous 
response that occurs in response to muscle strain 
injury (Garrett et al. 1989). Ultrasonography of 

strain injury has demonstrated that bleeding and 
hematoma can collect between the muscle tissue 
and the surrounding fascial compartment as a 
result of the injury (Fornage et al. 1983).

McMaster, in 1993, completed one of the first 
studies describing injuries at the muscle-tendon 
junction (McMaster 1933). When there is a nor-
mally occurring stretch in the muscle-tendon 
junction, disruption of the tendon is not present 
(McMaster 1933). More likely than injuries to 
the muscle-tendon unit are injuries at the bone- 
tendon junction, the muscle-tendon junction, and 
the muscle substance tears (McMaster 1933). 
Immediate changes are demonstrated in the 
muscle- tendon junction following a controlled 
passive strain injury limited to the plastic region 
of the deformation curve; there is also a limited 
rupture of the most distal muscle fibers along 
with hemorrhage (Nikolaou et al. 1987). This is 
in agreement with previous studies examining the 
failure properties of the muscle-tendon units 
under passive extension, demonstrating that the 
muscle-tendon junction is the site of rupture and 
therefore the weakest point in the muscle-tendon 
unit (Nikolaou et al. 1986).

When failure occurs, the muscle fibers near 
the muscle-tendon junction fail as opposed to a 
clear separation of the tendon from the muscle 
fibers; in other words, a small amount of muscle 
tissue remains attached to the tendon (Garrett 
et al. 1988). When passive extension is utilized to 
create muscle strain injuries, those muscle- 
tendon systems that are deemed normal do not 
rupture within the tendon (Garrett et al. 1988). 
The passive extension leads to rupture at the ten-
don insertion, an avulsion of the muscle organ, a 
rupture in the muscle belly, a separation of the 
muscle-tendon junction, or a fracture of the bone 
(Garrett et al. 1988). During passive extension, 
the weakest point in the muscle-tendon unit has 
been identified as the muscle-tendon junction 
(Garrett et al. 1988). The distal end of the muscle- 
tendon junction, more specifically, has been iden-
tified as the weakest point in the muscle-tendon 
unit (Garrett et al. 1988). The muscle architecture 
plays an important role in the failure point, when 
the muscle is stretched (Garrett et al. 1988). A 
majority of muscles, regardless of type, fail at the 
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muscle-tendon junction, more specifically at the 
distal muscle-tendon junction (Garrett et al. 
1988). This does not hold true for the gastrocne-
mius, which is a multipennate muscle (Garrett 
et al. 1988). The multipennate architecture results 
in an arrangement of the muscle-tendon junction 
which is more complicated than other arrange-
ments (Garrett et al. 1988). This architecture 
diminishes the ability to categorize the distal and 
proximal tears of the muscle-tendon junction, 
like can be done with more simplistic muscle 
architecture types (Garrett et al. 1988). For exam-
ple, in experiments, 55.5% of gastrocnemius 
muscles stretched into passive extension have a 
clear failure point at the distal muscle-tendon 
junction (Garrett et al. 1988). The remaining per-
centage of failures occurs between the muscle- 
tendon junctions, separating the two heads of the 
gastrocnemius or within each gastrocnemius 
head along the deep tendon expansions (Garrett 
et al. 1988). Although these remaining failures 
cannot be categorized into distal or proximal 
muscle-tendon junction failures, they still follow 
a similar pattern of failure when compared to the 
other muscles tested and still occurred in the 
muscle-tendon junction (Garrett et al. 1988). 
Regardless of muscle architecture, when muscles 
are passively extended, no failures occur mid-
belly of the muscle fibers, within the tendon, or at 
the origin or insertion of the tendon to the bone 
(Garrett et al. 1988). Ruptures of the muscle- 
tendon junction do not cleanly separate the ten-
don from the muscle; during passive extension, 
when failure occurs, the tendon which is avulsed 
carries approximately 0.5 mm of the muscle 
fibers away with it (Garrett et al. 1988).

Rate of strain is necessary to create a strain 
injury in human muscle and alters where the fail-
ure will occur (Garrett et al. 1988). A range of 
rates is present because of the influence of inter-
nal factors including muscle type, muscle archi-
tecture, physiologic conditioning, and strength 
(Garrett et al. 1988). Rate of strain may also be 
influenced by external factors including warm-up 
prior to vigorous activity and fatigue (Garrett 
et al. 1988). During passive extension, regardless 
of the rate of strain, the point of failure is always 
the muscle-tendon junction (Garrett et al. 1988). 

Studies examining passive stretch have demon-
strated that disruption within the muscle-tendon 
junction is predictable within a range of strain 
rates (Garrett et al. 1984a). This is true for all 
muscle types during passive stretch; regardless of 
architectural features and direction of strain, the 
injury still occurs at the muscle-tendon junction 
(Garrett et al. 1984a). A stretch of the muscle 
from either the proximal or distal tendon, without 
preconditioning or muscle activation, still fails 
and demonstrates disruption on or near the 
muscle- tendon junction (Garrett et al. 1984a). 
The biomechanical response of the muscle when 
the stretch occurs may be related to the muscle 
fiber length (Wikiewicz et al. 1983). Muscle 
strain injury does not occur after a relatively con-
stant muscle fiber strain (Huxley and Peachey 
1961). The ends of the muscle fibers near the 
muscle-tendon junction do not strain as much as 
the fibers that are in the more central area of the 
muscle (Huxley and Peachey 1961).

Decreases in contractile ability, which has 
been measured as maximal isometric tension, 
come before the decrement of tensile stretch in 
muscles which undergo strain injury (Noonan 
et al. 1994). This suggests that structural changes 
in the muscle affect primarily the contractile 
apparatus, leaving the connective tissue frame-
work of the muscle essentially unaffected 
(Noonan et al. 1994). This would cause a decrease 
in the contractile ability without altering tensile 
parameters (Noonan et al. 1994). In contrast, it is 
possible that connective tissue damage does 
occur before or simultaneously with contractile 
tissue injury, because the conclusion of unaltered 
tensile properties is based on the idea that failure 
properties do not change (Noonan et al. 1994). 
Functional impairment may occur without a con-
current decrease in tensile strength, which may 
be clinically important in consideration of mus-
cle strain injury (Noonan et al. 1994). There is a 
general sense that muscles are injured during 
powerful eccentric muscle activation (Noonan 
et al. 1994). During these eccentric contractions, 
the muscle absorbs energy and continues to func-
tion throughout the contraction to aid in preven-
tion of injury (Noonan et al. 1994). If the muscle’s 
contractile ability is impaired, its ability to absorb 
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energy is impaired; this would put the muscle as 
significant risk of new injury or reinjury (Noonan 
et al. 1994). In turn, functional impairment even 
in the face of preserved tensile strength may lead 
to an increased risk for subsequent more severe 
muscle injury (Noonan et al. 1994).

In a study by Nikolaou et al., the passive 
stretch injury in a rabbit’s tibialis anterior muscle 
was stretched to a force equal to 130% of their 
body weight, which is approximately 80% of the 
ultimate rupture force of the muscle-tendon unit 
at a rate of 10 cm/min (Nikolaou et al. 1987). The 
maximum force generation from a tetanic con-
traction in the tibialis anterior muscle was 70.5% 
of the control muscle immediately after the 
injury; by 24 h post-injury, the tetanic contraction 
was 51.1% of the control (Nikolaou et al. 1987). 
By 48 h post-injury, the contraction was 74.5% of 
the control muscle, and at 7 days, the contraction 
was 92.5% of the control muscle (Nikolaou et al. 
1987). Histology studies showed that there were 
limited distal fiber rupture and hemorrhage 
immediately following the muscle strain injury, 
but within 24 h, there were fiber necrosis, inflam-
mation, and edema (Nikolaou et al. 1987). Forty- 
eight hours post-injury, there were complete fiber 
breakdown and more intense inflammation, fol-
lowed by collagen fibrosis 7 days post muscle 
strain injury (Nikolaou et al. 1987). In a similar 
study on rabbit extensor digitorum longus that 
were stretched at 10 cm/min to deformation, the 
contractile ability of the muscle was dramatically 
decreased when tested immediately after the 
muscle strain injury (Taylor et al. 1986). The 
muscle strain injury caused a statistically signifi-
cant decrease reported in the total deformation 
and the load to failure (Taylor et al. 1986).

Clinical findings have indicated that muscle 
injuries occur most often during powerful eccen-
tric contractions (Glick 1980; Peterson and 
Renstrom 1986; Zarins and Ciullo 1983). This 
has been evaluated in the research setting while 
stretching muscles to failure under three condi-
tioning of motor nerve activation (Garrett et al. 
1987). The conditions tested included tetanically 
stimulated, submaximally stimulated, and 
unstimulated (Garrett et al. 1987). In the groups 
that failed and a muscle strain injury was pro-

duced, only 15% higher forces were generated in 
the stimulated muscles (Garrett et al. 1987). 
Between all of the groups, the location of failure, 
which was at or near the muscle-tendon junction, 
did not change (Garrett et al. 1987). In contrast, 
muscles that were stretched to failure while acti-
vated had energy absorptions rates that were 
about 100% greater (Garrett et al. 1987).

Eccentric contractions, which stretch or 
lengthen the muscle, have the potential to pro-
duce contractions of much higher force when 
compared to other contraction types, including 
when the muscle stays at a constant length (iso-
metric contraction) and when the muscle is 
allowed to shorten (concentric contraction), 
which shortens the muscle (Garrett 1990). 
Therefore, the development of excessive force 
within the muscle-tendon unit is increased 
(Stauber 1989). During eccentric contraction, the 
passive elements of the muscle, which include 
the connective tissue, provide a low level of force 
throughout the contraction (Elftman 1966). In 
order for these passive elements to provide resis-
tance, there must be enough stretch applied to the 
muscle; prior to the stretch or prior to this thresh-
old of stretch, there is no resistance or very little 
resistance provided by these passive elements 
(Elftman 1966). In the muscle-tendon unit, pas-
sive forces do provide some limit to range of 
motion (Garrett 1990). The role of passive forces 
means that there is an association between excess 
strain, which causes muscle strain injury, and 
eccentric muscle contraction, which by definition 
is associated with muscle stretch (Garrett 1990).

5.5  Recovery

Functional recovery of muscle can be identified 
through physiological testing which includes 
maximal force production in response to a nerve 
stimulation (Nikolaou et al. 1987; Garrett 1990). 
Following acute injury, muscles produce 70% of 
their normal force production (Nikolaou et al. 
1987). Within 24 h of initial injury, the force pro-
duction of a muscle declines to about 50% of the 
normal force production of the muscle; the com-
parison is the force production of the healthy, 
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non-injured muscle (Nikolaou et al. 1987). Seven 
days following the initial injury, the force pro-
duction of the muscle is greatly improved, with 
measures up to 90% of the normal force produc-
tion of the muscle (Nikolaou et al. 1987). This 
represents recovery of contractile ability, which 
is relatively rapid (Nikolaou et al. 1987). Even 
when the contractile ability is initially dimin-
ished, it returns to its normal strength within 
7 days of the initial acute injury (Nikolaou et al. 
1987).

Recreation of a nondisruptive muscle strain 
injury has been accomplished by stretching an 
unstimulated muscle and observing the force- 
displacement relationship (Nikolaou et al. 1987). 
If the slope is no longer linear and the muscle is 
considered to have undergone a “plastic” defor-
mation, the resulting alterations are a material 
structure (Nikolaou et al. 1987). The ability of 
the muscle to recover has been demonstrated 
through physiology and histology studies 
(Nikolaou et al. 1987). These types of injuries 
can be recreated by stretching the muscle to 80% 
of the force necessary to disrupt the contralateral 
muscle (Nikolaou et al. 1987). The histological 
studies show that injuries nondisruptive to the 
whole muscle can cause a disruption of a small 
number of muscle fibers near the muscle-tendon 
junction (Nikolaou et al. 1987). The fibers do not 
actually tear at muscle-tendon junction; rather 
they tear within the fibers a short distance from 
the tendon; rarely does the tear occur near the 
middle of the muscle fiber (Nikolaou et al. 1987). 
When these types of injuries are demonstrated 
acutely, there is some hemorrhage within the 
muscle which is a mark of the distribution that 
has occurred (Nikolaou et al. 1987). Within 1 to 
2 days, the inflammatory reaction becomes more 
pronounced, there is an invasion of inflammatory 
cells, and the edema is now present (Nikolaou 
et al. 1987). When the injury reaches day seven, 
the inflammation reaction is being replaced by 
an increase in the fibrous tissue near the region 
of the actual injury; although some of the muscle 
fibers have begun the regeneration process, nor-
mal histology is not restored at this point, and 
the scar tissue is still present (Nikolaou et al. 
1987).

Speed is also a consideration for recovery fol-
lowing muscle strain injury (Nikolaou et al. 
1987). There are no differences in force or elon-
gation to failure when examining the speed at 
which muscles are pulled to failure at speeds of 
10 cm/min and 100 cm/min (Nikolaou et al. 
1987). Biomechanical studies on rabbits demon-
strated that passively strained muscle can recover 
function within 48 h, in contrast to the histologi-
cal findings at 48 h, which demonstrate inflam-
mation and active healing (Nikolaou et al. 1987). 
In patients with acute muscle strain, decreased 
function is observed at periods of up to 48 h fol-
lowing injury (Nikolaou et al. 1987). This 
decreased function is not due to the further degra-
dation of contractile function of the injured mus-
cle, but due to the edema and the increased pain 
caused by the inflammatory nature of the healing 
process (Nikolaou et al. 1987). The formation of 
scar and localized fibrosis seen at 7 days may 
also play an important role in the tendency for 
these muscle strain injuries to reoccur (Nikolaou 
et al. 1987).

5.6  Clinical Implications

Muscle strain injury has a significant impact on 
sport and recreation (Garrett 1990). Sports requir-
ing large amounts of sprints and bursts of speed 
and/or rapid acceleration have a high likelihood 
of muscle strain injury (Peterson and Renstrom 
1986). These sports include speed athletes, those 
who participate in American football, basketball, 
rugby, and soccer (Peterson and Renstrom 1986). 
In addition to requirements for sport participa-
tion, intrinsic factors also influence risk of mus-
cle strain (Garrett et al. 1984b). Generally, the 
injured muscles are more superficial and cross 
two or more joints (Garrett et al. 1984b). These 
muscles also tend to have a relatively high per-
centage of type II, fast-twitch muscle fiber 
(Garrett et al. 1984b). Muscles that have a high 
percentage of fast-twitch, type II muscle fiber 
require faster contractions within the muscle 
(Garrett et al. 1984b). Because of this require-
ment for faster contractions, kinesiology, and the 
high speeds that the contractions can reach, these 
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muscles are predisposed to injury during sport 
participation (Garrett et al. 1984b).

Establishing the effectiveness of commonly 
used clinical modalities is important for the pre-
vention and treatment of muscle strain injury 
(Noonan et al. 1994). The effects of commonly 
utilized modalities such as stretching have been 
previously evaluated (Noonan et al. 1994). It may 
be most appropriate to evaluate injury prevention 
through testing the ability to prevent or minimize a 
smaller-scale injury instead of a complete rupture 
injury (Noonan et al. 1994). This would indicate 
that the injury is closer to the injury threshold, as 
opposed to being at the extreme end of total rup-
ture and total failure (Noonan et al. 1994). A 30% 
stretch has been identified as the point in which 
there is a failure of force within the muscle, trans-
lating to a loss of the ability of the muscle to con-
tract following the stretch (Noonan et al. 1994). In 
contrast, muscle-tendon junctions stretched to 
20% of failure force suffered no  decrement in con-
tractile ability (Noonan et al. 1994). This suggests 
that there may be a threshold for passive stretch 
injury in the muscle-tendon junction (Noonan 
et al. 1994). This is supported by histologic exami-
nations; fiber disruption and hemorrhage are only 
found in muscles stretch to 30% of the force fail-
ure (Noonan et al. 1994). This information is 
meaningful because the identification of a thresh-
old may be useful for evaluating the effect of vari-
ous treatments or routines on passive 
stretch-induced muscle injury (Noonan et al. 
1994). By finding this threshold for injury, there 
are, perhaps, exact mechanisms by which passive 
stretch-induced injury occurs can be elucidated 
(Noonan et al. 1994).

The inclusion of warm-up periods prior to an 
exercise task has been debated, due to the perfor-
mance and injury prevention benefits warm-ups 
may provide (Safran et al. 1988; Asmussen, Boje 
1945; DeBruyn-Prevost 1980; Genovely and 
Stamford 1982; Ingjer and Stromme 1979; 
Karpovich and Hale 1956). The intention of a 
warm-up period is to improve performance and 
reduce risk of injury, although this has not been 
demonstrated (Asmussen and Boje 1945; 
DeBruyn-Prevost 1980; Genovely and Stamford 
1982; Ingjer and Stromme 1979; Karpovich and 

Hale 1956; Safran et al. 1988). The warm-up 
period should include stretching and active mus-
cle contractions, increasing the range of motion 
of the joints and muscle-tendon units, in addition 
to increasing the temperature of the muscles and 
the efficiency of the contracts that the muscles 
produce (Kulund and Tottossy 1983; Beaulieu 
1981; Williford et al. 1986). The protective effect 
that the warm-up period may have has been 
attributed to the increased range of motion and 
reduced stiffness that is a direct result of the 
increase in muscle temperature (Safran et al. 
1988). With a four-degree increase in the tem-
perature of the muscle, the amount of elongation 
which can occur without subsequent rupture is 
increased (Strickler et al. 1990). Evidence is 
available to show that greater force and increased 
length are needed to tear isometrically precondi-
tioned muscle or muscle that has gone through a 
warm-up period (Safran et al. 1988). Regardless 
of the muscle having gone through a warm-up 
period, the site of failure is always the muscle- 
tendon junction (Safran et al. 1988). Muscles 
which have not gone through a warm-up period 
appear to be inelastic when the length of the mus-
cle is increased (Safran et al. 1988). This is the 
biomechanical evidence necessary to prove that 
warm-up periods may reduce the incidence of 
muscle strain injury (Safran et al. 1988).

 Conclusion

This chapter has reviewed the nature of muscle 
strain injury in animal model and correlated 
with clinical studies on muscle strain injury. It 
is known that most indirect muscle injuries 
occur in response to stretch and usually while 
the muscles are activated, therefore resisting 
stretch. Injury locations are not random in the 
muscle belly, but rather in the muscle-tendon 
junction. Most of the research presented was 
studied utilizing specialized equipment requir-
ing incisions of the tendon. Recent advances in 
technique allow for the creation of injury in a 
nondisruptive manner that allows for the study 
of treatment therapies and general recovery. 
Muscle injuries cause a great deal of time loss 
and disability. Much remains in our understat-
ing of muscle strain injury.

W.E. Garrett Jr and M.S. Faherty
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MRI of Muscle and Tendon 
Pathology

Giuseppe Monetti, Gianluca Rampino, 
and Giuseppe Rusignuolo

6.1  Introduction

Magnetic resonance imaging (MRI) plays a large 
role in the evaluation of muscle pathology. This 
role is shared with dynamic ultrasound (US), 
which is still the gold standard method.

A key advantage of MRI in assessing muscle 
conditions is its multiplanar capability, which 
affords visualization of structures in the three 
spatial planes: sagittal, axial, and coronal.

Another major strength of MRI is its ability to 
provide panoramic views, which allow visualiza-
tion of a whole limb in a single sequence, some-
thing that is extremely difficult to achieve with 
US.

MRI is the method of choice to examine all 
body structures—muscles, tendons, ligaments, 
vessels, bone, etc.—because it provides a wide 
range of sequences that meet most diagnostic 
requirements.

A further advantage of MRI is its non-invasive 
nature, especially compared with computed 
tomography (CT) and standard radiography.

Its single drawback is related to metal materi-
als, especially metals other than titanium, which 
generate significant artefacts that severely impair 
scan evaluation.
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6.2  Standard MRI

Standard or tunnel MRI, which is by far the most 
widely used MRI technique, employs a broad 
range of magnetic fields which in human imaging 
range from 0.25 to 3 Tesla.

Especially in high-field magnets, a range of 
available sequences allow selecting the one that 
is more appropriate to the structure and condition 
being examined.

T1-weighted sequences provide a morpholog-
ical image of muscle (Fig. 6.1a).

T2-weighted sequences, which generate high- 
contrast images, afford functional assessment by 
clearly depicting inflammatory processes, fluid, 
or overtly liquid components in muscle 
(Fig. 6.1b).

An especially useful sequence in assessing 
muscle is the fat-suppression sequence, which 
removes the signal from adipose tissue, thus pro-
viding accurate information on lipomas.

6.2.1  Contrast-Enhanced MRI

Contrast agents are employed when very high 
definition is needed. They can contribute to dif-
ferential diagnosis, particularly in the case of 
degenerative conditions, by differentiating 
among benign neoplasms or, more importantly, 
malignancies (Fig. 6.2a–b)

Paramagnetic contrast agents better tolerated 
than non-iodinated agents, especially where ana-
phylactic shock is concerned.

6.2.2  Magnetic Resonance 
Angiography

Magnetic resonance angiography (MRA) pro-
vides highly detailed images of the arterial and 
venous network. Its limited invasiveness is highly 
valuable to assess upper and lower limb muscle 
pathology.

a b

Fig. 6.1 (a) Axial image acquired at the level of the thigh 
with a T1-weighted (morphological) sequence showing a 
large haematoma due to complete ischiocrural muscle 

rupture. (b) Image acquired using a high-contrast 
sequence like STIR. The functional information and the 
hyperintense fluid component are very clearly depicted

G. Monetti et al.
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MDC

a b

Fig. 6.2 (a) New, space-occupying, malignant formation 
involving the medial distal third of the thigh, where unen-
hanced T1-weighted sequences afford poor definition of 
the mass compared with adjacent muscle. (b) Same lesion 

as in A. Marked though inhomogeneous enhancement in 
the peripheral and central portion of the lesion obtained 
with a contrast-enhanced sequence

Fig. 6.3 Fusion technol-
ogy allows overlaying 
MRI, CT, and US scans 
also when using colour and 
power Doppler or, in this 
case, elastography

6.2.3  Fusion Technology

This approach allows MRI scans to be superim-
posed on images acquired with other modalities 
such as US and CT.

Fusion technology is particularly valuable in 
the follow-up of malignancies and post-trau-
matic conditions, since it affords accurate moni-
toring of lesion resolution and progression 
(Fig. 6.3).

6 MRI of Muscle and Tendon Pathology
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6.2.4  Diffusion MRI

This approach detects the abnormal motion of 
water molecules, providing very clear images of 
trauma-induced muscle lesions, such as haemor-
rhage and haematoma, and critical information 
on signal changes related to metabolic muscle 
disorders.

The method provides two techniques: 
diffusion- weighted imaging (DWI) and diffusion 
tensor imaging (DTI).

With DWI, the more widely used, ADC maps 
enable a more clear visualization of tissue pathol-
ogy (Fig. 6.4).

DTI (tractography) provides a detailed image 
of the whole course of structures such as periph-
eral nerves (Fig. 6.5).

6.2.5  MR Elastography

A further application of the MR technology, MR 
elastography, uses fast DWI sequences to depict 
muscle during contraction and relaxation.

6.2.6  Upright MRI

Even though upright MRI has been available for 
some years, manufacturers are still few.

The method has considerable added value in 
the examination of musculoskeletal conditions, 
since it affords accurate assessment of structures, 

Fig. 6.4 DWI with ADC map provides high-definition 
images of muscle lesions based on the motion of hydro-
gen molecules

Fig. 6.5 With DTI, the course of individual nerves can be 
extrapolated from surrounding structures using image 
subtraction sequences

G. Monetti et al.
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especially in relation to patient posture, which 
clearly is mostly upright.

In particular, upright MRI allows resolving 
some differential diagnostic queries that cannot 
be decided on scans obtained with standard MRI.

6.2.7  Dynamic MRI

Our diagnostic imaging department has been the 
first to develop dynamic MRI at the international 
level, using the ESAOTE G-scan Brio magnet 
(Genova, Italy). The method is proving highly 
successful both in orthopaedic and neurosurgical 
applications.

The generation of dynamic scans while the 
patient is making movements in slow motion 
(internal and external rotation, flexion, and exten-
sion, to mention just a few) allows ideal assess-
ment of the movement of each joint and muscle 
group, as dynamic US has been doing for some 
years. The panoramic views offered by MRI are a 
major advantage that enables very accurate 
diagnoses.

Our radiology technicians, Alessia Principe 
and Filippo De Carli, have been working to 
develop this important innovation with great pro-
fessionalism and enthusiasm.

6.3  Muscles

6.3.1  Trauma-Related Conditions

Trauma-induced muscle injuries are among the 
most common musculoskeletal conditions.

Traumas can be divided into minor and major.

6.3.1.1  Minor Traumas
Injury to subcutaneous adipose tissue (crush 
injury) can be divided into lymphoedema, fat 
necrosis, and fascial shearing injury. The latter 
condition induces subcutaneous and suprafascial 
haematomas and is known as Morel-Lavallée syn-
drome (grade 1, 2, and 3, respectively) (Fig. 6.6).

MRI is indicated only in patients with extensive 
Morel-Lavallée syndrome, since US examination 
is easier to perform and sometimes conclusive.

Muscle injuries include contracture, elonga-
tion, and contusion.

Contractures and elongations are induced by 
an indirect mechanism—they thus lack tears of 
intrinsic muscle fibres and are characterized by 
oedema.

Contusions induce muscle changes due to 
direct trauma; the main injury often involves the 
deep muscle plane, where the propagation of the 
force vector is halted by bone.

In patients with contractures and elongations, 
MRI can depict changes in signal intensity 
related to oedema formation. Its characteristic 
high signal intensity and inhomogeneous distri-
bution are easier to see using high-contrast 
sequences.

A typical minor muscle injury, delayed-onset 
muscle soreness (DOMS), is due to perifascial 

Fig. 6.6 Grade 3 Morel-Lavallée lesion involving the 
subcutaneous fat adjacent to the tensor fasciae latae mus-
cle of the right thigh; the underlying muscle is unaffected

6 MRI of Muscle and Tendon Pathology
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oedema. Again, high-contrast sequences, espe-
cially STIR, are the most suitable (Fig. 6.7).

6.3.1.2  Major Traumas
Major muscle traumas are divided by their sever-
ity into partial and complete rupture.

Injury grading and the definition of distraction 
should be reserved to clinical settings, whereas 
the MRI report should describe the lesion in terms 
of extent, compartment, and extra- compartmental 
extension, as appropriate.

Partial ruptures are often fairly difficult to 
diagnose if they involve minor injury. MRI is 
eminently suitable to monitor haematoma evolu-
tion. Haematomas are found in partial as well as 
complete lesions, because they are related to fibre 
tearing.

Haematomas form in the first few hours after 
the trauma, in the hyperacute phase, which lasts 
ca. 12 h, and show inhomogeneous signal inten-
sity due to the erythrocyte fraction (oxyhaemo-
globin phase).

The acute phase, marked by erythrocyte lysis, 
usually takes place from 24 to 48 after the injury 
(deoxyhaemoglobin phase).

The subacute stage—from ca.48 to 72 h post- 
trauma—is related to complete colliquation of the 
haematoma (methaemoglobin phase) (Fig. 6.8).

Finally, the last stage (chronic phase) involves 
organization of the haematoma, if it is not treated, 
due to haemosiderin degradation processes.

In this phase, the haematoma may undergo 
calcification, which in the most severe cases may 
evolve to metaplastic ossification.

The main advantages of MRI over US in this 
setting are related to site, extension, signal, 
course, and morphology.

Fig. 6.7 Clear involvement of myofascial components in 
a patient with DOMS

Fig. 6.8 Subacute phase of the lesion, assessed about 
72 h from the trauma (methaemoglobin phase). Complete 
colliquation of the haematoma allows appreciating its 
actual extent also in view of its evacuation

G. Monetti et al.
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Site: muscle lesions may be found in anatomi-
cal areas that are difficult to assess by US, in par-
ticular the pelvic muscles such as the internal and 
external obturators, the iliopsoas, and the quadra-
tus femoris, which are not clearly visualized by 
US.

Extension: it relates to the multiplanar ability 
and, especially, the panoramic views offered by 
MRI.

Signal: MRI accurately depicts the changes 
related to the trophism of muscle components, 
particularly fatty replacement of muscle fibres, 
which may be due to trauma or, more often, neu-
romuscular disease (Fig. 6.9).

Course and morphology: these advantages 
make MRI the imaging modality of choice to 
study large, flat muscles such as the dorsal mus-
cles and pelvic muscles like the piriformis, where 
the absence of a thick layer prevents US from 
supplying useful findings.

Since MRI involves scanning in the coronal 
plane, it provides an optimal depiction of these 
changes, besides the panoramic views that enable 
comparing a structure to the contralateral one.

Organized haematomas deserve special atten-
tion, since they often have the same appearance 
as tumours, both benign and malignant.

The workup of these patients should include 
imaging with a paramagnetic contrast agent, 
power and colour Doppler examination, and, 

where appropriate, also a dynamic MRI scan, 
which provides a clearer definition of the 
involvement of adjacent structures by the 
lesion.

Fusion technology, which involves overlaying 
MRI and US scans, supplies valuable informa-
tion in the follow-up of these lesions.

Patients with muscle injuries often suffer from 
concomitant vascular lesions, since wide tears 
and extensive haematomas may also involve dis-
location or compression of adjacent vascular and 
nerve structures.

6.3.2  Myofascial Disinsertion

Myofascial disinsertion often poses a diagnostic 
challenge, be it assessed by dynamic US or by 
MRI.

However, MRI is clearly the superior modal-
ity, since it allows comparison with the healthy 
contralateral limb using panoramic views and 
accurately demonstrates the distinctive hyperin-
tense, crescent-like signal of these injuries in 
high-contrast sequences.

Dynamic MRI is a further highly useful 
approach to diagnose these lesions.

6.3.3  Myotendinous Avulsion

We feel that the diagnostic role of MRI in these 
injuries is ancillary, because especially in the 
acute phase, standard X-rays, associated where 
necessary with 3D CT reconstruction, are still the 
method of choice.

MRI and US are effectively employed at a 
later stage, when the involvement of musculoten-
dinous structures is assessed in view of the treat-
ment selection.

6.3.4  Lesions Due to Compression 
Injury

In these lesions, MRI plays a crucial role, since it 
affords accurate and thorough evaluation of the 

Fig. 6.9 MRI provides optimal definition of the interface 
among different tissues, in particular muscle and fat, as in 
this giant cell tumour, whose fibroadipose tissue compo-
nent is clearly outlined against adjacent muscle
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involvement of neighbouring anatomical 
structures.

Dynamic MRI is currently the most informative 
technique, since the interpretation of the partial or 
complete involvement of large muscle groups 
using static MRI is sometimes inconclusive.

Dynamic MRI, which evaluates structures 
under active and passive contraction and relax-
ation, consistently provides to the surgeon a 
detailed map of muscle involvement by the 
lesion.

6.3.5  Post-traumatic Degenerative 
Conditions

Post-traumatic degenerative conditions comprise 
several changes, first of all scar fibrosis, which 
always follows a lesion.

Other common conditions include metaplastic 
ossification, rhabdomyolysis, compartmental 

syndrome, and, less frequently, conditions such 
as cysticercosis and echinococcosis.

6.3.5.1  Post-traumatic Fibrosis
These conditions should be subdivided into fibro-
sis resulting from partial/complete muscle rup-
ture in the injured area and generalized fibrosis, 
which is a sequela of extensive contusions involv-
ing large muscle tracts.

Scar fibrosis is the most common degenerative 
event after a trauma, since the repair of torn mus-
cle fibres always involves formation of a scar of 
variable extent (Fig. 6.10).

The imaging modalities of choice for this type 
of processes are power and colour Doppler and 
elastography, which afford optimal assessment of 
the lesion and, especially, depict any ongoing 
neoangiogenesis or lesion recurrence. MRI there-
fore plays a limited role.

MRI may usefully be employed to assess the 
contralateral limb, especially in patients with 

Fig. 6.10 The high-definition image provided by this 
bilateral MRI scan enables assessing muscle trophism. On 
the right, note the markedly hypotrophic ischiocrural 

muscles, whose signal indicates the beginning of fibroadi-
pose replacement as a result of the nerve injured
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hypotrophy/hypertrophy of the muscle compo-
nents involved, and to depict fatty replacement in 
injured muscles.

6.3.5.2  Metaplastic Ossification
Haematomas, which are often due to compres-
sion injury, may undergo degeneration if they are 
not appropriately treated. In metaplastic ossifica-
tion (myositis ossificans), muscle is replaced by 
calcified tissue.

Standard radiography and CT are the imag-
ing methods of choice, especially in overt 
pathology.

MRI does not play a large role and is usefully 
supplemented by US scanning, especially in the 
early phase, when US is capable of detecting cal-
cium deposits in the haematoma already on the 
third to fourth day.

6.3.5.3  Rhabdomyolysis
Muscle rhabdomyolysis may be due to a variety 
of causes, among them metabolic disorders such 
as post-traumatic fatigue.

Excessive loading induces muscle fibre 
degeneration, which involves an acute and a 
chronic stage.

The diagnosis is strictly haematochemical (by 
determination of muscle enzymes), or it may also 
include needle biopsy or electron microscopic 
examination. The typical acute-phase MRI and 
US finding is a disrupted architecture of muscle 
bundles, which consist of a fibrous stroma and of 
parallel fibres forming tertiary bundles.

The acute phase, which is accompanied by 
cramps and stiffness, lasts 8–10 days.

In the majority of patients, the condition resolves 
slowly, although the tissues may still show signal 
changes due to residual areas of fibrosis.

6.3.6  Compartmental Syndromes

Compartmental syndromes are common in ana-
tomical districts where vascular and nerve struc-
tures can be trapped by hypertrophic muscles (as 

in body builders), large haematomas, or space- 
occupying lesions.

In these patients, MRI is capable of depicting 
direct and indirect signs of compression.

Direct signs are changes in normal muscle 
architecture and signal alterations due to isch-
aemic processes involving the muscle.

Indirect signs are often related to extensive 
lymphoedema of adjacent subcutaneous adipose 
tissue.

An anatomical area that is particularly prone 
to compartmental syndrome is the anterior tibial 
region, where vascular and nerve structures are 
compressed by bone in the deep plane and by 
retinacula and aponeuroses in the superficial 
plane (Fig. 6.11).

Also in these cases, dynamic MRI provides a 
useful adjunct, since it often supplies high- 
definition images of the compressed area.

Fig. 6.11 Marked subcutaneous lymphoedema involving 
the anteromedial aspect of the leg due to early acute-phase 
compartmental syndrome
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In the immediate post-trauma period, power 
and colour Doppler afford accurate examination 
of vascular and nerve compression injuries.

6.3.6.1  Muscle Hernias
Muscle herniation occurs when tearing allows 
muscle protrusion through a superficial aponeu-
rotic fascia.

Hernias, which include the so-called sports 
hernias, typically occur in the anteromedial apo-
neurotic fascia at the level of the tibia and at para-
umbilical and inguinal sites.

MRI is not the imaging modality of choice for 
their evaluation. A dynamic US scan taken dur-
ing a Valsalva manoeuvre clearly depicts the her-
nia by showing fascial discontinuity.

A differential diagnosis is often required with 
pseudohernias, which are determined by muscle 
compression due to a lax aponeurotic fascia.

Here, too, MRI is not indicated, except to 
depict the muscle compression at the level of the 
aponeurotic fascia (with dynamic MRI) during 
muscle contraction and relaxation or during a 
Valsalva manoeuvre.

Accessory muscles, especially the soleus and 
the anconeus epitrochlearis accessory muscle, 
are not uncommon and should always be kept in 
mind, because they partially alter the morphol-
ogy of the district and require examination of the 
contralateral limb.

The panoramic views and its ability to pro-
vide scans under muscle contraction and relax-
ation make dynamic MRI the imaging method 
of choice for these lesions, in conjunction with 
US.

6.3.6.2  Neuromuscular Conditions
There are several neuromuscular disorders, 
involving the first and second motor neurons and 
the nervous system, whose diagnosis is not within 
the remit of the radiologist.

The task of MRI, and where appropriate of 
US, is to monitor, at the behest of the neurologist, 
a situation that has clearly been characterized at 
the clinical and instrumental level, and to 
 document any change in muscle involvement, be 
it an improvement, a stationary situation, or a 
progression.

The key finding in such disorders is progres-
sive muscle replacement by fibroadipose tissue.

In the various body compartments, MRI 
accurately depicts hypotrophic muscle compo-
nents, especially their signal alteration. In 
morphological sequences, muscle shows dif-
fuse hyperintensity due to progressive fibroadi-
pose tissue replacement: the more severe 
diseases, such as Duchenne muscular dystro-
phy, involve a near inversion of the normal 1:7 
ratio (ca. 7:1).

MRI and US are highly useful in identifying 
the districts less severely involved, where collec-
tion of tissue biopsies can help refine the diagno-
sis and therapeutic management.

6.3.7  Neoplastic Disease

This is the field where diagnostic imaging pro-
vides crucial information on lesion extension and 
the involvement of extra-compartmental struc-
tures, since the diagnosis of tumour type is made 
on biopsy specimens.

In addition, MRI provides information which 
in relation to the signal changes, the district 
involved, patient age and gender, and symptom 
characteristics helps improve the surgical or che-
motherapeutic approach.

In these patients, MRI with a paramagnetic 
contrast agent, MRA, and sometimes dynamic 
MRI provide valuable data to assess the spatial 
and locoregional extension of the lesion 
(Fig. 6.12).

6.4  Tendons

Tendons are divided into muscle anchoring and 
gliding.

Both consist of three types of bundles—pri-
mary, secondary, and tertiary—and are covered 
by the peritenon or paratenon.

Gliding tendons are also covered by a synovial 
sheath, made up of a visceral and a parietal layer, 
which enables safe gliding on fibro-osseous 
structures and in the narrower anatomical grooves 
and tunnels.
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In turn, the tendon attachments (entheses) are 
characterized by a synovial bursa that protects 
the tendons at their insertion into bone.

Unlike muscles, tendons have poor elongation 
potential and are generally taut, since they anchor 
muscles to fibrocartilage and bone.

Tendon pathology includes peritendinitis, 
insertional and non-insertional degenerative ten-
dinopathy (tendinosis), partial- and full-thickness 
rupture, myotendinous disinsertion, musculoten-
dinous avulsion, and tenosynovitis, the latter 
affecting gliding tendons.

6.4.1  Peritendinitis

These disorders are characterized by inflamma-
tory processes involving the tendon sheath 
(peritenon).

Often, particularly when Achilles tendon is 
involved, inflammation is accompanied by 
 bursitis (in the case of Achilles tendon, inflam-
mation of the deep retrocalcaneal bursa).

These patients may exhibit a concomitant 
inflammation of the Kager fat pad in Kager’s tri-
angle (Achilles tendon) or of Hoffa’s fat pad 
(patellar tendon).

The imaging method of choice to assess ten-
don pathology is colour and power Doppler, spe-
cifically elastography.

MRI plays a useful role in depicting the 
extent of the tendon damage, since it provides 
accurate information on the course of the whole 
tendon.

Dynamic MRI plays a key role, because it 
affords optimal visualization of tendon behaviour 
and of the musculotendinous junction of the 
homonymous muscle.

a b

c

Fig. 6.12 The US scan (a), fusion image (b), and MRI scan (c) allow a new, large, space-occupying formation to be 
diagnosed as a muscle sarcoma
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6.4.2  Degenerative Tendinopathy

These disorders are divided into insertional 
(enthesopathy) and non-insertional.

Patients with enthesopathy often have multiple 
calcifications in the tendon insertion that are not 
clearly visualized by MRI because, like the ten-
don, they are characterized by low signal 
intensity.

US is again the more informative imaging 
modality.

In non-insertional tendinopathy, the tendon 
often displays fusiform, thickened tracts that may 
be several centimetres long; the panoramic views 
make MRI ideal to visualize their extension.

The evaluation of tendon xanthomatosis 
deserves a specific mention. Xanthomas are 
determined by metabolic changes in patients with 
hypercholesterolaemia and hyperlipidaemia, 
which induce intrinsic degeneration of tendon 
fibres with formation of vacuoles and ultimately 
calcific degeneration. Unless prompt and appro-
priate treatment is applied, the tendon may 
undergo severe tearing.

MRI provides useful information on calcific 
tendinopathy, which is characterized by exten-
sive metaplastic ossification that is not clearly 
depicted by US.

In such cases, dynamic MRI affords optimal 
assessment of large calcium deposits.

6.4.3  Partial Tears

Partial tendon rupture is more common at attach-
ment sites. Lesion morphology closely depends 
on the tendon region involved.

In the case of torn rotator cuff tendons, highly 
accurate information on lesion side, bursal, inter-
stitial, or articular, maximizes treatment 
effectiveness.

Dynamic US affords optimal evaluation of 
these lesions, and dynamic MRI is a useful 
adjunct.

Notably, degenerative tendinopathy and par-
tial tears share very similar symptoms.

In such patients, it is useful to make a thor-
ough assessment of any associated areas of 

inflammation, especially for medicolegal 
purposes.

Although US is clearly more informative than 
MRI, the latter clearly depicts chronic tendon 
tears, whereas significant tendon retraction is not 
equally well visualized by US.

6.4.4  Complete Tears

The diagnosis of full-thickness tendon rupture is 
almost exclusively clinical and does not com-
monly require imaging.

MRI and US are needed to assess lesion sever-
ity; they also provide key information on the sur-
gical approach to be adopted and on the 
convenience of using heterologous materials in 
case of severe, extensive injury.

MRI is the imaging modality of choice for 
preoperative tendon assessment, since it provides 
accurate information on the amount of upstream 
and downstream stump retraction and on the 
involvement of neighbouring structures such as 
muscles, ligaments, fasciae, and bone.

Moreover, dynamic MRI provides key informa-
tion by precisely demonstrating lesion extension, 
especially compared with static MRI, where high-
contrast sequences may overestimate the lesion.

6.4.5  Tenosynovitis

Tenosynovitis affects tendons with a synovial 
sheath and is divided into exudative and dry, the 
latter being more frequently related to traumatic 
injury.

Exudative tenosynovitis is typical of rheu-
matic disorders, where the inner synovial sheath 
is usually thickened and hypertrophic.

Finally, stenosing tenosynovitis affects ten-
dons that pass through narrow tunnels or fibro- 
osseous grooves, like those of the fingers, where 
hypertrophic pulleys hamper tendon gliding and 
give rise to trigger finger (typically the thumb and 
index, middle, and ring fingers).

The more suitable MRI sequences are the 
high-contrast sequences, i.e. T2 weighted and 
especially STIR.
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Dynamic MRI accurately depicts stump 
retraction.

This is particularly needed in patients with exu-
dative tenosynovitis due to rheumatic disorders and 
in those with tendon entrapment due to Dupuytren 
syndrome, where the nodules in the palmar aponeu-
rosis tend to incarcerate the tendons.

6.4.6  Tenorrhaphy

The follow-up of tendon surgery is carried out no 
earlier than 3 months postoperatively, since scar 
fibrosis generates significant artefacts.

The tendon is thickened, often inhomoge-
neously so, due to the operation.

In such patients, complementary MRI and US 
examination is essential and very useful.

By enabling superimposition of MRI and US 
scans, fusion technology provides highly precise 
information.

Also in this case, dynamic MRI clearly depicts 
any adhesions or fibrous scars that hamper ten-
don extension.
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Ultrasound of Muscle and Tendon 
Pathology

Giuseppe Monetti, Marco Fogli, 
and Gianluigi Mele

7.1  Introduction

Ultrasound (US) is the method of choice for 
assessing muscles and tendons. Its chief advan-
tages are the ability to provide dynamic scans, 
low cost, and a practical approach to the 
patient.

However, US is by no means easy to perform, 
since although it provides highly satisfactory 
results and offers countless diagnostic possibili-
ties, pitfalls are quite numerous.

7.2  B-Mode Ultrasound

B-mode scanning, the most common US tech-
nique, uses probes ranging from 2.5 to 20 MHz.

Intermediate frequency (7.5–14 MHz) linear 
transducers are the most suitable to assess mus-
culoskeletal structures.

It is worth stressing that high-frequency 
probes, though ideal to evaluate very superficial 
structures, do not go deeper than 2.5–3 cm and 
fail to provide a panoramic view.
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Convex probes are useful to assess deep, 
space-occupying lesions of a different nature, 
which are poorly depicted by linear probes.

Colour and power Doppler sonography is a 
valuable technique that affords excellent visual-
ization of arteries and veins and of small-size 
nerve structures, where it depicts pulsating 
vessels.

Intravenous contrast agents may provide use-
ful information, especially in patients suffering 
from the inflammatory and degenerative pro-
cesses related to rheumatic disorders; in rare 
cases they also help assess new formations that 
are suspicious for malignancy.

7.3  Ultrasound Fusion

Fusion technology enables US scans to be super-
imposed on magnetic resonance imaging (MRI) 
scans, providing valuable information, especially 
when following up patients with traumatic or 
neoplastic lesions.

A major weakness of US is its poor reproduc-
ibility, even when examinations are performed by 
the same operator.

After superimposing the initial US and MRI 
scans, follow-up US scans can be superimposed 
on the first MRI scan as they are acquired, 
 providing accurate information on any interven-
ing variations (Fig. 7.1).

7.4  Elastography

Elastography is currently available in all ultra-
sound scanners. It is based on the principle that a 
distinctive vibration is associated with the degree 
of elasticity of the tissue being examined. The 
vibration, obtained by moderate tissue compres-
sion with the probe, is translated by the software 
into a colour map (Fig. 7.2a–b).

Elastography allows excellent follow-up 
assessment of muscle and tendon lesions by dem-
onstrating the recovery of elasticity in areas that 
have suffered injury.

Fig. 7.1 Fusion technology is extremely useful, especially in following up lesions, since the overlay of the initial US 
and MRI scans enables superimposition of further scans and demonstration of any changes
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The technique can be applied to all anatomical 
structures, including cartilage, ligaments, ves-
sels, and bone.

Notably, second-generation machines are 
endowed with electronic control, which elimi-
nates artefacts due to differences in tissue com-
pression by the operator.

7.5  Muscles

7.5.1  Trauma-Related Conditions

Muscle traumas are divided into minor and major.

7.5.1.1  Minor Traumas
Minor muscle traumas include elongations, con-
tusions, and contractures as well as crush injury 
involving subcutaneous adipose tissue, such as 
lipodystrophy, lymphoedema, and fat necrosis.

In the latter three conditions, US plays a key 
role: dynamic US provides a highly accurate and 
detailed assessment of the involvement of subcuta-
neous fat tissue and of blood extravasation, to 
exclude subfascial involvement, while vascular 
injuries are assessed with colour and power 
Doppler.

Elastography is a key technique, since it 
allows monitoring the possible loss of elasticity 

of subcutaneous adipose tissue due to injury 
(Fig. 7.3).

B-mode US does not play a large role in 
assessing elongations and contractures, because 
the absence of fibre lesions entails that there 
forms no haematoma but only a moderate and 
diffuse intramuscular oedema.

Oedema is not clearly depicted by US, but 
power Doppler accurately shows obvious vascu-
lar injuries, at least compared with the contralat-
eral muscles (Fig. 7.4a).

Elastography is the method of choice to assess 
contractures and elongations, since it clearly 
demonstrates the actual loss of elasticity of mus-
cle component during compression.

As regards contusions, US is not very infor-
mative, whereas elastography demonstrates 
increased tissue elasticity related to the diffuse 
oedema (Fig. 7.4b).

Elastography is conclusive in patients with 
delayed-onset muscle soreness (DOMS) 
(Fig. 7.5).

7.5.1.2  Major Traumas
Major muscle traumas are divided into partial 
and complete ruptures.

The US report should always provide a detailed 
and accurate description of the lesion, its extent, 
and any involvement of adjacent structures.

Contrattura

a bFig. 7.2 (a–b) 
Elastog raphy is a useful 
technique to assess 
musculoskeletal 
conditions, thanks to the 
vibrating probe and the 
generation of a colour 
map reporting the degree 
of tissue elasticity (from 
soft to hard). Note the 
altered elasticity due to 
contracture of the left 
anterior rectus 
abdominis muscle
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Fig. 7.3 Typical loss of subcutane-
ous adipose tissue elasticity due to 
contusion and compression

a b

Fig. 7.4 (a) A power Doppler scan always shows hyper-
vascularity in the area affected by minor traumas like 
elongations and contractures. (b) Elastography docu-

ments a high degree of tissue elasticity at the site of the 
injury, due to reactive oedema

DOMS

Fig. 7.5 Elastography is the method of choice to assess 
DOMS, because it depicts the area characterized by a 
higher degree of elasticity due to haematoma formation 
and fluid infiltration through the fascia
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Partial ruptures are divided into grade 1 and 2.
In grade 1 lesions, the US scan is sometimes 

poorly informative, because a small lesion may 
be barely identifiable in patients with exten-
sive injury. In such cases, the partial lesion is 
more clearly demonstrated by MRI and 
elastography.

Grade 2 ruptures should be assessed by 
dynamic US, because in patients with limited 
injury extension static, US may fail to depict a 
small lesion, due to the bundling up of muscle 
fascicles.

If a lesion is indeed present, dynamic US 
affords optimal evaluation, because during the 
contraction phase, the muscle fibres separate, 
and the haematoma is clearly visualized 
(Fig. 7.6a–b).

In such cases, elastography shows an area 
of higher elasticity related to haematoma 
colliquation.

7.5.2  Complete Ruptures

Complete muscle ruptures are full-thickness, 
grade 3 lesions that may extend predominantly in 
longitudinal or vertical direction.

Timely US diagnosis is of crucial impor-
tance, because full-thickness lesions with a 

predominantly vertical pattern can be repaired 
if surgery is promptly performed (Fig. 7.7).

Lesions that extend longitudinally over 
several centimetres are rarely amenable to 
surgery.

On US examination, complete lesions always 
have the classic “bell clapper” appearance, due to 
retraction of the muscle stumps in opposite direc-
tions (Fig. 7.8).

The US and MRI scan of the haematoma share 
several similarities, depicting the haemoglobin 
phases from the early stage of formation to its 
organization (Fig. 7.9).

Contrazionea b

Fig. 7.6 (a–b) In patients with minor partial lesions, 
dynamic US provides key diagnostic information by dem-
onstrating stump retraction during muscle contraction, 

whereas the bundling up of muscle fascicles in static US 
scans may lead to misdiagnosis

Fig. 7.7 Nearly complete rupture of the triceps brachii 
muscle assessed ca. 12 h after the trauma (acute phase). 
The lesion is predominantly vertical and is thus amenable 
to repair, if surgery is promptly performed
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US examination of partial and complete rup-
tures should be performed within 48–72 h of the 
trauma, because after this time the acute oedema 
makes it more difficult to evaluate the extent of 
the lesion.

7.5.3  Myotendinous Disinsertion

Muscle lesions do not always occur within the 
muscle belly.

In those at the level of the myotendinous junc-
tion, US plays a key role, since prompt and accu-
rate examinations are crucial for successful 
surgical repair.

The US scans show the typical downstream 
retraction of the tendon stump; the retracted, 
tapering muscle; and a large interposed 
haematoma.

Elastography is extremely useful, since it 
depicts the complete loss of tendon tension and 
the increased, marked elasticity of the muscle 
due to retraction and the haematoma.

7.5.4  Myofascial Disinsertion

Myofascial disinsertions are often difficult to 
detect by US, because if they are extensive and, 
especially, they are assessed in the acute phase, it 
may underestimate their extent.

In such cases, elastography provides key 
information by depicting the altered elasticity of 
the myofascial components at the lesion site. 
MRI is conclusive, because it demonstrates lesion 
extension and the detached muscle fibres at the 
site of the injury.

7.5.5  Myotendinous Avulsion

US does not play a primary role in the assessment 
of these lesions, due to the frequent presence of 
periosteal fragments.

In these patients, US examination is hampered 
by the common presence of tendon changes that 
date back to adolescence, where ossification cen-
tres on both sides hamper the differential 
diagnosis.

The imaging method of choice is still conven-
tional radiography, associated as necessary with 
3D computed tomography reconstruction.

US, elastography, and MRI play an important 
role at a later time, by depicting the myotendi-
nous junction, which is frequently involved.

Fig. 7.8 Distinctive “bell clapper” sign due to muscle 
retraction as a result of complete rupture associated with 
haematoma and marked vascular inflammation, demon-
strated by power Doppler

Fig. 7.9 Acute musculotendinous disinsertion at the level 
of the proximal insertion of the adductor longus tendon. 
Note the haematoma between the stumps
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7.6  Post-traumatic Degenerative 
Conditions

The most frequent alterations induced by degen-
erative conditions due to muscle trauma include 
fibrosis, metaplastic ossification, rhabdomyoly-
sis, and compartmental syndromes.

7.6.1  Fibrosis

US is without any doubt the method of choice to 
study and follow-up muscle lesions and provides 
critical information on the patient’s ability to 
return to competitive sports.

The typical sequela of muscle injury is the for-
mation of scar fibrosis.

Monitoring of lesion evolution with dynamic 
US during treatment supplies decisive 
information.

In such cases elastography is crucial, since it 
provides not only morphological information but 
also functional data on the extent of fibrosis and 
the loss or recovery of muscle fibre elasticity.

Colour and power Doppler affords optimal 
assessment of the typical reparative 
 neoangiogenesis processes of the fibrotic evolu-
tion as well as identification of lesion recurrence.

7.6.2  Metaplastic Ossification

Metaplastic ossification (myositis ossificans) is 
caused by calcium salt deposition in traumatic 
lesions with large haematomas which, unless 
treated, evolve first to calcifications and eventu-
ally to ossifications.

The method of choice in the overt phase is still 
standard radiography integrated, as appropriate, 
by 3D CT reconstruction.

US plays a crucial role in the acute phase, 
since calcium salts are deposited in a haematoma 
already on the third to fourth day.

This means that US is capable of identifying, 
before any other imaging method, the early 
microcalcifications that form in the haematoma 
and that, unless promptly treated, may evolve to 
metaplastic ossification.

The most critical phase is when moderate 
ossifications have already formed and produce an 
acoustic shadow that may hamper the assessment 
of the actual extension of the ossifications.

Consequently, the US scan always needs radio-
graphic confirmation, since calcifications are eas-
ily detected by US but are wholly non-specific.

Large calcifications may be seen in patients 
with Echinococcus cysts, cysticercosis, and a 
number of benign and malignant neoplasms.

Elastography depicts a marked loss of elastic-
ity in muscle areas involved by fibrosis and 
ossification.

7.6.3  Rhabdomyolysis

In patients with rhabdomyolysis, US examina-
tion—though not conclusive—can however 
depict changes in the muscle components, which 
during the acute phase consistently display nearly 
complete disruption of morphological structures.

The diagnosis is not made by imaging but by 
determination of muscle enzymes. Needle biopsy 
may also be performed and, if necessary, electron 
microscopic examination.

The chronic phases of rhabdomyolysis are 
depicted by US as nearly complete tissue recov-
ery, with diffuse inhomogeneous areas related to 
the organization of the muscle lesion.

7.6.4  Compartmental Syndrome

Compartmental syndrome arises in anatomical 
districts where vascular and nerve structures run-
ning through osseous tunnels are compressed by 
hypertrophic muscles, large haematomas, or 
space-occupying lesions.

A commonly involved district is the anterome-
dial leg region, where the tibia and fibula provide 
an impassable barrier in the deep plane, and the 
aponeurotic fasciae and the robust retinacula 
compress the underlying muscle.

In patients with complete muscle rupture, the 
associated large haematoma is the main cause of 
the vascular and nerve compression that induces 
the compartmental syndrome.
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In such cases, prompt and detailed colour and 
power Doppler examination affords optimal 
assessment of any vascular compression injuries 
and of the involvement of nerve structures.

Elastography is also very helpful, since it 
depicts an altered elasticity of the muscle 
components.

7.7  Muscle Hernias

Dynamic US is the modality of choice to evaluate 
muscle hernias, which are clearly visualized as a 
discontinuous area in the superficial aponeurotic 
fascia.

A dynamic US scan taken during a Valsalva 
manoeuvre may depict a greater protrusion of the 
hernia, especially in the case of umbilical, para-
umbilical, and abdominal lesions.

The hernia disappears during muscle contrac-
tion and then reappears with muscle relaxation.

Dynamic US is also very useful in the case of 
pseudo-hernias, where strong compression of 
muscular components against the aponeurotic 
wall is not however associated with fascia 
discontinuity.

In these cases, colour and power Doppler pro-
vides valuable data due to the presence of associ-
ated inflammatory processes.

7.7.1  Accessory Muscles

Accessory muscles are a fairly frequent finding; 
the most common is the soleus accessory muscle.

In such cases, dynamic US shows the absence 
under Achilles tendon of the Kager fat pad and its 
replacement by a muscle that contracts and 
relaxes in the active and passive phase of dynamic 
US.

7.7.2  Neuromuscular Conditions

The neuromuscular disorders examined herein 
are those related to first and second motor neuron 
pathology and to the neurological syndromes 
related to the central nervous system, where 

imaging, especially US, does not play a key role 
in diagnosis but rather in monitoring disease 
evolution.

A typical finding in such patients is progres-
sive replacement of muscle with fibroadipose tis-
sue, which in Duchenne muscular dystrophy, the 
most severe condition, involves a near inversion 
of the normal 1:7 ratio (ca. 7:1).

Besides, US is very useful to identify the areas 
less severely involved, where tissue biopsies may 
be collected to help refine the diagnosis.

US monitoring is performed at the behest of 
the neurologist, in patients with a clear 
diagnosis.

Elastography demonstrates a strongly reduced 
elasticity of the muscle components due to sig-
nificant fibroadipose tissue replacement.

7.7.3  Neoplastic Disease

These conditions would deserve an extensive 
discussion.

It is important to stress that diagnostic imag-
ing in such patients should be confined to describ-
ing the lesions and the possible involvement of 
extra-compartmental structures, besides raising 
diagnostic suspicion. However, making a diagno-
sis is often impossible and is the task of histology 
and biopsy.

US may be the first imaging study to depict 
new formations that escape clinical detection in 
muscle or subcutaneous adipose tissue.

It should however be noted that it is difficult to 
distinguish by US a long-standing, well- 
organized, and inhomogeneous haematoma from 
an intramuscular neoplasm.

7.8  Tendons

Tendons are commonly divided into muscle 
anchoring and gliding.

All consist of primary, secondary, and tertiary 
bundles and are covered by the peritenon.

The attachment sites (entheses) of muscle- 
anchoring tendons are protected by a synovial 
bursa at the level of their bone insertion.
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Gliding tendons are covered with a synovial 
sheath consisting of a visceral and a parietal 
layer, between which a thin film of synovial fluid 
moistens and nourishes the tendon structures and 
their few vessels.

The conditions affecting muscle-anchoring 
tendons include peritendinitis, insertional degen-
erative tendinopathy (enthesitis), non-insertional 
degenerative tendinopathy, and partial and com-
plete tears.

7.8.1  Peritendinitis

By virtue of its ability to demonstrate even min-
ute peritenon changes with extreme accuracy, US 
is the method of choice to assess tendon 
pathology.

Tendons are poorly vascularized and most 
vessels supply the peritenon.

Inflammation always involves the peritenon, 
most frequently its deep portion; the bursa is 
almost constantly involved too (in the case of 
Achilles tendon, the deep retrocalcaneal bursa).

Peritendinitis is often associated with inflam-
mation of the fat pads, such as the one in Kager’s 
triangle (Achilles tendon) or Hoffa’s fat pad 
(patellar tendon).

7.8.2  Insertional Tendinopathy 
(Enthesopathy)

Enthesopathy affects the distal tendon insertion, 
where intrinsic tendon degeneration is often 
accompanied by multiple microcalcifications.

In such cases, power Doppler proves extremely 
useful in assessing the degree of inflammation.

Elastography demonstrates altered tendon 
elasticity due to the oedema.

In non-insertional tendinopathy, the tendon 
displays long, fusiform, thickened tracts often 
characterized by high structural homogeneity.

This finding should not be underrated, since it 
is often associated with increased tendon elastic-
ity, a sign of tissue softening due to significant 
oedema that in the case of severe trauma can lead 
to spontaneous rupture (Fig. 7.10).

a b c

Fig. 7.10 In complete tendon ruptures, particularly those 
of Achilles tendon, dynamic US (a) and upright MRI (c) 
provide superior information on lesion extent compared 

with standard MRI (b), especially standard MRI with 
high-contrast sequences, which excessively magnify the 
lesion
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Xanthomatosis deserves a specific mention. 
This degenerative tendinopathy mainly affects 
patients with hypercholesterolaemia and hyper-
lipidaemia. It induces formation of large vacu-
oles in tendons, especially Achilles tendon, and 
diffuse microcalcifications that in the absence of 
appropriate treatment may lead to spontaneous 
tendon rupture.

US demonstrates high-grade degenerative ten-
dinopathy associated with multiple calcifications 
along the tendon course, whose correlation with 
laboratory data allows a diagnosis of 
xanthomatosis.

7.8.3  Partial Tears

In partial tendon tears, dynamic US clearly evalu-
ates the actual lesion extension.

Elastography is very informative, depicting 
the loss of tendon tension related to the partial 
lesion.

Different anatomical structures are associated 
with different US findings.

A typical example is the rotator cuff of the 
shoulder: in case of surgical repair, accurate US 

examination is needed to determine whether the 
tear affects the bursal, articular, or interstitial side.

7.8.4  Complete Tears

In case of full-thickness tendon tears, prompt US 
examination supplies information that allows 
selecting the most appropriate treatment option: 
surgery or physical therapy (Fig. 7.10a–c).

In such cases, US is far superior to MRI, 
which especially in high-contrast sequences 
tends to overestimate the extent of the lesion.

Dynamic US, associated with dynamic MRI, 
affords very accurate assessment (Fig. 7.11a–c).

7.8.5  Tenorrhaphy

US monitoring should be performed no earlier 
than 2–3 months after surgical repair, since scar 
fibrosis generates major acoustic shadowing, pre-
venting correct assessment.

Such tendons, particularly Achilles tendon, 
often show a mixed structural inhomogeneity, 
since sutures are interspersed with microcalcifi-

a b c

Fig. 7.11 The coronal views, which are seldom used in 
the sonographic assessment of Achilles tendon, may how-
ever not allow to make a correct diagnosis. (a) A complete 
tear of the intermediate tract of the tendon is clearly 

depicted by the coronal MRI scan acquired with a STIR 
sequence (c) and is confirmed by elastography, which 
shows highly elastic tissue at the site of the lesion, due to 
the presence of a large haematoma (b)
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cations, which are the sequelae of the postopera-
tive haematoma.

Such tendons are three to four times thicker 
than normal tendons.

In case of suspected recurrence, dynamic US 
allows assessing any recurrent tears.

Elastography provides important postopera-
tive information on the recovery of normal ten-
don tension, a key factor in the decision to allow 
patients to return to competitive sports.

7.8.6  Tenosynovitis

Tenosynovitis includes various forms: exudative, 
chiefly related to inflammatory conditions; dry, 
associated with post-traumatic conditions; 
 proliferative, mostly related to rheumatic disor-
ders; and stenosing, caused by the involvement of 
the tendon reflection pulleys, typically found in 
patients with trigger finger.

US, especially power and colour Doppler, pro-
vides accurate information on exudative 
tenosynovitis.

The same is true of proliferative tenosynovitis, 
which typically affects patients with rheumatic 
disorders, where the synovial sheath is frequently 

thickened and hypertrophic. Power Doppler and 
especially imaging with an intravenous contrast 
agent document marked inflammation.

In stenosing tenosynovitis, such as de 
Quervain’s disease and trigger finger, US should 
be associated with elastography, since loss of 
elasticity and tendon tension are often indications 
for prompt surgery (Fig. 7.12a–b).
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The Dynamic Magnetic Resonance 
Imaging

Giuseppe Monetti, Gianluca Rampino, 
and Giuseppe Rusignuolo

Our research center D-LAB in Bologna is the 
first ever to utilize the dynamic MRI 
investigation.

The MRI scanner employed is constituted of 
the latest-generation Esaote G-Scan Brio, which 
allows for dynamic sequences through the 2D 
HYCE S technique, acquired in a single layer, by 
means of delayed sequences, which allow the 
correct acquisition by the MRI scanner itself.

The examination setting is carried out as the 
clinostatic MRI investigation, compared with the 
orthostatic investigation, in order to enable the 
perception of possible changes of asset between 
the sequence of the supine and the upright 
weight-bearing position of the patient.

Afterward we incorporate the dynamic 
sequences, which vary necessarily from patient 
to patient, in relation to the type of the reported 
pathology.

During the mentioned investigation, maneu-
vers of flexed extension, abduction, external 
rotation, inversion, and eversion are performed 
to evoke possible disorders otherwise not 
demonstrable in static sequences and at times 
not demonstrable neither in clino- nor in 
orthostatism.

It proves important to underline the actual 
existing differentiation related to the cine-MRI 
investigations carried out up to this day, being 
these no different from the reassembly of various 
frames gained from different angles and put 
together by the means of animation.
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The dynamic investigation, on the contrary, 
consists of actual movements of each joint and 
limb, so to actually evoke the different postures 
and the potentially pathological behavior of mus-
cles, tendons, and joints.

The survey can be carried out on any area of 
the body; therefore in this case, dealing with the 
muscle tendon pathology, more frequently the 
upper and lower limbs at the level of their muscu-
lar components are taken into account.

Figure 8.1 represents a series of sequences 
depicting the different moments of the brachial 

biceps and triceps muscle contraction, in physio-
logical conditions.

The dynamic investigation arises as very use-
ful during ongoing muscle injuries with large 
hematomas, which at times are not well definable 
in their extension and therefore can be placed in 
the differential diagnosis together with any 
growths of benign or malignant nature.

That is the case of Fig. 8.2, in which various 
sequences performed by dynamic ultrasound, 
elastosonography, and MRI are featured, demon-
strating a large lesion partly colliquated and 

Fig. 8.1 Dynamic MRI scan acquired at the level of the arm during flexion/extension

ab

c

Fig. 8.2 Dynamic MRI (a) clearly documents the actual 
extent of a muscle lesion, be it due to a tumor or, as in this 
case, to a large posttraumatic hematoma. The additional 

detail provided by US, using power Doppler (b) or elas-
tography (c), can guide needle biopsy aspiration if 
required
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partly structured, referring to a possible space- 
occupying lesion.

In Fig. 8.3, it becomes fully highlighted, 
during the dynamic phases of contraction and 
flexed extension of the lower limb that the 
mentioned lesion is constituted by a large 
hematoma involving the medial twin head 
muscle, surely more perceivable during the 
dynamic phases.

Another extremely useful application of the 
mentioned method is provided through the fusion 
method (Fig. 8.4), which allows the overlap even 

in dynamic with the ultrasound investigation per-
formed in real time.

Thus it is possible to check in a more accu-
rate manner the possible alterations not under-
lined by either method and, above all, to use this 
method during the follow-up, in order to exam-
ine and better assess the evolution of the clinical 
picture.

Certainly a suitable utilization is carried out 
at the level of the extensive muscle lesions, dur-
ing which at times the ultrasound examination 
does not allow a panoramic picture, so to provide 

Fig. 8.3 Dynamic MRI demonstrates the different morphology of the mass during muscle contraction as the leg is 
flexed/extended

Fig. 8.4 Fusion technology affords optimal follow-up of muscle lesions through the overlay of US and MRI scans
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certain and well-defined details of the extension 
of the mentioned lesion.

During the active and passive contraction 
phases, the presence of a partial lesion of the 
quadriceps muscle of the femur at the distal inser-
tion is featured in Fig. 8.5, with evident greater 
retraction during the active contraction phase.

The employment of the dynamic method 
proves to be equally useful in ongoing plotted 
detachments of the osteotendon junction, such as 
the case of the anterior inferior iliac spine inves-
tigated through computed tomography plus 3D 
reconstruction (Fig. 8.6a) and better defined by 
the means of the dynamic MRI method, which 
during the phase of contraction shows in a more 
accurate manner the diastasis of the bone 
 fragment retracted through the contraction of the 
adjacent muscle components (Fig. 8.6b).

The employment of the dynamic method in 
ongoing lesions caused by compression proves to 
be of fundamental importance, which can be dif-
ficult to approach by the means of the ultrasound 
investigation, especially in relation to the forma-
tion of a wide groove which does not allow a suit-
able probe support.

In the case of Fig. 8.7, the presence of a mass 
lesion of the brachial triceps muscle is evident, 
which during the dynamic stage of the contrac-
tion enables to highlight the presence of a mini-
mum quantity of un-interrupted muscle fibers to 
allow plastic reconstruction of the muscle itself 
by the surgeon.

The use of the dynamic study proves relevant 
also at the myotendinous junction level of the 
structures of the lower and upper limbs, espe-
cially related to the Achilles tendon, when the 

Fig. 8.5 Dynamic MRI scan obtained at several degrees of quadriceps flexion/extension and contraction, clearly dem-
onstrating the partial retraction of the injured muscle

a b

Fig. 8.6 (a) 3D CT 
reconstruction demonstrating 
complete traumatic avulsion 
of the anterior inferior iliac 
spine. (b) Dynamic MRI 
image acquired during 
muscle contraction
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lesions very often occur at the myotendinous 
junction level and are difficult to assess through 
the ultrasound approach.

In case of Fig. 8.8 in various sequences carried 
out by flexing and contracting, the twin heads of 
the gastrocnemius muscle are perceptible, in the 
case of a myotendinous high-grade lesion.

A further circumstance in which the dynamic 
magnetic resonance allows a higher assessment 
accuracy is that of gross ossifications related to 
miotendon structures, in which the ultrasound 
would encounter considerable difficulties due to 
the large shadow cone determined by the ossifi-
cation itself, thus not allowing a proper assess-
ment of the underlying structures.

In Fig. 8.9 a gross bone calcification along the 
course of the Achilles tendon at the level of the 
myotendinous junction is clearly noticeable, 
which during the dynamic phases of the contrac-
tion and flexed extension of the lower limb high-
lights perfectly the different assets acquired.

Further extremely brilliant employment 
resides in the study of the upper limb muscle and 
tendon components, with particular reference to 
the tendons constituting the rotator cuff, when in 
addition to the dynamic investigation, we provide 
the patient with weights varying from 1 to 4 kg, 
which allow for a further strain of the tendon 
components in ongoing partial or complete rup-
tures, not properly identified by the static MRI 

Fig. 8.7 Severe compression of the long head of the triceps muscle documented by dynamic MRI during muscle con-
traction. The intact fibers (orange arrow) indicate that the lesion is amenable to surgical reconstruction

Fig. 8.8 Dynamic MRI scan of the gastrocnemius muscles acquired in the sagittal plane during flexion/extension. 
Excellent demonstration of the partial alteration of the Achilles tendon musculotendinous junction

Fig. 8.9 The dynamic MRI scan affords a more exhaustive assessment of the tendon by showing large calcifications 
and ossifications during flexion/extension
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investigation, yet fully underlined in the dynamic 
sequences (Fig. 8.10).

The possible massive lesion of the rotator cuff 
is equally well detectable, where the static inves-
tigation had not been able to identify the extent of 
the damage.

Providing the patient with weights that vary 
from 2 to 4 kg, a complete retraction of the muscu-
lar components is obtainable, referring to a mas-
sive retraction and a fibroadipose replacement.

The use of T2 and STIR sequences by means 
of high-field scanners at times tends to empha-
size the extent of the damage, as in the case of 
Fig. 8.11, in which is perceptible a hyperintense 
alteration caused by the lesion of the myotendi-
nous junction of the Achilles tendon, in refer-
ence to the mentioned method, interpretable as a 
mass lesion.

The dynamic investigation, carried out in 
orthostatism and in contraction, allows for a bet-
ter demonstration of the true extent of the dam-
age, certainly of a high degree, but not total, in 
which several fibers are still perceptible, thus 
allowing a proper assessment of the type of 
operation to be performed by the surgeon 
(Fig. 8.11).

Further superb employment comes from 
dynamic investigations carried out on both 
flexor and extensor tendons of the hand, where, 

a b

Fig. 8.11 (a–b) Dynamic MRI allows to determine the actual extent of an interstitial lesion of Achilles tendon more 
accurately than standard MRI. High-contrast sequences tend to magnify the actual injury

Fig. 8.10 This dynamic MRI scan acquired during 
abduction and external rotation with application of 4 kg 
depicts a wide lesion in the pre-insertional area of the 
supraspinatus that would not be shown by standard MRI
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in ongoing high-grade lesions, partial or com-
plete, sometimes the ultrasound examination is 
not resolutive, being that the case of Fig. 8.12.

Analyzing the above, it is clear that the MRI 
dynamic investigation is at times resolutive dur-
ing the assessment of a partial or complete dam-
age, otherwise difficult to assess using static 
high-field MRI, at times even when a single 
orthostatic resonance is solely employed.

The use, as mentioned above, of any weights 
for the study of the upper limb muscles enables 
additional better definition of the extent of the 
damage.

These concepts are not to be interpreted as a 
replacement of the standard MRI investigation but 
as a complement and completion in required cir-
cumstances, for the purpose of a correct therapeu-
tic assessment, either conservative or surgical, 

therefore if surgical, of even greater utility, in 
order to better identify the type of surgery to 
choose.
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Classification of Muscle Lesions

Nicola Maffulli, Rocco Aicale, 
and Domiziano Tarantino

9.1  Introduction

Muscle injuries are frequent in athletes, account-
ing for 10 to 55% of all acute sport injuries (Chan 
et al. 2012). Despite their high incidence and 
improvement in clinical diagnostic criteria and 
imaging, their optimal management and rehabili-
tation strategies are still debated in literature. The 
reinjury rate is high after a muscle lesion, and 
improper treatment or attempts at too early return 
to sport increase the rate of reinjury and 
complications.

Most muscle injuries are mainly managed 
conservatively with excellent results, while sur-
gery is reserved only for larger tears.

The most commonly involved muscles and 
muscle groups are the hamstrings, the rectus fem-
oris, and the medial head of the gastrocnemius.

The diagnosis is usually clinical; imaging 
tools are often used to better identify the extent 
and site of lesion, the relevant prognostic factors 
predictive of recovery time, the return to pre- 
injury sport activity, and risk of recurrence (De 
Smet and Best 2000).

Based on anatomy, biomechanics, and imag-
ing features of muscle injury, a new classification 
system has been proposed.

Traumatic lesions depend on the direction and 
angle of the movements generated by the applied 
forces. When the trauma is direct, an external 
force is applied to the muscle, and external and 
internal structures are squeezed against each 
other. The injury depends on the impact intensity, 
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state of contraction of the muscle, traumatic 
moment, and the muscle injured (Walton and 
Rothwell 1986). When the trauma is indirect, 
there is no external traumatic force, and the main 
cause of injury is an eccentric contraction of the 
muscle.

9.2  Epidemiology

In professional soccer players, muscle injuries 
represent 31% of all injuries and are responsible 
for 25% of days of absence from training and 
competition. Most of these injuries (96%) are 
indirect and mostly affect the hamstrings and 
 rectus femoris; also, the adductor and quadriceps 
may be involved, especially when the athlete 
attempts to kick the ball (Corazza et al. 2014). In 
other sports, the incidence of muscle injuries is 
variable: 11% in rugby, 16% in running sports, 
and 18% in basketball. In these sports, the ham-
strings, quadriceps, and adductor muscles are the 
most frequently affected (Malliaropoulos et al. 
2010; Borowski et al. 2008; Lopez et al. 2012).

These injuries are less frequent in young ath-
letes: the injury incidence is 1.19 per 1000 h of 
training activity in soccer players younger than 
22 years and 1.63 for those older than 30 years. 
The incidence is 6.6 per 1000 h of competition in 
younger athletes and 9.5 in older soccer players 
(Ekstrand et al. 2011).

9.3  Anatomy and Mechanism 
of Injury

Skeletal muscles are composed of individual 
muscle cells, the myocytes. Myocytes are formed 
from the fusion of myoblasts to assemble long, 
cylindrical, and multinucleated cells. Single mus-
cle fibres are grouped into fascicles surrounded 
by connective tissue, the perimysium; each fibre 
is surrounded by a single layer of connective tis-
sue, the endomysium (Falcieri 2014). A motor 
unit is composed of an alpha motor neuron and 
the skeletal muscle fibres. It innervates muscle 
fibres which can be slow (S) or fast (F). Fast 

fibres can be fatigue-resistant (FR) fibres, fast- 
twitch fatigable (FF) fibres, and fast contraction 
fibres with intermediate features.

The musculotendinous junction (MTJ) con-
nects the skeletal muscle to its tendon, forming, 
with the muscle, a complex biomechanical unit. 
The MTJ is located at the extremities of the mus-
cle fibres, where they end and where tendons 
fibre link. This is the main site in which the force 
produced by muscle contraction is transmitted 
(Charvet et al. 2012). In this region, the muscle 
enormously increases the contact area with the 
tendon, via deep interdigitations of the cell mem-
brane, allowing the junction to resist to muscle 
contraction, from 1.8 to 3.5 × 104 N/m2 (Charvet 
et al. 2012).

These interdigitations transmit the force 
developed by the joint and bone in a tangential 
direction to the tendon fibres. Physical exercise 
may modify the architecture of the fibres 
increasing these interdigitations and the ten-
sion developed by the unit (Brancaccio et al. 
2013).

Muscle injuries can occur with different 
mechanisms, depending on the age of the subject 
(Keller and Engelhardt 2014); the weak link in 
the muscle-tendon-bone chain changes with age 
(Boutin et al. 2002):

• In children, the weakness of the apophyseal 
growth plates may lead to apophyseal avul-
sion fractures, when excessive tensions are 
applied on the muscle-tendon-bone chain.

• In young adults, mechanical failure usually 
occurs at the muscle-tendon interface.

• In older adults, coexistent tendinopathy and 
an overload of the musculotendinous unit may 
contribute to the tearing process (Pomeranz 
and Heidt 1993).

When the trauma to the muscle is direct, the 
lesion occurs at the site of the impact, at the MTJ, 
while an indirect trauma occurs at the end of the 
muscle belly. The structural damage to the mus-
cle fibres may be caused by a single contraction 
or by the cumulative effect of several contrac-
tions. An eccentric contraction is a major cause 
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of injury, probably as a consequence of the forces 
produced by eccentric contractions compared to 
the forces produced by isometric or concentric 
contractions (Garrett 1990; Jarvinen et al. 2005).

Eccentric strengthening may prevent the 
occurrence of injury of the muscle-tendon unit, 
increasing the ability of the muscle to absorb 
loads (Melegati et al. 2014; Isner-Horobeti et al. 
2013); it also reduces muscle stiffness and the 
viscoelasticity of the system.

Overall, strains and complete tears occur 
mostly at the MTJ, the weakest link within the 
muscle-tendon unit (De Smet and Best 2000; 
Garrett et al. 1987), where the tendon arises from 
the muscle belly (musculotendinous junctions) 
and myotendinous junction (Koh and McNally 
2007).

In eccentric muscle movements, when the ten-
sion increases suddenly, the damage may occur 
in the area beneath the epimysium and the site of 
muscle attachment to the periosteum (Garrett 
1990; Koh and McNally 2007).

The adjacent region to the MTJ is the most 
injury-susceptible area of the muscle unit, 
independently from type and direction of 
applied forces and muscle architecture 
(El-Khoury et al. 1996). In this area, even a 
minor strain, by inducing an incomplete dis-
ruption which could be only microscopically 
evident, may weaken it and predisposes it to 
further injuries. At microscopy, haemorrhage 
is evident at the disruption sites (<24 h after 
disruption), while an inflammatory reaction 
becomes evident later, usually after 2 days 
(Shellock et al. 1991). The laying down of 
fibrous tissue and scar tissue starts after 7 days 
(Garrett 1996; Nikolaou et al. 1987) and 
becomes visible as early as 14 days following 
the initial insult (Greco et al. 1991). After 
2 weeks, the muscle gains over 90% of its orig-
inal function, but the presence of fibrous tissue 
alters the muscle’s optimal length, and it may 
impair maximal contraction and predispose to 
further injuries (Jonhagen et al. 1994).

According to the mechanisms of trauma, mus-
cle injuries can be classified as direct and 
indirect.

9.3.1  Direct Trauma

A direct muscle trauma can cause:

• Contusion through a contact against an oppo-
nent or a sport-related tool; it may be classi-
fied as mild, moderate, and severe according 
to the functional disability that they produce.

• Lacerations arise from an impact against a 
sharp surface, and they are not further 
classified.

9.3.2  Indirect Trauma

There is no impact against the opponent or 
against any sharp or blunt surface. It is classified 
as nonstructural and structural (Mueller- 
Wohlfahrt et al. 2013). In nonstructural injuries, 
muscle fibres do not present an anatomically evi-
dent lesion, while structural injuries present an 
anatomically defined lesion.

Nonstructural injuries: they are the most com-
mon kind of injuries, representing a 70% of all 
muscle injuries in soccer players (Corazza et al. 
2014). Even if lesions may not be readily recog-
nized, they cause more than 50% of days of 
absence away from sport activity and training. 
Nonstructural injuries can become structural 
injuries.

• Type 1A injury caused by fatigue and changes 
in training protocols, running surfaces, and 
high-intensity activities.

• Type 1B injury may result from excessive and 
prolonged eccentric contractions.

• Type 2A injury is mainly associated with spi-
nal disorders, often misdiagnosed, as in minor 
intervertebral disorders which irritate the spi-
nal nerve, altering the control of the muscle 
tone of the ‘targeted’ muscle.

• Type 2B injury is caused by an unbalanced 
control of the neuro-musculoskeletal system, 
mostly of the mechanism of mutual inhibition 
coming from the muscle spindles, and it can 
compromise the control of the muscle tone 
and induce muscle disorders; this happens 
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when the inhibition system of agonist muscles 
is altered and they are excessively contracted 
for compensation.

Structural injuries: they are divided into three 
subgroups according to the severity of the lesion 
within the muscle.

• Type 3A injury is a minor partial lesion involv-
ing one or more primary fascicles within a 
secondary bundle.

• Type 3B injury is a moderate partial lesion 
involving at least a secondary bundle, with 
less than 50% of breakage surface.

• Type 4 injury is a subtotal tear with more than 
50% of breakage surface or a complete tear of 
the muscle, involving the muscle belly or the 
musculotendinous junction.

Structural injuries may be proximal (P), mid-
dle (M), and distal (D). The prognosis of proxi-
mal lesions occurring in hamstring muscles and 
rectus femoris is worse than those occurring at 
the middle or distal portions. In the triceps surae, 
distal injuries present the worst prognosis.

9.4  Classifications

Acute muscle injuries are commonly classified as 
strains (Grade I), partial tears (Grade II), and 
complete tears (Grade III) (Garrett et al. 1987; 
Brandser et al. 1995; Palmer et al. 1999). The tra-
ditional classification system described earlier 
does not take into account the exact location of 
the injury; with the advent of MRI and ultrasound 
imaging, location can now be exactly identified.

Therefore, to stress the concept that an ideal 
classification system should inform on extent, 
size, and exact location of a muscle injury 
(Armfield et al. 2006), a system has been pro-
posed which takes into account the MRI and US 
imaging features of acute muscle strain injuries 
(Tables 9.1 and 9.2).

This classification identifies muscle injuries 
according to their anatomical site. Most practi-
tioners are able to diagnose relevant injuries 
based on physical examination and to plan an 
appropriate management. Imaging can give 
important information which may form the basis 
for longitudinal studies on the evolution of such 
injuries.

Table 9.1 Classic classification system and relationship with imaging features of muscles injuries

Imaging 
grading MRI finding US findings

I (strain) Less than 5% of fibre disruption; feathery oedema-
like pattern, intramuscular high signal on the 
fluid-sensitive sequences

Normal appearance, focal or general increased 
echogenicity; no architectural distortion

II (partial 
tear)

Oedema and haemorrhage of the muscle or MTJ 
may extend along the fascial planes, between 
muscle groups Fibres, which are disorganized and 
thin, are surrounded by haematoma and perifascial 
fluid. If haemosiderin or fibrosis is present, 
T2-weighted images have low signal intensity. The 
small calibre of the fibres at the site of injury may 
be also expression of incomplete healing. In 
high- performance athletes, MRI findings, 
particularly the measure of the cross-sectional area 
of injury, are relevant to define the rehabilitation

Muscle fibres are discontinuous; the disruption 
site is hypervascularized and altered in 
echogenicity in and around, with no perimysial 
striation of the area adjacent to the MTJ

III 
(complete 
tear)

Complete discontinuity of muscle fibres, 
haematoma, and retraction of the muscle ends

Comparable with MRI
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9.4.1  Classic Classification System

• Grade I injury (strain): the tear involves few 
muscle fibres; swelling and discomfort are 
evident with maintenance or minimal impair-
ment of strength and function.

At MR imaging, a classic ‘feathery’ 
oedema- like pattern visible on fluid-sensitive 
sequences may be associated with some fluid 
in the central portion of the tendon and, at 
times, along the perifascial intermuscular 
region (De Smet and Best 2000), with no dis-
cernible muscle fibre disruption or architec-
tural distortion (Kneeland 1997).

US is often normal and may show the pres-
ence of focal or general increased echogenicity 
(Koh and McNally 2007). Perifascial fluid is 
present in almost 50% of patients.

• Grade II injury (partial tear): some continu-
ity of fibres is maintained at the injury site. 
Less than one-third of muscle fibres are torn 
in low- grade injuries, from one-third to two-
thirds in moderate ones and more than two-
thirds in high-grade injuries (Connell et al. 
1999). Muscle strength and high-speed/high- 
resistance athletic activities are usually 
impaired, with marked loss of muscle 
function.

At MRI, the appearance of the lesion 
changes with both intensity and severity of the 
partial tear; changes are time dependent, and 
oedema and haemorrhage of the muscle or 
MTJ may extend along the fascial planes, 
between muscle groups. Fibres, which are dis-
organized and thin, are surrounded by haema-

toma and perifascial fluid (El-Khoury et al. 
1996; Palmer et al. 1999). The MRI findings 
may be used as an estimate of time for rehabili-
tation (Bianchi et al. 2002; Cross et al. 2004; 
Slavotinek et al. 2002), and they can some-
times predict how much time high-perfor-
mance athletes will be away from play 
(Pomeranz and Heidt 1993; Taylor et al. 1993).

At US, muscle fibres are discontinuous, the 
disruption site is hypervascularized, and echo-
genicity is altered in and around the lesion 
(Lee and Healy 2004), with no perimysial 
striation of the area adjacent to the MTJ (Koh 
and McNally 2007). Intramuscular fluid and a 
surrounding hyperechoic halo may also be 
appreciated (Koh and McNally 2007; Lee and 
Healy 2004).

• Grade III injury (complete tear): at US and 
MR imaging, these injuries show complete 
discontinuity of muscle fibres, haematoma, 
and retraction of the muscle ends (Lee and 
Healy 2004); at clinical assessment, muscle 
function is lost (Palmer et al. 1999; El-Khoury 
et al. 1996; Agre 1985; Connell et al. 2004).

When extensive acute oedema and haemor-
rhage fill the defect between the torn edges, it is 
difficult to distinguish partial from complete 
tears, whereas real-time dynamic US imaging 
may be helpful (Koh and McNally 2007). If com-
plete tears are not treated surgically, the ends of 
the muscle can become rounded and may tether 
to adjacent muscles or fascia (Koh and McNally 
2007).

9.4.2  New Classification System 
Proposed

Anatomically, muscles have an origin, proximal 
and distal tendons, proximal and distal MTJs, 
one or more muscle bellies, and an insertion. 
Since injuries may involve all these sites, it is 
proposed to distinguish muscular, MTJ (proxi-
mal and distal), and tendon injuries (proximal 

Table 9.2 Proposed classification system

Site of lesion

Proximal MTJ
Muscle • Proximal

• Middle
• Distal

• Intramuscular
• Myofascial
• Myofascial/perifascial
• Myotendinous
• Combined

Distal MTJ
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and distal). Muscular lesions can be further 
classified as intramuscular, myofascial, myofas-
cial/perifascial, musculotendinous, or a combi-
nation. According to the site of injury, muscle 
injuries are classified as proximal, middle, and 
distal.

Some studies suggest that the extent of a mus-
cle injury is a prognostic factor for recovery time 
(Slavotinek et al. 2002; Connell et al. 2004) and 
variables such as the percentage cross-sectional 
area of abnormal muscle (typically measured on 
fat-suppressed images in the transverse plane), the 
cranio-caudal length of muscle abnormality adja-
cent to the MTJ (obtained from longitudinal 
images), and the approximate volume of muscle 
injury have all been proposed to estimate severity.

9.5  Imaging

US and MRI are the main methods to perform 
imaging assessment, relate them to patient’s clin-
ical features, and identify possible comorbidities 
and any history of a previous sport injury.

Ultrasound Scanning: it can be used as a first- 
level diagnostic tool, and it is useful to monitor 
the healing process of the lesion. US allows to 
diagnose a structural injury of the muscle 36 to 
48 h after the trauma, as the peak of haemor-
rhagic oedematous collection is observed after 
24 h when it starts to decrease (Lee and Healy 
2004). US monitoring can be performed 2, 4, or 
5 days after the trauma.

Dynamic US examination is useful for the 
assessment of both elongation and dislocation of 
tertiary bundles and the extent of the lesion (Koh 
and McNally 2007).

Colour Doppler and power Doppler can be 
used to visualize the course of arteries and veins 
and to show that the hypervascularity within the 
scar tissue of the lesion is unstable.

Magnetic Resonance Imaging: it is a multi-
parametric diagnostic tool, used for detection 
of also minimal changes (Ehman and Berquist 
1986). It has a 92% sensitivity for nonstruc-
tural injuries (Kneeland 1997). MRI allows 
wide evaluation of deeper muscles than to US 

examination (Koh and McNally 2007). 
Gadolinium can be useful to monitor the stabil-
ity of the scar tissue after structural injury.

Indications are:

• Prognosis of nonstructural injuries
• Exclusion of a structural injury when clinical 

and US finding are discordant
• Assessment of muscles which are difficult to 

examine at US
• In subtotal or complete muscle lesions with 

suspect tendon involvement or bone-tendon 
avulsions

9.6  Imaging Features

Nonstructural injuries:
US: often negative; transient hyperechoic or 

hypoechoic changes at times, after 35 days
Power Doppler US: negative
MRI: negative; evidence of limited oedema at 

times (Mueller-Wohlfahrt et al. 2013)
Structural injuries:
Patients should be informed that it may be dif-

ficult to differentiate mild from moderate partial 
injuries, especially when the lesion is small. 
Given the presence of liquid, MRI may overesti-
mate the entity of the injury (Mueller-Wohlfahrt 
et al. 2013).

Type 3A
US: slightly hyperechoic area which later 

becomes inhomogeneous and hypoechoic, focal-
ized, with some structural disarray; it is possible 
to detect a small anechoic area in the context of 
the muscle.

MRI: oedema imbibition and mild inhomoge-
neous signal hyperintensity because of the intersti-
tial and perifascial oedema or small haemorrhagic 
extravasation.

Type 3B
US: hyperechoic area which becomes mark-

edly inhomogeneous, with evidence of structural 
disarray, and a wide anechoic area within and 
outside the muscle.

MRI: the muscle is enlarged because of oedema, 
with inhomogeneous signal hyperintensity related to 
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interstitial and perifascial oedema or haemorrhagic 
extravasation.

Type 4
US: severe inhomogeneous and disorganized 

areas, iso- or hyperechoic. Successively, inhomo-
geneity and marked structural changes, retraction 
of the ends of the torn muscle, and wide anechoic 
area within and between muscles.

MRI: muscle end retraction and hyperintense 
fluid caused by haemorrhagic extravasation 
between the two muscle ends.
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Prevention of Musculotendinous 
Pathologies

Peter Myers, Joanne Bullock-Saxton, 
and John Fitzgerald

10.1  Introduction

Musculotendinous (MT) injury and tendinopathy 
occur for a wide variety of reasons. The patho-
physiology of injury and the principles of rehabili-
tation have been addressed by other authors of this 
text. This chapter focuses on what evidence exists 
for prevention of musculotendinous injury.

The clinician must be mindful that there are 
many variables that may interact to make a 
patient susceptible to the development of MT 
injury. In addition, the properties of the muscle, 
tendon and enthesis tissue vary widely, and the 
tissue mechanical characteristics will generally 
determine the type of injury sustained. Injury pat-
terns can include a strain, a partial tear, an intra- 
substance tear, a complete disruption or a 
low-grade overuse inflammatory response.

Predicting MT injury with the goal of being 
able to prevent it is an imprecise science and 
relies on the skill, experience and intuition of the 
clinician. Such a prediction requires an aware-
ness of the potential for injury and bringing 
together information relating to medical history 
(Lin et al. 2004) (Magnaris et al. 2004) medica-
tion use, comorbidities such as diabetes or 
inflammatory conditions, activity level, skill rep-
etition and nature of activity, external environ-
mental factors as well as intrinsic collagen 
qualities and physical biomechanical characteris-
tics. It is beyond the scope of this chapter to 
explore each of these potential areas in detail; 
however, we will attempt to highlight known 
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factors which should alert a clinician to the fact 
that damage to the MT unit may ensue. In addi-
tion, while many of the underlying principles dis-
cussed can be applied to many parts of the body, 
this chapter will restrict itself to lower limb 
injury.

10.2  General Principles of Injury 
Prevention

Acute MT injuries classically result from a single 
tensile overload incident. Chronic injuries how-
ever result from repetitive excessively loaded 
events (Sandrey 2003) (Magnaris et al. 2004). It 
has been suggested that acute injuries may indi-
cate the presence of a chronic pathology predis-
posing to the injury (Magnaris et al. 2004).

Historically, prevention of MT injury during 
sports participation has centred on stretching, 
strengthening and the preparticipation warm-up. 
This has developed to include specific exercises 
such as plyometrics, eccentric training and neu-
romuscular stretching among others along with 
the use of anatomical modifying aids such as 
orthotics, taping and bracing. An association 
between static stretching exercises and a reduced 
incidence of MT injuries were reported in col-
lege football players (Cross and Worrell 1999), 
and in a prospective cohort study of male soccer 
players, those with less hamstring flexibility 
were more likely to sustain a hamstring MT 
injury (Witvrouw et al. 2003). Many ailments 
associated with running can readily be explained 
by anatomy and biomechanics. Gallo et al. in a 
recent review (Gallo et al. 2012) found little evi-
dence for stretching and conditioning for pre-
vention of lower limb soft tissue running 
injuries. Overall, evidence that interventions 
could reduce lower limb pain and injury after 
intense running was considered weak. However, 
their continued use does not appear to cause 
harm and probably aids in athletic performance 
in many individuals and may therefore reduce 
risk of injury in some.

Genetic. It has been shown (Baumert et al. 
2016) that certain gene variations, or polymor-
phisms, are associated with a propensity to 

exercise induced muscle soreness and possibly to 
an increased risk of delayed recovery or even of 
MT disruption. This knowledge may not benefit 
the majority of athletes but certainly could assist 
elite athletes in planning their training schedules 
to maximise recovery and reduce overload 
injuries.

Traumatic. It is known that concentric exer-
cises can lead to an increased likelihood and 
degree of exercise-induced muscle damage 
(EIMD) and that this can be reduced by eccentric 
exercises. As it is known that EIMD may in turn 
predispose to MT injury, it is important that 
eccentric exercises be incorporated into a prepar-
ticipation exercise program. Concentric exercises 
enable strength and enhance joint stability, but 
most MT injuries occur during eccentric load, 
thus emphasising that eccentric exercises should 
form a part of a regular training session (Gleeson 
et al. 2003).

Fatigue has been implicated in many sports 
injuries. In English professional soccer, signifi-
cantly more hamstring tears occur towards the 
end of both halves suggesting fatigue to be a fac-
tor (Woods et al. 2004). While muscles are 
injured at the same length, regardless of fatigue, 
fatigued muscles are less able to absorb energy, 
in eccentric load, before reaching the degree of 
elongation which causes the injury (Petersen and 
Holmich 2005). Thus, endurance training is an 
important factor in aiming to prevent MT 
injuries.

Dietary and Body Habitus. Apart from caus-
ing obesity, which is in itself a risk factor for 
MT injury, excessive intake of lipid can cause 
a dyslipidaemia which can weaken tendons 
biologically. This is a theoretical and uncom-
mon problem but may be relevant in the elite 
athlete with altered lipid metabolism (Scott 
et al. 2015)

Patients with a body mass index (BMI) of 25 
or more have an increased risk of Achilles or pos-
terior tibial tendinopathy (Frey and Zamora 
2007). Elevated BMI is also associated with MRI 
evidence of patellar tendon pathology (Scott 
et al. 2015). Rupture of the tibialis posterior ten-
don has been shown to be associated with hyper-
tension, diabetes and obesity (Holmes and Mann 
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1992). Each of these conditions should be man-
aged medically before the patient begins an activ-
ity which would risk developing a tendinopathy.

10.2.1  Around the Hip

Gluteal Tendinopathy. While this condition is 
uncommon in athletes, it can occur as an overuse 
injury. An association with increased acetabular 
anteversion has been suggested by MRI study 
(Moulton et al. 2015). This would support abnor-
mal biomechanics along with overuse as caus-
ative factors in this injury. Prevention would 
therefore rely on awareness of altered hip biome-
chanics and appropriate training schedules for 
the individual athlete.

10.2.2  Hamstrings

Injuries to the hamstring tendons are the most 
prevalent of all MT injuries resulting from sports 
participation. These can be disabling, recurrent 
and slow to recover from. Despite their preva-
lence, there is no recognised reliable protocol for 
prevention of hamstring injuries. Fiorentino and 
Blemker (Fiorentino and Blemker 2014) in a very 
elegant study have shown that an individual’s 
muscle-tendon dimensions can contribute to 
strain injury susceptibility especially in the biceps 
femoris long head. They have shown that peak 
tissue strain occurs at the proximal myotendinous 
junction and increases as the aponeurosis width 
narrows and the muscle width widens. Again, this 
may not be relevant to most active people; how-
ever, it is very relevant to an elite level sprinter. 
This information is relevant for strength and con-
ditioning trainers who, ideally, should guide ath-
letes to a slow progression of hamstring strength 
development in the hope that muscle-tendon 
dimension imbalance does not occur.

A systematic review by Hibbert et al. did sug-
gest that eccentric hamstring training is effective 
in prevention of hamstring strains but noted that 
poor methodology and the heterogeneity of stud-
ies limited their ability to recommend clinical 
protocols (Hibbert et al. 2008).

10.2.3  Quadriceps

10.2.3.1  Quadriceps Tendon
Ruptures of the quadriceps tendon classically 
occur in males in their sixth decade from a sud-
den eccentric contraction (Clayton and Court- 
Brown 2008). The classic site is in the 
hypovascular zone 2–3 cm proximal to the patella 
(Ilan et al. 2003). There may be predisposing fac-
tors present such as obesity, diabetes, inflamma-
tory arthropathy and quinolone or steroid use, but 
this is uncommon. Partial tears are rare and gen-
erally do not require surgery, whereas complete 
tears are best managed surgically. Apart from 
avoiding the injury situation, there is no means of 
preventing such an injury.

10.2.3.2  Rectus Femoris
MT injuries of the rectus femoris are uncommon 
in American football (Gamradt et al. 2009) but 
more common in Australian rules football most 
likely because of the high frequency of kicking 
and a fatigue factor with running (Orchard 2001). 
Surgery is rarely required but recovery can be 
slow. There is a high incidence of recurrent injury 
in those who return to sport (Orchard 2001). 
There has been a case report of bilateral rectus 
femoris rupture in a patient receiving quinolone 
therapy (Karistinos and Paulos 2007). Prevention 
is best achieved by appropriate strength, flexibil-
ity and endurance of the quadriceps mechanism 
in preparation for sports activity.

10.2.4  Patellar Tendon

Patellar tendonitis (PT)—classically referred to 
as jumper’s knee—is a very troublesome condi-
tion for an athlete. While most can tolerate the 
condition and adjust for it to a degree, athletes 
cannot perform at their peak level while this con-
dition remains painful. The capacity of the lower 
limb to absorb the ground reaction forces at the 
point of landing from a jump or decelerating is 
the key to understanding, treating and preventing 
this condition (Van der Worp et al. 2014). This 
involves flexibility of all joints of the lower limb 
along with strength and endurance of the muscles 
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controlling those joints. Another issue in the 
pathogenesis of PT is the change in the angle 
between the patella and the patellar tendon with 
knee flexion. The effect of this change in angle is 
most marked in the deeper more central fibres of 
the tendon. The angle change increases with 
deeper knee flexion and is even more increased in 
patients with patella alta. These patients are more 
prone to a variant of PT which involves the proxi-
mal fat pad.

A patient’s susceptibility to PT has been 
shown to be related to a stiffer movement pattern 
at the point of landing resulting in a shorter land-
ing time. The authors recommended a more flex-
ible landing pattern as a means of possibly 
preventing PT (Van der Worp et al. 2014). The 
same authors assess age, playing at the national 
level and volleyball (compared with basketball) 
to be positive risk factors for PT (Van der Worp 
et al. 2012). Also, in volleyball players, the total 
amount of jumping (number and frequency) 
rather than total training volume appears to be a 
more important risk factor for PT (Bahr and Bahr 
2014).

Others have shown that the relationship 
between hip and knee flexion with landing can be 
a predictor of the presence and severity of patel-
lar tendon injury (Mann et al. 2013). It has previ-
ously been shown that a deeper knee flexion 
angle can accurately predict the presence of PT in 
volleyball players (Richards et al. 1996). This is 
not surprising in the light of current knowledge 
as the pain of the condition would have caused 
weakness of the quadriceps thus requiring further 
flexion at both the hip and the knee in order to 
absorb the ground reaction forces.

10.2.5  Calf

Strain injuries of the medial head of gastrocne-
mius are a fairly common injury making up some 
3.6% of soccer injuries. The differing functions 
and anatomical attachments of the gastrocnemius 
and soleus with the fast twitch type IIb fibres of 
gastrocnemius spanning two joints by joining 
with the slow twitch type I fibres of soleus span-
ning only one joint predispose this construct to 

injury at the attachment area. Injury is classically 
caused by sudden dorsiflexion of the plantar 
flexed foot with the knee in extension or sudden 
knee extension with the ankle dorsiflexed. 
Middle-aged and poorly conditioned athletes 
engaged in an unaccustomed more strenuous 
activity are more prone to this injury (Gallo et al. 
2012).

Considering the anatomical and causative fac-
tors, this injury is almost impossible to prevent. 
Appropriate calf strengthening and stretching 
along with an awareness of the potential for 
injury during unaccustomed overloaded activity 
may help to reduce the risk of this injury.

10.2.6  Achilles Tendon

The Achilles tendon (AT) is an amazing anatomi-
cal structure. It can withstand enormous forces 
up to 12.5 times body weight as a result of the 
energy absorption of the gastrocnemius-soleus 
complex and the spiralling of the tendon fibres 
(Maffulli 1999). It can elongate up to 4% before 
microscopic damage occurs, while ruptures can 
occur at or over 8% (O’Brien 1992). There are 
many factors which have been associated with 
pathology of the AT. These include intrinsic fac-
tors such as hypovascularity, endocrine or meta-
bolic disorders and innumerable extrinsic factors 
such as overuse, poor flexibility, training errors, 
lateral heel strike, foot pronation, inappropriate 
footwear, running surface irregularity, reduced 
ankle dorsiflexion range (Whitting et al. 2011), 
altered knee kinematics and reduced proximal 
muscle activity (Gallo et al. 2012). Such associa-
tions are not necessarily proven as cause and 
effect, and correction of any of these in isolation 
is not proven to be an effective prevention of AT 
pathology.

Some of these factors, such as overtraining 
with resultant muscle and tendon fatigue along 
with overpronation, can be recognised and man-
aged appropriately, and hopefully, the injury 
risk will be reduced. If mechanical factors and 
trauma have been excluded as a cause of AT 
pain, then an inflammatory cause, such as anky-
losing spondylitis, should be suspected and 
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investigated (Jarrot et al. 2015). Patients with 
inflammatory arthropathy should have this man-
aged appropriately before proceeding with 
aggressive agility activities.

10.3  Iatrogenic Causes

Medications. There are four drug groups associ-
ated with tendinopathy. While drug-associated 
tendinopathy is in itself a rare side effect, the 
more common associations are with quinolones 
and long-term glucocorticoid use, while statins 
and aromatase inhibitors are less common. The 
mean time to onset of symptoms is said to be only 
a few days for fluoroquinolones, several months 
for statins and up to years for glucocorticoids 
(Kirchgesner et al. 2014). The Achilles tendon is 
the most commonly affected with 5.8% of 
patients treated with quinolones in one series suf-
fering symptoms including tendonitis and rupture 
(Barge-Caballero et al. 2008).

A systematic review by Teichtahl (Teichtahl 
et al. 2016) in 2016 showed very poor evidence 
that statins were a significant risk factor for ten-
don rupture. However, there are definite reports 
that a subset of patients treated with statins can 
develop tendinopathies or even rupture and a pro-
posed molecular method for this tendinopathy 
(Tsai et al. 2016). Clearly more studies are 
needed.

In order to prevent these iatrogenic tendon 
pathologies, the treating physician must be aware 
of the possibility of tendon pathology occurring 
in patients being treated with these medications. 
There is comorbidity with multiple drugs, hyper-
tension, diabetes and increased age. These 
patients must be cautioned against physical activ-
ity which may overload their tendons until well 
after the cessation of the medication.

Injections. Apart from short-term symptom-
atic improvement, there does not appear to be a 
benefit of injection therapy over placebo for 
Achilles tendon injury (Coombes et al. 2010). 
Indeed, there is strong evidence that glucocorti-
coid injection is associated with significant ongo-
ing harm to tendon tissue and cells (Dean et al. 
2014). Therefore, there is no place for any form 

of injection either in or around a tendon as a pre-
ventative treatment.

10.4  Specific Preventative 
Measures

From the preceding text along with a general 
understanding of the structure and function of the 
MT unit, some advice can be offered with the 
intention of prevention of MT injuries. This 
advice can be offered to patients by their trainer, 
physiotherapist, sports doctor or orthopaedic sur-
geon. Primary among these is the importance of 
being aware of the potential for MT injury and 
thus planning to avoid it.

Exercise programs. A patient beginning an 
exercise program must firstly develop the correct 
technique for that exercise and then the specific 
muscular strength, endurance and control to 
progress the intensity and agility of that specific 
exercise or activity. Factors which need to be 
considered when adjusting a specific program for 
a particular patient include their age, weight, pre- 
existing problems and other medical issues such 
as diabetes, hypertension and medications.

Running technique training along with a 
graded progression of endurance, speed and 
inclination will help prevent many running- 
associated injuries such as gluteus medius strain, 
ilio-tibial band friction syndrome, patellar ten-
donitis and medial calf tears (Gallo et al. 2012). 
Developing a controlled and flexible landing pat-
tern and building the intensity, frequency and 
overall volume of activity in a gradual manner 
should reduce the risk of patellar tendonitis (Van 
der Worp et al. 2014).

10.4.1  Physical Agents

Patients with a definite abnormality of foot struc-
ture such as dynamic pes planus, painful pes 
cavus and hindfoot inversion may benefit from a 
custom-fitted orthotic (Kaufman et al. 1999). 
Patients with plantar fasciitis may benefit from 
the use of an orthotic although this is not neces-
sarily preventative (Yu et al. 2016).
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Incorrect bike fit can play a role in MT injuries 
incurred during cycling (Deakon 2012) which 
include patellar tendonitis, ITB friction syn-
drome and Achilles tendonitis. These can be 
reduced or even prevented with appropriate bike 
geometry and individual fitting.

The stiffness of flooring is important in activi-
ties such as ballet dancing and gymnastics. 
Hackney et al. (Hackney et al. 2015) showed sig-
nificant decreases in maximum knee angle at 
landing with low stiffness flooring, suggesting a 
possible means of reduction of landing-related 
injuries in ballet dancers.

 Conclusions

In attempting to prevent musculotendinous 
injury, the clinician must firstly have an aware-
ness of the potential for injury to which their 
patient may be exposed. The intrinsic factors 
related to the patient must be matched with the 
extrinsic factors related to the specific activity 
and the environment in which it takes place. 
Unfortunately most injuries are not prevent-
able, but some could be if we are able to advise 
our patients beforehand regarding the possi-
bilities for minimising injury risk. Even with 
the best training program, the most skilful 
execution of the activity and optimal patient 
compliance, the biology must still match up to 
the physical forces of the activity, and unfortu-
nately sometimes the biology is not up to the 
contest. It is this challenge which is integral to 
the appeal of many sports and activities and 
part of the enjoyment and satisfaction of 
participation.
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11.1  Introduction

Tendons are part of the musculotendinous unit, 
and their main function is to transfer the muscu-
lar tension to the bone levers.

The homeostasis of tendons is a critical 
aspect. An unbalanced relation between regen-
erative and degenerative processes can predis-
pose to tendon tears (Sharma and Maffulli 
2005), which are common conditions that every 
physician treating musculoskeletal system dis-
orders will face throughout his career (Paavola 
et al. 2005).

Numerous intrinsic and extrinsic factors can 
interfere with tendon homeostasis, creating a 
disequilibrium and leading to tendon 
weakening.

Some of these factors are irreversible; others 
can be modified by a correct medical approach. 
In order to properly treat such patients with 
weakened tendons, a complete knowledge of the 
matter is therefore crucial.
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11.2  Intrinsic or Extrinsic Factors 
Leading to Tendon Tears

11.2.1  Intrinsic Factors

11.2.1.1  Anatomical Factors
The mechanical forces generated by muscle con-
traction are transmitted to the bones via tendons. 
Sheets of connective tissue, surrounding tendon 
components, define the tendon structure 
(Benjamin et al. 2008; Franchi et al. 2007; 
Maffulli et al. 2005).

This complex and hierarchical structure guar-
antees an appropriate transmission of pulling 
forces to rigid collagen fibers through elastic ele-
ments. As a result, tendons are remarkably strong 
and can withstand high tensions (Nickisch 2009).

Tendons have relatively low cellularity. There 
are two different mature cell types located 
between the collagen bundles: tenocytes and 
tenoblasts.

The vascularization also plays a key role in the 
pathophysiology of the tissue and is very  variable. 
The three different areas of the tendon have dif-
ferent blood supply (Maffulli et al. 2005; Arverud 
et al. 2016). The musculotendinous junction is 
vascularized by separated arteries that provide 
blood flow to both tendon and muscle tissues. 
There are no anastomoses between these 
branches. Arteries and veins run transversally to 
the long axis in the paratenon and vascularize the 
midpart of the tendon via endotenon through 
arterioles and venules (Arverud et al. 2016).

There is a fibrocartilaginous layer interposing 
between the different tissues of the tendon-to- 
bone junction, and there is no straight communi-
cation among the different tissues.

Different tendons show different weak points 
according to their vascularization pattern. The 
Achilles tendon, for example, presents an area of 
lowest blood supply from 2 to 6 cm proximally to 
its bone insertion. Tendon tears usually occur in 
this area (Arverud et al. 2016; Knobloch 2008).

The area of deficiency in the rotator cuff is 
generally situated 7–10 mm far from the tendon- 
to- bone junction, where there is a lack of com-
munication between the vascularization systems 
(Ling et al. 1990).

Due to vascularization flaws, low cellularity, 
and the great forces involved, it is anatomo- 
physiologically evident how the balance between 
regenerative and degenerative processes can be 
compromised (Sharma and Maffulli 2005; 
Maffulli et al. 2005; Arverud et al. 2016; Ling 
et al. 1990; Aström and Westlin 1994).

11.2.1.2  Aging
Tendon tears usually occur in middle-aged and 
older patients when the involved forces exceed 
the tolerated ones (Paavola et al. 2005). A physi-
ological deterioration is expected in aging ten-
dons resulting in weakened structure and function 
that can lead to tendon stiffness. It is a universal 
process that involves the different components of 
the tissue (Tuite et al. 1997; Kubo et al. 2001). 
During aging fibroblastic activity of tenoblasts is 
decreased, as the number of total cells (Nakagawa 
1996).

In some cases, calcification could further 
weaken the tendon tissue and contribute to rup-
tures. In effect, some authors well described the 
progression of calcifying tendinitis to rotator cuff 
tears (Gotoh et al. 2003; Hsu et al. 1994; Uhthoff 
and Sano 1997). The effect of aging on the vascu-
larization of the tendon is a reduction of vessels 
per unit of surface area (Tuite et al. 1997).

When the patient ages, the physical requests 
to the musculoskeletal system decrease. This 
mimics the disuse of tendons (reduced loading), 
thus a physiological weakening due to a catabolic 
state (Waugh et al. 2012; Dideriksen et al. 2016).

Such a mixture of depletions makes the ten-
don more vulnerable to damages.

11.2.1.3  Pathologies
Several pathologies have been associated with 
tendinopathy and tendon tears. The most accu-
rately described ones are hyperparathyroidism, 
gout, obesity, diabetes, and vasculopathies 
(Ackermann and Hart 2016).

Hyperparathyroidism (HP) is a multisystemic 
disease caused by an excessive release of para-
thyroid hormone (PTH). The consequences are 
abnormal blood values of calcium and phosphate. 
It compromises the renal and neurological func-
tioning, and musculoskeletal manifestations are 
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often described (Pappu et al. 2016). Calcium 
deposits imply manifestations such as condrocal-
cinosis, arthralgias, and calcifying tendinitis that 
can be the cause of tendon tears (Pappu et al. 
2016; Gao et al. 2013).

The correlation between high level of uric 
acids and consequently monosodium urate crys-
tal deposition of gout and tendinopathies has 
been recently investigated by Andia and Abate 
(2016). The inflammatory response ruled by the 
IL-1β can interfere with tendon homeostasis, but 
further investigations, regarding the effects of 
crystals on tendon cells and innate immunity, still 
need to be done (Andia and Abate 2016; 
Taniguchi et al. 2014).

When the optimal vascularization and inner-
vation of tendons decline, pathological features 
can occur. Diabetes and vasculopathies, being 
related to peripheral vasculo-nervous impair-
ment, have been epidemiologically associated 
with tendinopathy (Abate et al. 2013a, b; 
Ackermann 2013).

Obesity has multiple and demonstrated harm-
ful effects on tendons (Wearing et al. 2013; Wise 
et al. 2012). A significant increase in weight- 
bearing exponentially intensifies tendon stress. 
Furthermore, obese patients present systemic 
factors with a significant relevance in the patho-
genesis of tendon tears (Ackermann and Hart 
2016). Adipocytes produce factors such as 
chemerin and leptin that affect mesenchymal 
cells function, thus tissue turnover.

Additional damage to the tendon structure of 
collagen fibers is guaranteed by high AGEs 
(advanced glycation end products) derived from 
glucose catabolism (David et al. 2014; Franceschi 
et al. 2014; Abduljabbar et al. 2016). Abate et al. 
recently described how these metabolites develop 
stable covalent cross-links within tendon fibers 
(2013a).

11.2.2  Extrinsic Factors

11.2.2.1  Trauma and Overload 
Injuries

According to different loading and different ana-
tomical regions, tendons are variously involved 

in overloads or trauma. Stressful situations can 
disclose subclinical compromised tendons due to 
aging, anatomical abnormalities, or comorbidi-
ties (Maffulli et al. 2005).

Direct trauma described as injuries resulting 
from direct impact can cause tendon ruptures. 
Nevertheless, more often an indirect trauma, such 
as an eccentric loading on muscle levers, leads to 
the tear.

The most often ruptured ones are the Achilles 
tendons, the quadriceps tendons, the rotator cuff 
tendons, and the biceps tendons (Paavola et al. 
2005).

The pathophysiology of overuse injuries asso-
ciates recurrent overloading to tendinosis/tendi-
nitis which can proceed to micro-injuries and 
ultimately to a complete rupture (Kannus and 
Józsa 1991). Typically observed in sport and 
working environments, overuse injuries are a 
more complex field involving numerous aspects, 
organized by Paavola et al. in intrinsic and extrin-
sic factors (2005).

Intrinsic factors are muscular imbalance, mus-
cular weakness, malalignments, limb length dis-
crepancy, and lack of elasticity.

Extrinsic factors are training errors (distance, 
intensity, hill work, technique, fatigue), playing 
fields (consistency and irregularity), difficult 
environmental conditions, footwear, and 
equipment.

Since physical activity is practiced by people 
of all ages nowadays, the prevention of exces-
sively stressful events is mandatory. In middle- 
aged and older patients, these events can lead to 
definitive rupture.

11.2.2.2  Drugs, Alcohol, and Smoking
Mainly four classes of drugs can cause tendon 
degeneration: in particular glucocorticoids and 
quinolones are better studied, while aromatase 
inhibitors and statins still need deeper evalua-
tions (Kirchgesner et al. 2014).

Corticosteroids, often used as anti- 
inflammatory drugs in musculoskeletal disorders, 
have catabolic features on tendon homeostasis 
resulting in inhibition of new collagen and pro-
teoglycan formation (Scutt et al. 2006). 
Preclinical and clinical studies have shown how 
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glucocorticoid injections affect the biology of 
tendons reducing cellular turnover and, eventu-
ally, the energy to failure of the tissue (Scutt et al. 
2006; Dean et al. 2014a, b; Hossain et al. 2008).

Quinolones are broad-spectrum antibiotic 
drugs and have toxic effects on tendons. The 
pathological relation between fluoroquinolones 
and tendon ruptures has been studied and proved 
by van der Linden et al. in the IMS Health data-
base (2002). Their findings show that rupture 
events are rare but existing and also indicate that 
corticosteroid association can enhance tendon 
tears. These unfortunate accidents usually occur 
in Achilles tendon (van der Linden et al. 2002; 
Hori et al. 2012).

Passaretti et al. recently underlined and 
described the existing association between ten-
don failures and alcohol consumption (2016). 
Particularly, massive rotator cuff tears were 
related to high alcohol intake which is a risk fac-
tor for tendon injuries in both sexes (Passaretti 
et al. 2016).

The literature reported the effects of smoking 
cigarettes on rotator cuff degeneration and tears 
(Bishop et al. 2015); chronic inflammation could 
explain these effects on tendon homeostasis 
(Galatz et al. 2006).

11.3  Factors Affecting Tendon 
Healing

There are distinct stages of tendon pathology, 
from mild tendinopathy to complete tendon rup-
tures. In all these clinical conditions, tendon 
healing is a multifactorial process involving dif-
ferent actors who play various roles. Blood- 
derived cells, tissue-derived cells, and 
neurovascular and inflammatory mediators con-
cur to regulate the three phases of tissue regen-
eration: inflammatory, reparative, and 
remodeling.

The medical approach to the injury can be 
either surgical or conservative according to the 
entity and the location of the trauma. The integ-
rity of blood vessels is as essential as the close 
contact of tendon stumps. Surgeons should not be 
traumatic on bloody supplying structures while 

performing surgeries. Once these conditions are 
satisfied, the physiological processes can start.

The postoperative role of the physician is to 
guide patients through optimal rehabilitation 
without inhibiting tendon healing.

In addition to the intrinsic and extrinsic fac-
tors, there are further considerations that need to 
be evaluated while dealing with tendon healing.

11.3.1  Biomechanical Factors

The balance of loading stimuli during the healing 
of torn tendons is a matter of discussion in the 
field of musculoskeletal disease. The mechanobi-
ology of tendon regeneration processes is well 
described by Killian et al. (2012). They described 
how postoperative rehabilitation can space from 
a total immobilization to passive motion to, even-
tually, overuse and from an environment leading 
to a catabolic state to another one leading to fur-
ther micro-damages, respectively.

Several studies have shown how biological 
disuse of tendon can enhance the deterioration 
processes (Dideriksen et al. 2016; Killian et al. 
2012; Bring et al. 2007). Preclinical animal mod-
els compare a healthy limb to the immobilized 
contralateral (Bring et al. 2009). Immobilization 
has been achieved by denervation, botulinum 
injection, or long-term immobilization with cast. 
These studies evince the biological reasons of 
tendon weakening after disuse. Metabolic activ-
ity and primary gene response decrease. In addi-
tion, the expression of sensory neuropeptide 
receptors guiding neuronal plasticity declines.

The adopted rehabilitation strategies are 
related to the nature and function of the tendon 
and to the type of surgical intervention.

11.3.1.1  Immobilization
Disuse has negative effects on tendon healing, 
but certain conditions require an initial healing 
time before any stress (Killian et al. 2012). Many 
authors, describing the rehabilitation process 
after rotator cuff repair, suggest a period of 
immobilization (Osborne et al. 2016). This allows 
the reinforcement of the tendon-to-bone junction 
after the surgical procedure. The initial protected 
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osseointegration of anchors guarantees the stabil-
ity for the following stresses (Thomson et al. 
2016). Other authors however suggest that an 
early low-grade loading can stimulate the osseo-
integration (Schwartz and Thomopoulos 2013). 
According to how meticulous and controlled is 
the postoperative management of patient, an 
accurate choice of rehabilitation protocol can be 
made. The risk of overuse and consequently rup-
turing the repaired tendon need to be considered.

11.3.1.2  Passive Motion
When a laceration of long flexor tendons of the 
hand occurs, one of the main concerns is the 
reduced range of motion. This may result from 
peritendinous adhesions and scarring processes. 
An early and controlled passive motion is there-
fore required (Howell and Peck 2013).

11.3.1.3  Early Loading
In order to guarantee a correct biological healing, 
regardless of other factors such as peritendinous 
adhesions or osseointegration of materials, a cer-
tain loading is necessary to ensure a better out-
come (Killian et al. 2012). Both basic science and 
clinical studies support the theory that early and 
progressive loading enhances healing processes 
in the postoperative rehabilitation protocol of 
Achilles tendon repair (Schepull and Aspenberg 
2013; Majewski et al. 2008; Valkering et al. 2016; 
Kjaer 2014). Gene response and the nerve plas-
ticity are enhanced, resulting in well structurally 
and biologically organized healed tendons (Bring 
et al. 2007; Eliasson et al. 2013). Greve et al. 
even described the use of intermittent pneumatic 
compression and its function of the regenerating 
tendon tissue (2012).

11.3.2  Nonsteroidal Anti- 
inflammatory Drugs (NSAIDs)

The inflammatory phase is the conditio sine qua 
non of a correct tendon regeneration after rup-
tures. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) used in the first days after the trauma 
reduce the inflammatory phase and consequently 
interfere with the optimal callus formation and 

increase the healing period and recurrences. 
However, it is possible to preserve and improve 
tendon healing if the NSAIDs are administered 
after the inflammatory phase, guaranteeing a 
thinner tendon with better mechanical proprieties 
and tensile resistance. The inflammatory phase 
lasts for 5–7 days after the acute injury (Kjaer 
2014; Virchenko 2004; Hammerman et al. 2015).

In the pathology of flexor tendons of the hand, 
where excessive fibrosis and adherences are wor-
risome and motion is early requested, NSAIDs 
are used to decrease the inflammatory phase and 
prevent flexion-extension deficits (Rouhani et al. 
2013; Tan et al. 2010).

 Conclusion

The pathophysiology of tendon tears is com-
plex and multifactorial. It involves numerous 
intrinsic and extrinsic factors, irreversible 
ones and others that can be modified; in par-
ticular, a compromised vascularization and 
aging play an important key role. In addition, 
different pathologies, such as HP, gout, obe-
sity, diabetes, and vasculopathies, have been 
demonstrated to interfere with the homeosta-
sis of tendons.

Once tendon tears, the healing process 
starts and can be affected by biomechanical 
and pharmacological factors. The rehabilita-
tion protocols must be adjusted taking into 
account the specific tendon nature and func-
tion, the type of treatment (surgical or conser-
vative), and all the factors that affect the 
tendon healing.
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12.1  Introduction: Epidemiology 
of the Tendon Injuries

Injury incidence rate of the tendons is a 
slightly studied topic. In the population of 
federated football players at Mutualitat 
Catalana de Futbolistes which belongs to the 
RFEF, the rate of tendon injuries is low, as 
Table 12.1 shows. The most common of the 
tendon injuries are affect the lower extremity, 
because of the overuse of them in this sport, 
even though all the tendons can suffer a 
pathology (Fig. 12.1).

The most common of the tendon injuries are:

• Patellar tendinopathy (Fig. 12.2)
• Enthesopathy of the adductor longus (Fig. 12.2)
• Hamstring tendinopathy
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Table 12.1 Numer of tendon injuries compared to the 
total of injuries treated in the Mutualitat Catalana de 
Futbolistes which belongs to the Real Federación Española 
de Fútbol (RFEF)

Season Affiliates
Number 
of injuries

Number of tendon 
injuries

2014–2015 151.263 25.730 73 (0.28%) tendon 
ruptures
781 (3.04%) 
tendinosis
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The use of biologic therapies in tendon injuries is 
the present and the future in treating these inju-
ries. The goal of these therapies is to restore the 
tissue with the same and indistinguishable prop-
erties from the original one. Likewise, the crux of 
the matter is not to repair but to regenerate, 
reconstruct and restore the functionality.

12.1.1  Anatomy and Histology

Tendons are fibrous connective tissue composed 
of collagen fibre bundles that connect muscle to 
bone and act as contractile force transmitters 
enabling skeletal movement. All these are cov-
ered by the peritendon.

There are anatomical sites where the tendon 
slides can suffer a wear disease. These sites are 
the bony furrows, the landmarks, where the ten-
don frequently has a tendon sheath.

In the bone soil furrows, the roof consists of a 
fibrous sheath that converts the canal in a tunnel or 
fibro-osseous duct and the tendon slides protected 
by the synovial sheath that has a parietal mem-
brane and other tendon membrane that are sepa-
rated by a virtual synovial cavity with synovial 

fluid inside. In the parietal tendon membrane and 
tendon membrane reflection areas, a  non- ended 
cavity is formed. All this can be surrounded by a 
fascia coating thickening that also protects the ten-
dons and is called retinaculum.

The vascularity of the tendon almost always 
comes from its deep side, where the mesotendon 
is placed, or can also come through links or ves-
sels that come from the bone insertion.

And the last anatomical detail of the tendons is 
the synovial bursa, which is in places where it can 
be rubbed with other muscles or osteoligamentous 
structures. The bursae contain synovial fluid as a 
cushion to facilitate the sliding (Llusá et al. 2006).

12.1.2  Biomechanics of the Tendon

Tendons have viscoelastic behaviour; they do 
not act as rigid links between muscles and bones. 
The viscoelasticity is given by the collagen and 
the water and by the interaction between the 
collagen and the proteoglycans (Wang et al. 
2012).

The mechanical proprieties of the tendon have tra-
ditionally been studied stretching an isolated tendon 

a b

Fig. 12.1 Upper extremity injuries. (a) Epicondylitis in the elbow with eco-Doppler study. (b) Supraspinatus rupture

a b

Fig. 12.2 Common injuries. (a) Patellar tendinopathy. Longitudinal and transversal study. (b) Adductor longus 
enthesopathy
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to failure (Butler et al. 1978). There, a force-elonga-
tion curve is obtained with four different regions. 
Region I is associated with non- damaging forces; in 
region II, the already aligned forces are stretched and 
at the end point some fibres start to break. Further 
elongation brings into region III, where fibre failure 
occurs unpredictably; when further elongation 
occurs, it brings the tendon into region IV where 
there is a complete failure (Maganaris et al. 2008). 
Different types of tendons differ in their mechanical 
proprieties due to their different functions.

The key to tendons’ tensile strength is colla-
gen. For about 70–80% of the dry weight, tendon 
is collagen type I, and in minor amounts there are 
collagen types III, V, IX, X, XI and XII, which 
also have important functions.

The tendon acts as a spring, stretching when 
there is a tensile force, accumulating part of 
this energy and liberating it when it regains its 
original shape. What makes it act in this way is 
the plasticity given by the periodic wave pat-
tern of the collagen fibres, named the crimp 
pattern. When the tensile force is higher than 
2%, the fibres lose its pattern, and until 4% the 
tendon can regain its periodic wave pattern. 
With a tensile force is from 4 to 8%, the fibres 
start to brake, and they are unable to regain 
completely their pattern (Maffulli 1999; Doral 
et al. 2010).

12.1.3  Aetiology

The tendon injuries are often chronic, and the 
causes are an overload, a degenerative process or 
a rupture, but also it could be acute injury.

Repetitive movements both in work activity 
(cleaning glass, craftwork cutting, etc.) and sports 
activity (swimming, launching, etc.) are the cause 
of many of these injuries.

12.1.4  Injury Classification (Fig. 12.3)

According to the anatomical location:

 1. Tendon insertion or tenoperiosteal area. These 
are tendinopathy insertion or enthesitis and 
avulsions.

 2. Tendinous body: swelling, tendinosis (degen-
eration) and partial or complete rupture.

 3. Musculotendinous junction: sprains.
 4. Paratenon: peritendinitis and tenosynovitis.

12.1.5  Diagnosis

Diagnosis is performed by clinical examination 
and complementary studies.

Clinical Examination: Signs and Symptoms

• Pain during sports activities and in normal life. 
More acute when doing forced movements.

• Pain when palpating the insertion of the ten-
don or the tendinous body, when there is a ten-
dinosis or an enthesitis.

Fig. 12.3 Anatomical location of tendon injuries
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• Strength decreased with or without pain when 
doing contraction against resistance of the 
injury.

• Pain when passive stretching of the injured 
tendon.

• Crepitation in tenosynovitis.
• “Hatchet strike defect” in complete ruptures 

(Cugat 1993).
• Specific test: to evaluate the rupture or injury of 

some tendons, such as Thompson manoeuvre in 
Achilles tendon.

Complementary Studies

• X-rays: Calcifications, bony protrusions and 
bone avulsion can be observed.

• MRI
• ULTRASOUND: Ultrasound is an imaging 

technique very useful to evaluate the tendons. 
It is a great complementary tool to the conven-
tional radiography for an exhaustive diagno-
sis. Ultrasound is a non-invasive technique 
that allows us to use it as many as needed to do 
comparative and dynamic studies. The main 
uses are as follows: diagnosis, define the type 
of injury, locate and grade it, give a prognosis 
and suggest a treatment for the patient and 
also conduct the follow-up. The most frequent 
injuries of the tendons are tendinopathy, enter-
opathy, complete or partial ruptures, disloca-
tions and partial dislocations. On the 
interventionist side, the ultrasounds are 
becoming more useful to conduct ultrasound- 
guided treatments. It provides precision to the 
treatments because it allows us to view the 
structure to intervene and have a precise con-
trol over the needle while doing the 
procedure.

12.1.6  Treatment

 1. Surgical: Only when conservative treatment 
does not get satisfactory evolution and in big 
ruptures.

 2. Conservative: Biologic therapy, physiother-
apy and rehabilitation.

12.2  Biologic Therapy: Growth 
Factors

12.2.1  What Are Growth Factors?

Growth factors are substances, such as vitamins 
or hormones, which are required for the stimula-
tion of growth in living cells and cellular differ-
entiation. They are biochemical signals capable 
of modulating the cellular response, involved in a 
large number of biological functions among 
which cellular proliferation is important, though 
they also decisively affect cellular survival, 
migration, differentiation and even apoptosis.

Growth factors are synthetised as cellular 
mediators by a great amount of varied cell types, 
to diverse stimuli as an injury. It has been noticed 
that all types of connective tissues (bone, muscle, 
cartilage, synovial membrane, tendon, ligament, 
meniscus, skin, etc.) contain many of these sig-
nalling proteins which play a very important role 
in the remodelling and repair of the different 
types of connective tissue.

Growth factors carry out their function at very 
low concentration on body fluids and tissues, in the 
region of pico- or nanograms. Typically, they act by 
binding to a cellular receptor, which is specific for 
a second messenger where a tyrosine kinase pro-
tein acts. This causes a signalling cascade that ends 
up with a signal transduction inside the nucleus and 
the activation of one or more genes.

12.2.2  Mode of Action

The process of tissue regeneration includes a 
complex set of biological events controlled by 
the action and synergy of a cocktail of growth 
factors. There are three agents involved in tissue 
regeneration, the cellular component, a combina-
tion of multiple biological mediators that include 
growth factors and cytokines among others and a 
matrix or scaffold that gives support to the new 
tissue under construction.

The signalling pathways leading from the 
receptor binding to a biologic response are very 
complex.

R. Cugat et al.
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Tyrosine kinase receptors are cell membrane 
molecules and have kinase activity, which means 
that they have the ability to phosphorylate or add 
phosphate groups on the cytoplasmic domain. A 
growth factor, the ligand, binds this receptor, 
which dimerises and activates the kinase activity 
(Hubbard 1999). After this activation, the recep-
tor can add more phosphates to certain down-
stream targets or bring other molecules into the 
signalling complex by its phosphotyrosine resi-
dues (Lemmon and Schlessinger 2010). It could 
also be transmitted differently when the receptor 
does not have intrinsic tyrosine kinase activity. 
They instead recruit molecules, which have the 
ability to phosphorylate. These receptors have an 
intracellular domain with a protein kinase family 
(JAKs) which autophosphorylates and then 
recruits signal transducers and activators of tran-
scription (STATs) (O’Shea et al. 2002) (Fig. 12.4).

TGF-β superfamily of ligands has intrinsic 
serine/threonine kinase activity and binds to a 
type II receptor, which is an active kinase. This 
binding recruits and phosphorylates a type I 
receptor, which can activate downstream targets, 
by activating receptor-regulating SMADs 
(R-SMAD). The SMAD complexes resulted 

from this activation and accumulate in the nucleus 
where they act as transcription factors regulating 
gene expression. Further signals are generally 
transmitted by MAPK pathway and the PLC sec-
ond messenger system. These systems work in 
cascade and involve a series of phosphorylations 
from one molecule to another. A mitogenic signal 
allows Ras to swap its GDP (inactive) to GTP 
(active); this activates MAP3K (e.g. Raf), which 
activates MAP2K (e.g. MEK). This last activa-
tion results on a MAPK, which can now activate 
a transcription factor (e.g. MYC). PLC catalyses 
the hydrolysis of the phospholipid PIP2 which 
results in two end products, DAG and IP3. These 
two products are second messengers that control 
cellular processes and synthetise other important 
signalling molecules (Massagué 2012).

12.2.3  Growth Factors

PDGF in tendon
It is known that the platelet-derived growth 

factor, PDGF, plays an important role in the cica-
trisation process of the tendon (Duffy et al. 1995). 
There are studies that talk about the PDGF high 

Fig. 12.4 Mechanism of action of the tyrosine kinase receptors
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levels during this process, and it seems to be very 
important during the first part of the cicatrisation 
inducing other growth factors to be synthetised 
(Molloy et al. 2003), although there are studies 
that showed that PDGF is also important during 
the tissue remodelling process (Yoshikawa and 
Abrahamsson 2001).

TFG-β in tendon
TGF-β is very active during all tendinous cica-

trisation phases, playing a very important role in 
tissue reparation stimulating extrinsic cell 
 migration, regulating protease activity, stimulat-
ing collagen production and ending cell prolifer-
ation (Molloy et al. 2003).

As some studies show, TGF-β gene expression 
increases after tendon wound, and it is believed 
that it regulates inflammatory response (Sciore 
et al. 1998). Other studies have found that high 
TGF-β doses could have negative effects in ten-
don healing, e.g. fibrosis, which considerably 
decreases tendon mobility (Molloy et al. 2003).

IGF in tendon
In the tendon healing, the IGF stimulates 

fibroblast and other cell proliferation and migra-
tion to the damaged area so as to increase colla-
gen and other extracellular matrix protein 
production (Molloy et al. 2003). It is also impor-
tant to say that the synergy with other molecules 
increases its functions.

FGF in tendon
During tendon healing, FGF stimulates fibro-

blast proliferation in the tendon. It is proved that 
FGF levels are increased after a tendon injury, 
having the higher levels in the epitenon tenocytes 
and in the inflammatory cells and fibroblasts 
from the tendon sheath (Hsu and Chang 2004).

EGF in tendon
EGF plays an important role during the early 

phase of the cicatrisation. It is present in the 
inflammatory cells even though it is not expressed 
in the tenocytes of the healing area (Tsubone 
et al. 2004).

VEGF in tendon
VEGF is present in synovial fibroblasts and in 

tenocytes. It seems to play an important role in 

tendon angiogenesis (Hsu and Chang 2004). Its 
levels are insignificant in normal Achilles ten-
don, but they are increased after an injury. So, the 
increment of VEGF follows a pattern, from the 
outside to the injury focus (Molloy et al. 2003). 
This neovascularisation comes from the surface 
of the epitenon and provides the injury zone with 
extrinsic cells, nutrients and growth factors.

NGF in tendon
In human tenocytes, the presence of NGF has 

been shown, but there is no further information 
about its activity on tendinous reparation 
processes.

HGF in tendon
There are no studies on its activity in tendi-

nous reparation processes.

12.3  PRP as a Medication

12.3.1  Are All PRP the Same?

Currently, there is a variety of systems for obtain-
ing substances that contain growth factors and 
other elements like leukocytes, fibrin, etc. 
Because of this variety, the products obtained 
have different chemical and cellular composi-
tions. Preclinical studies suggest that leukocytes 
in PRP contribute to inflammatory cytokine pro-
duction in tendon healing (McCarrel et al. 2012). 
It also suggests that minimising leukocytes in 
PRP is more important than maximising platelet 
numbers in order to decrease inflammation and 
enhance matrix gene synthesis (Boswell et al. 
2014).

12.3.2  PRP in Tendon

The use of PRP in tendon is increasing faster than 
in other tissues because from 30 to 50% of sports 
injuries are tendon related.

The tendon is a poorly vascularised tissue 
(Fenwick et al. 2002) that uses little energy and 
has low metabolic tax. Besides, the tendon can 
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support high tension for a long time which means 
that the tissues with a high metabolic activity 
demand, such as cicatrisation, occur relented 
(Sánchez et al. 2009).

The effect of PRP in tendon tissue is similar 
to other tissues. The platelets, once activated, 
release its granule content. This content con-
sists of important growth factors, PDGF, TGF-
β, FGF, EGF, VEGF, HGF and IGF, among 
others, which play important roles (Molloy 
et al. 2003). Apart from these growth factors, 
this PRP therapy gives other bioactive and 
structural proteins, such as fibrin, fibronectin or 
vitronectin, which helps in intracellular adhe-
sion and three-dimensional matrix formation 
(Andia et al. 2010).

12.4  Effects of PRP in Tendon 
Healing

12.4.1  Ultrastructural Effect

The Fernández-Sarmiento et al. study has dem-
onstrated that PRP is associated with histologi-
cal changes consistent with an accelerated and 
early healing process in tendon. The tendons 
treated with PRP showed improvements in mor-
phometric features of fibroblast nuclei, which 
suggest an advanced stage of healing. After 8 

weeks of treatment with PRP, the histological 
examination revealed a more mature organisa-
tion of collagen bundles (more packed and better 
oriented), lower vascular density (PRP-treated 
tendons exhibited faster vascular regression than 
tendons in the control groups) and decreased 
fibroblast densities than in control group ten-
dons. The fibroblast nuclei of the tendons treated 
with PRP were more elongated and parallel to 
the tendon axis than in the control group. These 
findings were consistent with a more advanced 
stage of the healing process (Fernandez-
Sarmiento et al. 2012; Fernandez-Sarmiento 
2012; Domínguez et al. 2012; Fernández-
Sarmiento et al. 2013).

In the II Jornadas de la Fundación Garcia 
Cugat in 2012, JM Dominguez and A Blanco pre-
sented “Therapy with plasma rich in growth fac-
tors in tendon ruptures” where they stated that 
there are obvious differences in the ultrastructure 
of the tendons. There are more inflammation signs 
in the control group at 2 and 4 weeks than in PRP 
group. In the PRP group, the fibroblasts have a 
major activity and collagen production. The col-
lagen fibres seem to be organised better and well 
aligned. In the eighth week, microkeloid appeared 
in the control group, which could mean a loss of 
structure, elasticity, adhesions and recurrence of 
the injury. The PRP group is in a more advanced 
stage of cicatrisation (Figs. 12.5 and 12.6).

a b

Fig. 12.5 Lymphocyte (a) and macrophage (b). Inflammation signs at 2 weeks in the control group
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12.4.2  Biomechanical Effects

Lopez-Najera et al. study demonstrated that 
the application of PRP in Achilles tendon 
increases its repair strength at 8 weeks com-
pared with the placebo control group, but does 
not modify section and tension ratios. The ten-
sion ratio progressively increases between 2 
and 8 weeks compared with the ones treated 
with placebo (López-Nájera 2014; López-
Nájera et al. 2015).

12.5  Augmentation in Surgery

In order to improve the regeneration of the ten-
don, the application of PRP, liquid or clot formu-
lation, is also advised in tendinous injuries that 
require surgery at the end of the procedure. Also, 
it is advised to apply the PRP subcutaneously to 
improve the healing of the injured area.

In the post-surgery period, if the evolution is 
slower than expected, a second or third injection can 
be performed under ultrasound control (Fig. 12.7).

a b

c d

Fig. 12.6 Collagen fibre distribution. (a) At 4 weeks in 
the control group, the fibres are poorly organised. (b) At 
4 weeks in the PRP group, mature fibres. (c) At 8 weeks in 

the control group, hypertrophic and mature fibres. (d) At 
8 weeks in the PRP group, well-organised adult fibres
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12.6  Physiotherapy

The role of the physiotherapy or rehabilitation 
is essential to recover from a tendinous injury. 
The rehabilitation works to diminish the pain 
and eliminate the problem. The main objective 
in this type of injuries is to eliminate the pain, 
regain a good range of motion and re-establish 
the muscle mass of the affected area.

The rehabilitation process is divided in three 
phases:

• First phase: the objective is to reduce the inflam-
mation and pain.

• Second phase: the objective is to regain a good 
elasticity in the injured tendinous fibres. Manual 
exercises working with passive stretching, eccen-
tric muscle work and cardiovascular training.

a

c

b

Fig. 12.7 PRP administration formula. (a) Liquid PRP. (b) Clot PRP. (c) Ultrasound-guided PRP injection
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• Third phase: only will take place if the patient 
does not show pain. Work on gaining muscle 
mass through progressive strengthen exercises 
would be conducted.

It is important to take into consideration that 
the patient must not work if feeling pain, and also 
it is important to work progressively depending 
on each patient.

Finally, each patient must have their own 
programme depending on his injury and his 
characteristics.

12.7  Take-Home Message

The vast majority of tendon injuries can be solved 
with conservative treatment, being a minimum 
percentage the ones that require surgery. 
Biological treatments help in regenerating tissues 
by recovering the altered anatomy and also in 
recovering the decreased function within a 
shorter time.
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13.1  Introduction

Tendons exhibit high mechanical strength, flexi-
bility, and extensibility to perform their unique 
role as an active element during movement and 
physical exercise (Kirkendall and Garrett 1997). 
However, too much stress and force can be 
exerted on it, increasing the risk of injury, namely, 
at the tendon–bone interface (TBi) (Maffulli 
et al. 2003). Moreover, they have low metabolic 
rate and well-developed anaerobic mechanisms 
that allow them to sustain tensile loads for long 
periods of time. Unfortunately, this low meta-
bolic rate also results in a slow healing after 
injury (Sharma and Maffulli 2005).

As a consequence the healing response is 
suboptimal causing scar tissue formation, 
which implies inferior mechanical properties 
(Butler et al. 2003; Khatod et al. 2003; Parchi 
et al. 2016; Woo et al. 1999, 2006). Physicians 
treat primarily tendon lesions by conservative 
treatment hoping that “nature” could heal the 
structural lesion and helping to recover or com-
pensate function. However, when the natural 
healing process is not effective, surgery is 
needed but in this kind of lesions remains an 
imperfect solution. In that case, current sutur-
ing techniques do not have the expected suc-
cess, often resulting in poor healing (Butler 
et al. 2003; Khatod et al. 2003; Laurencin and 
Freeman 2005; Woo et al. 2006).

Sometimes tissue transplantation is required 
in the surgical technique, and in that case auto-
grafting is often the preferred choice. Autografts 
provide a good method of replacement without 
the immunological response and risk of disease 
transmission that the allografts may carry 

(Hinsenkamp et al. 2012). However, there are 
limitations in its use related with the available 
quantity of autografts and also donor site morbid-
ity concerns (Hollister 2005). As the autograft is 
harvested from the patient, it requires an addi-
tional procedure often resulting in pain, decreased 
motion, muscle atrophy, and tendonitis 
(Laurencin and Freeman 2005; Miller and Azar 
2008; Petrigliano et al. 2006; Spindler et al. 2004; 
Vunjak-Novakovic et al. 2004).

The shortage of transplantable tissues and 
organs, as well as the donor site morbidity, has 
therefore boosted the birth and evolution of tissue 
engineering (TE) and regenerative medicine 
(Griffith and Naughton 2002). So, in order to 
overcome the existing limitations, tissue engi-
neering has been developing new approaches 
combining cells, growth factors, nanoparticles, 
and scaffolds. The ultimate objective is to obtain 
a tissue that replicates the mechanical and struc-
tural properties of the native tissue.

Although TE has not progressed as success-
fully as anticipated since it was formalized, it still 
holds great potential in providing clinicians with a 
range of alternative solutions to repair and regen-
erate wounded tissues. The central dogma of TE 
is to use a scaffold or template as a physical and 
biochemical platform that mimics physiological 
conditions for effective wound regeneration by 
guiding cellular processes. Natural polymers, 
such as proteins and polysaccharides, are good 
potential materials as templates for tissue regen-
eration owing to their natural bioinductive abili-
ties to improve cell–material interactions 
(Malafaya et al. 2007).

13.2  Tendon

Full understanding of tendon structure, behavior, 
and function is essential to develop and apply 
biomaterials as new treatment alternatives or 
adjuncts.

Tendon and ligament mechanical properties 
vary depending on their location and function, 
and biomaterials developed to repair these tissues 
must replicate those same properties in order to 
be successful (Hammoudi and Temenoff 2011). 
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Low vascularity and low cellularity associated to 
a rich extracellular matrix (ECM) are unique 
characteristics of the tendon.

13.2.1  Structure

Tendons are soft, fibrous tissues that have an 
organized hierarchical structure (Thorpe and 
Screen 2016; Wang 2006). They connect muscle 
to bone, and their main function is to transfer 
force generated from muscle to bony structures 
resulting in joint movement (Sharma and Maffulli 
2005; Thorpe and Screen 2016).

Parallel-aligned triple-helical cross-linked 
collagen forms the basic component of the struc-
ture, the fibrils (10–500 nm). Various fibrils 
aggregate with each other and with resident 
tenocytes and tenoblasts to form a fiber 
(1–20 μm). Collagen fibers form a sinusoidal 
crimp structure, responsible for the early resis-
tance to sudden tensile loads applied to tendons 

during muscle contraction (Khatod and Amiel 
2003; Sharma and Maffulli 2005).

Fibers are surrounded by endotenon and 
gather in an ordered fashion to form subfascicles 
and fascicles (20–200 μm) that are surrounded 
by the epitenon. Endotenon and epitenon form a 
continuous fine layer of connective tissue and 
serve as conduits to nerves, blood, and lymphatic 
vessels (Hammoudi and Temenoff 2011; Sharma 
and Maffulli 2005; Thorpe and Screen 2016).

Tendon surface is then covered with paratenon 
(in regions away from joints) or synovial sheath 
(around joints), to facilitate movement and guar-
antee smooth gliding through surrounding tissues 
(Benjamin and Ralphs 2000; Thorpe and Screen 
2016; Wang 2006). The tendon structure is repre-
sented in Fig. 13.1.

13.2.1.1  Extracellular Matrix (ECM)
As other connective tissues, tendons are mainly 
composed of water (55–70% total weight) 
(Sharma and Maffulli 2005; Thorpe and Screen 

Fig. 13.1 Tendon structure (ascending order): fibrils, fibers, subfascicles, fascicles and tendon
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2016). Tendon dry weight is mainly formed by 
ECM and cells account only for roughly 20% of 
total volume (Benjamin and Ralphs 2000).

The most common protein in tendons ECM is 
collagen, and 95% of it is collagen type I ori-
ented mainly in a longitudinal fashion granting 
tendons high tensile strength (Hammoudi and 
Temenoff 2011; Thorpe and Screen 2016). 
Collagen type III, the second most common 
type (Thorpe and Screen 2016), is found primar-
ily in endotenon and epitenon and, represents a 
less organized matrix associated with decreased 
strength but increased pliability. It is the main 
collagen type synthesized in the early phases of 
tendon and ligament healing (Hammoudi and 
Temenoff 2011; Wang 2006). Collagen type V 
can be found in the center of collagen type I 
fibrils and may contribute to fibrillogenesis.

Other types of collagen exist in lesser quanti-
ties (II, VI, IX, X, and XI), usually at insertion 
sites where they are thought to reduce stress over 
interface zones (Hammoudi and Temenoff 2011).

Elastin is another protein commonly found in 
tendons and ligaments reaching 2% of tendon dry 
weight (Sharma and Maffulli 2005). It usually 
bounds to collagen type I fibrils forming elastic 
fibers. They can store return energy and contrib-
ute to recover of fibril crimp structure after strain 
is applied to elastic fibers (Hammoudi and 
Temenoff 2011; Wang 2006).

Proteoglycans comprise 1–5% of tendon and 
ligament dry weight depending on location and 
function. Among their described functions, they 
maintain hydration of tendons, provide lubrica-
tion to the gliding fibers, improve adaptation and 
tensile strength, enhance compressive stiffness in 
fibrocartilaginous regions, and also have a role in 
tendon development (Hammoudi and Temenoff 
2011; Thorpe and Screen 2016). The most com-
mon proteoglycan is decorin, making up to 80% 
of proteoglycan dry weight in tendons. It contrib-
utes to tendon development and is predominantly 
found in tensile zones, allowing tendon adapta-
tion to tensile loads (Hammoudi and Temenoff 
2011; Thorpe and Screen 2016).

Fibronectin and tenascin-C are glycopro-
teins found in small quantities in tendons and 

ligaments, and they contribute to ECM repair and 
mechanical stability after injury mainly by their 
interaction with collagen and other structural 
components (Hammoudi and Temenoff 2011). 
Moreover, Tenascin-C expression is upregulated 
in tendinopathy (Sharma and Maffulli 2005).

13.2.1.2  Cells
There are several types of cells present in tendons, 
but the majority of these cells are fibroblasts, and 
they are responsible for synthesizing and organi-
zing ECM components (Benjamin and Ralphs 
2000; Hammoudi and Temenoff 2011; Sharma and 
Maffulli 2005; Wang 2006). Fibroblasts that reside 
between collagen fibers, known as tenocytes, pro-
vide a complex network of cytoplasmic processes 
connecting adjacent cells and surrounding collagen 
fibers (Thorpe and Screen 2016). They are also the 
main cells recruited in response to injury and are 
able to amplify inflammatory response by secreting 
essential chemotactic and growth factors. Other 
cell types, namely, tenoblasts (tenocyte progenitor 
cells), chondrocytes, and synovial and vascular 
cells, can be found in the interfascicular space 
(Dyment and Galloway 2015; Sharma and Maffulli 
2005).

13.2.1.3  Tendon Blood Supply
Tendon blood supply is very variable. In most of 
cases, tendons are supplied by intrinsic vessels 
(myotendinous and osteotendinous junctions) 
and extrinsic vessels that penetrate synovial 
sheath or paratenon and course deeper into the 
tendon through epitenon and endotenon (Sharma 
and Maffulli 2005).

13.2.2  Tendon–Bone interface (TBi)

TBi is a highly organized structure where two dif-
ferent tissues connect allowing the transmission of 
force produced by the muscle to the bone and 
resulting in movement. Briefly, it is composed of a 
gradual interface between tendon and bone which 
is composed of four zones: a dense tendon zone, 
non-mineralized fibrocartilage, mineralized fibro-
cartilage, and bone (Benjamin and Ralphs 1998).
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Moreover, the tendon is composed of a 
highly organized collagenous extracellular 
matrix and parallel collagen fibers that are ori-
ented along the long axis of the tendon. Some 
specialized fibroblasts (tenocytes) are distrib-
uted in parallel rows between the collagen 
fibers, and a few vascular structures are evident. 
Then, the dense collagen fibers of the tendon 
gradually intermesh with fibrocartilage, and the 
latter becomes progressively mineralized and 
continues into the adjacent cortical bone. There 
is also a distinct transition line between the 
mineralized and the non-mineralized fibrocarti-
lage known as tidemark. The tidemark is a rela-
tive straight line, which indicates the production 
of a flat surface during the mineralization pro-
cess. A histological photograph is provided 
showing the histological characteristics of TBi 
(Fig. 13.2).

13.3  Injury, Healing, and Repair

The tendon healing process after injury or surgi-
cal repair is usually predictable with three over-
lapping stages—(1) inflammation, (2) 
proliferation/matrix production, and (3) remodel-
ing (Hope and Saxby 2007; Sharma and Maffulli 
2005). In this process, the recruitment and activa-
tion of intrinsic tenocytes peaks in the prolifera-
tion phase where they are recruited from the 
paratenon, endotenon, and epitenon, migrate to 
the wound site, and begin proliferating (Garner 
et al. 1989; Yang et al. 2013a). All sources of 
tenocytes are important in synthesizing an extra-
cellular matrix and in establishing an internal 
neovascular network (James et al. 2008).

In the tendon healing process and more spe-
cifically in the inflammatory phase, various 
kinds of cells, including fibroblasts/tenocytes, 

Fig. 13.2 TBi histology. The normal histology of the 
intact TBi is composed of four consecutive zones: a dense 
tendon zone, non-mineralized fibrocartilage, mineralized 
fibrocartilage, and bone. The tendon collagen fibers are 
typically oriented along the long axis of the tendon and 
the fibrocartilage zone becomes progressively mineralized 

toward the bone border. There is also a tidemark, a well- 
defined transition line between the non-mineralized and 
mineralized fibrocartilage, which indicates the production 
of a flat surface during the mineralization process. 
(Mason’s Trichrome, original magnification 40×)
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platelets, and MSCs, enter the wounded area, 
and cellular interactions play a crucial role in 
the healing process (Woo et al. 1999). In par-
ticular, BMSCs contribute to the process of ten-
don healing (Young et al. 1998). However, in the 
contribution of MSCs to the healing process, it 
is still unclear as to whether the effects are 
obtained by differentiation of MSCs themselves 
into tenocytes at the injury site (Smith and 
Webbon 2005) or instead they act enhancing the 
local biological behaviors via cell–cell contact 
or by the regulative effect supplying immuno-
modulatory and trophic factors or whether a 
combination of all these mechanisms occurs 
(Chong et al. 2009; Lange-Consiglio et al. 2013; 
Yagi et al. 2010).

It is currently defended that one of the possi-
ble mechanisms of the biological effects of 
MSCs is from paracrine factors releasing from 
these cells (known as “secretome”) which can 
control regenerative mechanisms and improve 
the ability to control inflammation (Lange-
Consiglio et al. 2013; Sevivas et al. 2016). 
In fact, it has been shown that the secretome 
of MSCs regulates  cellular functions such as 
proliferation, differentiation, communication, 
and migration (Carvalho et al. 2011; Makridakis 
et al. 2013; Salgado and Gimble 2013; Salgado 
et al. 2015; Teixeira et al. 2013, 2015). Finally, 
from the clinical application point of view, tro-
phic factors produced by stem cells in the form 
have shown to have reparative effects in sponta-
neous horse tendon injuries (Lange-Consiglio 
et al. 2013).

However, the tendon natural healing process 
occurs by reactive scar formation and does not 
achieve to obtain a tissue with the same character-
istics of native tendon. Actually, even surgical 
repair fails in to regenerate the characteristics of 
tendon or TBi, resulting in a fibrous healing tissue 
that leads to inferior biomechanical properties, 
thereby increasing the likelihood of recurrence of 
the tear (Carpenter et al. 1998; Kovacevic and 
Rodeo 2008; Lui 2015; Rodeo et al. 2007). For 
example, in rotator cuff’s TBi healing, instead of 
four zones, a three-layer fibrovascular construct is 

formed that has significantly less fibrocartilage 
than normal (Huegel et al. 2015), and specifically, 
the zone of mineralized fibrocartilage does not 
reform (Gerber et al. 1999).

13.4  Scaffolds and Biomaterials

TE using biomaterials is the focus of intense 
investigation worldwide and will probably be 
one of the treatments of choice for tendon and 
ligament injuries. It involves the use of cells, 
biomaterials, growth factors, or their combina-
tions with the aim of directing a more sophisti-
cated healing response to promote tissue repair.

TE strategies with cells require an adequate 
scaffold that could contain them and where cells 
can adhere, interact with specific growth factors 
and cytokines, proliferate, differentiate, and pro-
duce extracellular matrix for the success of cell 
therapy procedures (Krampera et al. 2006). 
Moreover, it provides mechanical support and 
may have biological properties that may favorably 
influence tendon-to-bone healing (Ladermann 
et al. 2015). Tissue regeneration through TE tech-
niques can be achieved by culturing isolated cells 
on 3D scaffolds to develop biological substitutes, 
and for that it is important to increase the number 
of isolated cells (Shimode et al. 2007). Cell adhe-
sion to the scaffold depends on the interaction that 
is established in between the scaffold microstruc-
ture and the cell surface receptors denominated 
integrins (Mora et al. 2015).

More recently, it has been used scaffolds made 
of biodegradable synthetic materials, which, by 
providing nonpermanent support to cells, can 
serve as temporary matrices for tissue regenera-
tion, progressively disappearing as the new tissue 
is formed (Lorbach et al. 2015). Furthermore, the 
development of 3D electrospun scaffolds which 
through their close structural resemblance to 
ECM provide morphological cues encouraging 
cell growth, the application of functional tissue 
engineering (FTE) in scaffold design to obtain 
scaffolds with adequate mechanical properties 
and the development of fabrication techniques 

N. Sevivas et al.



137

and coating technologies that facilitate the inte-
gration of bioactive molecules (e.g., growth fac-
tors) with scaffolds (Breidenbach et al. 2014; 
Hakimi et al. 2012).

13.4.1  Basic Considerations 
and Scaffold Design

Depending on the type of the biomaterial used, 
scaffolds are divided in synthetic, natural, or 
composite. There are several requirements, 
which should be met when designing scaffolds 
for tendon TE. The material should be biocom-
patible, promoting new tissue formation without 
immunological response. Sufficient void space 
is an important requirement in order to allow 
adequate nutrient delivery to the seeded or infil-
trated cell population (Hollister 2005; Petrigliano 
et al. 2006). In fact this void space quantified as 
scaffold porosity is determinant for cellular pro-
liferation and ECM formation, which enables 
the scaffold integration with host tissue (Hollister 
2005; Laurencin and Freeman 2005; Vunjak-
Novakovic et al. 2004). The goal is to achieve 
the same mechanical properties (e.g., elastic 
modulus, toughness, and  ultimate strength) as 
the host tissue to restore normal physiologic 
function and prevent stress shielding of the 
newly formed tissue (Laurencin and Freeman 

2005; Vunjak-Novakovic et al. 2004; Woo et al. 
1999, 2006).

Moreover, biodegradability is an important 
feature. When implanting a scaffold, it is 
expected that this will provide the conditions 
for new tissue formation at the same rate of its 
own degradation that occurs (Doroski et al. 
2007; Laurencin and Freeman 2005; Vunjak-
Novakovic et al. 2004). Synthetic scaffolds offer 
the advantage of being able to be tuned to have a 
wider variety of mechanical properties and deg-
radation characteristics through different fabri-
cation and processing techniques. Despite these 
advantages, their degradation and wear products 
may cause an unwanted host immune response 
or toxicity. Natural scaffolds do not carry these 
risks and are readily degraded. The most popular 
current technique for production of nanofibrous 
scaffolds is electrospinning because it is a con-
tinuous, scalable process, which allows produc-
tion of fibers ranging from nanometers to 
microns in either a random or aligned fashion 
(Fig. 13.3).

13.4.2  Synthetic Scaffolds

Synthetic polymers allow precise control over 
molecular weight, degradation time, hydropho-
bicity, and other attributes, yet they may not 

a b

Fig. 13.3 Scanning electron microscopic images of (a) randomly oriented and (b) aligned keratin fibers fabricated by 
electrospinning. Scale bars represent 5 μm
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interact with cells in a desired manner (Langer 
and Vacanti 1993).

First-generation synthetic scaffolds were inert 
materials, which failed to simulate the biomechan-
ical properties of native tendon. They also did not 
behave as expected concerning creep, permanent 
deformation, stress shielding, abrasive wear and 
degradation, axial splitting, and extensibility 
(Petrigliano et al. 2006; Vunjak- Novakovic et al. 
2004). Unlike the previous generation, new bio-
materials have high initial strength and are 
designed to gradually transfer the load to the newly 
formed tissue, while the degradation process is 
progressing and the new tissue matures.

Poly(urethane) is a very heterogeneous and 
versatile group of polymers in what concerns 
their physical and mechanical properties. 
Depending on the fabrication process, these scaf-
folds can have different porosities and tunable 
degradation characteristics (Webb et al. 2006). 
These scaffolds seeded with fibroblasts have 
shown increased cell proliferation, matrix accu-
mulation, and elastic modulus after a cyclic strain 
regimen (Webb et al. 2006). However, 
poly(urethanes) may release toxic degradation 
products and are unable to maintain similar 
mechanical properties to the native tendon upon 
degradation (Guelcher 2008).

Poly(esters) when used for tendon regenera-
tion as scaffolds are produced in a fibrous form 
that is posteriorly processed to form higher 
ordered structures such as sheets (Deng et al. 
2009; Wang et al. 2008), woven or knitted meshes 
(Heckmann et al. 2008), and braids (Freeman 
et al. 2007, 2009). PLLA, PGA, and PLGA are 
the most commonly used poly(esters) for tendon 
tissue engineering. The large interfiber pores 
have been shown to allow significant collagen 
deposition both in vitro and in vivo in a rabbit 
model for ACL reconstruction (Freeman et al. 
2007, 2009; Van Eijk et al. 2008).

These materials have a wide range of degrada-
tion profiles and mechanical properties. However, 
a material that retains these properties during the 
replacement process by new tissue remains to be 
found (Vieira et al. 2009).

13.4.3  Natural Scaffolds

Also natural scaffolds have evolved during 
time. Initially, porous scaffolds composed of 
randomly oriented collagen type I fibers were 
used. These scaffolds without cells had subop-
timal mechanical properties (Torres et al. 
2000). In order to overcome this limitation, 
other approaches were tried. Gels composed of 
aligned collagen fibers seeded with MSCs and 
submitted to mechanical stimulation had 
showed significantly better mechanical proper-
ties (Altman et al. 2002; Shearn et al. 2007). 
MSC-seeded porous collagen sponges which 
generate aligned collagen fibers under cyclic 
strain have demonstrated increased ECM gene 
expression and protein deposition (Juncosa-
Melvin et al. 2007). The main drawbacks of 
collagen matrices are the need for processing 
the collagen derived from animal tissue in 
order to remove foreign antigens and potential 
donor pathogens to reduce immunogenicity. 
These processes reduce the mechanical 
strength and collagen also undergoes fast 
in vivo degradation (Liao et al. 2008; Vieira 
et al. 2009).

Fibrin matrix cross-linked with thrombin and 
containing bone marrow stromal cells showed 
initially promising results, but as with collagen 
matrices, they are still unable to achieve the ideal 
mechanical properties (Liao et al. 2008; Vieira 
et al. 2009).

From the natural scaffolds discussed here, 
silk represents the strongest, being also bio-
compatible, promoting cell adhesion, prolifera-
tion, and ECM deposition (Vunjak-Novakovic 
et al. 2004). Its degradation occurs at a relative 
slow rate in vivo, and when its fibers are 
arranged in a wire rope, it achieves similar 
mechanical properties to those of native liga-
ment or tendon (Chen et al. 2003, 2006; Moreau 
et al. 2008). However, silk presents some con-
cerns about the adequate removal of contami-
nating proteins and potential immunogenicity 
since it is not a human native protein (Vieira 
et al. 2009).
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13.4.4  Composite Scaffolds

Composite scaffolds are the result of the associa-
tion of natural and synthetic materials in an attempt 
to use the positive aspects of each material in syn-
ergy. There are several studies in which fibrous 
scaffolds were combined with hydrogels to allow 
homogeneous cell seeding within the fibrous scaf-
fold, promote the alignment of cells and ECM in 
the gel, reinforce the gel scaffold, and allow deliv-
ery of nutrients and growth factors through the gel 
(Fan et al. 2008; Hayami et al. 2010).

Some groups have been developing composite 
materials in order to replicate tendon interfaces. 
A stratified scaffold using three distinct continu-
ous phases was produced using knitted meshes 
and sintered microspheres. Each phase was 
designed to reproduce a specific region of the tis-
sue. This scaffold supported cell proliferation, 
migration, and production of ECM, maintaining 
distinct cellular regions and phase-specific ECM 
in vitro (Spalazzi et al. 2008).

Other approaches have been exploring the 
incorporation of ceramics with different fabrica-
tion technics to achieve graded mineral deposi-
tion (Paxton et al. 2008).

Human hair keratin offers great possibilities 
for tissue regeneration and repair applications 
because of its abundance, bioactive properties, 
and potential as a reliable autologous material 
(Rouse and Van Dyke 2010). Among existing 
biomaterials, fibrous matrices produced by 
electrospinning technique are widely used 
because they can mimic the nanoscale structure 
and complexity of the ECM and are controlla-
ble in fiber diameter and alignment (Khorshidi 
et al. 2016). It has been previously reported 
success in electrospinning randomly oriented 
keratin fibers by blending human hair keratin 
with a small amount of poly(ethylene oxide) 
(PEO) and showed that these are compliant 
for fibroblast attachment and proliferation 
(Sow et al. 2013).

Despite these scaffolds have an enormous poten-
tial, they are still in a premature phase of develop-
ment. Their use in large scale for tendon regeneration 
in humans is still far from being a reality.

13.5  Tissue Engineering 
Strategies

The possible application of several cell types used 
in conjunction with biomaterials in order to 
improve tendon regeneration has been vastly stud-
ied. Biomaterials might be used in order to facili-
tate integration and recruitment of these cells from 
host tissue or in alternative cells can be seeded in 
biomaterials prior to implantation. The most 
promising cells for tendon regeneration are teno-
cytes, dermal fibroblasts, mesenchymal stem cells 
(MSCs), and tendon-derived stem cells (TDSCs).

13.5.1  Tenocytes

Once tenocytes are the predominant cell type 
found in native tendon, it is logical to integrate 
them in biomaterials matrices in order to try rep-
licating native tendon. In fact, these cells are 
responsible for producing and maintaining the 
ECM which provides mechanical strength 
(Benjamin and Ralphs 2000). Tenocytes not only 
are readily incorporated into most scaffolds 
where they adhere and proliferate (Guelcher et al. 
2008; Wang et al. 2008) but also native cells can 
undergo migration and infiltration into implanted 
scaffolds (Freeman et al. 2009). A considerable 
flaw in this process is the need for autogenous 
cells in order to avoid host immune response. 
These cells need to be harvested from the patient’s 
tendons, which may lead to significant donor site 
morbidity.

13.5.2  Dermal Fibroblasts

Dermal fibroblasts represent a good alternative in 
order to overcome the difficulties and complica-
tions associated to tendon fibroblast harvesting. 
These cells can be obtained through a simple skin 
biopsy (Cornwell et al. 2004, 2007). Concerning 
basic behavioral characteristics, these cells 
adhere and proliferate in a similar way and appear 
to synthesize many of the same ECM compo-
nents (Deng et al. 2009). Not being derived from 
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the same tissue for which they are being applied 
remains the question if at long term the behavior 
will be similar to that of native tendon.

13.5.3  Mesenchymal Stromal Cells

Mesenchymal stromal cells are multipotent cells 
that can differentiate in several mesenchymal 
pathways. This characteristic turns these cells in a 
very interesting option in the field of tendon TE, 
with the advantage of being easy to harvest by 
minimally invasive needle aspiration. Also since 
evidence suggests MSC might be immune privi-
leged, allogenic MSC might be used (Pittenger 
et al. 1999). The challenge in vivo is to achieve 
their maintenance and differentiation, which can 
be facilitated by growth factors that might be 
combined or delivered sequentially (Moreau et al. 
2008). Human embryonic stem cells can be dif-
ferentiated in MSC constituting a new source of 
MSC (Chen et al. 2009). However, they often 
cause ectopic bone formation in healed tendons 
which can compromise its function.

13.5.4  Tendon-Derived Stem Cells 
(TDSCs)

TDSCs have recently gained interest because 
they have the ability to promote tendon healing 
with no increased risk of ectopic chondro- 
ossification (Lui et al. 2014; Yang et al. 2013b).

13.5.5  Nanoparticles

Nanotechnology includes all techniques, which 
use, manipulate, or study matter between 4 and 
400 atoms. Below 100 nm classic laws of Physics 
do not apply, which allow materials, based or 
manipulated with nanoparticles, to have novel 
properties, like size and strength beyond conven-
tional limits (Parchi et al. 2016). These particles 
have vast application in tendon regeneration. 
They can be exploited in the manufacture of scaf-
folds, as carrier in gene therapy or using their 
anti-inflammatory properties.

Several particles have been developed and stud-
ied in order to be used in gene therapy and avoid 
their side effects and possible complications (Raffa 
et al. 2011). In an experiment to prevent peritendi-
nous adhesion, miRNAs reducing expression of 
TGF-b1 were inserted into a plasmid and then 
were loaded into PEI-poly(lactic- co- glycolic acid) 
(PLGA) nanoparticles. The transfection of miRNA 
by PLGA nanoparticles successfully resulted in 
TGF-b1 inhibition, consequently inducing tendon 
repair, although the repaired tendon had lower 
strength than the control group. Due to these 
results, the authors concluded that pure inhibition 
of TGF-1b had deleterious effects, not achieving 
the desired healing effect (Zhou et al. 2013). The 
same authors hypothesized that better results could 
be obtained by combining TGF-1b miRNA plas-
mid with other growth factor’s miRNAs, to be 
delivered simultaneously.

One of the most used and studied nanoparti-
cles for tendon TE is silver nanoparticle (AgNP). 
Its ability to inhibit ATP synthesis in microorgan-
isms, denature DNA, and block the respiratory 
chain made Ag be recognized as an antimicrobial 
agent (Morones et al. 2005). As demonstrated by 
in vitro experiments, AgNPs promote prolifera-
tion of primary tenocytes, as well as the produc-
tion of ECM components (Kwan et al. 2014). 
Also in vivo these NPs have proven advantages 
as shown by a higher tensile modulus of tendons 
treated with AgNPs. Nonetheless, the tensile 
modulus was still significantly lower than that of 
a normal tendon (Kwan et al. 2014). Its antiphlo-
gistic effect is also not negligible, reducing scar 
tissue formation and adhesions (Kwan et al. 
2014). Other NPs have been studied as possible 
options for tendon regeneration although with 
less consistent results. A recent trend is to use 
these particles to enhance natural polymer matri-
ces (Deeken et al. 2011).

13.6  Conclusion and Future 
Trends

Given its high frequency, low quality of tissue 
repair, and less than optimal clinical recovery, it is 
not surprising that new and innovative therapeutical 
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strategies have become more appealing to treat ten-
don pathology.

The use of biomaterials, usually integrating a 
TE strategy, aiming to obtain a morphologically 
and functionally tendon similar to the original 
tissue is under research. Currently, its clinical use 
is already available but not so widespread as ini-
tially thought. However, the continuous evolution 
of the biomaterials and the possibility to blend it 
with cells and growth factors will probably allow 
us to regenerate tendon tissue and improve clini-
cal outcomes when treating tendon pathology.
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New Strategies for Muscular 
Repair and Regeneration
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14.1  Introduction

Skeletal muscle injuries can stem from a variety 
of events, including direct, such as muscle lacera-
tions and contusions, and indirect trauma, such as 
strains, and also degenerative diseases, such as 
muscular dystrophies (Huard et al. 2002).

Many classifications are used for muscle inju-
ries, which sometimes causes limitations to the 
comprehensive study of muscle injuries and dis-
crepancies in the uniformity for their categoriza-
tion and description. In human sport clinics, the 
diagnosis of muscle injury is adequate in most 
cases, but imaging modalities such as ultrasonog-
raphy, computed tomography (CT), or magnetic 
resonance imaging (MRI) are important to differ-
entiate between structural lesions and functional 
disorders and to determine the extent of the 
injury.

A minor muscle injury can regenerate com-
pletely and spontaneously, whereas after severe 
injuries, muscle healing is incomplete, often 
resulting in the formation of fibrotic tissue that 
compromises muscle function. Despite the fre-
quent occurrence and the presence of a body of 
data on the pathophysiology of muscle injuries, 
none of the treatment strategies adopted to date 
have been shown to be really effective in strictly 
controlled trials. Most current muscle injury 
treatments are based on limited experimental and 
clinical data and/or were only empirically tested.
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14.2  Physiopathology and Muscle 
Healing Process

The pathogenic process consists in consequent 
phases:

• Degeneration and necrosis
• Inflammation and cellular response
• Regeneration and repair
• Remodeling and fibrosis

14.2.1  Degeneration and Necrosis

The initial phase is characterized by rupture and 
necrosis of the myofibers. The gap created is 
filled with a hematoma. Late elimination of the 
hematoma is known to delay skeletal muscle 
regeneration (Beiner et al. 1999) and to promote 
fibrosis interfering with functional recovery.

14.2.2  Inflammation and Cellular 
Response

Neutrophils are the first inflammatory cells infil-
trating the lesion. A large number of pro- 
inflammatory molecules such as cytokines 
(TNF-α, IL-6), chemokines (CCL17, CCL2), and 
growth factors (FGF, HGF, IGF-I, VEGF, TGF- 
β1) are secreted by neutrophils in order to create 
a chemo-attractive microenvironment for other 
inflammatory cells such as monocytes and mac-
rophages (Tidball 1995; Toumi and Best 2003). 
Two types of macrophages are identified during 
muscle regeneration (McLennan 1996). 
Macrophages, infiltrating injured muscle, are key 
players of the healing process (Zhao et al. 2016), 
able to participate in the muscle regeneration pro-
cess or to favor fibrosis (Munoz-Canoves and 
Serrano 2015).

Finally, the arrival in the damage tissue of the 
T lymphocytes plays an important role in the 
local vascularization through adhesion molecule 
secretion, product of growth factors (GFs), and 
cytokines. With the intervention of the T lympho-
cytes, the inflammatory response undergoes an 
acceleration.

14.2.3  Regeneration and Repair

Phagocytosis of damaged tissue is followed by 
myofibers regeneration, leading to satellite cell 
activation. Muscle regeneration usually starts 
during the first 4–5 days after injury, peaks at 
2 weeks, and then gradually diminishes 
3–4 weeks after injury. It is a multiple-step pro-
cess including activation/proliferation of satellite 
cells (SCs), repair and maturation of damaged 
muscle fibers, and connective tissue formation. A 
fine balance between these mechanisms is essen-
tial for a full recovery of the contractile muscle 
function. Muscle fibers are postmitotic cells, 
which do not have the capacity to divide. 
Following an injury, damaged muscle fibers can-
not be repaired without the presence of adult 
muscle stem cells (Relaix and Zammit 2012; 
Sambasivan et al. 2011). SCs are skeletal muscle 
stem cell located between the plasma membrane 
of myofibers and the basal lamina. Their regen-
erative capabilities are essential to repair skeletal 
muscle after injury (Hurme and Kalimo 1992; 
Lipton and Schultz 1979; Dumont et al. 2015). In 
adult muscles, SCs are found in a quiescent state 
and represent, depending on species, age, muscle 
location, and muscle type, around 5–10% of skel-
etal muscle cells (Rocheteau et al. 2015).

After injury, SCs become activated, prolifer-
ate, and give rise to myogenic precursor cells, 
known as myoblasts. After entering the differen-
tiation process, myoblasts form new myotubes or 
fuse with damaged myofibers and ultimately 
mature in functional myofibers. Following acti-
vation, SCs proliferate and generate a population 
of myoblasts that can either differentiate to repair 
damaged fibers or, for a small proportion, self- 
renew to maintain the SC pool for possible future 
demands of muscle regeneration (Collins 2006; 
Dhawan and Rando 2005).

14.2.4  Remodeling and Fibrosis

The last phase is characterized by maturation of 
regenerated myofibers with recovery of muscle 
functional capacity and also fibrosis and scar tis-
sue formation. The presence of fibrin and fibronec-
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tin into the injury site initiates the formation of an 
extracellular matrix that is rapidly invaded by 
fibroblasts (Darby et al. 2016; Desmouliere and 
Gabbiani 1995). Fibrogenic cytokines such as 
transforming growth factor-β1 (TGF-β1) partici-
pate to excessive fibroblast/myofibroblast prolif-
eration and to an increase in type I/III collagens 
and laminin and fibronectin production (Lehto 
et al. 1985). In its initial phase, the fibrotic response 
is beneficial, stabilizing the tissue and acting as a 
scaffold for myofiber regeneration. Many growth 
factors are involved in the development of fibrosis, 
such as connective tissue growth factor (CTGF), 
platelet-derived growth factor (PDGF), or myo-
statin. TGF-β1, by stimulating fibroblasts/myofi-
broblasts to produce extracellular proteins such as 
fibronectin and type I/III collagen, has been identi-
fied as the key element in this process (Mann et al. 
2011). Although fibroblasts are the major colla-
gen-producing cells in skeletal muscle, TGF-β1 
has also an effect directly on myoblasts causing 
their conversion to myofibroblasts.

The phases of muscle healing are almost the 
same in all muscle injuries (Fig. 14.1) but the 
functional recovery changes. Usually the healing 
process leads to muscle regeneration with a differ-
ent scar tissue area. In the best of case the healing 
provides to complete resorption of the hematoma, 
in the almost complete regeneration of muscle 
damage tissue and so in a complete functional 
recovery that means the athlete is able to produce 
the same pre-injury muscle work (Huard et al. 
2002). Late elimination of the hematoma is known 
to delay skeletal muscle regeneration, to improve 
fibrosis, and to reduce biomechanical properties 
of the healing muscle that have a negative influ-
ence on the functional recovery of the athlete. 
Furthermore, in rare case of major muscle inju-
ries, some complications like myositis ossificans, 
cystic degeneration, heterotopic ossifications, and 
liquid flapper may occur.

14.3  Treatment

Most muscle injuries respond well to conserva-
tive treatment. The main indication to surgery, 
depending on the sport activity and the muscle 

group involved, is a subtotal or complete lesion 
of the muscle belly or an avulsion of the 
tendon.

The treatment strategy should be rapid and 
based on a correct clinical examination and 
instrumental diagnosis. The main objectives of 
the treatment are to reduce recurrence rates par-
ticularly in elite athletes, where decisions regard-
ing return to play and player availability have 
significant financial or strategic consequences for 
the player and the team, and to minimize the 
absence from sport.

The pain is the first symptom and should be 
treated because it generates a state of muscular 
contraction or analgesic attitude that often affects 
the healing process.

PRICE (protection, rest, ice, compression, 
and elevation) has been central to acute soft tis-
sue injury management for many years.

POLICE, a new acronym, which represents 
protection, optimal loading, ice compression, and 
elevation, is not simply a formula but a reminder 
to clinicians to think differently and seek out new 
and innovative strategies for safe and effective 
loading in acute soft tissue injury management. 
Optimal loading is an umbrella term for any 
mechanotherapy intervention and includes a 
wide range of manual techniques currently avail-
able; indeed, the term may include manual tech-
niques such as massage refined to maximize the 
mechano-effect (Bleakley et al. 2012).

After 24–48 h from the injury, it is possible 
to know the lesion severity and to make deci-
sions for recovery program. The treatment 
should be based on natural evolution: in the first 
24–48 h, the edema and hematoma promote the 
fibroblast organization, and they realize the 
connective neoformation between 7th and 15th 
days.

Therefore, it is important to consider this pro-
cess, because the treatment affects the scar, 
depending on the supplied stimuli.

The new tissue is composed of collagen matu-
ration and it is breakable and sensible to mechan-
ical stress. Tensile stresses allow an increase of 
the elasticity up to a maximum of 20%, while a 
load of 10–12 kg per mm2 leads to the breakdown 
of the collagen fibers (Sallay et al. 1996).
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Fig. 14.1 The phases of muscle healing are almost the same in all muscle injuries after indirect trauma, but the func-
tional recovery changes, and it is almost always incomplete for the presence of fibrotic tissue
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Fisiochinesiterapic treatment in this phase 
should respect the healing process. The preven-
tion of adhesions is by massage therapy initially 
distant from the outbreak and then, depending on 
the evolution, even in the scar but not earlier than 
10–15 days (Järvinen et al. 2007). We should try 
to obtain an elastic scar in the muscle and a solid 
scar in the transmission structures (tendons and 
apparatus myoentesico) or in stabilization struc-
tures (ligaments, capsule, bands).

About NSAIDs some disputes exist on admin-
istration time. Some authors recommend using 
these drugs from the start and to suspend them 
after 3–5 days. Other authors indicate that the use 
of anti-inflammatory interferes with chemotaxis 
cell; with an inhibition of regenerative response, 
necessary for the formation of new muscle cells; 
and with pain that is an important parameter to 
the management of the first phases. These studies 
suggest to postpone the administration of anti- 
inflammatory on the 2nd or 4th day following the 
accident. It is considered more appropriate to use 
anti-inflammatory drugs from 3rd to 6th day and 
suspend them after the injury.

Mechanical stimulation may offer a simple 
and effective approach to enhance skeletal mus-
cle regeneration. Muscle stretching can be pas-
sive or active assisted. There is no evidence that 
passive stretching is superior to an active proto-
col in terms of stretching and muscle elasticity. 
Mechanical forces are as important biological 
regulators as chemicals and genes and underline 
the immense potential of developing mechano-
therapies to treat muscle damage (Cezar et al. 
2016). Concentric and eccentric muscle contrac-
tion exercises can be started when the isometric 
contraction can be performed without pain. A 
recent study also demonstrated that a treatment 
based on ultrasound-guided intra-tissue percuta-
neous electrolysis (EPI technique) enhances the 
treatment of muscle injuries (Abat et al. 2015). 
Altogether, these results suggest that mechanical 
stimulation should be considered as a possible 
therapy to improve muscle regeneration and 
repair.

Kinesiotaping (neuromuscular bandage) has 
been introduced in recent decades. The rationale 
is to reduce tension on the lesion site by lifting 

the skin from the subcutaneous and deep tissue: 
the probable analgesic effect on the drainage pro-
cess of these materials should get better the 
edema and swelling.

After scar formation and joint stability gained, 
we will begin on specific recovery that aims to 
rebuild muscle tropism, the motor pattern, and 
muscular strength. This stage use for the muscu-
lar tropism isometric exercises without loads and 
isotonic exercises (concentric and eccentric) 
with variable loads (from 2 to 5 kg). The sessions 
are to be divided in the day to avoid muscle 
overstress.

The different muscle contraction used in ther-
apy must comply with the real operating condi-
tions in athletic performance, so that the recovery 
of sports is as fast as possible. These treatments 
allow the athlete recovering quickly, while the 
athlete field observation in the post-treatment 
phases can confirm the healing and allow return to 
play (Gigante et al. 2014).

14.4  New Strategies for Muscular 
Repair and Regeneration

14.4.1  Growth Factors

Growth factors (GFs) are biologically active mol-
ecules, synthetized by the injured tissue or by 
other cell types into the inflammatory site, which 
are released in the extracellular space and modu-
late the regenerative response. They play a vari-
ety of roles in the different stages of muscle 
regeneration (Table 14.1).

Hepatocyte growth factor (HGF), fibroblast 
growth factor (FGF), and platelet-derived growth 
factor (PDGF) are of interest because of their 
capacity to stimulate satellite cells (Sheehan 
et al. 2000).

Insulin-like growth factor-1 (IGF-I) appears to 
be of particular importance for the muscle regen-
eration process. IGF-I stimulates myoblast pro-
liferation and differentiation (Engert et al. 1996) 
and is implicated in the regulation of muscle 
growth (Schiaffino and Mammucari 2011). IGF-I 
improved muscle healing, and histology of the 
injected muscle revealed fibrosis within the 
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lacerated  site, despite high level of IGF-I produc-
tion (Lee et al. 2000). However, the efficacy of 
direct injection of recombinant proteins is limited 
by the high concentration of the factor typically 
required to elicit a measurable effect. This is 
mainly due to the bloodstream rapid clearance of 
these molecules and their relatively short biologi-
cal half-lives.

Vascular endothelial growth factor (VEGF) has 
a potent angiogenic effect and is expressed in high 
concentration in healing flexor tendons 7–10 days 
following repair in animal models (Würgler-Hauri 
et al. 2007). Increased vascularity may improve 
tendon healing and contribute positively to the 
repair process. By targeting simultaneously angio-
genesis and myogenesis, it was shown that com-
bined delivery of VEGF and IGF-I enhances 
muscle regenerative process (Borselli et al. 2010).

In this direction, the use of platelet-rich plasma 
(PRP) is considered as a possible alternative 
approach based on the ability of autologous growth 
factors to improve skeletal muscle regeneration 
(Hamid et al. 2014; Hammond et al. 2009). 
Approximately 70% of the stored factors are 
secreted within the first 10 min following activa-
tion, and within the first hour almost 100% have 
been secreted. The degranulation of the α-granules 
results in the release of PDGF, TGF- β, insulin-like 
growth factor (IGF), and vascular endothelial 
growth factor (VEGF), with a host of other growth 
factors as well. These are native growth factors in 
their biologically determined ratios. These platelet 
growth factors enhance DNA synthesis, chemo-
taxis, and angiogenesis, increase collagen deposi-
tion, and stimulate synthesis of extracellular 
matrix.

Table 14.1 Growth factor roles during the phases of muscle healing after a trauma

Growth factors Physiological effects Potential benefit Main role

IGF-1 – Promotes myoblast 
proliferation and 
differentiation in vitro
– Hypertrophic effect essential 
for muscle growth during 
development and regeneration
– Existence of a muscle 
specific isoform (m IGF-1)

– Serial injections of IGF-1 
improve muscle healing in vivo 
(Menetrey et al. 2000)
– Chemotactic for fibroblasts, 
increase collagen production, 
and fibrosis development

– Central role in muscle 
regeneration and 
hypertrophy

VEGF – Promotes angiogenesis in 
the healing process
– Promotes myoblast 
migration, proliferation, and 
survival

– VEGF administration 
improves muscle regeneration 
(Deasy et al. 2009)

– Creates a neo-capillary 
network that improves the 
migration of satellite cell

HGF – Promotes myoblast 
proliferation and inhibits 
myoblast differentiation 
(Anderson 2016)
– A second set of HGF 
production is crucial for 
inflammation resolution after 
injury (Proto et al. 2015)

– Injection of HGF into injured 
muscle increased myoblast 
numbers but blocked the 
regeneration process (Miller 
et al. 2000)

– Activates satellite cells in 
the early phase of 
regeneration

TGF-β1 – Key regulator of the balance 
between muscle fibrosis and 
muscle regeneration
– Inhibits satellite cell 
proliferation and 
differentiation in vitro

– Anti fibrotic therapy by 
blocking overexpression of 
TGF-β1 improves muscle 
regeneration

– Pro-fibrotic factor

FGF – FGF-6 and FGF-2 promote 
satellite cell proliferation but 
inhibit myogenic 
differentiation

– Anti fibrotic therapy by 
blocking overexpression of 
TGF-β1 improves muscle 
regeneration (Hwang et al. 
2016)

– Stimulates fibroblast 
proliferation
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Experimental studies on animal models 
showed that IGF-1, bFGF, and nerve growth fac-
tor (NGF) are potent stimulators of myoblast pro-
liferation and fusion. Hammond et al. showed the 
capability of PRP to promote and accelerate 
myogenesis in an experimental study investigat-
ing the biomechanical and biochemical effects in 
rat muscle injuries (2009).

In a previous experimental study in a rat model 
of muscle injury, the effects of a platelet-rich 
fibrin matrix (PRFM) in the regeneration of dam-
aged muscle tissue were histologically and 
immunohistochemically evaluated. This morpho-
logical study showed that the use of PRFM could 
improve muscle regeneration and long-term vas-
cularization, suggesting that autologous PRFM 
may be a suitable and useful tool in the clinical 
treatment of muscle injuries (Gigante et al. 2012).

A side effect of the use of PRP and/or related 
products (e.g., PRFM) may be the occurrence of 
fibrosis. Visser et al. demonstrated that, in vitro, 
PRFM contains a significantly higher concentration 
of TGF-β1 compared with whole blood concentrate 
of similar volume. TGF-β1 has the ability to signifi-
cantly increase connective cell proliferation over 
time, thus generating fibrotic tissue. Indeed, in an 
in vivo study, no increase in fibrotic tissue forma-
tion was observed during PRFM treatment in com-
parison with controls, suggesting that in vivo the 
amount of TGF-β released by PRFM might be not 
sufficient for this occurrence (Visser et al. 2010; 
Gigante et al. 2012).

Furthermore, it has been demonstrated a cor-
relation between the concentration of growth fac-
tors and muscle regeneration. In order to closely 
simulate a clinical approach, Cianforlini et al. 
injected two different concentrations of PRP 
intramuscularly 24 h after the surgical trauma 
and evaluated, by means of histological and 
immunohistochemical analyses, the  dose- dependent 
effects. Histological results confirmed the effec-
tiveness of PRP in muscle healing and showed 
that the increase in PRP concentrations (i.e., 
GFs) in damaged muscle tissue accelerates the 
tissue regeneration process as well as neovascu-
larization. Immunohistochemical data further 
strengthened this hypothesis detecting MyoD and 
myogenin-positive cells, located both inside the 

basal lamina of the fiber and in the interstitial 
spaces in the muscle sacrificed at three days and 
in a dose-dependent manner. It is well known that 
MyoD and myogenin play a key regulatory role 
in the processes of plasticity, adaptation, and 
regeneration in adult muscle. At last no signifi-
cant side effects related to a higher dose of GFs 
were detected (Cianforlini et al. 2015).

About the efficacy of GH and IGF-1, 
Cianforlini et al. wanted to verify the role of GH 
by means of a single systemic administration in 
the treatment of acute muscle injury in an experi-
mental model, verifying a possible correlation 
between the concentration of GH administered 
and tissue regeneration and fibrosis.

The action of GH is found to be ubiquitous, 
being increased the amount of muscle tissue and 
also of the endomisial and perimisiali connective 
tissue, with a consequent presence of exuberant 
scar tissue, directly proportional to the concentra-
tion of the administered GH. These are only pre-
liminary data, but muscle regeneration and fibrosis 
could be both dependent from GH concentration, 
with an effect that would not be positive from a 
functional point of view, being present abundant 
scar tissue.

Considered as safe products, autologous PRP 
injections are increasingly used in patients with 
sports-related injuries (Engebretsen et al. 2010). 
Nevertheless, a recent randomized clinical trial 
shows no significant positive effects of PRP 
injections, as compared with placebo injections, 
in patients with muscle injuries, up to one year 
after injections (Reurink et al. 2014, 2015).

By recent findings, some scientific works 
combine PRP with Losartan (an angiotensin II 
type 1 receptor antagonist) (Terada et al. 2013) or 
PRP with the use of TGF-β1 neutralizing anti-
bodies (Li et al. 2016). These strategies are a 
promising alternative to promote muscle regen-
eration while significantly reducing fibrosis.

14.4.2  Stem Cells

Transplantation of satellite cell-derived myoblasts 
has long been explored as a promising approach 
for treatment of skeletal muscle disorders.  After 
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an initial demonstration that normal myoblasts 
can restore dystrophin expression in mdx mice 
(Partridge et al. 1989), clinical trials, in which 
allogeneic normal human myoblasts were 
injected intramuscularly several times in dystro-
phic young boys muscles, have not been success-
ful (Law et al. 1990; Mendell et al. 1995). Even 
recently, despite clear improvement in method-
ologies that enhance the success of myoblast 
transplantation in Duchenne patients (Skuk et al. 
2007), outcomes of clinical trials are still disap-
pointing. These experiments have raised con-
cerns about the limited migratory and proliferative 
capacities of human myoblasts, as well as their 
limited life span in vivo. It led to the investiga-
tions of other muscle stem cell sources that could 
overcome these limitations and outperform the 
success of muscle cell transplantation. Among all 
these non-satellite myogenic stem cells, human 
mesangioblasts, human myogenic-endothelial 
cells, and human muscle-derived CD133+ have 
shown myogenic potentials in vitro and in vivo 
(Sampaolesi et al. 2006; Meng et al. 2014). The 
use of myogenic progenitor cells for improving 
muscle healing may become an interesting thera-
peutic alternative (Tedesco and Cossu 2012).

The functional recovery of muscle in a young 
rat model of contusion injuries is significantly 
improved with the combined use of Losartan and 
muscle-derived stem cells (Kobayashi et al. 
2016). New perspectives are provided by the 
combination of stem cells with anti-fibrotic 
therapies.

14.4.3  Anti-fibrotic Agents

Considering the important role of TGF-β1 in the 
fibrotic cascade, the neutralization of TGF-β1 
expression in injured skeletal muscle should 
inhibit the formation of scar tissue.

Indeed, the use of anti-fibrotic agents (deco-
rin, relaxin, antibody against TGF-β1, AII antag-
onist, interferon gamma) that inactivate TGF-β1 
signaling pathways reduces muscle fibrosis and, 
consequently, improves muscle healing, leading 
to a near complete recovery of lacerated muscle 
(Fukushima et al. 2001; Li et al. 2007).

The expression of myogenesis factor increased 
in mice skeletal muscles of the CCl4 + losartan 
group compared to the corresponding levels in 
the control group. It could be hypothesize that 
systemically elevated TGF-β1 as a result of 
CCl4-induced liver injury causes skeletal muscle 
injury, while losartan promotes muscle repair 
from injury via blockade of TGF-β1 signaling 
(Hwang et al. 2016).

Losartan, an angiotensin II receptor antago-
nist, neutralizes the effect of TGF-β1 and reduces 
fibrosis, making it the treatment of choice, since 
it already has FDA approval to be used clinically 
(Park et al. 2012; Terada et al. 2013). Suramin, 
also approved by the FDA, blocks TGF-β1 path-
way and reduces muscle fibrosis in experimental 
model (Chan et al. 2003; Taniguti et al. 2011).

Also studies on the rotator cuff repair suggest 
the benefit effect of Licofelone (inhibitor of 
5-LOX, COX-1, COX-2) on tendon healing, 
muscle fibrosis, and lipid accumulation (Oak 
et al. 2014).

In a mouse laceration model, the area of fibro-
sis decreased when γINF was injected at either 1 
or 2 weeks after injury. More importantly, it found 
to improve muscle function in terms of both fast-
twitch and tetanic strength. Demonstrating that 
γINF is a potent anti-fibrosis agent that can 
improve muscle healing after laceration injury 
(Foster et al. 2003).

14.4.4  Scaffolds

Appropriately configured materials have the abil-
ity to modulate different stages of the healing 
response by inducing a shift from a process of 
inflammation and scar tissue formation to one of 
constructive remodeling and functional tissue 
restoration. The events that facilitate such a dra-
matic change during the biomaterial-host interac-
tion are complex and necessarily involve both the 
immune system and mechanisms of stem cell 
recruitment, growth, and differentiation. The bio-
logical scaffolds derived from animal ECM after 
a decellularization process that consists in the 
removal of cells associated antigens, preserving 
the ultrastructure and composition of the ECM.
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When properly manufactured, the scaffold 
material increases the migration and cell survival 
of myogenic precursor cells (Boldrin et al. 2007). 
Controlling the microenvironment of injected 
myogenic cells using biological scaffolds 
enhances muscle regeneration (Borselli et al. 
2011). Ideally, using an appropriate extracellular 
matrix (ECM) composition and stiffness, scaf-
folds should best replicate the in vivo milieu and 
mechanical microenvironment (Gilbert et al. 
2010; Engler et al. 2006).

With enzymatic and chemical decellulariza-
tion process, we can isolate skeletal muscle 
ECM; this shows to contain growth factors, gly-
cosaminoglycans, and basement membrane 
structural proteins. Myogenic cells survive and 
proliferate on muscle ECM scaffolds in vitro, and 
when implanted in a rat abdominal wall injury 
model in vivo shows to induce a constructive 
remodeling response associate with scaffold deg-
radation and myogenesis in the implant area 
(Wolf et al. 2012).

The Food and Drug Administration has not 
established standards for tissue decellularization. 
As a result, commercially available ECM-derived 
scaffolds contain different amounts of cell- 
associated antigenic material.

A recent study demonstrated that an acellular 
scaffold composed of urinary bladder porcine 
ECM can promote formation of new muscle tis-
sue in mice and in humans after a volumetric 
muscle loss. Further more encouraging histologi-
cal results, three of five patients also show a func-
tional improvement of muscle injuries (Sicari 
et al. 2014).

A combination of stem cells, biomaterial- based 
scaffolds, and growth factors may provide a thera-
peutic option to improve regeneration of injured 
skeletal muscles (Jeon and Elisseeff 2016).

 Conclusions

Skeletal muscle injuries are very frequently 
present in sports medicine and sport trauma-
tology. Despite their clinical importance, the 
optimal rehabilitation strategies for the treat-
ment of these injuries are not well defined. 
The healing process required the presence of 
different cell populations, up- and downregu-

lation of various gene expressions, and partici-
pation of multiple growth factors. Scientific 
research so far has focused on individual ele-
ments; nowadays strategies based on the 
match and combination of stem cells, growth 
factors, and biological scaffolds have already 
shown promising results in animal models. A 
better understanding of the cellular and 
molecular pathways as well as a better defini-
tion of the interactions (cell-cell and cell-
matrix) that are essential for effective muscle 
regeneration should contribute to the develop-
ment of new therapies in athletes.
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Conservative Treatments 
for Tendinopathy

F. Tencone, S. Della Villa, and A. Giannini

15.1  Exercises Therapy

15.1.1  Introduction: The Importance 
of Loading Program 
in Tendinopathy

In 1998 Alfredson et al. published a key paper 
that changed the way we look at tendons (1998). 
The authors prospectively studied the effect of 
heavy-load eccentric calf muscle training in 15 
recreational athletes who had the diagnosis of 
chronic Achilles tendinosis with a long duration 
of symptoms despite conventional nonsurgical 
treatment. At week 0, all patients had Achilles 
tendon pain not allowing running activity, and 
there was significantly lower eccentric and con-
centric calf muscle strength on the injured com-
pared with the non-injured side. After the 
12-week training period, all 15 patients were 
back at their preinjury levels with full running 
activity. There was a significant decrease in pain 
during activity. A comparison group of 15 recre-
ational athletes with the same diagnosis and a 
long duration of symptoms had been treated con-
ventionally. No one of the control group 
improved, and all patients were ultimately treated 
surgically.

However, despite the first encouraging results, 
subsequent studies have failed to reproduce the 
same outcome. In fact, most authors reported suc-
cessfully returning 60% (Silbernagel et al. 2001; 
Roos et al. 2004) of participants back to sport, 
which contrasts with the 100% reported to have 
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returned to sport in Alfredson’s original paper. It 
was proposed that the lower success rates observed 
can be due to a poorer response to isolated eccen-
tric exercises in nonathletic and female individu-
als when compared with athletic subjects (Maffulli 
and Longo 2008). A recent systematic review 
confirmed the success of eccentric exercises 
(Sussmilch-Leitch et al. 2012) even if the mecha-
nism by which the effect is achieved remains 
unclear. However there is no evidence that eccen-
tric regime is more effective than other loading 
programs (Malliaras et al. 2013).

Biologic tissues have the unique capacity to 
adapt over time increasing load tolerance and 
energy absorption. In tendons, changes in stiff-
ness seem to be attributed more to adaptations of 
the material rather than to morphological proper-
ties. We don’t know for sure if a program regime 
is better than other in optimizing this response. 
Type I collagen response to high load in normal 
tendon peaks at around 3 days after intense exer-
cise (Langberg et al. 2000). Interestingly this 
response appears to be greater in pathological 
tendons than normal tendons (Kjaer et al. 2005). 
However, the majority of the tendon is composed 
not of cells but of extracellular matrix (ECM), 
which is a passive structure. The tendon ECM is 
a viscoelastic material, which means that slower 
loading regimes can yield greater strains than 
faster loading regimes, as the tendon has more 
time to creep (Pearson et al. 2007). This visco-
elastic behavior depends on the amount of time 
the tendon is under load and is therefore unaf-
fected by the mode of muscle contraction (eccen-
tric or concentric). Slow loading may therefore 
produce particularly strong cell stimuli that can 
be beneficial to the tendon if the strain is suffi-
cient. Taken together, all these data from in vitro 
and normal or pathological tendon studies sug-
gest that loading magnitude plays the key role in 
contrast to muscle contraction type (Couppé 
et al. 2015) since contraction is slow enough.

Most of the tendinopathic area is located on 
the deep surface of tendons at, or close to, the 
bone–tendon junction. It’s not possible that this is 
due to tensile overload because there is less elon-
gation in this region than in the superficial por-
tion of the tendon. The joint side of the tendon is 

exposed, in fact, to less tensile load (stress 
shielded) but may be subjected to high compres-
sive loads against the bone (Cook and Purdam 
2012). For example, with proximal hamstring 
tendinopathy, the tendon is thought to be com-
pressed against the ischial tuberosity when the 
hip is flexed, such as during sitting. The tendon 
insertion and the “enthesis organ” are well engi-
neered to absorb most functional loads and will 
adapt over time to higher levels of load. However, 
these tissues are slow to adapt to high loads and 
slow to resolve after insult. Reducing compres-
sive loads in insertional tendinopathies therefore 
can provide an important unloading strategy for 
the “sensitized” tendon and must be tailored 
based on site of compression (Goom et al. 2016).

15.1.2  Not All Tendons Are Created 
Equal

Basically tendons serve to transfer tension from 
their respective muscle to their bony attachment. 
Tendons that are common sites of tendinopathy 
have large different morphology, so that no single 
characteristic emerges as key factors common to 
the development of tendon pain. From a clinical 
point of view, the differences between different 
sites of tendinopathy are huge. Patients with 
supraspinatus tendinopathy frequently report 
pain during night (Terabayashi et al. 2014), while 
Achilles tendinopathy is generally more severe at 
the first step in the morning. Achilles and patellar 
tendinopathies occur most commonly in people 
participating in sporting and physical activity 
(Järvinen 1992). Rotator cuff tear is, instead, 
extremely common even in normal population 
(Minagawa et al. 2013), and asymptomatic tear is 
twice as common as symptomatic tear.

Lower limb tendons have a precise biome-
chanical role: energy storage and release. In fact, 
they behave similar to a spring reducing the 
energy cost of human movements and to a source 
of power amplification for many high-powered 
movements (Roberts 2002). There is some evi-
dence that this may be true even for upper limb 
tendons; however the muscle tendons more 
involved seem to be pectoral major or subscapu-
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laris, while most of rotator cuff tears are located 
in the supraspinatus (Roach et al. 2013). Energy 
storage seems not to be a key factor for upper 
limb tendons. Conversely upper limbs are mainly 
involved in reaching and pointing, movements 
that require a precise adjustment of muscle activ-
ity to achieve the necessary precision.

Unlike the single-joint movement, the dynam-
ics of multi-joint movement is complex. Take the 
case of flexing your elbow with your arm in the 
horizontal plane. If your central nervous system 
(CNS) simply activates the biceps muscle, the 
elbow will flex, but its motion will impose a 
torque, called an interaction torque, on your 
shoulder. If you do not want that torque to move 
your upper limb while you move your lower arm 
around the elbow, you need to activate shoulder 
muscles in advance to negate interaction force. 
The same is true for elbow muscle. The more you 
need to be precise, the more muscle activation 
control needs to be fine adjusted. This behaviour 
can be different for lower limb activity, such as 
walking and running, that appears to be more 
“automatic” (Narita et al. 2002).

A recent systematic review shows that in peo-
ple with tendinopathy sensory and motor system 
are altered bilaterally even in unilateral tendinop-
athy (Heales et al. 2014). This implies a potential 
central nervous system involvement. Interestingly 
among 20 studies included, there are only two 
studies on lower limb tendinopathy. Greater error 
in detection of movement was found in affected 
elbows of participants with lateral epicondylalgia 
(LE) (Juul-Kristensen et al. 2008). Consistently 
patients with LE have impairments in reaction 
time and speed of movement with reaching task 
(Pienimäki et al. 1997). Motor deficit may also be 
present in sites distant to the original site of 
pathology (Alizadehkhaiyat et al. 2007). All these 
motor control alterations may have a deepest 
impact where more precise muscle activation is 
needed, such as in reaching.

Exercises aimed to improve proprioception 
showed to be no more effective to improve pain 
compared to traditional treatments in shoulder 
tendinopathy (Dilek et al. 2016). Exercises to 
improve “stability,” advocated for low back pain 
in the recent past, are currently reviewed for lack 

of any positive evidence to support their use 
(Wang et al. 2012). Data from low back pain 
studies also report hypo-activity or hyperactivity 
depending on the muscle and tasks investigated 
(Hungerford et al. 2003). Based on what we have 
already shown, all these data are not surprising. 
Proprioception is only a part of motor control and 
probably not the more involved in tendon pathol-
ogy. Generalized muscle contraction for stability 
is not a good solution in movement.

To achieve correct stabilization, you have to 
predict the force your arm is going to experience 
and produce muscle contraction of the right inten-
sity at the right time: no more, no less. In practice, 
this means that your CNS is “implicitly” adapted 
to the physical world (or, from a computational 
neuroscience prospective, that CNS has acquired 
an internal model of dynamics). This type of 
knowledge is, fortunately, implicit and has to 
remain so. Rather than focus on how to change 
motor control, it seems logic to reduce, in the short 
term, the need for stability, reducing the load in the 
tendon. There is moderate evidence for the imme-
diate effect of several manual therapy techniques 
on pain and strength (Vicenzino et al. 2001). For 
example, in “lateral elbow mobilization with 
movement,” a lateral humeroulnar accessory glide 
is applied while the patients, suffering from tennis 
elbow, perform their painful action (Coombes 
et al. 2015). For rotator cuff related shoulder pain, 
Lewis has proposed a method of assessment called 
Shoulder Symptom Modification Procedure 
(SSMP) (2009). The SSMP systematically investi-
gates the effect of modifying thoracic posture, 
three planes of scapular posture, and humeral head 
position in terms of shoulder symptoms. In this 
process, external forces are applied to joint and 
painful movement tested. If this reduces or allevi-
ates symptoms, the technique(s) founds to be ben-
eficial during the assessment process forms part of 
the treatment (Lewis 2016). The common features 
for these proposed treatments for shoulder and 
elbow are that external force is applied to joint and 
so it may increase the articular stability changing 
motor command.

Predicting force is not a unique feature of the 
upper limb, and energy storage is not only an 
exclusive feature of lower limb. Rather, the rela-
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tive importance of the two functions may vary 
between anatomical sites and be based on the 
prevalent activity. That has to be taken in account 
when we think at the rehabilitation program. We 
can’t approach, for example, in the same way a 
rotator cuff tendinopathy of a professional swim-
mer and of a housewife.

15.1.3  Pain and Psychological 
Variables

Like other chronic pain conditions, in tendinopa-
thy, there is discrepancy between tissue damage 
seen on clinical imaging and clinical presenta-
tion, which creates confusion for both patients 
and clinicians. Contradictory evidence exists on 
the substances responsible for pain generation, 
the source of these substances, and the pathways 
of transmission to the central nervous system.

The relationship between tendon pain and 
mechanical load, together with the mechano- 
responsiveness of tenocytes and lack of sensory 
innervation of the deep tendon tissue, may impli-
cate paracrine signaling by the tendon cells. 
Researchers suggest that abnormal tendon cells 
produce signaling proteins and receptors for epi-
nephrine, acetylcholine, glutamate, substance P, 
tumor necrosis factor α (TNFα), and other neuro-
peptides. Upregulation of these substances can 
produce a local response driving vascular and 
tenocyte responses and may also cause a neural 
response and provoke pain. Increases in receptors 
for nociceptive substances have been reported 
such as N-methyl-D-aspartate (NMDA) (Alfredson 
et al. 2001) and neurokinin-1 (NK-1) receptors 
(substance P) (Ljung et al. 1999).

These nociceptive signals are assessed by the 
CNS, but pain will not emerge until the input to the 
brain has been evaluated, albeit at an unconscious 
level. Allodynia and primary hyperalgesia are 
attributed to sensitization of the primary nocicep-
tor and relate to the area of usual pain. Secondary 
hyperalgesia is attributed to sensitization of noci-
ceptive neurons within the central nervous system 
(CNS). Tenderness and evoked pain that spread, in 
a non-dermatomal, non- peripheral nerve distribu-
tion, is best explained by central sensitization 

(Woolf and Salter 2000). The rule of central sensi-
tization in tendinopathy is debated in literature. 
Plinsinga et al. (unpublished data) found no evi-
dence of central sensitization but a reduction in 
lower limb loading pain threshold and an increase 
in pain on pain onset. This data suggest predomi-
nantly peripheral mechanisms. Conversely, there 
are evidences of central sensitization in tennis 
elbow and in rotator cuff related shoulder pain 
(Lim et al. 2012; Coombes et al. 2008, 2012; 
Gwilym et al. 2011). Again it seems that there is 
important difference in proportion of central 
involvement between the upper and lower limb.

Nociceptor signals are not the only input evalu-
ated by the brain. Previous experiences, cultural 
factor, expectation of consequence, and beliefs all 
together contribute the implicit perception of 
threat to body tissues. This means that pain can be 
conceptualized as the conscious correlate of the 
implicit perception of threat to body tissues. Fear 
of pain develops as a result of a cognitive interpre-
tation of pain as threatening (pain catastrophiz-
ing), and this fear affects attention processes 
(hypervigilance) and leads to avoidance behaviors, 
followed by disability, disuse, and depression. In 
the absence of fear-avoidance beliefs about pain, 
individuals are more likely to confront pain prob-
lems head-on and become more engaged in active 
coping to improve daily function (see Linton and 
Shaw (2011) for a review). In their multicenter 
longitudinal cohort study, Chester et al. (2016) 
found that in shoulder pain, psychological factors 
were consistently associated with patient-rated 
outcome, whereas clinical examination findings 
associated with a specific structural diagnosis 
were not. Mallows et al. (2016) conducted a sys-
tematic review of psychological variables in tendi-
nopathy. While they found that there is moderate 
evidence that links catastrophizing and distress 
with LE, and moderate evidence that kinesiopho-
bia and catastrophizing are associated with rotator 
cuff tendinopathy, limited evidence suggests that 
patellar tendinopathy is not associated with anxi-
ety or depression and kinesiophobia may be linked 
with suboptimal outcomes in Achilles tendinopa-
thy. Again literature seems to suggest that psycho-
logical factors may have different impact between 
the upper and lower limb.
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15.1.4  To a Comprehensive Model 
of Tendinopathy

Recently, Coombes et al. (2008) proposed an 
integrative model for treating LE: they propose 
that LE can be conceptualized as comprising 
three interrelated components: (a) local tendon 
pathology, (b) changes in the pain system, and 
(c) impairment in the motor system. In their 
model, the authors recognized that not all LE 
patients have the same clinical presentation, 
then through comprehensive evaluation, differ-
ent proportions of tendon pathology, pain sys-
tem dysfunction, and motor system impairments 
can be used to define subgroups of LE. The 
healthcare practitioners should identify the rela-
tive expression of local pathology, pain, and 
motor system dysfunction in individual patients, 

so that treatment strategies may be better 
matched to the clinical presentation. However, 
this model can’t be apparently generalized to 
other tendinopathy sites. There are different 
ways through which tendinopathy may produce 
nociception. Based on Cook et al. (n.d.), “con-
tinuum” model pain in tendon can fall into two 
categories: (1) reactive tendon with a first pre-
sentation of tendon pain following acute over-
load and (2) reactive-on-late disrepair/
degenerative tendon pathology. A painful reac-
tive or reactive-on-degenerative tendon may 
increase expression of nociceptive substances 
and their receptors, stimulating the peripheral 
nerve, and be interpreted as pain (Fig. 15.1). 
Since the degenerative portions of the tendon 
appear mechanically silent and structurally 
unable to transmit tensile load, the pain-free 

Upper body
tendinopathy

Psychological
variables

Psychological
variables

Motor control

Motor control

Lower body
tendinopathy

Morphological
alterations

Morphological
alterations

Pain

Fig. 15.1 Different burden (width of dark blue arrows) of various components on pain, based on upper or lower loca-
tion of tendinopathy
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tendon may contain substantial matrix and cell 
abnormalities, but limited nociceptive substance 
production, signaling ability, or receptor activa-
tion, which is in summary an insufficient noci-
ceptive stimulus. This may explain, in parts, the 
low correlation between symptoms and altera-
tion in traditional imaging exams.

Morphological alteration seems to produce 
different centralization of pain between tendi-
nopathy sites, despite always being a chronic dis-
ease. This can be due to different impact on motor 
control between different sites. The presence of 
pain leads to inhibition or delayed activation of 
specific muscles or muscle groups that perform 
key synergistic functions. This produces altera-
tions in the patterns of motor activity and recruit-
ment during functional movement (Hungerford 
et al. 2003; Hodges and Moseley 2003). 
Interesting alteration in motor pattern activity is 
present even in expectation of pain (Tucker et al. 
2012). This type of alteration exists also in lower 
limb tendinopathy (Chang and Kulig 2015) 
although may have a deepest impact where more 
precise control is needed. Proprioceptive repre-
sentation of the painful body part in primary sen-
sory cortex changes when pain persists (Flor 
et al. 1997). This may have implications for 
motor control because these representations are 
the maps that the brain uses to plan and execute 
movement. It is known that experimental disrup-
tion of cortical proprioceptive maps disrupts 
motor planning (McCormick et al. 2007). Several 
minor motor planning alterations may be less rel-
evant where tendon have mostly an energy stor-
age function.

There are different theoretical ways through 
which motor activity alteration may produce 
pain. The need to modify feed-forward control 
may permanently increase contribution from syn-
ergistic muscles and reduce the variability in 
movement. Movement variability is thought to 
minimize load accumulation in a specific region 
and to be protective for tendon morphology alter-
ation (Stergiou and Decker 2011). Another pos-
sible mechanism is that exaggerated muscle 
contraction, beyond the needed for movement 
stability, due, for example, to error in the internal 
calculation of tendon load (Rio et al. 2014), sig-

nificantly increases load on tendon (Maganaris 
and Paul 2002).

Exaggerated muscle contraction, limiting the 
movement of the involved area (Lund et al. 1991), 
can be helpful but can become detrimental if the 
other factors (psychological variable and mor-
phological alteration) are relevant. Fear of pain 
develops as a result of a cognitive interpretation 
of pain as threatening (pain catastrophizing), and 
this fear affects attention processes (hypervigi-
lance) and leads to altered motor behaviors, fol-
lowed by tissue sensitization and then pain. Both 
negative affectivity (a tendency to see the cup as 
“half empty” rather than “half full”) and threat-
ening types of illness information can help to fuel 
catastrophic thoughts about pain. In absence of 
fear-avoidance beliefs about pain, individuals are 
more likely to confront pain problems head-on 
and become more engaged in active coping to 
improve daily function. If pain is framed as solely 
a biomedical problem, problem-solving efforts 
inevitably will be based on strategies to remove 
or reduce pain. When multiple attempts to get rid 
of pain fail, worries are further reinforced, and 
patients are stuck in an endless loop of increasing 
worries and failed problem-solving attempts to 
alleviate pain (Linton and Shaw 2011). From 
these descriptions, it will be clear how motor 
control may have an enhancement effect on rela-
tionship between pain and psychological vari-
ables. It will then not be surprising that 
tendinopathy in anatomical sites involved in 
more precise tasks is more likely to have a 
 psychological components when compared to 
tendons involved more in energy storage. We are 
not auguring that there are some tendons that 
have a purely energy storage function and are not 
involved in joint stability, rather same tendons 
are more related to one aspect than the other and 
a different clinical presentation. In the model, we 
are proposing the three different components 
which are separated for the sake of explanation. 
They are, in fact, in closed correlation between 
them. The relative contribution from these differ-
ent factors and their interactions with each other 
are variable, fluctuating, and unique to each 
individual. It is not impossible to have a patient 
with Achilles tendinopathy and depression and 
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kinesiophobia; it is only less probable. Therefore 
also in tendinopathy, there is a need of a multidi-
mensional clinical-reasoning approach to patient 
examination. This enables the clinician to recog-
nize the relative burden and dominance of the 
various factors that are unique to each patient’s 
presentation.

15.1.5  Rehabilitation Program

15.1.5.1  Phase 1: Reduce Pain  
(The Load Management)

Although loads appear to be the key factor, dif-
ferent tendons may respond differently based on 
their pathological state. Cook et al. (Forsdyke 
et al. 2016) have proposed a model of tendon 
pathology that can be useful to guide clinical 
approach. Based on this model, tendon pain pre-
sentations fall into two categories: reactive ten-
don with a first presentation of tendon pain 
following acute overload or reactive-on-late dis-
repair/degenerative tendon pathology. Since 
reactivity to load seems to be the key factor, the 
most important intervention in this stage is load 
management. This means reducing both tensile 
and compressive load on the tendon. Complete 
rest from tensile loads for a tendinopathy is con-
traindicated as it can decrease mechanical 
strength of the tendon (Reeves 2006). It’s reason-
able than to modify load with the goal of reduc-
ing pain. This means, in particular, reducing 
high-load energy storage activities that may be 
aggravating the pain. Volume and frequency of 
the highest-intensity activities, such as maximal 
jumping or throwing, may need to be reduced 
eventually in consultation with both the athlete 
and coach. For example, a reduction in an ath-
lete’s training load may diminish symptoms to a 
level that allows an athlete to continue compet-
ing. Simple training changes can reduce com-
pressive load while maintaining tensile loads. 
One effective way to do this is to reduce loads in 
the outer muscle range, as compression of the 
tendon against the bone proximal to the enthesis 
is increased with longer muscle lengths. For 
upper limbs, an effective way is applying external 
force to joint. It is important to consider the 24-h 

pain behavior when implementing and progress-
ing rehabilitation programs for tendinopathy.

Pain monitoring is a good way to control train-
ing load. A slight increase in tendon discomfort 
or pain is acceptable as a result of the rehabilita-
tion program, but only for a limited period of 
time. Normally an increase in pain by 2–3 points 
on the visual analogue scale the day after taking 
part in rehabilitation exercises is normal, as long 
as it subsides within 24 h (Kountouris and Cook 
2007). Any pain increase that lasts longer than 
24 h should be viewed as a contraindication to 
progress the rehabilitation program, and appro-
priate adjustments should be made. The Victorian 
Institute of Sport Assessment (VISA) (Robinson 
et al. 2001) questionnaires are a series of specific 
validated pain and function outcome measures 
that can also be used to assess severity of symp-
toms as well as to monitor outcomes in different 
tendons (such as hamstring, Achilles, and patel-
lar tendon). VISA is a 100-point scale, with 
higher scores representing better function and 
less pain. However, because of the large domain 
of sporting function in the VISA scores, they are 
not sensitive to change over a short period, and at 
last, 4 weeks are required between each submis-
sion. In patellar tendinopathy, Malliaras et al. 
(2015) suggest to measure pain response using a 
“pain- provocation test,” such as single-leg 
decline squat. If the pain score on the load test 
(e.g., one repetition of the single-leg decline 
squat test at the same depth) has returned to base-
line within 24 h of the activity or rehabilitation 
session, the load has been tolerated. If the pain is 
worse, load tolerance has been exceeded. The test 
is to be administered daily, at the same time of 
day, throughout the entire rehabilitation process. 
This approach can be extended to other tendinop-
athies such as LE using, for example, pain-free 
grip test, which is a reliable, valid, and sensitive 
measure (Stratford and Levy 1994). Littlewood 
et al. (2014) used a someway similar approach 
for rotator cuff related shoulder pain. However 
caution has to be taken in reactive shoulder and 
especially when psychological factors are associ-
ated (Lewis et al. 2015). Pain education may be 
crucial in this phase. Patient has to understand 
that pain is not equal to damage (Moseley 2007). 
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Finally clinicians have to be aware of appearance 
of new symptoms during the course of treatment 
or of symptoms that expand to sites outside and 
remote from the first site of presentation. This, in 
fact, may represent a possible sign of central sen-
sitization (Nijs et al. 2010).

Subjecting tendons to tensile, moderate isomet-
ric loads while protecting against compression 
may improve recovery. Isometric also seems to be 
able to reduce pain through central modulation. 
Rio et al. (2015) show that a single resistance 
training bout of isometric contractions, in patients 
with patellar tendinopathy, reduced tendon pain 
immediately for at least 45 min post-intervention. 
The reduction in pain seems paralleled by a reduc-
tion in cortical inhibition. However, another study 
conducted by O’Neil et al. (unpublished data) 
shows that the above mentioned pain reduction 
does not seem to appear in patients with Achilles 
tendinopathy. Even if other researches are needed, 
isometric contractions with high load (up to 80% 
of maximum voluntary contraction) can be used as 
initial strategy if a reduction of pain is obtained. 
The isometric work must be composed of 5 repeti-
tions lasting 45–60 seconds each, with a 2 minutes 
rest interval between the series to allow recovery. 
These loads can be repeated several times a day. A 
good prognostic sign after isometric work is an 
immediate reduction of pain in pain-provocation 
test after exercise. Even isometric must be designed 
in a way that compression at enthesis, in inser-
tional tendinopathy, is not increased.

There is not a clear boundary between Phase 1 
and Phase 2. Exercises that involve distant site 
from the original site of pathology should be 
introduced as soon as tolerated while maintaining 
Phase 1 exercises.

15.1.5.2  Phase 2: Recover Flexibility 
(Look at Distant Sites)

Little is known about range of motion (ROM) 
among patients with tendinopathy. Chimenti 
et al. (2016) found that during stair ascent patients 
with insertional Achilles tendinopathy used 
greater end-range dorsiflexion, less plantar flex-
ion and lower peak ankle plantar flexor power 
than the control group 2016. These data seem to 
show that there is not restriction in ROM or iso-

metric plantar flexor strength; altered ankle bio-
mechanics during stair ascent were linked with 
greater symptom severity and likely contribute to 
decreased function. Conversely other authors 
found that patients with patellar tendinopathy 
showed decreased ankle dorsiflexion range of 
motion (Malliaras et al. 2006). Witvrouw et al. 
(2001) looked for risk factors for development of 
patellar tendinosis. They found that the only 
determining factor was hamstring and quadriceps 
reduced flexibility. From all this, albeit not con-
clusive data, we can hypothesis that reduced 
range of motion and flexibility in site of tendi-
nopathy is not the crucial part. However altered 
flexibility in distal sites from the actually painful 
may be partial relevant because it can create bio-
mechanical alteration.

Different tendinopathies may have different 
biomechanical alterations in different sports activ-
ities. People suffering ultrasuond abnormalities at 
their patellar tendons showed different landing 
patterns compared to controls (Edwards et al. 
2010). Paradoxically better jumping ability has 
been shown to be a risk factor for developing 
patellar tendinopathy (Visnes et al. 2013). This 
may be due to a better ability to use elastic energy 
of tendon for force production. An altered “energy 
flow” from the trunk to the hand has been shown to 
be correlated with injury risk (Martin et al. 2014). 
It’s difficult to find general principles that can 
guide functional assessment for all the tendons; 
however “minimum jerk” is a common feature 
especially of upper arms movement (Flash and 
Hogan 1985). Physically “jerk” is defined as the 
time derivative of acceleration or as the third time 
derivative of location. In practice, it means that if 
your CNS has to move your hand or some other 
end effector smoothly from one point to another, it 
should minimize the rate of changes of accelera-
tion. If during functional assessment rapid change 
of acceleration is observed, this may be signs of 
alteration. If other flexibility, coordination, or 
strength deficit elsewhere in the limb are found, 
specific exercises can also be initiated during this 
initial phase. Sports with markedly different use 
profiles (such as baseball pitchers) may surpris-
ingly demonstrate bilateral pathology implicating 
systemic or nervous system involvement in ten-
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dinopathy (Rio et al. 2016). For these reasons it is 
important to do a bilateral assessment and start 
rehabilitation as needed.

If an alteration in “kinetic chain” range of 
motion is found, it should be corrected with exer-
cises that do not load the original site of pathol-
ogy. Meanwhile, it is important to continue Phase 
1 exercises. Finally general exercises aimed to 
maintain general fitness, without load altered ten-
don, have to be included.

15.1.5.3  Phase 3: Recover Strength 
(The Muscle–Tendon Specific 
Function)

Isotonic loads can be introduced when they can 
be performed with pain less than 3/10 on a 
numeric pain rating scale. If range of motion is 
restricted, for example, in the shoulder, it has to 
be progressed as resistance training. It is useful in 
the first steps of this phase to avoid compression 
on tendon and to maintain, if required, an exter-
nal force to joint. As the symptoms improve, pro-
gression may be made by performing movement 
using a less stable base such as physioball and 
reducing external load. Then patients can switch 
to short lever (i.e., elbow bent for shoulder) ini-
tially without, then with, increasing weights and 
resistances (Lewis 2016).

In a randomized control trial, Beyer et al. 
found that both traditional eccentric and heavy 
slow resistance training (HSR) achieved equally 
good results in patients with Achilles tendinopa-
thy, but that the latter tends to be associated with 
greater patient satisfaction after 12 weeks (2015). 
Kongsgaard et al. found similar results in patellar 
tendinopathy (2009). In HSR training three to 
four sets were performed progressing from an ini-
tial load based on 15 repetition maximum (15RM) 
to 6RM performed every second day. Different 
methods have been proposed to estimate RM 
(Niewiadomski et al. 2008). A simple way is to 
consider that 80% of 1RM is more or less equal to 
8RM: the maximal weight that can be lifted eight 
times. Initially for the aim of be specific and to 
reduce motor control task, it’s better to use single-
joint specific exercises, avoiding multi- joint exer-
cises and, for the lower limb, using only one leg. 
It’s important, especially for energy storage ten-

dons, to achieve heavy load (6RM) because they 
are associated with tendon adaptation. The clini-
cians have to consider both short-term and long-
term reaction to load. In the short term, there will 
be a net loss of collagen production for 24–36 h 
post-exercise; for these reasons is mandatory to 
adequate rest days between strength sessions 
(Magnusson et al. 2010). In the day off isometric 
exercises for pain can be continued.

When heavy loads are reached (6RM), eccen-
tric training can be introduced. Achilles tendon 
load and stretch are identical during the concen-
tric and eccentric components of the traditional 
heel rise/drop exercise (Chaudhry et al. 2015). 
Muscles can produce greater maximal force 
eccentrically than concentrically (Enoka 1996). 
This can produce higher strain on tendon; how-
ever this potential is rarely utilized in practice 
because rehabilitation exercises seldom approach 
to concentric 1 RM (Malliaras et al. 2015). It’s 
important that eccentric trainings have to be per-
formed using significant progressive overload. 
Formally, the patients have to use an overload 
that, to be raised, need contralateral help in con-
centric phase. Eccentric phase has to be well per-
formed with “minimum jerk.” There are other 
theoretical techniques showing eccentric training 
useful in tendinopathy (see O’Neil et al. for a 
review (2015)). There is also some evidence that 
eccentric training may be helpful also in the 
upper limb (Camargo et al. n.d., 2014). We sug-
gest to perform eccentric training only in the final 
steps of this phase to prepare patient to more 
demanding activity. Phase 3 exercises should be 
continued throughout rehabilitation and to return 
to sport.

15.1.5.4  Phase 4: Recover 
Coordination (The Kinetic 
Chain Function)

The purpose of Phase 4 is to introduce more 
functional tasks: during this rehabilitation period 
the differences between tendons increase. 
According to the hypothesis already presented 
the functional task of lower limbs is to store and 
release energy, whereas upper limbs have to pre-
dict forces. As already described this distinction 
depends also from the patient activities. Upper 
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limbs multi-joint coordination exercises have to 
be firstly introduced as closed chain exercises, 
such as push-up or modified push-up. Progression 
is performed using less stable base and/or open 
chain. For example, to treat a shoulder tendinopa-
thy we can introduce external rotation exercises 
with unsupported abduction/flexion, with pro-
gressive increase of elastic resistance or free 
weight loads as tolerated. (Lewis et al. 2015).

Treat movement dysfunction may be 
extremely tricky. It is difficult to find an optimal 
coordination for most of the human movement, if 
not impossible nowadays. Imposing a “correct” 
way to move is complicated and may be even det-
rimental especially when variability is needed 
(Stergiou and Decker 2011). Giving learners 
instructions that refer to the coordination of their 
body movements—as is typically done in teach-
ing motor skills—has not been shown to be opti-
mal for learning (Wulf et al. 1998) and may 
reduce variability. Most of the motor learning 
happens without any formal instructions. A 
1-year-old child normally walks easily even if 
he’s not able to understand a single word. His 
brain has an “internal model of dynamics” that is 
well adapted to physical forces such as interactional 
torque and is able to predict it. This is called 
unsupervised motor learning. Reinforcement 
learning (RL) is learning by interacting with an 
environment. It means learning from the conse-
quences of one’s actions, rather than from being 
explicitly taught and selecting actions on the 
basis of past experiences (exploitation) and also 
by new choices (exploration), which is essen-
tially trial-and-error learning. There are good evi-
dences that the CNS uses some forms of RL 
(Graybiel 2005; Tanaka et al. 2004). According 
to the constrained action hypothesis (CAH), an 
internal focus is associated with “conscious” 
control processes interfering with automatic con-
trol processes (Wulf et al. 2001). Learning from 
error implies that we need to reduce error in the 
long run. In movements such as hitting a nail 
with a hammer, minimalizing errors means that 
the center of the hammer must get as close as 
possible to the center of the nail. This achieves 
reducing variability at the end effector. Then it is 
generally mandatory to increase “good variabil-

ity” (Wu and Latash 2014) elsewhere (Todorov 
and Jordan 2002). For this reason, conscious con-
trol, for example, of shoulder may reduce vari-
ability in shoulder movement that may be 
detrimental for tendon and function. So during 
this phase of rehabilitation, exercises have to  
be focused to end effector (external focusing)  
trying to forget as much as possible the painful 
tendon.

During the landing phase of a vertical jump, 
peak patellar tendon forces have been estimated 
to be 5.17 ± 0.86 body weight, with a loading rate 
of 38.06 ± 11.55 body weight per second (Janssen 
et al. 2013). In contrast, bilateral leg press (which 
is not an energy storage loading exercise) per-
formed with a resistance equal to three times the 
body weight exerts a patellar tendon force equiv-
alent to 5.2 body weight and a loading rate esti-
mated at around 2 body weight per second 
(Reeves et al. 2003). The major change through 
these activities is rate of loading of the tendon, 
which should be progressed gradually through 
relevant energy storage activities for patients. 
Initially, simple weight-bearing exercises, such 
as single-leg squats, step downs, or lunges, can 
be performed at a speed appropriate for the 
patient’s functional level. The speed of the exer-
cise is progressively increased until the patient 
becomes proficient to perform the exercise as fast 
as athletic or functional activities.

After satisfactory completion of simple faster 
movements, more demanding exercises, such as 
hopping, skipping, or jumping squats, can be 
added to improve the kinetic chain function. 
Progression is guided by pain experienced in prov-
ocation test 24 h after exercise. A helpful habit is 
to use a training diary on which the athlete keeps 
the level of pain during activity and during the next 
day (especially morning stiffness). Exercises that 
implement energy storage can be very demanding 
for tendons; for this reason, it is better to perform 
this type of exercise every third day, in consider-
ation of collagen turnover (Cook and Purdam 
2012). It’s important to continue Phase 1, Phase 2, 
and Phase 3 exercises in the days off, with a pro-
gressive and careful load increase. Malliaras et al. 
(2015) suggest that the volume is progressed 
before the intensity. Especially in athletes, the pur-
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pose of Phase 4 is to build power. Power is a func-
tion of strength (force) and speed (velocity) of 
movement and is important in most sporting activ-
ities. Power has to be at least as in the contralateral 
limb. We advise to use a functional test that mim-
ics sport-specific demands of the subject such as 
maximal vertical hop height. If pain rises during 
Phase 4, it is important to return to Phase 1 exer-
cises and progress as soon as the pain has returned 
to normal.

15.1.5.5  Phase 5: Return to Sport 
(Sport-Specific Exercises)

In these return-to-sports phase, specific exercises 
are introduced. This part of the rehabilitation pro-
gram must be carefully planned in consultation 
with the athlete and their coach so that it involves 
sessions of gradually increasing  intensity and 
volume with appropriate rest periods. For the 
most of the sports, jogging is a base activity and 
needs to be introduced at this stage of the reha-
bilitation program. Running retraining seems to 
be a promising way to reduce pain moving the 
load from the pathological structure. The aim of 
running retraining is to identify the theoretical 
mechanics contributing to tissue overload and 
then facilitate the desired changes (for a complete 
review, see Barton et al. (2016)). For example, 
increasing step rate may reduce soleus muscle 
force during stance and be helpful in Achilles 
tendinopathy (Lenhart et al. 2014).

It’s also important to introduce load monitor-
ing. The rating of perceived exertion (RPE) 
(Ritchie 2012) has been used by clinicians, 
coaches, and researchers as a simple tool to moni-
tor and adjust exercise intensity (Saw et al. 2015). 
Silbernagel et al. (2015) proposed to subdivide 
activities’ intensity based on pain (assessed with 
numeric pain rating scale) and RPE in three dif-
ferent groups. Mild activities can be performed 

every day, moderate activities every two days, 
while high-level activities require 3 days of recov-
ery. When the athlete can jog without increasing 
their pain, more demanding sport-specific exer-
cises including sprinting, jumping/landing, accel-
eration, and change of direction activities are 
added. Similar interval training has been devel-
oped for overhead athletes (Axe et al. 2009). 
Reduced energy transfer to the shoulder would 
potentially result in higher requirements at the 
shoulder itself, potentially leading to early fatigue 
of the rotator cuff muscles. Thus it is important to 
assess that any potentially biomechanical altera-
tions are resolved.

This final phase may be the most critically 
one. It’s not infrequent that pain may rise again 
when athlete returns to normal activity. Mild 
pain, that do not limit sports activity, may remain 
(van der Plas et al. 2012). Recurrence of symp-
toms is not infrequent, and the athlete may be 
more susceptible to change of intensity of activ-
ity. Excessive and rapid increases in training 
loads are likely responsible for a large propor-
tion of non-contact, soft-tissue injuries. The 
training intensity used during rehabilitation is 
usually lower than the normal training. So ath-
letes can’t simply return to normal training but 
have to shift from rehabilitation exercises to 
sport-specific activities for monitoring load. We 
recommend, for this propose, to use the “acute/
chronic workload ratio” as proposed by Blanch 
and Gabbett (2016). It is important to consider 
tendinopathy as a treatable pathology but not 
always a curable one. This change of vision is to 
be sheared with athletes and coaches. When ath-
letes may return to play, they are not “healed” 
and need special attentions. As a maintenance 
program, once athletes have returned to sport, 
it’s helpful to use Phase 2 strengthening exer-
cises at least twice per week.

Rehabilitation phase Functional impairment Exercise type Duration

Phase 1 Load and pain management Reduce loading Weeks 2–3
Phase 2 Recover flexibility Correct biomechanical alteration Weeks 3–4
Phase 3 Muscle–tendon function Single-joint strengthening Weeks 3–8
Phase 4 Kinetic chain function Multi-joint strengthening and flexibility Weeks 8–14
Phase 5 Sport-specific exercises and 

return to sport
Shifting from rehabilitation to normal 
training

Months 3–6

15 Conservative Treatments for Tendinopathy



168

15.2  Nonsteroidal Anti- 
inflammatory Drugs

Oral nonsteroidal anti-inflammatory drugs 
(NSAIDs) have been used extensively for decades 
to treat pain associated with tendon overuse. In 
their systematic review, Bret et al. (Andres and 
Murrell 2008) identified 37 randomized clinical 
trials or systematic reviews that evaluate NSAIDs 
in the treatment of tendinopathy, but only 17 
studies were placebo controlled. Boudreault et al. 
(2014) recently evaluated the effectiveness of 
NSAIDs in rotator cuff tendinopathy. Their meta- 
analysis reveals that there is low-to-moderate 
grade evidence that NSAIDs are effective in 
reducing short-term pain without an improve-
ment in function. Interestingly, in terms of pain 
and function, oral anti-inflammatory drugs in the 
short term are as effective as corticosteroid injec-
tions. Scott et al. (2011) found no randomized 
control trails that evaluated the effect of NSAIDs 
on symptoms lasting longer than 3 months. A 
trial, which included patients with chronic 
Achilles tendinopathy of less than 6 months, 
found identical treatment outcomes in subject 
randomly assigned to receive piroxicam or pla-
cebo tablets (Aström and Westlin 1992). Finally, 
a recent Cochrane review (Pattanittum et al. 
2013) concludes that “there remains limited evi-
dence from which to draw firm conclusions about 
the benefits or harms of topical or oral NSAIDs 
in treating lateral elbow pain.” Overall, the evi-
dence suggests both oral and local NSAIDS are 
effective in relieving the pain associated with ten-
dinopathy in the short term (7–14 days). Oral and 
local NSAIDs appear effective in the treatment of 
acute shoulder bursitis/tendonitis. It may be due 
to the involvement of the “enthesis organ” (Kehl 
et al. 2016) in tendinopathy. Not surprisingly, the 
patients who presented with a longer duration 
and greater severity of symptoms were more 
likely to have a poor response to both corticoste-
roid injection and/or oral NSAIDs. However, 
recent research shows that NSAIDs may have a 
possible negative consequences on the long-term 
healing process (Su and O’Connor 2013). In 
addition, long-term NSAIDs use increases the 
risk of gastrointestinal, cardiovascular, and renal 

complications associated with these medications. 
Overall, a short course of NSAIDs appears a rea-
sonable option for the treatment of acute pain 
associated with tendon overuse. In all cases, if 
chosen, NSAID treatments should always be kept 
as short as possible.

15.3  Physical Therapy Modalities

There are a wide variety of modalities available 
to the physical therapist, and it is difficult to 
predict which technique or group of techniques 
a given therapist will utilize. Low-level laser 
treatment (LLLT) has been studied extensively 
with mixed results. Overall some studies showed 
improvement treating tendinopathy with LLLT 
compared to placebo (Bjordal et al. 2006; 
England et al. 1989), but many showed no dif-
ference (Basford et al. 2000; Bingöl et al. 2005). 
A recent systematic review assessed LLLT in 
tendinopathy and found there that low-level 
laser treatment is more effective than placebo in 
treating tendinopathy (Nogueira and Júnior 
2015). Other physical therapy modalities have 
not been studied extensively but have similar 
conflicting results in the literature. A recent sys-
tematic review found that patients with persis-
tent plantar fasciitis may benefit from therapeutic 
ultrasound (Yu et al. 2016). Pooled data from 
trials evaluating the treatment of lateral epicon-
dylitis with ultrasound compared to controls 
showed the estimated difference in success rate 
to be 15% (van der Windt et al. 1999). Some 
benefits with therapeutic ultrasound used in the 
treatment of lateral epicondylitis and calcific 
tendonitis of the supraspinatus are reported 
(Philadelphia Panel 2001).

Iontophoresis and phonophoresis involve 
using ionizing current or ultrasound to deliver 
medications locally. Corticosteroids and 
NSAIDS are commonly used with these modali-
ties. There are only few controlled studies in 
literature, and most reported no improvement 
compared to controls (Runeson and Haker 
2002). Transverse friction massage has also 
been used to treat tendinopathy, but, to our 
knowledge, no studies showed a benefit of deep 
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friction massage over other physical therapy 
modalities (Stasinopoulos and Stasinopoulos 
2004). A recent Cochrane review found no suf-
ficient evidence to determine the effects of deep 
transverse friction on pain, improvement in grip 
strength, and functional status for patients with 
lateral elbow tendinitis (Loew et al. 2014). 
Hyperthermia has also been used in the treat-
ment of tendinopathy. This modality involves 
using deep-heating machines that combine a 
superficial cooling system with a microwave-
powered heating system. This can increase the 
temperature of target tissues approximately 
4 °C without damaging the skin. Presumably 
this increased temperature results in increased 
blood flow and subsequent healing to the dam-
aged area. One randomized clinical trial has 
been recently published evaluating hyperther-
mia compared to therapeutic ultrasound in the 
treatment of tendinopathy. This trial report 
improvements in pain and patient satisfaction in 
the hyperthermia group compared to the ultra-
sound group (Giombini et al. 2006).

In summary, there is currently little and con-
flicting evidence available to support the use of 
most physical therapy modalities including LLLT, 
iontophoresis, phonophoresis, therapeutic ultra-
sound, or deep friction massage. Further research 
with higher-powered studies would be useful to 
determine the most effective physical therapy 
regime for the treatment of tendinopathies.

15.4  Corticosteroid

Corticosteroid injections have been a mainstay in 
the treatment of tendinopathy. Despite their 
widespread use, there is some controversy as to 
their usefulness and safety in this setting. Several 
studies report good short-term pain control 
(≤6 weeks) with corticosteroid injections in 
patients with lateral epicondylitis and shoulder 
impingement (Smidt et al. 2002a; Verhaar et al. 
1996). The long-term efficacy of corticosteroid 
injections for tendinopathy has not been demon-
strated. Corticosteroid injections for lateral epi-
condylitis do not provide any long-term benefit 
(6–12 months) compared with placebo, NSAIDs, 

or physical therapy in randomized, controlled 
studies (Smidt et al. 2002b). A recent study by 
Coombes et al. (2013) shows that the use of cor-
ticosteroid may be even detrimental in a long 
time. In this study, the authors find that among 
patients with chronic unilateral lateral epicon-
dylalgia, the use of corticosteroid injection with 
respect to placebo injection resulted in worse 
clinical outcomes after 1 year, and even physio-
therapy is able to reverse this outcome.

Mixed results have been published also 
regarding the long-term benefits of sub-acromial 
corticosteroid injections for rotator cuff tendi-
nopathy. An extensive systematic review evaluat-
ing the efficacy of corticosteroid injections in the 
treatment of rotator cuff disease recently reported 
little or no evidence to support the use of cortico-
steroid injections for these patients (Koester et al. 
2007).

Analyzing the effectiveness of corticosteroid 
injections in the medium-term treatment of tendi-
nopathy, there is a question of safety with using 
these medications in this setting (Kleinman and 
Gross 1983). Several cases of Achilles tendon 
rupture have been reported after corticosteroid 
injections. More recently, Gill et al. (2004) 
described a series of 83 injections in the Achilles 
region without serious complication. The key 
point is they injected the steroid under fluoro-
scopic guidance around the tendon but not within 
the substance of the tendon. Of note, only 40% of 
the patients in this series reported improvement 
after the procedure at the 2-year follow-up.

In summary, corticosteroid injections have 
been used for decades in the treatment of tendi-
nopathy. There is strong evidence that they 
relieve pain in the short term up to 6 weeks, but 
there is no evidence that they provide any benefit 
in the long term (beyond 6 months) for the treat-
ment of chronic tendinopathy, and some evidence 
that their use can even be detrimental. There are 
also some reports that show that they can be det-
rimental in long terms. Even if it seems that the 
risks associated with corticosteroid injections can 
be minimized by injecting under image guidance 
to ensure the injection is paratendinous rather 
than intratendinous, the authors do not advice the 
use of steroid in tendinopathy.
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15.5  Glyceryl Trinitrate Patches

Nitric oxide (NO) is a soluble molecule produced 
by a family of enzymes called nitric oxide syn-
thases (NOS). In large doses, NO can be toxic, 
but in smaller physiological doses, it acts as a cel-
lular messenger and appears to play a role in 
blood pressure, memory, and host defense. NO 
appears to play a role in tendon healing after 
injury. In a rat Achilles tendon healing model 
(Murrell et al. 1997), inhibition of NOS resulted 
in a decreased cross-sectional area and load to 
failure of the healing tendon. NO was delivered 
transcutaneously to the area of painful tendinopa-
thy using commercially available glyceryl trini-
trate (GTN) patches. Patients generally place the 
patch directly over the area of greatest tender-
ness/pain, and they are instructed to change the 
patch every 24 h. The patches were worn for 
more or less 6 months.

There are some randomized, controlled, 
double- blind clinical studies designed to deter-
mine whether the topical administration of NO 
would enhance tendon healing in humans. Again 
there are mixed results. Despite the first clinical 
data were hopeful (Paoloni et al. 2003, 2005, 
2009), subsequent studies do not support these 
treatments (Steunebrink et al. 2013; Cumpston 
et al. 2009). A Cochrane systematic review found 
some evidence only from one study with high 
risk of bias on the effectiveness of topical glyc-
eryl trinitrate for rotator cuff disease in acute 
phase (less than 7 days duration) but that there is 
insufficient evidence to be certain about their 
longer-term effects (Cumpston et al. 2009).

There is some question whether nitric oxide 
simply has an analgesic effect or a healing effect 
in the treatment of tendinopathy. The most com-
monly described side effect seen with this treat-
ment modality is headache. The headaches can 
be severe enough to cause cessation of treatment. 
Based on these evidences, the authors recom-
mend GTN in tendinopathy only when other 
treatments have failed.
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Use of Nutraceuticals 
for Tendinopathies

Marco Antônio Percope de Andrade, 
Guilherme Moreira de Abreu-e-Silva, 
and Túlio Vinícius Oliveira de Campos

16.1  Introduction

The importance of tendinopathies in the clinical 
scenario has increased recently. It may be attrib-
uted to the increase of sport activities, life expec-
tancy, and other factors such as environment, 
diet, systemic diseases, and some drug therapies 
(e.g., fluoroquinolones). In fact, not only athletes 
but also the general population suffer from 
inflammatory or degenerative tendon conditions 
which may be attributed to the quality of tendon 
tissue and mechanical overuse (Fusini et al. 
2016).

Recently, basic and clinical researches have 
advocated the prescription of oral medication 
aiming to modulate pathways which determine 
tendon structure and resistance.

The term “nutraceutical” was coined from 
“nutrition” and “pharmaceutical” in 1989 by 
DeFelice and was originally defined as “a food 
that provides health benefits, including the pre-
vention and/or treatment of a disease”. In gen-
eral, nutraceuticals have late onset of action and 
should be devoid of adverse effects. They are not 
under rigorous control and licensing processes as 
drugs and do not require robust clinical support 
to be sold as treatment alternatives (Percope de 
Andrade et al. 2015).

Oral supplements of glucosamine and chon-
droitin sulfate, vitamin C, hydrolyzed type 1 col-
lagen, L-arginine alpha-ketoglutarate, curcumin, 
boswellic acid, methylsulfonylmethane, and bro-
melain increase the concentration of beneficial 

M.A.P. de Andrade, M.D., Ms.C., Ph.D. (*) 
Orthopaedic Department, Universidade Federal de 
Minas Gerais, Belo Horizonte, Brazil 

Departamento de Aparelho Locomotor, Universidade 
Federal de Minas Gerais, Av. Prof. Alfredo Balena, 
110, Santa Efigênia, CEP: 30130-100,  
Belo Horizonte, MG, Brazil
e-mail: marcoapercope@gmail.com 

G.M. de Abreu-e-Silva, M.D., Ms.C., Ph.D.  
T.V.O. de Campos, M.D., Ms.C. 
Orthopaedic Department, Universidade Federal de 
Minas Gerais, Belo Horizonte, Brazil

16

Contents

16.1    Introduction  175

16.2    Basic Science  176
16.2.1  Glucosamine and Condroitin Sulfate  176
16.2.2  Vitamin C  176
16.2.3  Hydrolyzed Type 1 Collagen  176
16.2.4  L-Arginine Alfa-Ketoglutarate  176
16.2.5  Curcumin  177
16.2.6  Boswellic Acid  177
16.2.7  Methylsulfonylmethane (MSM)  177
16.2.8  Bromelain  177

16.3    Clinical Evidence  178

16.4    Take-Home Message  179

References  179

mailto:marcoapercope@gmail.com


176

compounds in tendon and may help to preserve, 
or even repair, the damaged structures.

The aim of the present chapter is to review the 
basic and clinical data that support the use of nutra-
ceuticals in the management of tendon disease.

16.2  Basic Science

16.2.1  Glucosamine and Condroitin 
Sulfate

Lippiello demonstrated that bovine tenocytes 
were stimulated by the addition of a combination 
of glucosamine and chondroitin sulfate to the cul-
ture medium. That pair of substances increased 
collagen synthesis by 22% in tenocytes. After 
48 h exposure, epitenon and tenocyte cells pre-
sented a greater production of radiolabeled 
hydroxyl-proline (Lippiello 2006).

Tenotomized rats treated with oral glucos-
amine and chondroitin supplements showed more 
organized collagen bundles and less inflamma-
tion than controls fed with placebo. After eight 
weeks, rats fed with glucosamine and chondroitin 
had greater tendon strength in biomechanical 
tests (Ozer et al. 2011).

Topical application of chondroitin has benefi-
cial effects in rabbit’s tendon characteristics by 
preventing the degenerative cascade of proteases 
and inflammation on tendon structure induced by 
collagenase (Oryan et al. 2008).

16.2.2  Vitamin C

Vitamin C is a critical element in the synthesis of 
procollagen chains. It acts as coenzyme of pro-
line hydroxylase. In fact, it is a cofactor of 
hydroxylation (Fusini et al. 2016).

Experimental research shows that tenocytes 
cultured in a medium without ascorbate synthe-
sized collagen at only a third of the normal level. 
Addition of ascorbate to avian tendon cells 
increased procollagen translation by six times 
(Kao et al. 1976).

Vitamin C alone is not able to increase collagen 
synthesis and secretion. In fact, tenocytes treated 

with ascorbate maintained a large pool of procol-
lagen despite changes in translation or secretion 
rate. These results are compatible with a possible 
feedback mechanism between the levels of inter-
nal procollagen pool and the rates of collagen syn-
thesis and secretion (Schwarz et al. 1981).

Ascorbic acid may act as an antioxidant agent. 
Vitamin C increased reduced glutathione tissue 
quantity two weeks after injury, in comparison to 
a group treated with saline. The treatment with 
ascorbate also improved the gliding resistance of 
tendons and reduced the fibrotic scar at the site of 
injury (Hung et al. 2013).

A study with 42 healthy female Wistar albino 
rats proved that high-dose vitamin C supplemen-
tation every 2 days may have stimulating effects 
on healing of a full-thickness Achilles tendon 
rupture (Omeroglu et al. 2009).

16.2.3  Hydrolyzed Type 1 Collagen

The role of collagen 1 on tenocyte or tenoblast 
culture is unknown.

Investigation of the effects of collagen peptide 
ingestion on rabbit’s tendon extracellular matrix 
demonstrates that hydrolyzed type 1 collagen 
peptides affect the size of collagen fibrils and 
composition of glycosaminoglycans in Achilles 
tendon. The ingestion of type 1 collagen increased 
the amount of dermatan sulfate and lowered the 
percentage of hyaluronic acid. The rise of this 
biochemical component would enhance the 
mechanical properties of Achilles tendon 
(Minaguchi et al. 2005).

16.2.4  L-Arginine Alfa-Ketoglutarate

L-arginine is an essential amino acid required by 
the enzymatic family of nitric oxide synthase 
(NOS) to produce nitric oxide (NO) which is a 
crucial factor in tendon healing process.

In a rat model, uninjured tendons did not pres-
ent NOS activity. After surgical tenotomy, NOS 
enzyme increased its activity reaching a maxi-
mum after 7 days, with reduction near baseline 
levels at day 14 (Murrell 2007a).
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Inhibition of NOS activity with oral adminis-
tration of an analogue of L-arginine-N ω-nitro-L- 
arginine methyl ester (L-NAME) resulted in 
significant reduction of cross-sectional area and 
failure load of injured Achilles tendons (Murrell 
et al. 1997).

In animal models, the addition of competitive 
NOS inhibitors impaired tendon healing, while 
the addition of NO enhanced tendon healing 
(Murrell 2007b).

The levels of transforming growth factor 
(TGF) β undergo a change during physiological 
repair process. At the beginning they rise, and 
after about 3 weeks, they gradually decrease to 
slowly reach control levels. Conversely, if 
L-NAME is given at injury time, the macrophage 
infiltrates continue to express high level of TGF- 
β. Following an injury, iNOS activity increases 
during the acute phase of inflammation, and then 
gradually tends to normalize. Treatment of 
injured tendon with L-NAME, however, inhibits 
iNOS activity. L-NAME-treated rats showed 
increased adhesion of peritoneal macrophages to 
epitenon monolayers in vitro. In addition, the 
treatment of acute tendon injury with NO inhibi-
tor causes a long-lasting and wide accumulation 
of many inflammatory cells in the subcutaneous 
tissue, muscle, and tendon as a response of 
chronic inflammation. Thus, the formation of NO 
is a key event for tendon healing process because 
its inhibition increases the level of TGF-β and 
development of fibrosis and chronic inflamma-
tion (Darmani et al. 2004).

16.2.5  Curcumin

Curcumin is an antioxidant extracted from 
Curcuma longa which has a potential role in pre-
vention of oxidative stress damage. Increased 
vascularization is a very common finding in ten-
dinopathy. Curcumin inhibits the formation of 
new blood vessels in a mouse model (Arbiser 
et al. 1998).

Long-term oral administration of curcumin 
decreased cross-linking of collagen and restored 
its original characteristics (Pari and Murugan 
2007; Sajithlal et al. 1998).

Curcumin targets NF-κB signaling pathway 
by inhibiting inflammation and apoptosis induced 
by IL-1β in vitro. Curcumin achieves its anti-
inflammatory effects by downregulation of 
matrix metalloproteinase-1, metalloproteinase-9, 
and metalloproteinase-13, cyclooxygenase-2, 
inhibition of caspase-3, and Bax pathway leading 
to apoptosis. It also stimulates cell survival by 
promoting Bcl-2 pathway (Buhrmann et al. 
2011).

Oral administration of curcumin (100 mg/kg of 
body weight) has been tested to manage patellar 
tendon injury in Sprague-Dawley rats. Histological 
examination revealed deposition of well-organized 
collagen fibers and improvement of tendon biome-
chanical properties (Jiang et al. 2016).

16.2.6  Boswellic Acid

Boswellic acid (BA), extracted from Boswellia 
serrata, is considered an active treatment for 
chronic inflammatory diseases. Although BA is 
often used in combination with other nutraceuti-
cals, we could not find articles describing the 
effects of BA on tenocytes.

16.2.7  Methylsulfonylmethane (MSM)

Methylsulfonylmethane (MSM) is an oral sup-
plement recommended to treat conditions such as 
pain, inflammation, allergies, arthritis, and para-
sitic and bacterial infections.

This sulfur-containing compound is found in a 
variety of human food like vegetables, grains, 
fruits, and beverages. It is a natural substance with 
efficacious analgesic and anti-inflammatory prop-
erties used in the management of osteoarthritis.

There is no study concerning the use of MSM 
on tenocytes (Magnuson et al. 2007).

16.2.8  Bromelain

Bromelain is an ensemble of proteases derived 
from pineapple stem with some therapeutic effects 
in inflammatory diseases. In vitro, experiments 
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have shown that bromelain was able to remove 
several essential cell surface molecules for leuko-
cyte trafficking (Aiyegbusi et al. 2010).

Aiyegbusi et al. observed that the flesh and 
bark extract of pineapple plant, which contains 
the enzyme bromelain, promoted murine teno-
blast proliferation. Inversely, leaves and core 
extracts reduced tenocytes population.

The effects of fresh pineapple juice and com-
mercial bromelain on tenocyte proliferation were 
studied by Aiyegbusi. They observed that teno-
cyte population of bromelain group had 
 significantly increased in comparison to control 
and fresh pineapple juice groups. Pineapple juice, 
however, significantly lowered the MDA level 
compared with both the control and bromelain- 
treated group.

16.3  Clinical Evidence

The management of tendinopathies with oral 
supplements is relatively new. Current clinical 
studies often test combination of substances and 
compare the results of medication to physical 
activity interventions or other treatments.

A clinical study, comparing the effects of glu-
cosamine or indomethacin administration in the 
management of Achilles peritendinitis, showed 
that glucosamine had a better overall therapeutic 
effect on 2/3 of the patients compared to 1/3 of 
the patients treated with indomethacin (Sundqvist 
et al. 1987).

Oral supplementation of hydrolyzed type 1 
collagen, arginine L-alpha-ketoglutarate, MSM, 
and bromelain has a potential role in tendon heal-
ing and lowering pain related to tendinopathy.

Also, it has been demonstrated that these 
agents may act in human arthroscopic rotator cuff 
tear repair. Nutraceutical supplementation for 
3 months after rotator cuff repair lowered postop-
erative shoulder pain and led to a slight improve-
ment in repair integrity. Otherwise, it was not 
possible to find any objective functional improve-
ment (Gumina et al. 2012).

Notarnicola et al. showed that extracorporeal 
shockwave therapy results would be boosted by 

administration of dietary supplements containing 
L-arginine-α-ketoglutarate, VinitroxTM (a poly-
phenolic compound), MSM, bromelain, type 1 
collagen, and vitamin C. The effects of nutraceu-
tical supplementation and extracorporeal shock-
wave therapy were studied in patients with 
insertional Achilles tendinopathy. The combined 
treatment lead to a lower level of pain and better 
results at Ankle-Hindfoot scale and Roles and 
Maudsley score than isolated extracorporeal 
shockwave therapy (Notarnicola et al. 2012).

The dietary supplement TENDOACTIVETM 
(Bioiberica S.A., Palafolls, Spain) composed by 
mucopolisaccharides, type 1 collagen, and vitamin 
C has been tested to manage different tendinopa-
thies (Achilles, patellar, and common extensor 
tendons). The overall results suggest improvement 
of symptoms and healing of injured tendons 
(Arquer et al. 2014; Shakibaei et al. 2011).

Merolla et al. assessed the analgesic effect of 
a dietary compound named TENDISULFUR® 
(Laborest SpA, Nerviano, Italy) in patients with 
a full-thickness supraspinatus tendon rupture 
treated arthroscopically. This oral supplement 
contains glucosamine and chondroitin sulfate, 
vitamin C, type 1 collagen, L-arginine-α- 
ketoglutarate, Boswellic acid, curcumin, and 
MSM. Patients were randomly assigned to 
dietary supplement or placebo for 2 months. 
After 1 week, treatment group showed signifi-
cantly lower level of VAS, night pain, and pain 
after activity. Constant-Murley score and simple 
shoulder test (SST) did not differ between the 
two groups. The authors concluded that 
TENDISULFUR® alleviated short and partially 
mid-term pain but did not affect long-term pain 
(Merolla et al. 2015).

The majority of clinical studies investigating 
nutraceuticals’ use in tendinopathy treatment have 
methodological limitations. They have method-
ological pitfalls as absence of estimation of num-
ber of patients to treat, low values in power, error, 
and outcome assessment. Furthermore, sample 
size calculation has rarely been performed, and it 
is not clear who evaluated the patients during the 
study (the treating physician or an independent 
investigator).
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16.4  Take-Home Message

• Tendinopathy is a common and difficult to 
manage disorder. The risk of recurrence is 
high and a “gold standard” therapy is still not 
available.

• Nutraceuticals emerge as candidates to reduce 
symptoms attributed to tendinopathies, 
 prevent tendon rupture, and improve recovery 
from trauma or surgery.

• Ethical and economic issues impair the trust-
worthy of the best scientific evidence.

• There is a myriad of preclinical studies sup-
porting the use of nutraceuticals supplementa-
tion to improve outcomes while approaching 
tendinopathies.

• Despite the reliable evidence from preclinical 
studies, clinical studies are scant and biased.
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Surgical Treatment of Acute 
and Chronic Muscle Injuries

F. Benazzo, M. Bargagliotti, A. Combi,  
and G. Zanon

17.1  Introduction

Muscle injuries (MI) can stem from a variety of 
events, including direct (i.e., muscle contusions) 
and indirect trauma (i.e., muscle strains) (Crisco 
et al. 1994; Garrett 1990; Huard et al. 2002).

The professional and recreational activities 
are one of the most common causes; therefore, 
there is a strict connection with the modern sports 
traumatology. They represented 48% of all inju-
ries during track and field competition in a recent 
International Association of Athletics Federations 
(IAAF) study and more than 31% of all injuries 
in professional soccer players (Ekstrand et al. 
2011; Hägglund et al. 2005).

Thigh muscle damage presents the most com-
mon injury in track and field athletes (16%) like 
soccer player, rugby (10.4%), basketball (17.7%), 
and American football (46%/22% practice/
games) (Alonso et al. 2009; Malliaropoulos et al. 
2010; Lopez et al. 2012; Borowski et al. 2008; 
Feeley et al. 2008).

The relevance of this problem is even more 
obvious if the frequency is compared to anterior 
cruciate ligament ruptures, which occur in the 
same squad statistically only 0.4 times per season 
(Walden et al. 2011).

There is no consensus when a surgical 
approach should be implemented because a lot of 
authors often apply an experience-based medi-
cine especially in the serious situations. Despite 
this, fortunately most of muscle injuries can be 
treated conservatively, as skeletal muscles have a 
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high endogenous capacity for repair. In literature 
a lot of studies and reviews well describe good/
excellent results using conservative treatments, 
mainly in nonprofessional populations, and con-
sist of rest, nonsteroidal anti-inflammatory drugs 
(NSAIDs), physical therapy, and an exercise pro-
gram. Steroid and PRP injection has also been 
proposed as a treatment to decrease the symp-
toms and promote the muscle repair (Cacchio 
et al. 2011; Mason et al. 2012; Levine et al. 2000; 
Zanon et al. 2016; Heiderscheit et al. 2010).

Surgical treatment is dictated by the clinical and 
imaging (ultrasonography, MRI, or CT scan) pre-
sentation of the injury and can be individually tai-
lored to the patient’s functional needs (Ekstrand 
et al. 2011; Boutin et al. 2002; Askling et al. 2007).

A judicious interpretation of all these ele-
ments is the key to obtain a suitable approach. 
However, there are many classification systems 
with different terminologies that make the accu-
rate decision for a better treatment a difficult task 
(Mueller-Wohlfahrt et al. 2013).

In literature several studies with a long-term 
and mid-term follow-up reported good/excellent 
results using the surgical approach, despite that 
this management is potentially subjected to intra- 
and postoperative complications (severe postoper-
ative hematoma, thrombosis, myositis ossificans, 
and infections) (Ramos et al. 2015).

17.2  Definition and Classification 
of the Muscle Injuries

The muscle injuries present a heterogeneous group 
of muscle disorders, which have traditionally been 
difficult to categorize. This is an important key-
point because it is closely connected with a specific 
damage-related treatment, especially concerning a 
surgical approach (Armfield et al. 2006).

Today, it is well established in the interna-
tional experience that muscles often involved in 
damages are the biarticular muscles or those with 
a more complex architecture (e.g., adductor lon-
gus, hamstring, etc.) used to undergo eccentric 
contraction and contain primarily fast-twitch 
type 2 muscle fibers (Jarvinen et al. 2005; 
Anderson et al. 2001; Noonan and Garrett 1999).

This is a typical situation occurring during 
jumping and running sports, with accelerations 

and sudden decelerations like in football players, 
sprinters, and basketball players. In football/soc-
cer, for example, in the 92% the four major muscle 
groups of the lower limbs are involved: hamstrings 
37%, adductors 23%, quadriceps 19%, and calf 
muscles 13%. As much as 96% of all muscle inju-
ries in football/soccer occur in noncontact situa-
tions, whereas contusions are more frequently 
encountered in contact sports, like rugby, American 
football, and ice hockey (Ekstrand et al. 2011; 
Lopez et al. 2012).

Defining injuries as acute or chronic is clini-
cally relevant in many cases, where these terms 
have implications regarding the anatomic patho-
logic abnormalities and especially the tissue 
quality, which sometimes may necessitate a sur-
gical approach. The current literature varies 
greatly in defining the terms acute and chronic 
damage (Flint et al. 2014).

We define “chronic” the muscle injuries when the 
problem persists for more than 4 months from the first 
traumatic event, and it was not allowed a complete 
healing process (Murray and Lowe 2009). Therefore, 
in these situations it is reported that a higher rate of 
recurrent damage of the same muscle caused longer 
period of absence from the field than the initial injury.

Different classification systems are then pub-
lished regarding the grading and the amount of 
tissue damage (Bryan 2009).

Some of them use only a physical examination 
approach, others considering the image data 
(using ultrasound or MRI) and more recent are the 
mixed-classifications. O’Donoghue devised one 
of the more widely used clinical MI grading sys-
tems in 1962 (1962).

This system uses a classification that is based 
on injury severity and the objective functional 
loss. Takebayashi et al. (1995) proposed in 1995 
an ultrasound-based three-grade classification 
system ranging from a grade 1 injury with less 
than 50% of the muscle involved, grade 2 present-
ing a partial tear with more than 50% of the mus-
cle involved, and up to grade 3 with a complete 
tear. Peetrons in 2002 (2002) has recommended a 
similar grading. The current most widely used 
classification is an MRI-based graduation defin-
ing four grades: grade 0 with no pathological find-
ings, grade 1 with a muscle edema only but 
without tissue damage, grade 2 as partial muscle 
tear, and grade 3 with a complete muscle tear 
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(Stoller 2007). The limitations of the previous 
grading systems are a lack of prognostic informa-
tion for the clinician such as length of muscle tear 
on MRI, MRI “negative” injuries, distance from 
the origin, cross-sectional area of edema, and 
involvement of the tendon (Connell et al. 2004; 
Ekstrand et al. 2012; Cross et al. 2004; Gibbs 
et al. 2004; Slavotinek 2010; Cohen et al. 2011).

Recently, the Munich Consensus has proposed 
in 2013 an alternative muscle grading system 
mixing clinical and image data. The Munich grad-
ing system classifies injuries as either  “functional” 
(fatigue-induced, delayed-onset muscle soreness 
(DOMS), spine-related neuromuscular dysfunc-
tion, or muscle-related neuromuscular dysfunc-
tion) or “structural” muscle pathology, where the 
“structural” classes are further divided into three 
essential grades of muscle injury: minor, moder-
ate, and complete (Mueller- Wohlfahrt et al. 2013; 
Meyer and Prior 2000).

The British Athletics Muscle Injury 
Classification proposes another “mixed” grading 
system (2014) for hamstring injuries, based on the 
available evidence which should provide a sound 
diagnostic base for therapeutic decision- making 
and prognostication. Injuries are graded 0–4 
based on MRI features, with grades 1–4 including 
an additional suffix “a,” “b,” or “c” if the injury is 
“myofascial,” “musculotendinous,” or “intraten-
dinous” (Pollock et al. 2014).

This classification system can provide a repro-
ducible diagnostic framework for enhanced clini-
cal management of muscle injury but not provide 
reliable information on player readiness to return 
to play (Reurink et al. 2014).

17.3  Surgical Treatment Options: 
The Decision-Making 
Approach for the Most 
Frequent Muscle Injuries

17.3.1  Acute Muscle Insertional 
Injuries

One of the most important indications for a surgical 
treatment of acute muscle injuries are the inser-
tional detachment from the bone origin. Sometimes, 
they occur with a direct avulsion of a little piece of 

the bone, particularly in young patients. The mus-
cle’s tendons or the miotendinous junctions are 
always involved. These situations often follow a 
violent or explosive muscular contraction against a 
fixed resistance, sudden deceleration, or stretching 
of the involved muscle or as a result of a direct 
trauma (Almekinders 1991; Kujala et al. 1997).

In these situations there is a partial or com-
plete loss of the muscular preload length, and 
their function and contraction properties are 
compromised. The management is to reinsert the 
muscles in the correct anatomical footprint, using 
simple stiches (resorbable or not resorbable 
wires) or devices like screws, anchors, or cortical 
buttons (Caekebeke et al. 2016).

Very often, the long strong biarticular muscles 
or those with a more complex architecture are 
involved. For example, the 80% cases of proximal 
hamstring injuries are represented by an avulsion 
of the tendons from the ischial tuberosity, but it 
represents only the 20% of all hamstring patholo-
gies (De Smet and Best 2000; Hallen and Ekstrand 
2014; Cohen and Bradley 2007) (Fig. 17.1).

Quadriceps disinsertions from the patella are 
instead an uncommon problem with an incidence of 
1.37/100,000 patients per year, affecting predomi-
nantly middle-aged males (male/female [4.2:1]; 
mean age, 51.1 years) and even more rare is the 
proximal complete avulsion from the anterosupe-
rior iliac spine (Clayton and Court-Brown 2008).

Concerning the distal biceps avulsions and/or 
ruptures, they are relatively rare with an incidence 
rate of about 1.2–2.5 per 100,000 (Safran and 
Graham 2002; Kelly et al. 2015).

Fig. 17.1 Complete avulsion of the proximal hamstrings’ 
tendon from the ischial tuberosity in a 40-years-old 
female
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The pathogenetic causes are different: studies 
support eccentric overload as the most common 
mechanism of injury. High-energy contact trauma 
is also reported in the quadriceps disinsertions, 
while the most common mechanism by which 
distal biceps, pectoralis major, and hamstring 
avulsions occur is a fall on the outstretched hand 
or a final phase of a jump. Degeneration, inflam-
mation, hypovascularization, or friction of the 
tendon is known to contribute to the possibility of 
rupture (Devereaux and ElMaraghy 2013; Belli 
et al. 2001; Weiss et al. 2000; LaPrade et al. 2015).

Also medications can predispose to muscle 
avulsion such as anabolic steroids, statins, locally 
injected corticosteroids, prolonged use of sys-
temic corticosteroids, and antibiotics (e.g., fluo-
roquinolones) (Celic et al. 2012; David et al. 
1995; Liow and Tavares 1995). Not so rare is 
then the involvement, caused by the same injured 
mechanisms, of other anatomical structures dur-
ing a muscles avulsion. For example, there is a 
strict relation between distal hamstring disinser-
tion (i.e., distal origin of the semimembranosus) 
and other tears like the anterior cruciate ligament 
(ACL), menisci, and/or the posterior cruciate 
ligament (PCL) (Khoshnoodi et al. 2014; Vanek 
1994). Khoshnoodi et al. reported, for example, a 
case of an isolated semimembranosus insertional 
avulsion with a PCL tear, medial meniscal tear, 
and capsular rupture in a 26-year-old football 
player (Khoshnoodi et al. 2014). According to 
the literature, the surgical treatment is recom-
mended in case of complete disinsertion, espe-
cially in young active sportsmen, and generally if 
the retraction from the bone is greater than 2 cm 
(i.e., hamstring injuries) (Fig. 17.2). One of the 
most important aspects in these situations is the 
early identification and a well-timed surgical 
treatment. The results of previous studies regard-
ing the timing of surgery are conflicting: today, 
the common consensus is that patients with acute 
repairs have better outcomes when compared 
with chronic surgical treatment, due to an easier 
and faster postoperative recovery (Sallay et al. 
2008; Sarimo et al. 2008). The literature suggests 
also that the early surgical reattachment gives the 
athletes a greater chance of returning to their pre- 
injury level of sport, especially for the lower limb 

muscle avulsions (Harris et al. 2011; Kurosawa 
et al. 1996). Ten patients presenting with com-
plete proximal hamstring tendon tears were con-
firmed on MRI. All patients underwent surgical 
exploration and repair of the torn tendons with 
the aim of returning to normal activities and 
sports. All patients were semi-professional or 
professional athletes and presented within five 
weeks of their injury (average 12 days, range 
4–35 days).An excellent outcome was found in 
terms of return to normal activities and sports. 
Early surgical repair and physiotherapy has been 
noted to be associ- ated with a good outcome and 
enables an early return to high level sports after 
complete tear of the proximal hamstring tendons 
(Konan and Haddad 2010). Lempainen et al. 
showed, with a case series of 18 operatively 
treated distal hamstring muscle tears in athletes, 
excellent results in 13 cases. Fourteen of the 18 
patients were able to return to their former level 
of sport after an average of 4 months (range 
2–6 months) (Lempainen et al. n.d.). O’Shea 
et al. demonstrated in 27 patients after quadriceps 
reinsertion (average 17 days between injury and 
surgery) excellent clinical outcomes over a period 
of seven years, and they were all able to return to 
pre-injury levels of activity (2002). In a review 
that evaluated 18 studies, including 286 operative 
and 14 nonoperative cases, Harris JD et al. con-
cluded that surgical repair of complete proximal 
hamstring ruptures improved clinical outcomes 
than a conservative treatment (2011). Also Sallay 

Fig. 17.2 Reinsertion and fixation of the bone fragment 
of the ischial tuberosity after the complete proximal ham-
strings’ tendon avulsion using metal screws in a young 
17-year-old football player
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et al. with a retrospectively reviewed 25 cases 
surgical repaired over a 12-year period using 
bone anchors reported good results: in 92% cases 
no pain and in 98% no differences with the iso-
kinetic test comparing the injured limb with the 
uninvolved one. In that study all the patients had 
an avulsion from the bone of all the three tendons 
(2008). But other papers have shown a low rate of 
return to pre-injury activity levels. For example, 
Konrath et al. found that 51% of patients who 
underwent a quadriceps reinsertion were unable 
to return to their pre-injury activity level. In this 
study, although 79% of players were described as 
recovering fully from their injury, only 50% of all 
injured players returned to play in regular-season 
NFL games (1998). Several series and 
 descriptions are available in the literature about 
different surgical techniques, and good/excellent 
results are reported by the authors (Mica et al. 
2009; Sarimo et al. 2008; Chakravarthy et al. 
2005; LaPrade et al. 2015; Branch and Anz 2015; 
Boublik et al. 2013; Petilon et al. 2005). The fixa-
tion of the tendons usually is performed using an 
open surgical approach in order to have a better 
anatomical exposure and an easier technique. 
Different devices can be used due to an anatomi-
cal reconstruction and to obtain a stronger suture 
of the tendons to the bone (Gidwani et al. 2004; 
Wooton et al. 1990; West et al. 2008). In this way, 
some authors have proposed reinforcements of 
the damaged tissue using, for example, autograft, 
allograft, or synthetic mesh augmentation 
(Sarimo et al. 2008; West et al. 2008; Ding et al. 
2016; Morrey et al. 2016). Recently, mini- 
invasive techniques such as a percutaneous fixa-
tion of the muscle’s avulsion (Watts et al. 2014) 
or an endoscopic approach allowing a safe 
approach to the area of injury were also showed. 
The benefit of it is to reduce the morbidities asso-
ciated with an open approach (Guanche 2015; 
Bhatia 2016). Concluding, the management of 
muscle avulsions must be focused at first time in 
a correct diagnosis and at second in the recon-
struction/reinsertion thinking about the dimen-
sion of the damage, the quality of the muscle 
origin, and the type of patients. In order of this 
reason, according with the literature, we remem-
ber some useful tips for a correct management of 

these situations, due to simplifying of the surgi-
cal procedure and reducing the operative time:

• Use the most simple surgical approach consid-
ering our surgical skills.

• Identify and protect the vascular and nervous 
complex.

• Identify and mobilize the muscle’s origin.
• Clean and remove completely the hematoma, 

fibrotic, and soft tissue.
• Denude the bone from the periosteum to 

enhance healing of the muscle insertion.
• Suture the insertional origin of the muscle 

reducing any tension of the tissue (i.e., flexion 
of the knee if proximal hamstring reinsertion).

• Protect the surgical gesture and the healing pro-
cess employing an immobilization with a cast 
or plaster for some days (7–15) after surgery.

17.3.2  Acute Muscle Belly Injuries

Direct muscle contusions are one of the most com-
mon causes of discontinuity of muscle bellies.

More rarely the cause depends on a violent 
contraction or forceful stretching of the muscle 
or an uncoordinated force acting on the tightly 
contracted muscle (Praemer et al. 1992; Zarins 
and Ciullo 1983).

The surgical treatment of acute damage is 
therefore necessary in the grade III–IV (total) 
muscle tissue injuries (Almekinders 1991; Kujala 
et al. 1997).

In these situations there is a subtotal or com-
plete loss of the contractile muscle capacity 
(caused from the interruption of the muscle 
fibers) compromising its function. The regenera-
tive capacity of the injured skeletal muscle is lim-
ited, and therefore suturing the transected muscle 
may help the tissue heal and prevent complica-
tions. Some authors have reported good/excellent 
results after repair, but unfortunately it does not 
prevent the formation of scar tissue (Chien et al. 
1991; Gilcreest 1933). Aarimaa et al. showed, in 
an experimental study, that volumetric muscle 
loss greater than 50% cannot be biologically 
repaired and, consequently, result in a residual 
important loss of function (2004).
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Repair of muscle belly lacerations is technically 
demanding because the sutures pull out, and the 
likelihood of clinical failure is high. Thereby, a 
complete MI like a laceration can bring about per-
manent functional disability and muscle weakness 
(Julien and Mudgal 2011). Different suture tech-
niques have been described in literature, but still 
the best suture is debated: today the therapeutic 
management is unclear with no definite guidelines. 
This is caused by the great heterogeneity of the 
muscle belly lesions and of patients. Many features 
are already identified: dimension and extension of 
the lesion, quality and kind of the damage tissue, 
type of suture, and time between injury and surgery 
(Jarvinen and Lehto 1993). For example, the role of 
epimysium (the connective tissue sheath around a 
muscle) is not well defined in surgical repair. 
Furthermore, the epimysium-based repair has been 
reported to be important for superior stitching of 
forearm muscle belly lacerations (Botte et al. 
1987). As for the hand surgeons, where the epiten-
dinous repair has become a common practice 
because of its biomechanical strength, different 
authors found similar advantages in epimysial-
based repair in muscle bellies. The incorporation of 
the epimysium improves surgical repair because 
incorporation of fibrous portions of the muscle 
improves tension bearing and may permit a better 
sliding (Heckman and Levine 1978).

Heterogeneous outcomes are also reported 
using different types of sutures. Chien et al., for 
example, showed better results with the modified 
Kessler suture (with 5–0 Mersilene) than either 
simple suturing with 2–0 Dexon or simple suturing 
with a tendon graft (1991). Contrary to Chien, 
Kragh J.F. Jr. et al. had shown that the better method 
of repair for suturing muscle is the use of combina-
tion stitches and not only the same type (2005).

In this paper the authors tested Kessler stitches 
and the combination of Mason-Allen and perim-
eter stitches. Individual stitches were placed in the 
muscle belly of quadriceps femoris from a pig 
cadaver and were tensioned mechanically. The 
maximum loads and strains were measured and 
failure modes recorded. The mean load and strain 
for the Kessler stitches were significantly less 
than those for combination stitches. Despite these 
considerations, it is a common consensus that 

immediate repair strength is important because 
healing is better when motion is started 5 days 
after repair, and this is useful to prevent hard 
anelastic scar (Jarvinen and Lehto 1993).

During an acute muscle injury, another impor-
tant indication for a surgical approach is also 
when a large intramuscular hematoma is associ-
ated with the tissue damage (Fig. 17.3) 
(Almekinders 1991; Kujala et al. 1997).

In some situations, especially after a direct 
trauma, a localized bleeding can form a hematoma 
associated with the tissue damage. There are two 
types of hematoma: intramuscular and intermus-
cular. The prognosis for intermuscular hematomas 
is better, but the persistence of swelling after 
48–72 h increases pain intensity, extension of ten-
derness, prolonged restricted limb range of motion, 
and pain. In few of these cases, the hematoma 

Fig. 17.3 Intramuscular rectus femoris III grade lesion 
hematoma in 26-year-old sportsman

F. Benazzo et al.



187

becomes so large as to generate a compartment 
syndrome giving compression of vessels and 
nerves with a reduction of the distal pulses or par-
esthesia (Botte et al. 1987; Heckman and Levine 
1978; Kragh et al. 2005; McQueen et al. 2000).

It is crucial to identify these situations adopting a 
mini-invasive surgical approach to remove the 
hematoma aimed to prevent a complete invasive 
fasciotomies.

17.3.3  Chronic Muscles Injuries

The surgical management of chronic muscle inju-
ries is today unclear, and no definite guidelines are 
yet published. Very often the persistence of dis-
comfort and pain are the symptoms most frequently 
reported by the patients for a long time (dura-
tion > 4–6 months) after an acute damage, and the 
loss of function with worsening performances 
sometimes may require in these situations a remote 
surgical treatment (Hope and McQueen 2004; 
Ramdass et al. 2007; Erturan et al. 2013). Several 
studies showed a closed correlation between acute 
muscle injuries and chronic ones: Murray and 
Lowe have demonstrated that a previous hamstring 
damage displays the greatest risk factor with two to 
six times elevated re-injury rates (2009).

In literature, there is discrepancy of the results 
about the surgical treatment of chronic muscle 
injuries, as there is no common consensus because 
authors often apply an experience-based medi-
cine. Two are then the most important correlated 
difficulties occurring during the surgical approach 
in these situations, and often they are the cause of 
poor outcome: the quality of the residual tissue 
and the retraction of the previous scar. Regarding 
the first complication, in literature different strate-
gies in order to reinforce the peri-lesional cloth, 
especially if the injury takes place in the extremi-
ties of the muscle tissue (miotendinous/tendinous 
side), are described. Some papers reported good 
results using the autografts, allografts, and also 
muscular transpositions. Lempainen et al., for 
example, proposed surgical reconstruction tech-
nique for complete chronic proximal hamstring 
rupture by use of fascia lata autograft augmenta-
tion in five cases with good results at 12 months 

follow-up. The authors suggest this technique 
when the primary repair has failed or in chronic 
injuries where there is a large defect with loss of 
healthy tissue (Lempainen et al. 2007).

Sarimo et al. reported, for example, on 41 
proximal hamstring ruptures, of which 19 patients 
had surgical repair with greater than 3 months’ 
delay. The risk for a poor outcome was 28 times 
greater for those with a delay in treatment. The 
authors found also a strict correlation between 
outcomes and quality of the peri-lesional residual 
muscular tissue (Sarimo et al. 2008).

In a cohort study, about 72 patients comparing 
the functional outcomes and return to sports after 
acute, chronic repair, and allograft reconstruction 
for proximal hamstring ruptures, the authors showed 
that surgery after 6 weeks from the injury had 
poorer outcomes for return to sports (70.2% cases 
versus 80.3%) and a trend toward inferior outcomes 
compared with the acute repair (Rust et al. 2014).

The retraction and the scarring pose are another 
significant dilemma for the surgeon, very often 
directly related to the severity of the soft tissue 
damage. Therefore, the surgical management 
should be considered if, after an adequate postop-
erative rehabilitation and stretching protocols, the 
patient complains of persistence of pain and stiff-
ness after a previously injured muscle. In these 
chronic cases, the scar tissue formation and adhe-
sions restricting the articular range of motion 
should be suspected, and surgical fibrinolysis and 
revision of the scar tissue can be considered. In 
literature several authors proposed, in addition of 
this procedure, also the use of autograft or allograft 
augmentation in order to resolve the muscular 
retraction of the scar. Murray and Lowe published 
a case report of a cyclist with a 6-year- old chronic 
proximal hamstring rupture treated with Achilles 
allograft reconstruction with a reinforcement of 
the footprint using suture anchors (2009).

Rust et al. proposed allograft reconstruction 
for chronic hamstring injuries with greater than 
5–6 cm of scar retraction (2014).

Darlis and Widmer recommended the use of 
an allograft/autograft when anatomic repair of 
the distal biceps cannot be achieved by native 
tendon beyond 70–90 flexion (Darlis and 
Sotereanos 2006; Widmer and Tashjian 2010).
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But the harvesting autograft may cause donor 
site morbidity and additional operating time to 
harvest and requires prepping and draping of the 
lower extremity. Allograft increases cost and car-
ries a small but inherent risk of disease transmis-
sion (Robertson et al. 2006).

Another strategy to treat and resolve the mus-
cular scar retraction after a wrong healing of an 
acute muscular complete tear is the musculotendi-
nous surgical release. In the beginning this tech-
nique was introduced like a viable solution for the 
treatment of spastic hemiplegia in the cerebral 
palsy of the childhood. In these situations, due to 
a congenital damage of the central nervous sys-
tem, children have a permanent hypertonia of the 
lower limbs generating a joint dysfunction by a 
fixed muscle contraction. Several authors pro-
posed different surgical techniques: one of the 
most used is the transverse Vulpius recession of 
the gastroc-soleus, as to reduct the contraction of 
the calf in order to restore the proper functioning 
of affected limb (Tinney et al. 2015).

Today, the musculotendinous surgical release is 
also a useful trick very popular especially between 
the shoulder surgeons: the retraction is one of the 
most important limiting factors for successful sur-
gical repair of the cuff (Meyer et al. 2012).

In literature this technique is also proposed 
like an excellent treatment in chronic miotendi-

nous junction pathology, due to reducing the pain 
and discomfort of the tendinopathy. For example, 
several surgical techniques (arthroscopic, mini- 
open, and percutaneous) are described for the 
treatment of the chronic lateral epicondylitis 
(Grewal et al. 2009).

Concluding, the surgical treatment is required 
also in case of complications that occurred after 
acute muscle injuries. One example is the myosi-
tis ossificans (MO) (Fig. 17.4). Generally, it is 
related to trauma from a single blow or repeated 
episodes of microtraumas, and it can be diag-
nosed and monitored by serial X-rays, being 
radiologically evident 3–6 weeks after injury 
(Parikh et al. 2002; Renstrom 2003). The most 
common reported sites of MO are in the thigh 
and arm muscles: quadriceps femoris, brachialis, 
and the adductor. In the majority of cases, it is 
asymptomatic and can be managed with nonop-
erative treatments with spontaneous resolution 
monitored by imaging exams. If MO progress to 
permanently limit range of motion and function 
with pain or when the lesion is vulnerable to a 
repeated trauma causing disability, surgical inter-
vention to remove persistent calcium deposits 
can be pointed out. Surgery should not be 
attempted until 4–6 months after trauma to allow 
for complete maturation of the process (De 
Maeseneer et al. 1997; Ben Hamida et al. 2004).

Fig. 17.4 Sagittal T2-weighted magnetic resonance imaging scan of a myositis ossificans of the 29-year-old profes-
sional soccer player
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Rotator Cuff Tendinopathy

Stephanie C. Petterson, Margaret Harvey,  
and Kevin D. Plancher

Rotator cuff disease has been described as a pro-
gressive disorder of the rotator cuff tendons, 
beginning with an acute tendinitis, progressing to 
tendinosis with degeneration and partial- 
thickness tearing, and can result in full-thickness 
rupture (Neer 1983). The incidence of rotator 
cuff tendinopathy has been reported at 0.3–5.5% 
with an annual prevalence from 0.5 to 7.4% 
(Littlewood et al. 2014).

The term tendinopathy describes a painful 
condition that develops in or around tendons 
potentially due to an imbalance between patho-
logic responses from tendon overuse and regen-
erative changes, leading to impaired functional 
mobility (Andres and Murrell 2008a; Factor and 
Dale 2014). In 1983, Neer described the patho-
physiology of rotator cuff disease in three stages, 
impingement syndrome to partial and complete 
rotator cuff tears (1983). More recently, Lewis 
suggests a continuum from reactive to disrepair 
and finally degenerative tendinopathy (2010). 
While histological evidence suggests that little or 
no inflammation is present, chronic changes 
include degeneration and disorganization of col-
lagen fibers, increased cellularity, and tendon 
thickening (Fukuda et al. 1990a).

The etiology of rotator cuff tendinopathy and 
rotator cuff failure is likely multifactorial from a 
combination of intrinsic, extrinsic, and environ-
mental factors (Seitz et al. 2011; Lewis 2010). 
Extrinsic factors (i.e., bony or soft tissue) cause 
compression of the rotator cuff tendons, while 
intrinsic (e.g., aging, decreased vascularity, 
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altered biology, tendon overuse) mechanisms are 
generally associated with degeneration of the 
rotator cuff tendon (Seitz et al. 2011). These fac-
tors can contribute to tendon wear, fraying, and 
ultimately a partial- or full-thickness rotator cuff 
tear. An understanding of the anatomy of the 
rotator cuff tendons and histology of chronic ten-
dinopathy as well as extrinsic and intrinsic causes 
of tendinopathy is required to fully understand 
how to accurately diagnose and treat rotator cuff 
tendinopathy.

18.1  Anatomy and Function

The rotator cuff consists of four muscles: the 
supraspinatus, infraspinatus, teres minor, and 
subscapularis. They originate on the scapula and 
insert into the greater and lesser tuberosities of 
the humerus (Busconi and Schepsis 2005). These 
muscles end in short, flat tendons which fuse 
with the fibrous capsule to form the musculoten-
dinous cuff. The fusion occurs approximately 
1.27 to 1.90 cm. from the point of insertion onto 
the humerus (DePalma and Brand 2008). The 
supraspinatus footprint is 23 × 16 mm and inserts 
at the articular surface from the bicipital groove to 
the top of the bare area (Curtis et al. 2006). The 
infraspinatus footprint is 29 × 19 mm and wraps 
around the posterior border of the supraspinatus, 
framing the bare area. The teres minor footprint 
measures 29 × 21 mm and is posterior to the infra-
spinatus. The subscapularis footprint is located on 
the lesser tuberosity, adjacent to the biceps groove, 
and measures 40 × 20 mm (Curtis et al. 2006). 
The rotator cuff plays a role in providing internal 
and external rotation of the glenohumeral joint, 
but perhaps a more critical role is in stabilizing 
the humeral head and preventing superior transla-
tion of the humeral head during arm elevation 
because of the relative location to the humeral 
head and via its active compression mechanism 
against the glenoid (Sharkey and Marder 1995).

The subacromial space, defined by the cora-
coacromial ligament and acromioclavicular joint 
superiorly, the anterior edge and undersurface of 
the acromion, and the humeral head inferiorly, 
houses the rotator cuff tendons, the long head of 

the biceps tendon, and the coracoacromial liga-
ment. On average, the subacromial space, mea-
sured as the width of the space between the 
inferior surface of the acromion and the head of 
the humerus and anteroposterior radiograph, is 
1–1.5 cm; however, it varies based on the acro-
mial shape (Umer et al. 2012; Petersson and 
Redlund-Johnell 1984). Under normal circum-
stances, there is room for the tendon to travel; 
however, in pathologic states, there may not be 
sufficient room for the tendon, and “impinge-
ment” occurs.

18.2  Extrinsic Causes

Extrinsic mechanisms of rotator cuff tendinop-
athy often result in mechanical compression of 
the bursal side of the rotator cuff tendon due to 
narrowing of the subacromial space arising 
from anatomic or biomechanical factors, or a 
combination (Seitz et al. 2011). Subacromial 
impingement, first described by Watson-Jones 
in 1940 as impingement of the lateral acromion 
on the rotator cuff during the mid-arc of abduc-
tion, is the most common form of external 
impingement (Busconi and Schepsis 2005; 
Watson-Jones 1940). In his classic article in 
1972, Neer coined the term “impingement syn-
drome,” implicating the anterior acromion, the 
coracoacromial ligament, and the acromiocla-
vicular joint as the root cause (1972). His theory 
of the rotator cuff and undersurface of the 
humeral head encountering the undersurface of 
the anterior acromion and coracoacromial liga-
ment led to the recommendation to perform an 
anterior acromioplasty to manage primary 
impingement (Neer 1972).

Anatomic factors that may narrow the sub-
acromial space include acromion shape and 
prominent osseous changes to the inferior aspect 
of the acromioclavicular joint or coracoacromial 
ligament (Farley et al. 1990; Ogawa et al. 2005). 
In 1986, Bigliani classified the acromion into 
three types based on shape: type I, flat; type II, 
curved; and type III, hooked (Bigiliani et al. 
1986). Multiple studies have determined that 
there is an association between acromion shape 
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and severity of rotator cuff pathology (Ogawa 
et al. 2005; Bigliani et al. 1991; Epstein et al. 
1993). The geometry of the type II or III acro-
mion leads to a reduction in the subacromial 
space and therefore a greater risk of impinge-
ment, whereas a type III acromion has also been 
associated with a higher incidence of rotator cuff 
tears (Bigliani et al. 1991; Epstein et al. 1993; 
Toivonen et al. 1995) (Fig. 18.1). Arthritic 
changes of the acromioclavicular joint have been 
theorized as a cause of external impingement of 
the rotator cuff tendons (Neer 1972, 1983; 
Petersson and Gentz 1983). Cuomo demonstrated 
that inferior spurs of the distal clavicle associated 
with acromioclavicular joint arthrosis correlate 
with the presence of rotator cuff pathology 
(Cuomo et al. 1998).

There is significant evidence that anatomic 
variants may contribute to an extrinsic mecha-
nism of rotator cuff tendinopathy. However, the 
presence alone of these external factors may be 
insufficient to result in rotator cuff tendinopathy 
(Seitz et al. 2011). Soslowsky et al. found that 
external compression of rotator cuff tendons in 
rats with normal activity did not cause patho-
logic changes; however, when coupled with 

overuse activity, there was a significant effect on 
tendon injury (2002). Therefore, it can be theo-
rized that extrinsic causes may be a factor in 
rotator cuff tendinopathy; however, there is 
likely an overuse component involved.

Functional range of motion of the shoulder 
can alter the dimensions of the subacromial space 
and contribute to clinical signs of secondary 
impingement syndrome, specifically shoulder 
abduction and rotation (Matthews and Fadale 
1989; Graichen et al. 1999). The distance between 
the humerus and the acromion is reduced by 
almost 50% when the shoulder moves from 30° 
to 120° of abduction with the minimum distance 
between the acromion and humerus being the 
smallest when the arm is externally rotated 90° 
(DePalma and Brand 2008; Graichen et al. 1999). 
The supraspinatus is closest to the anteroinferior 
border of the acromion when the arm is in 90° of 
abduction and 45° of internal rotation (Graichen 
et al. 1999). On the contrary, while arm elevation 
leads to a decrease in subacromial space width, 
adduction muscle forces substantially increase 
the acromiohumeral distance and claviculo-
humeral distance compared to abduction muscle 
forces (138% at 90° relative to abduction forces). 

Flat Curved Hooked

Fig. 18.1 Bigliani classification of acromial shape: type I (flat), type II (curved), and type III (hooked). Copyright 
Kevin D. Plancher, MD
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These biomechanics support strengthening of the 
adductor muscles, including the latissimus dorsi, 
subscapularis, and teres major and minor, in both 
conservative and postoperative rehabilitation 
programs to avoid and lessen the symptoms of 
impingement syndrome (Hinterwimmer et al. 
2003).

18.3  Intrinsic Causes

Intrinsic mechanisms originate in the tendon itself 
and have a multitude of causes which include nat-
ural process of aging (Tempelhof et al. 1999; 
Milgrom et al. 1995), microvascular blood supply 
(Biberthaler et al. 2003; Fukuda et al. 1990b), 
morphology, and mechanical properties (Michener 
et al. 2003). Age has been shown to have a nega-
tive influence on tendon properties including 
decreased collagen orientation, cellularity, compli-
ance, elasticity, and overall tensile strength (Seitz 
et al. 2011). There is a decrease in total glycosami-
noglycans and proteoglycans in the supraspinatus 
tendon with age (Riley et al. 1994).

Rotator cuff tendon vascularity may play a 
role in rotator cuff tendinopathy. Codman 
described a “critical zone” in the supraspinatus 
tendon approximately 1 cm from the insertion on 
the greater tubercle, also the most common site 
of rotator cuff tendon injury (Petri et al. 1987; 
Codman 1934). Multiple studies have confirmed 
this hypovascular zone of the distal 2 cm of the 
supraspinatus tendon, predisposing the rotator 
cuff tendon to injury due to poor healing poten-
tial (Biberthaler et al. 2003; Brooks et al. 1992; 
Fukuda et al. 1990b). However, other studies 
refute this concept and have demonstrated no 
region of avascularity in the critical zone. The 
role vascularity plays in rotator cuff tendinopathy 
therefore remains unclear (Matthews and Fadale 
1989; Levy et al. 2008; Longo et al. 2008).

18.4  Diagnosis

No single test can efficiently diagnose rotator 
cuff tendinopathy. Diagnosis involves the combi-
nation of a thorough history, physical examina-

tion, and supporting imaging studies including 
x-rays and MRI. Pain, weakness, and loss of 
shoulder motion are common complaints 
(Fongemie et al. 1998). Pain is generally exacer-
bated by overhead activities as the rotator cuff 
passes through the coracoacromial arch, fre-
quently occurs at night, and may radiate into the 
deltoid and scapular regions (Fongemie et al. 
1998). Patients may also complain of pain and 
difficulty reaching behind the back such as when 
tucking in shirt or placing a wallet in the back 
pocket and even when reaching out to the side.

Several key maneuvers are essential to include 
in the physical examination to aid in the diagnosis 
of subacromial impingement syndrome. A combi-
nation of a positive Hawkins-Kennedy impinge-
ment test, painful arc of motion, and a positive 
infraspinatus test yields a >95% likelihood of a 
diagnosis of impingement, whereas, when these 
tests are negative, the likelihood of impingement 
is <24%.

The Neer impingement sign causes provoca-
tion of pain at the anterolateral edge of the acro-
mion when the examiner passively forward flexes 
the arm greater than 120° with the humerus inter-
nally rotated and the scapula stabilized (Fig. 18.2). 
The Neer sign has a sensitivity and specificity of 
72 and 60%, respectively (Hegedus et al. 2012). 
Hawkins and Kennedy also described an alterna-
tive impingement test which elicits symptoms 
when the arm is placed in 90° forward elevation 
and then gently internally rotated (Fig. 18.3). The 
Hawkins-Kennedy sign has a sensitivity and speci-
ficity of 79 and 59%, respectively (Hegedus et al. 
2012). These impingement tests place the greater 
tuberosity, rotator cuff, or biceps tendon against 
the undersurface of the acromion or coracoacro-
mial ligament causing aggravation of an inflamed 
bursa. A painful arc of motion between 60° and 
120° of active forward elevation in the plane of the 
scapula is also indicative of impingement. The 
patient often reports pain or painful catching in the 
shoulder. This test has a sensitivity of 73.5% and 
specificity of 81.1% (Factor and Dale 2014). 
Lastly, the infraspinatus muscle test performed 
with the arm at the side and the elbow flexed to 90° 
elicits pain when the patient resists against an 
internal rotation force.
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Fig. 18.2 Neer 
impingement sign. The 
examiner stabilizes the 
scapula and passively 
flexes the arm greater 
than 120° with the arm 
internally rotated. 
Provocation of pain at 
the anterolateral edge of 
the acromion is 
indicative of 
subacromial 
impingement. Copyright 
Kevin D. Plancher, MD

Fig. 18.3 Hawkins- 
Kennedy impingement 
test. The patient’s arm is 
positioned in 90° of 
forward elevation with 
the elbow flexed to 90°. 
The examiner then 
gently internally rotates 
the arm. Provocation of 
pain at the anterolateral 
edge of the acromion is 
indicative of 
subacromial 
impingement. Copyright 
Kevin D. Plancher, MD
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Many disorders of the shoulder present sim-
ilar to subacromial impingement syndrome. 
A diagnostic lidocaine anesthetic injection into 
the subacromial space can improve the accuracy 
of the diagnosis of subacromial impingement 
syndrome. We inject 10 mL of 1% lidocaine using 
a 25-gauge, 1½ in. needle into the subacromial 
space through an anterior approach. Ultrasound 
can be used as an adjunct to guide the needle to 
ensure accuracy. Alternatively, the needle can be 
placed 1 cm inferior to the posterolateral corner 
of the acromion directed toward the coracoid. 
Provocative maneuvers should be performed 
 following the injection to confirm the diagnosis. 
Alleviation of symptoms on impingement tests is 
highly indicative of subacromial impingement 
syndrome. The authors believe that a 1½ in. nee-
dle is essential if using a posterior approach to 
avoid a false-negative result.

18.5  Diagnostic Imaging

The specificity of special tests on physical exami-
nation is relatively low; therefore, imaging of the 
shoulder should also be utilized in the diagnostic 
process in order to make an accurate and complete 
assessment of the underlying pathology (Silva 
et al. 2010). Radiographs can aid in evaluating 
acromial morphology, assessing for the presence 
of subacromial spurs and calcific tendinitis and for 
the presence of degenerative changes at the greater 
tuberosity, the acromioclavicular joint, or anterior 
acromion. A supraspinatus outlet view radiograph 
is best to evaluate acromial shape. The scapular 
outlet view, on the other hand, best evaluates the 
anteroinferior acromion (Fig. 18.4). This view is a 
true scapulolateral with the x-ray tube angled 
5–10° caudally. An AP view of the shoulder with 
the x-ray tube angled 30° caudally can also be 
used to evaluate the anteroinferior acromion as 
well as for the presence of a calcified coracoacro-
mial ligament (Fig. 18.5). This AP caudal tilt view 
has been shown to have the highest interobserver 
reliability (Kitay et al. 1995).

This radiographic series is extremely useful in 
surgical planning to determine the amount of 
resection necessary to establish a flat acromion. 

A study by Kitay et al. demonstrated that the dis-
tance from the acromial cortex to the end of the 
acromial spur on x-ray significantly correlated 
with intraoperative spur length (1995). Acromial 
slope measured on the supraspinatus outlet view, 
which was shown to have less intraobserver reli-
ability than the caudal tilt view, significantly cor-
related with intraoperative acromial thickness. 
Therefore, the authors believe these views should 
be included in routine radiographic evaluation 
and surgical planning when presented with sus-
pected subacromial impingement or rotator cuff 
involvement prior to acromioplasty.

Magnetic resonance imaging (MRI) can also be 
useful to evaluate soft tissue and bony pathology 
associated with rotator cuff pathology and assess 
the subacromial-subdeltoid bursa. MRI evaluation 
of rotator cuff tendinopathy has a reported sensi-
tivity of 84–96% (Quinn et al. 1995; Balich et al. 
1997). Tendinopathy is characterized on MRI as 
increased intra-substance signal on short TE 
sequences, not as bright as fluid on T2-weighted 
images (Buchbinder et al. 2008). Coronal or sagit-
tal oblique cuts are best to evaluate subacromial 
spurs as well as acromion type (Fig. 18.6) Small 
spurs appear black (hypointensity) on T2-weighted 
images, whereas larger spurs appear as high signal 

Fig. 18.4 Scapular outlet view demonstrating a type III, 
hooked, acromion. The scapular outlet view best evaluates 
acromial morphology
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a
A. Routine A-P Shoulder B. True A-P Shoulder

Overlap of humeral head
with posterior glenoid rim Open joint space

45°

b c

Fig. 18.5 (a) Artwork demonstrating the difference and correct way to obtain a true versus routine AP view of the 
shoulder. (b) Routine AP in a left shoulder. (c) True AP (Grashey) in a left shoulder. Copyright Kevin D. Plancher, MD
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on both T1-weighted and T2-weighted images 
because they contain marrow. Degenerative 
changes of the acromioclavicular joint can also be 
visualized on MRI, indicated by hypertrophy of 
the joint capsule as a medium signal intensity sur-
rounding the acromioclavicular joint on pulse 
sequences with short repetition time (TR) and 
short echo time (TE). Changes in the subacromial- 
subdeltoid bursa and peri-bursal fat are signs of a 
rotator cuff tear as a complete tear allows exten-
sion of intra- articular fluid in the bursa. This is rep-
resented as high signal intensity or white within 
the bursa on T2-weighted images.

The use of ultrasound, computed tomography 
(CT), and MRI has been shown to be reliable 
methods for measuring acromiohumeral distance 
(McCreesh et al. 2013). Normal acromiohumeral 
distance is approximately 10.5–11 mm and is 
smaller in females compared to males (Cotty 

et al. 1988; Kim et al. 2014). The distance is also 
dependent on arm position and has been shown to 
be smallest (8.1–9.9 mm), when the arm is flexed 
to 90° and in neutral rotation and is largest in 
positions of internal rotation (range, 11.2–
12.2 mm) (Kim et al. 2014). Additionally, an 
acromiohumeral distance less than 7 mm has 
been correlated with a complete rotator cuff tear 
(Weiner and Macnab 1970; Fehringer et al. 2008; 
Henseler et al. 2014).

18.6  Treatment

Oral NSAIDS are commonly utilized as the initial 
treatment for tendinopathy. Multiple studies have 
demonstrated the effectiveness of oral and local 
NSAIDS in the treatment of acute shoulder tendi-
nopathy (Mena et al. 1986; Mazieres et al. 2005; 

a

c

b

Fig. 18.6 MRI evaluation of acromial morphology. (a) Type I, flat. (b) Type II, curved. (c) Type III, hooked. Copyright 
Kevin D. Plancher, MD
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Petri et al. 1987, 2004). Patients who present with 
a longer duration and greater severity of symptoms 
are less likely to have a positive response with 
NSAIDS (Andres and Murrell 2008b).

Physical therapy is also a common treatment 
for rotator cuff tendinopathy. Physical therapy for 
rotator cuff tendinopathy generally focuses on 
rotator cuff strengthening, scapular stabilization, 
as well as improving the biomechanics of the 
shoulder. There appears to be moderate evidence 
that manual physical therapy may decrease pain 
in rotator cuff tendinopathy; however, it is unclear 
if it improves overall function (Bang and Deyle 
2000; Desjardins-Charbonneau et al. 2015).

Corticosteroid injections, most commonly 
subacromial injections, have also been a main-
stay of treatment for rotator cuff tendinopathy. 
The mechanism of action is to locally decrease 
inflammation and improve the ability to perform 
exercises and improve function (Griffin 2005). 
Alvarez found no improvement in symptoms 
with an injection of betamethasone versus 
Xylocaine in range of motion or improving qual-
ity of life (Alvarez et al. 2005). In contrast, mul-
tiple studies have demonstrated at least short-term 
improvement after a corticosteroid subacromial 
injection (Celik et al. 2009; Yu et al. 2006). In 
general, it is recommended to attempt conserva-
tive treatment of a course of NSAIDS, physical 
therapy, and possibly a steroid injection prior to 
any surgical treatment.

Orthobiologics are emerging in the treatment of 
tendon pathologies. Platelet-rich plasma (PRP) and 
stem cell injections are two methods of introducing 
growth factors from autologous or allogeneic 
sources that can be used in isolation or as adjuvant 
therapies to augment tendon healing. While still in 
their infancy, these modalities show promise in 
addressing the underlying pathologic processes to 
promote an optimal healing environment (Freitag 
et al. 2014; Kesikburun et al. 2013; Scapone et al. 
2013; Abdulrazzak et al. 2010). These modalities 
can be introduced via direct injection or intraopera-
tive application to improve the effectiveness of 
conservative and surgical treatments.

Surgery is typically indicated after a failed 
6-month course of conservative treatment, con-
firmed anatomic variants or changes, in the 
absence or presence of a rotator cuff tear. The 

results of surgery for rotator cuff tendinopathy 
are difficult to interpret. If a surgical procedure is 
performed, it is generally to perform an acromio-
plasty, assess the rotator cuff, and debride the 
bursa and tendon as indicated. Favorable results 
have been seen in the vast majority of studies 
(Bengtsson et al. 2006; Nutton et al. 1997; 
Stephens et al. 1998). A randomized study com-
paring acromioplasty or supervised exercises 
versus placebo demonstrated improvement in 
both the exercise and acromioplasty group (Brox 
et al. 1993).

18.7  Summary

Rotator cuff tendinopathy is a common orthope-
dic disorder that can be difficult to treat effec-
tively. Whether this is a result of intrinsic and 
extrinsic causes or a combination, the accepted 
treatment algorithm begins with conservative 
treatment. Surgery is only considered when non- 
operative treatment fails in the presence of ana-
tomic variants with or without a rotator cuff tear.
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Anterosuperior Rotator Cuff 
Ruptures

Alessandro Castagna, Raffaele Garofalo, 
and Marco Conti

19.1  Introduction

Massive rotator cuff tears have been described as 
lesions having a diameter more than 5 cm (Cofield 
1991) or involving two or more tendons (Warner 
and Gerber 1997). Most part of the papers in the 
literature focused on the posterosuperior massive 
rotator cuff. This term indicated a pattern tear in 
which at least the supraspinatus and infraspinatus 
tendon are injured.

The anterosuperior rotator cuff tear was first 
defined by Novè-Josserand et al. in 1997 as a 
“full-thickness supraspinatus tear that extends 
anterior to its border involving the rotator interval 
structures and subscapularis tendon” (1997). 
This pattern of lesion is much less common and 
behaves differently from the posterior superior 
tear (Gerber and Krushell 1991). The incidence 
of anterosuperior rotator cuff tears has been 
reported to occur anywhere from 2 to 24% and is 
likely to be underreported and undertreated 
(Flury et al. 2006; Namdari et al. 2008). The spe-
cific feature of this lesion are related to anatomy, 
clinical presentation, prognosis, and treatment.

The subscapularis represents the anterior por-
tion of rotator cuff, and it is very important to sta-
bilize the shoulder on the coronal and on the 
transverse plane. The fibers of the upper part of 
the subscapularis tendon fuse with the most ante-
rior fibers of supraspinatus tendon forming the 
anterior cable that is a very important structure to 
start the arm elevation and stabilize the humeral 
head during this motion. A recent clinical paper 
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confirm this evidence and furthermore showed 
that a dysfunction of the entire subscapularis 
(upper and lower part) and supraspinatus was 
associated with a loss of active elevation and was 
a risk factor to develop a pseudoparalytic shoulder 
(Collin et al. 2014). Anatomic relationship with 
the rotator interval (superior glenohumeral liga-
ment [SGHL], coracohumeral ligament [CCHL]), 
and the long head of the biceps tendon determines 
specific clinical implication and influences the 
treatment of this injury.

Furthermore, differently from other tendons, 
once torn, the subscapularis tendon is prone to 
retraction and the development of irreversible 
changes of the muscle. After a delay of several 
months or longer, repair of the retracted tendon 
can be difficult or impossible.

This chapter will provide an overview of 
anatomy, epidemiology, clinical evaluation, and 
imaging of anterosuperior rotator cuff lesions. 
Additionally, this chapter will detail our treatment 
and provide data regarding expected outcomes of 
treatment of anterosuperior rotator cuff tears.

19.2  Relevant Anatomy 
and Pathology

The rotator cuff is a continuous tendinous band 
that is intimately connected with the glenohu-
meral articular capsule. It can be divided into 
three parts: the posterior cuff with the infraspina-
tus tendon and the teres minor tendon, the supe-
rior cuff with the supraspinatus tendon, and the 
anterior cuff with the subscapularis tendon and 
the rotator interval. The rotator interval also 
includes the intra-articular portion of the tendon 
of the long head of the biceps (LHBT).

The subscapularis muscle originates from the 
anterior surface of the scapula and typically is 
split into the upper two thirds and lower third. The 
upper two thirds insert on the lesser tuberosity, the 
lower, muscular part wing onto the humeral 
metaphysis. The upper tendinous portion is what 
can be visualized arthroscopically. The upper por-
tion of the subscapularis tendon interdigitates 
with the anterior fibers of the supraspinatus ten-
don and contributes together with coracohumeral 
ligament to form the anterior part of rotator cuff 

cable. The subscapularis tendon and the supraspi-
natus tendon are thereby intertwined for approxi-
mately 1 cm before inserting into the lesser and 
greater tuberosity, respectively. From the intra-
articular point of view, the insertion of upper part 
of subscapularis is at the same level of superior 
glenohumeral ligament that contributes to form 
the medial sling of pulley system of LHBT. The 
supraspinatus muscle originates in the supraspi-
natus fossa of the scapula superior to the scapular 
spine. The muscle inserts via a strong tendon on 
the superior facet of the greater tuberosity. Many 
fibers of the supraspinatus tendon extend medially 
to form the lateral wall of the bicipital groove and 
merge with the subscapularis tendon.

The rotator interval is composed of the coraco-
humeral ligament, the superior glenohumeral liga-
ment, the joint capsule, and expansions of the 
subscapularis and supraspinatus tendons. The cora-
cohumeral ligament is the dominant structure of 
the rotator interval. It bridges the subscapularis and 
the supraspinatus tendons and ensures continuity 
of the rotator cuff. It is triangular, with its base at 
the coracoid, its apex over the bicipital groove, one 
side inserting mainly into the greater tuberosity, 
and one side inserting mainly into the lesser tuber-
osity. It becomes intimately associated with the 
glenohumeral joint capsule and covers the LHBT.

Isolated subscapularis tears are relatively 
uncommon and however when isolated are more 
commonly associated with trauma in comparison 
to other types of rotator cuff injuries. The trauma 
very often is in forced external rotation with an 
adducted arm (Gerber and Krushell 1991) or an 
abducted arm (i.e., anterior shoulder dislocation) 
(Deutsch et al. 1997). The rupture of the supraspi-
natus may preexist or may occur at the time of the 
injury or as a degenerative secondary develop-
ment. A lesion of the subscapularis and supraspi-
natus can cause inflammation and distension of the 
ligamentous pulley and bicipital sheath, ultimately 
destabilizing the LHBT within its groove 
(Habermeyer et al. 2004). The reported prevalence 
of LHBT lesions associated with subscapularis 
tears ranged from 63 to 85% (Bartl et al. 2011).

In an anterosuperior rotator cuff tear, the sub-
scapularis and supraspinatus tears become 
extended and retracted medially along the direc-
tion of tendon and muscle, resulting in involve-
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ment of the medial sling of the LHBT. Eventually, 
a thickened margin may form between the sub-
scapularis and supraspinatus tendons.

The leading edge of a torn subscapularis can 
be difficult to identify arthroscopically because 
of retraction and scarring in anterosuperior rota-
tor cuff tears. In 2003 Lo and Burkhart described 
the comma sign as an arthroscopic landmark to 
identify the torn subscapularis stump to mobilize 
and repair the tendon. They described the comma 
sign as tissue composed of the humeral attach-
ments of the superior glenohumeral and coraco-
humeral ligaments that concomitantly tear and 
remain attached to the superolateral corner of the 
subscapularis. The recognition of this structure is 
very important to guide the repair of the antero-
superior tear (Lo and Burkhart 2003).

Different age groups often present with a dif-
ferent injury pattern of the anterosuperior rotator 
cuff tendon. A traumatic isolated subscapularis or 
anterosuperior rotator cuff tear has been well 
described in young-aged athletes. This kind of 
lesion can range from articular-sided partial tears 
with instability of LHBT to a large tears com-
bined with pain and stiffness.

Middle-aged and elderly people, on the other 
hand, may present with a massive tear that is often 
the result of an acute extension of a prior minimally 
symptomatic chronic tear (acute on chronic tear), 
leading to instability and possible pseudoparalytic 
shoulder sometimes associated with an anterosupe-
rior escape. Often, in these patients, the trauma 
consisted of an anterior shoulder dislocation.

Finally the anterosuperior tear could result from 
a progressive wear of the rotator cuff, typically in 
elderly people, that starts to become progressively 
symptomatic because of LHBT pathology or 
because of painful or shoulder weakness.

19.3  Clinic and Imaging

Clinical presentation for injury of the anterosu-
perior rotator cuff tear is extremely variable, par-
ticularly because the injury could be acute and 
traumatic versus degenerative; furthermore, it is 
also related to the tear extension.

Three types of clinical presentations could be 
more characteristic: chronic and progressive 

shoulder pain following a traumatic event, pseu-
doparalytic shoulder, and progressive pain, with-
out any history of trauma, sometimes associated 
with shoulder stiffness. Pain is constant and 
aggravated by using the arm at the side or above 
the head. Night pain is also a common feature. 
The pattern of pain is not distinctly different from 
that of isolated supraspinatus tears particularly in 
cases in which only the superior one-third of the 
subscapularis tendon is involved. One-third of 
patients could present with a pseudoparalytic 
shoulder. Passive range of motion is preserved, 
but active elevation is limited to less than 90 
degrees. Pseudoparalysis is typically associated 
with large multiple tendon rotator cuff tears. 
Shoulders with pain and stiffness (decrease of 
active and passive range of motion) are rare. Pain 
and stiffness are not specific for any type of 
lesion or severity of injury. Since the proximal 
LHBT derives medial stability from the subscap-
ularis tendon insertion, biceps tendon symptoms 
may be present with a subscapularis tendon tear. 
Tenderness in the anterior region over the bicipi-
tal groove and lesser tuberosity is very common 
particularly in acute cases. In chronic cases, this 
could be confounding just because symptoms 
related to LHBT are commonly associated with 
cuff pathology.

Tucking one’s shirt in the back may be particu-
larly troublesome as this requires coupled internal 
rotation and extension. A long-standing massive 
anterosuperior rotator cuff can lead to progressive 
superior and anterosuperior migration of the 
humeral head. Usually in this condition, patients 
will reveal a pseudoparalytic shoulder associated 
with a dynamic anterosuperior escape.

Clinical examination findings include 
increased passive external rotation, especially in 
adduction, as well as loss of internal rotation 
strength in case of complete subscapularis tendon 
tear. The “Belly Press” test (or Napoleon test), 
where the patient attempts to apply pressure to 
the abdomen while maintaining a straight wrist, 
has been shown to be reasonably sensitive for 
subscapularis tears. A decrease in the ability to 
maintain a forward position of the elbow com-
pared with contralateral side is also considered 
positive for insufficiency of subscapularis ten-
don. This test and lift-off test has been described 
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by Gerber and Krushell (1991). A prerequisite to 
perform the lift-off test is that patient should have 
a minimal pain with motion and should be able to 
internally rotate the arm. A positive test occurs 
when the patient is unable to lift or maintain the 
hand away from the back. In the complete tear, 
the hand cannot be held off the back in any capac-
ity, but in partial lesions, the hand may drop 
toward the back but without dropping to rest on 
the back. The lift-off sign is less useful in patients 
experiencing extreme pain with internal rotation 
and in patients with stiffness which prevents ade-
quate internal rotation for the test.

The “bear-hug” test, first described by Barth 
et al. (2006) has been shown by Chao and Thomas 
et al. (2008) to be perhaps the best test for detect-
ing upper subscapularis tendon tears. To perform 
this maneuver, the examiner asks the patient to 
place the involved side hand on the contralateral 
shoulder with the elbow in 45 degrees of forward 
flexion and the fingers extended. The patient then 
attempts to resist an external force by trying to 
pull the hand away from the shoulder in a perpen-
dicular fashion. The test is positive when the 
patient is unable to move the hand on the oppo-
site shoulder or shows weakness compared with 
contralateral shoulder. The bear-hug test is par-
ticularly sensitive and specific for tears of the 
upper subscapularis. Sometimes this test could 
be only painful, but this is not sensitive for a sub-
scapularis tear. Of the tests specifically evaluat-
ing the anterosuperior rotator cuff, Jobe’s empty 
can test and full can test is employed to evaluate 
supraspinatus integrity (Itoi 2013). Obviously, 
also the subacromial impingement test, the Neer 
test (1972), and the Hawkins and Kennedy (1980) 
could be positive. Dynamic anterosuperior sub-
luxation of the humeral head associated with 
active elevation of the arm indicates a large tear 
of the subscapularis and supraspinatus tendons.

The patient performs resisted abduction with 
the examiner observing from behind. Dynamic 
anterior subluxation occurs during the initial 
degrees of abduction and may occasionally be 
palpated under the deltoid rather than be observed.

Pathology involving the LHBT remains an 
enigma to clinical diagnosis. Although most 
completely ruptured biceps are easily detectable 

on clinical examination by the ball-like defor-
mity of the biceps muscle belly present when the 
arm is elevated to 90 degrees and the elbow is 
forcibly flexed, more subtle bicipital problems 
are difficult to diagnose. The palm-up test can be 
performed with the elbow extended and the fore-
arm supinated. The patient is asked to elevate the 
arm against resistance (Speed’s test). If pain is 
elicited along the anterior part of the biceps, the 
test is positive. Although other tests have been 
described (Yergason’s test, O’Brien’s test), none 
of these tests have been found to be very specific 
for bicipital lesions. On the other hand, disloca-
tion or subluxation of LHBT cannot be reliably 
detected clinically. A slight clicking sound per-
ceived by the patient and the examiner during 
rotation is uncommon and may or may not be 
caused by biceps dislocation.

About the imaging studies, plain radiographs 
(X-ray) are the initial studies required for patients 
with a suspected rotator cuff tear. X-ray normally 
is negative and does not give direct information 
of a rotator cuff tear. In case of long-standing 
massive rotator cuff tear, a superior migration of 
humeral head with a reduced acromiohumeral 
distance (normal value more than 7 mm) could be 
observed.

Cystic lesions or sclerosis of the lesser tuber-
osity suggests an anterior rotator cuff lesion. 
A sclerosis of the greater tuberosity indicated a 
lesion of the superior cuff. Anterior subluxation 
is often not readily identifiable using conven-
tional radiography, although it may be suspected 
on axillary views.

Additional studies, however, are necessary to 
evaluate anterosuperior cuff including magnetic 
resonance imaging (MRI), MRI with intra- articular 
contrast injection (artro-MRI), CT arthrography 
(CTA), and ultrasonography (US).

The US is routinely used in some centers for 
inexpensive evaluation of the rotator cuff. It 
allows for dynamic evaluation particularly of the 
LHBT. However, it requires an experienced oper-
ator, and the interpretation of the results is opera-
tor dependent; furthermore, it does not have any 
ability to show fatty infiltration, muscle atrophy, 
and grade of tendon retraction. According to some 
authors (Edwards et al. 2005), CT scan with or 
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without arthrography is very useful to diagnose 
injury of anterosuperior rotator cuff.

Dislocation and subluxation of the long head 
of the biceps tendon are readily identifiable par-
ticularly with arthro-CT scan. In most centers, 
MRI is used to evaluate the rotator cuff because it 
offers excellent soft tissue visualization 
(Fig. 19.1). Different criteria taking in account 
size of tear, thinning of tendon, retraction, shape, 
traumatic or degenerative features, and fatty infil-
tration could be used to understand if the tear is 
reparable or not (Loew et al. 2015). The Goutallier 
system of staging changes in the rotator cuff 
muscle (grade 0, no fatty deposits; grade 1, some 
fatty streaking within muscle; grade 2, more 
muscle than fat; grade 3, fat equal to muscle; 
grade 4, more fat than muscle) is based on CT 
(Goutallier et al. 1994) and has been adapted to 
MRI, although MRI studies tend to overestimate 
the degree of fatty infiltration (Fuchs et al. 1999). 
Tung et al. reported that only the 31% of sub-
scapularis tears confirmed at arthroscopy were 
detected at preoperative time on standard MRI 
(2001) (Fig. 19.5). In particular the small tears 
were frequently missed, whether tears involving 
50% or more of the tendon insertion were more 

readily detected. Another study confirmed this 
finding, even when artro-MRI was used. In this 
study, subscapularis tears were identified in 40 
shoulders at the time of arthroscopy, whereas a 
lesion was identified in only 15 shoulders in a 
preoperative MRI. These findings indicate that 
sensitivity to identify subscapularis tears does 
not dramatically increase even with the use of 
arthrography, particularly in case of smaller 
partial- thickness tear (Foad and Wijdicks 2012).

19.4  Treatment

Different considerations should be done before 
discussing the options of treatment. First of all as 
with the other tendons of rotator cuff, in cases 
with a small, degenerative tear with a well- 
compensated shoulder function in a low-demand 
patient, a conservative treatment could be 
attempted. No steroidal anti-inflammatory drugs, 
injections, and physical therapy to improve pain 
and function are the mainstay of this treatment. 
On the other hand, dysfunction of the entire sub-
scapularis is a risk factor for pseudoparalytic 
shoulder. For function to be preserved in patients 

ba

Fig. 19.1 T2-weighted MRI axial (a) and coronal oblique view (b) showing an anterosuperior rotator cuff tear. On 
axial view the tear of subscapularis and, on the coronal oblique view, the tear of anterior part of supraspinatus are shown
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with anterosuperior rotator cuff tears, it may be 
important to avoid fatty infiltration with anterior 
extension into the lower subscapularis tendon 
(Collin et al. 2014). Without treatment, rupture of 
the subscapularis leads to pain, loss of function, 
and shoulder weakness. In the long term, dynamic 
anterior instability can lead to the development of 
glenohumeral arthrosis (Flury et al. 2006). In 
consequence, an acute traumatic tear of the anter-
osuperior rotator cuff more typically should be 
repaired surgically as soon as possible. 
Subscapularis tendon in particular is prone to 
retraction and early irreversible changes of the 
muscle. Inferior clinical results have been 
reported with delayed repair of subscapularis 
tear, and, in many cases, the subscapularis was 
found not repairable at the time of surgery 
(Mansat et al. 2003). As discussed before, the 
anterosuperior tear often results by a traumatic 
event. Often these patients coming to our atten-
tion because of pain, loss of function, and stiff-
ness after a trauma, stiffness could be probably 
related to the proximity of LHBT and rotator 
interval. These patients could be treated with 
physical therapy and planned repair. During sur-
gery a release of rotator interval should be done. 
Some authors believe that, given the critical role 
of the subscapularis in glenohumeral kinematics, 
even in the presence of a complete long-standing 
tear with a substantial fatty infiltration, an attempt 
to repair the subscapularis also for its tenodesis 
effect should be done (Denard et al. 2011; Koo 
and Burkhart 2012). Other authors, however, 
think that patients with evidence of fatty degener-
ated subscapularis tendon associated with a static 
anterior subluxation of humeral head should not 
undergo a repair operation.

The biomechanical rationale to repair the 
subscapularis becomes most important in case of 
an anterosuperior rotator cuff tear. The anterior 
part of supraspinatus and superior part of sub-
scapularis are connected by a comma-shaped arc 
of tissue called the comma sign. The comma 
sign is very helpful to find the subscapularis ten-
don particularly in chronic case when the sub-
scapularis retract medially to the glenoid. The 
comma sign represent the superior glenohumeral 

ligament and the medial segment of the coraco-
humeral ligament that are torn off the humerus at 
the upper border of the subscapularis footprint 
(Lo and Burkhart 2003; Visonà et al. 2015a). 
Repairing the upper part of subscapularis 
together with comma system restores a part of 
the anterior attachment of the rotator cable. 
Recently, however, some authors noted that in 
patients treated with arthroscopic repair of anter-
osuperior tears of the rotator cuff, the technique 
of in-continuity repair did not produce better 
clinical outcomes or structural integrity than the 
technique involving disruption of the tear mar-
gin. If the muscle in an anterosuperior rotator 
cuff tear is of good quality, it does not appear to 
matter whether the tear margin between the sub-
scapularis and supraspinatus is preserved or dis-
rupted (Kim et al. 2014).

For the repair of anterosuperior rotator cuff 
tear, arthroscopic and open technique has been 
described.

Open technique could be a good option in rare 
case of isolated traumatic tear of subscapularis 
tendon particularly when the lesion involves all 
the length of the subscapularis (tendon and mus-
cular portion). Open surgery is also indicated for 
management of extra-articular lesions or tears 
involving the myotendineous portion (Di Schino 
et al. 2012).

Anterosuperior rotator cuff tear can be 
arthroscopically repaired with the patient in a 
beach chair or lateral decubitus position 
(Fig. 19.2). We use three or four portals to work 
around the shoulder: posterior, anterosuperior, 
and one or two subacromial portals. We use a 30° 
arthroscopy all the time of the procedure. Proper 
manipulation of the arm can be useful for visual-
izing the subscapularis. Bringing the arm into 
forward and internal rotation could be useful to 
examine the tendon.

In the lateral decubitus, the so-called posterior 
lever push in which the assistant applies a lever 
from anterior to posterior associated with an 
internal rotation could help to better visualize the 
tendon and the extent of the lesion.

Once the lesion is identified, we start to pre-
pare and repair.
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In case of acute on chronic case and in any case 
with a retracted subscapularis tendon, we prefer to 
repair anterior part of the cuff through an intra-
articular approach using the suture anchor tech-
nique with or without in-continuity repair 
(Fig. 19.3). This depends from pattern of tear, from 

grade of retraction of the subscapularis and 
supraspinatus tendon, and from the tissue quality. 
One posterior and one anterosuperior portal 
could be enough to treat this tear. One or two tri-
ple loaded suture anchors using a mattress stitch 
associated with two simple stitches could be 
used. Suture could be passed with different tools 
according to the preference of surgeon. In gen-
eral one anchor per linear centimeter of torn ten-
don should be used. When using anchors most 
subscapularis tears could be repaired with a 
single- row technique with good results (Fig. 19.4) 
(Ide et al. 2007). There is a high correlation 
between subscapularis tear and LHBT pathology, 
and often the LHBT pathology should be treated 
and at the same time the subscapularis tendon 
pathology. If the LHBT is altered in the groove, a 
tenotomy or an associated tenodesis (subpectoral 
tenodesis) with a screw could be done working 
once the subscapularis tendon is repaired, on the 
anterior space of the shoulder. In case in which 
the LHBT is just unstable without any pathology 
in the groove, an associated tenodesis at the 
anchor used to repair the subscapularis tendon is 
carried out.

Whenever it is possible, in case of anterosupe-
rior rotator cuff, we prefer to use transosseous 
repair. In particular this technique is done in case 

Fig. 19.2 Left shoulder observed through a posterior por-
tal. A complete anterosuperior tear is shown. The LHBT 
appears in the middle

Fig. 19.3 Intra-articular view of a left shoulder. The upper 
part of the subscapularis tendon is grasped and the comma 
sign is evident. The comma sign is a combination of medial 
pulley, coracohumeral ligament, and interval capsule

Fig. 19.4 Intra-articular view of a left shoulder from the 
posterior portal. A single triple loaded anchor is inserted 
at the level of footprint and repair of subscapularis tendon 
is started
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in which the tendons are not so much retracted or 
stiff and the technique of in-continuity repair 
could be used. In this case, we start tissue mobi-
lization during the articular phase of arthroscopy. 
The subscapularis is mobilized and a traction 
stitch is used to assist in the reduction. Then the 
scope is moved into subacromial space 
(Fig. 19.5). The space is cleaned and the superior 
cuff is freed from adhesions. The footprint of ten-
don is prepared. Different tunnels could be made, 
according to the size of tear, using the 
ArthroTunneler™ (Tornier, Edina, MN) device 
(Garofalo et al. 2012) We perform the repair with 
the scope in posterolateral portal and using as 
working portal the anterolateral, anterior, and 
posterior portals. In case of anterosuperior tear 
with the interval in continuity, we prefer to not 
disrupt the margin between the supraspinatus and 
subscapularis, and we pass the anterior sutures to 
repair the most anterosuperior part of tear alto-
gether (Fig. 19.6). This technique of repair is 
more easy and fast to do. Furthermore, this allows 
to reapproximate the superior cuff (Fig. 19.7).

The overall results of arthroscopic repair of 
the anterosuperior rotator cuff tear are promising; 
however, early recognition and treatment of tear 
improve prognosis after repair (Kim et al. 2014; 

Bennett 2003; Visonà et al. 2015b; Schnaser 
et al. 2013). Younger age of patients, less degree 
of tissue retraction, less fatty infiltration, and the 
possibility to repair the subscapularis tendon lead 
to a better clinical result.

Fig. 19.6 Left shoulder: The scope is on the posterolat-
eral portal. Different sutures are passed in bone tunnel 
according to the tear size. The most anterior sutures 
(blue/white and black/white) are passed in the anterior 
part of rotator cuff (repair in continuity)

Fig. 19.7 The scope is on the posterolateral portal. Final 
view of massive rotator cuff repaired with six transosse-
ous sutures

Fig. 19.5 The scope is on the posterolateral subacromial 
portal. A traction suture (green) is inserted on the upper 
part of the subscapularis tendon
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Long Head of the Biceps 
Tendinopathy

Andrew E. Apple, Michael J. O’Brien, 
and Felix H. Savoie III

20.1  Anatomy

The long head of the biceps (LHB) tendon origi-
nates from the superior glenoid labrum at the 
supraglenoid tubercle. Typically, its origin is pos-
terior in up to 85% of shoulders (Nho et al. 2010). 
For approximately 35 mm, the tendon course is 
intra- articular until it reaches the bicipital groove, 
which lies between the greater and lesser tuber-
osities. Despite its intra-articular position, the ten-
don remains extrasynovial. The bicipital groove is 
hourglass in shape, with the widest portion at the 
superior aspect measuring from 9 to 12 mm wide 
and about 2.2 mm deep. The midportion of the 
groove narrows to a width of 6.2 mm and the 
depth slightly increases to 2.4 mm. The average 
length of the bicipital groove is 5 cm. Additional 
soft tissue restraints serve to stabilize the tendon 
within the bicipital groove, namely, the biceps 
sling, which receives contributions from the sub-
scapularis, supraspinatus, coracohumeral liga-
ment, and superior glenohumeral ligament. The 
transverse humeral ligament also contributes to 
the soft tissue envelope of the LHB tendon in the 
groove. As the tendon exits the bicipital groove, 
the pectoralis major tendon provides stability 
(Rudzki et al. 2015).

The function of the LHB tendon remains 
controversial, but some studies describe its 
role in shoulder stability in overhead throwing 
athletes (Longo et al. 2011). Some authors 
have also noted a 10% decrease in forearm 
supination strength and elbow flexion strength 
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after spontaneous rupture of the biceps, possi-
bly elucidating the tendon’s role in those 
actions (Rudzki et al. 2015).

20.2  Pathology

The natural history of LHB pathology begins with 
either dysvascular degeneration (tendinosis) or 
inflammation (tendinitis), in which the tendon 
becomes inflamed and hyperemic as it undergoes 
repetitive mechanical insults. The synovial sheath 
that encases the tendon may also develop synovi-
tis. As more intra-tendinous signal changes occur, 
the tendon is prone to partial tearing and degenera-
tive changes (Fig. 20.1). The tendon becomes 
thick and fibrotic, which can lead to decreased or 
aberrant motion in the bicipital groove, finally 
resulting in spontaneous rupture of the LHB ten-
don (McDonald et al. 2013). Although isolated 
LHB tendinopathy is possible, it usually occurs 
concomitantly with other shoulder pathologies 
such as rotator cuff disease. Other entities that may 
be responsible for irritation of the LHB tendon 

include bicipital groove osteophytes and associ-
ated groove stenosis, systemic inflammatory dis-
ease, lesions of the soft tissues encompassing the 
biceps pulley, and superior labrum anterior to pos-
terior (SLAP) tears. LHB tendon pathology may 
also be related to instability of the tendon as it tra-
verses the bicipital groove. Instability can range 
from mild subluxation of the tendon to complete 
dislocation out of the bicipital groove (Fig. 20.2). 
Elser et al. (2011) found up to a 32% incidence of 
biceps pulley injury in a series of shoulder arthros-
copies, and pulley lesions were commonly associ-
ated with SLAP tears and rotator cuff injuries.

20.3  History and Physical Exam

The typical description of LHB pathology is pro-
gressive anterior shoulder pain associated with 
chronic overuse syndromes. In younger patients 
with suspected LHB pathology, participation in 
overhead sports is common. A single traumatic 
event is also possible, during which the patient 
may hear an audible pop. Additional shoulder 

Fig. 20.1 Arthroscopic view of the biceps tendon with 
partial tearing and fraying

Fig. 20.2 Arthroscopic view of the biceps tendon sub-
luxed out of the bicipital groove
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pathology can raise suspicion for LHB tendon 
instability. For instance, a tear of the subscapu-
laris tendon may lead to LHB instability due to its 
intimate association as part of the biceps pulley.

One indication of LHB pathology is point 
tenderness to palpation of the tendon within the 
bicipital groove. The tendon can be palpated in 
the rotator interval, at the transverse humeral 
ligament, and beneath the attachment of the 
pectoralis major tendon insertion. We believe 
palpation to be the most diagnostic physical 
exam finding of biceps pathology. Physical 
exam maneuvers that elicit LHB tendon pain 
include Speed’s test and Yergason’s test. A posi-
tive Speed’s test is indicated by pain with 
resisted forward flexion with the forearm 
extended and fully supinated. The Yergason test 
evokes pain with resisted forearm supination 
with the elbow flexed at 90 degrees and the arm 
adducted. These tests, however, may also be 
positive in SLAP tears, but in true SLAP lesions, 
there will be humeral head subluxation and a 
positive labral click, with the pain felt “deep,” 
while the biceps will be less deep, more painful, 
and usually without a labral click. The “3-Pack” 
exam, coined by O’Brien, incorporates bicipital 
groove palpation, the throwing test, and active 
compression test. With high inter-rater reliabil-
ity and sensitivity, the “3-Pack” exam can iso-
late biceps-labral complex lesions specific to 
three different zones: inside, junctional, and 
bicipital groove (Taylor et al. 2016). If the 
patient has sustained a spontaneous rupture of 
the biceps tendon, a “Popeye” sign may be evi-
dent in which an enlarged distal biceps mass is 
visualized (Rudzki et al. 2015) (Figs. 20.3 and 
20.4).

Differential Diagnosis for Long Head of the 
Biceps Tendon Pathology:

• LHB tendinopathy/tenosynovitis
• LHB partial tear
• LHB rupture
• LHB instability (subluxation and/or dislocation)
• SLAP tear
• Acromioclavicular joint pathology
• Anterosuperior rotator cuff tear
• Subcoracoid impingement
• Subscapularis pathology

Fig. 20.3 Clinical photographs of a patient with a 
“Popeye” sign, which is a distal biceps mass indicative of 
biceps tendon rupture

Fig. 20.4 Clinical photographs of a patient with a 
“Popeye” sign, which is a distal biceps mass indicative of 
biceps tendon rupture
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20.4  Diagnosis

Further workup of suspected LHB tendon 
lesions may include imaging and injections. A 
standard radiographic series of the shoulder will 
assist in identifying other potential causes of 
shoulder pain. Magnetic resonance imaging 
(MRI) is frequently utilized in the assessment of 
shoulder pathology. Not only can MRI assist in 
diagnosis of isolated LHB tendon injuries, but it 
can also aid in diagnosing concomitant shoulder 
pathology. MRI allows assessment of the tendon 
itself and its milieu, including its sheath, peri-
tendinous fluid, and the bicipital groove. Further, 
magnetic resonance arthrography may be useful 
in isolated LHB tendon injuries. Ultrasound is 
another imaging modality of use, in particular, 
due to the ability for a dynamic exam. The ten-
don can be visualized during a subluxation event 
and assessed for complete rupture. If a skilled 
ultrasonographer is available, ultrasound can be 
more cost-effective. Corticosteroid injections 
into the biceps tendon sheath can prove to be 
both diagnostic and therapeutic (Nho et al. 
2010).

20.5  Treatment

Non-operative management of LHB tendinopa-
thy consists of rest, activity modifications, anti- 
inflammatory medications, and physical therapy. 
Corticosteroid injections, as mentioned above, 
can be administered in the subacromial space, 
glenohumeral joint, or directly into the tendon 
sheath. The glenohumeral injection may spread 
to the LHB tendon sheath based on their 
 anatomic relationship (Nho et al. 2010). 
Hashiuchi et al. (2011) determined that LHB 
tendon sheath injections performed under ultra-
sound guidance were more accurate in their 
series of 30 biceps sheath injections evaluated 
with postinjection computed tomography. Care 
must be taken to inject corticosteroids into the 
bicipital groove and not the tendon substance, 
which may be detrimental to the tendon itself 
(Nho et al. 2010). Spontaneous complete rup-
tures of the LHB tendon are typically treated 

non-operatively with minimal consequence due 
to the “autotenodesis” phenomenon. Residual 
symptoms may include cosmetic concerns 
related to the “Popeye” deformity and a fatigue-
related cramping of the biceps brachii muscle. 
The “autotenodesis” effect occurs due to the ten-
don’s soft tissue restraints keeping it in the bicip-
ital groove and the hourglass shape of the groove 
creating a bottleneck for the wide portion of the 
tendon as it retracts distally (Rudzki et al. 2015).

When non-operative treatment fails, the dis-
cussion of surgical management is initiated 
and may relate to associated shoulder pathol-
ogy. Isolated LHB tendinopathy surgical indi-
cations include partial-thickness tearing or 
fraying greater than 25–50% of the tendon 
diameter and persistent subluxation or disloca-
tion. Other relative indications for surgical 
management of the LHB are SLAP tears and 
intraoperative findings suggestive of biceps 
pathology at the time of surgery for other 
pathologies (Khazzam et al. 2012). Factors to 
consider in surgical decision-making include 
the patient’s activity level, hand dominance, 
age, and functional expectations.

Current surgical management of the long head 
of the biceps tendon can be categorized as debride-
ment, tenotomy, or tenodesis. Debridement is 
typically elected if less than 30% of the tendon 
diameter is involved (Khazzam et al. 2012). 
Arthroscopic tenotomy is performed utilizing the 
standard posterior viewing portal and working 
through the anterosuperior portal. Various instru-
ments can be used to transect the tendon at its ori-
gin and the LHB tendon retracts into the bicipital 
groove. Some authors have described maintaining 
a wider portion of tendon to secure in the narrow 
portion of the groove or including a piece of 
labrum in the transection to prevent distal migra-
tion of the tendon through the bicipital groove 
(Rudzki et al. 2015) (Fig. 20.5). Goubier et al. 
(2014) described looping the free edge of biceps 
tendon about itself to provide substantial bicipital 
groove restraint. A neat tendon edge should be 
maintained to prevent subsequent mechanical 
symptoms.

Techniques for tenodesis include interfer-
ence screw, suture anchor, unicortical button, 
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bicortical button, and soft tissue tenodesis. 
Furthermore, tenodesis can be performed proxi-
mal or distal to the pectoralis major tendon 
insertion (Fig. 20.6a, b). The tenodesis screw is 
usually inserted over a guide wire indicating the 
screw’s position in the bicipital groove. It is 
important to leave the screw flush to bone or 
slightly proud to maximize pullout strength 
(Rudzki et al. 2015). Tarleton et al. (2015) 
described a technique for arthroscopic biceps 
tenodesis using an interference screw in the 
bicipital groove with a superior viewing  portal. 
Performed in either the beach-chair or lateral 
decubitus position, this technique allows for 
direct visualization of the LHB tendon in the 
bicipital groove, which helps maintain an accu-
rate tenodesis site. The resected LHB tendon 
does not need to be exteriorized.

The suture anchor technique involves shut-
tling a PDS suture through the tendon to mark the 

tendon and then placing two suture anchors. One 
anchor is placed proximally, and the second 
anchor is placed 1–1.5 cm distal to the first. 
Chiang et al. (2016) compared suture anchor 
tenodesis with interference screw technique. 
Their technique for the Y-knot all-suture anchor 
fixation included bicortical drilling, was per-
formed in a series of cadavers, and compared this 
fixation to interference screw tenodesis models 
with biomechanical testing. The all-suture anchor 
technique proved to have an equivalent ultimate 
failure load, but increased displacement with 
cyclic loading.

Button tenodesis can achieve either unicortical 
or bicortical fixation. Care is taken with bicortical 
drilling as the axillary and radial nerves are at 
risk. The transected LHB tendon is whipstitched 
and threaded through the button, which is passed 
through the drill hole. A tension-slide technique is 
used to secure the construct (Rudzki et al. 2015).

Soft tissue tenodesis is performed by sutur-
ing the LHB tendon to the overlying soft tissue 
roof of the bicipital groove. The percutaneous 

Fig. 20.5 Arthroscopic view of a biceps tenotomy, retain-
ing a wide portion of the tendon to prevent retraction of the 
remaining tendon distally through the bicipital groove

a b

Fig. 20.6 Photographs of an open subpectoral biceps tenodesis. (a) Isolation of the biceps tendon. (b) Final construct 
after tenodesis with a screw and washer
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intra- articular transtendon (PITT) technique 
described by Sekiya et al. (2003) uses a spinal 
needle to capture the biceps tendon via the lat-
eral rotator interval. Sutures are shuttled through 
the soft tissue construct and the procedure is 
repeated 5–6 cm distally for dual fixation.

O’Brien has described a soft tissue tenodesis 
technique in which he transfers the long head to 
the short head to maintain the normal anatomy 
and course for the muscle with excellent results 
(Drakos et al. 2008).

Werner et al. (2014) compared arthroscopic 
suprapectoral tenodesis to open subpectoral teno-
desis in patients with isolated superior labrum or 
LHB pathology. Both procedures resulted in 
equally excellent clinical and functional out-
comes at 2 years of follow-up. Both techniques 
utilized interference screws for tenodesis fixa-
tion. Kolz et al. (2015) performed biomechanical 
studies on the LHB tendon in both the suprapec-
toral and subpectoral regions and found that the 
tendon had a higher tensile strength in the supra-
pectoral region. They also found that the supra-
pectoral region can resist higher failure loads. 
Based on this study, they concluded that tenode-
sis in the suprapectoral region may yield a stron-
ger construct.

Postoperative care depends on the operative 
technique performed and any other associated 
pathology addressed at the time of surgery. Patients 
receiving tenotomy are typically placed in a sling 
for 1 week until pain subsides, with gradual return 
to activity. For tenodeses, patients are immobilized 
in a sling for approximately 4 weeks and begin 
active elbow flexion at 6–8 weeks postoperatively. 
This course allows for the tenodesis site to heal 
appropriately (Patel et al. 2016).

20.6  Discussion

In comparing LHB tenotomy with tenodesis, 
major differences include the formation of a 
“Popeye” deformity and fatigue-related cramps, 
both of which are more likely after tenotomy. In 
tenodesis, the length-tendon relationship is main-
tained, while tenotomized patients may exhibit a 
slight decrease in strength with forearm supina-

tion and elbow flexion (Patel et al. 2016). 
Friedman et al. (2015) evaluated patients younger 
than age 55 for 3 years after tenotomy or tenode-
sis. “Popeye” deformity and cramping were more 
common in the tenotomy group. However, func-
tional and subjective outcome scores were simi-
lar after 3 years. Potential complications of LHB 
tenodesis may include persistent pain, tenodesis 
failure, and refractory tenosynovitis (Virk et al. 
2016). In the case of tenodesis failure, symptoms 
usually remit over time, similar to if the patient 
had a spontaneous LHB rupture.

Many techniques have been described for the 
surgical treatment of long head of the biceps ten-
don pathology, with limited data on a clear-cut gold 
standard procedure. Equipped with knowledge of 
the risks and benefits of each technique, the patient 
and surgeon should arrive at an appropriate course 
of action based on patient expectations, functional 
status, cosmetic concerns, and demographics. 
Surgeon proficiency with each technique should 
also play a role in operative planning.
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Medial and Lateral Epicondylitis

L.A. Pederzini and F. Di Palma

21.1  Epitrochleitis

The medial epicondylitis, or “golfer’s elbow,” is a 
painful syndrome that affects the medial com-
partment of the elbow often with pain irradiation 
to the forearm and ipsilateral wrist, caused usu-
ally by a functional overload of flexor-pronator 
muscles of the forearm that anatomically have a 
common tendon that inserts on the medial epi-
condyle (Plancher et al. 1996).

The common tendon is on the anteroinferior 
surface of the epicondyle just proximal to the 
anterior bundle of the medial collateral 
ligament.

Despite the name given to this pathology, it is 
not exclusive of golfers, but it is a disorder related 
to specific work tasks and to particular sports 
including golf.

Tennis players and other athletes who use 
repetitively the flexion-extension of the wrist and 
fingers can develop this painful syndrome too.

In particular, the type of racket grip and rota-
tor effects given to the ball is responsible of a 
medial painful syndrome much more common 
now than in the past.

Sports that can frequently determine this dis-
ease are, therefore, golf, tennis, throwing sports, 
and weight lifting (Plancher et al. 1996).

Common daily activities requiring continuous 
flexion-extension movements of the elbow and 
wrist can cause medial epicondylitis like drawing, 
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hammering, chopping wood, using a computer, 
cooking, and screwing.

The involved muscles are usually the flexor 
carpi radialis and pronator teres and less fre-
quently palmaris longus, the flexor carpi ulnaris, 
and the flexor digitorum superficialis.

Repeated microtrauma causes microtears and 
weakening of the flexor carpi radialis or the pro-
nator teres near their common origin on the 
medial epicondyle characterized by fibroblastic 
tendinosis with proliferation of vascular granula-
tion tissue. The histology of the tendon becomes 
abnormal and can ultimately lead to avulsion of 
the flexor-pronator origin (Kraushaar and Nirschl 
1999). The process becomes chronic with a failed 
healing response.

Usually it affects people over 35 years 
(Kraushaar and Nirschl 1999) old.

If not well treated, it can cause chronic elbow 
pain and joint stiffness.

Medial epicondylitis can be classified (Gabel 
and Morrey 1995) into three types: type I (iso-
lated medial epicondylitis), type IIA (medial epi-
condylitis with minimum or medium ulnar 
neuropathy), and type IIB (medial epicondylitis 
with moderate or severe ulnar neuropathy).

21.1.1  Physical Examination

Patients typically present with chronic medial 
elbow pain. They may complain of weak grasp, 
difficulty in bending the fingers, and paresthesias 
in the fourth and fifth finger.

The onset can be insidious with increasing 
symptoms or acute.

The diagnosis of medial epicondylitis can 
be difficult because of the differential diagno-
sis including several disorders such as com-
pression of the anterior interosseous nerve, 
arthritis, arthrofibrosis, cervical radiculopathy, 
cubital tunnel syndrome, loose bodies, medial 
epicondyle avulsion, osteophytes, synovitis, 
medial collateral ligament instability, and 
extension valgus overload (Dlabach and Baker 
2001).

A complete history, physical examination, and 
additional diagnostic studies are necessary to 
make the correct diagnosis.

Physical examination shows tenderness at the 
origin of the flexor-pronator mass on the medial 
epicondyle increased by resisted wrist flexion 
and pronation.

The point of maximum tenderness is approxi-
mately 5 mm distal and anterior to the midpoint 
of the medial epicondyle (Dlabach and Baker 
2001).

Physical examination of the ulnar nerve and 
valgus stress tests should be negative to confirm 
the diagnosis of isolated medial epicondylitis.

The ulnar collateral ligament must be exam-
ined to rule out instability or partial tear. Pain 
along the ulnar collateral ligament with valgus 
stress tested between 30° and 80° of flexion is an 
indication of instability.

The medial epicondylitis can occur as a sec-
ondary phenomenon with ulnar collateral liga-
ment injury. In this case the principal cause of the 
disease which needs to be treated remains.

A complete neurologic examination of the 
cervical spine, shoulder, and wrist should be per-
formed. Radiographic examination, including 
anteroposterior, lateral, and axial views, may 
show other causes of medial-sided pain as frac-
tures, osteoarthritis, or ossification.

Imaging techniques such as MRI or ultra-
sound are performed to complete diagnosis.

Ultrasound (Lin 2012) study of the elbow is 
increasingly used in the absence of radiation 
exposure and easily accessible and reduces costs. 
Furthermore, it allows a dynamic assessment of 
the joint compared to other imaging studies.

Most of the typical pathologic findings of 
medial epicondylitis are usually found in the 
aforementioned muscles. The common tendon of 
flexion-pronator mass can show hypoechogenicity, 
loss of normal fibrillar structure, increased caliber, 
partial- or full-thickness tears, calcification, and 
hyperemia (seen with Doppler examination).

Ultrasound examination especially during val-
gus stress tests may be very helpful in assessing 
possible injury of the ulnar collateral ligament.
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Young patients may develop lesions caused 
by valgus overuse, which, occurring on imma-
ture skeleton, may generate osteochondritis 
dissecans of the lateral humeral condyle and epi-
condyle fragmentation or injury of the ulnar col-
lateral ligament that can be diagnosed by 
ultrasounds.

Electromyography and nerve conduction stud-
ies are indicated in patients with abnormal neuro-
logical findings during physical examination.

21.1.2  Treatment

The medial epicondylitis management is initially 
based on the nonoperative treatment.

The goal is to diminish pain and inflammation 
with:

• Resting from sports or from activities that 
cause pain

• Local cryotherapy for 15–20 min 3–4 times 
daily for 3 weeks

• The use of oral nonsteroidal anti- inflammatory 
drugs

• Stretching exercises
• Reducing the workload at the elbow while 

protecting the elbow with an elastic bandage 
and keeping wrist stiff during all activities in 
which weights are lifted

If this therapy is not successful in diminishing 
the symptoms, 1–2 injections of corticosteroids 
can be taken into account.

A gradual return to sports and work activities 
is possible when the patient does not complain of 
pain and starts practicing with the typical move-
ments of his activities.

Patients with persistent symptoms after 
6–12 months of nonoperative management 
should be considered candidate for surgical treat-
ment (Gerard and Gabel 2001; Ciccotti 1999; 
Baker and Cummings 1998).

Treatments include percutaneous release 
(Baumgard and Schwartz 1982) and open 
debridement with or without common tendon 

detachment (Nirschl 1992; Vangsness and Jobe 
1991).

The majority of surgical techniques for the 
medial epicondylitis are open procedures.

The procedure described by Nirschl (1992) 
consists of excising the pathologic tissue of the 
common tendon of the flexor-pronator mass leav-
ing intact the normal tissue.

Vangsness and Jobe (1991) prefer to detach  
the origin of the flexion-pronator mass, remove the 
pathologic tissue, and reattach the origin of the 
flexor-pronator mass tendon.

With these procedures, the ulnar nerve is 
decompressed and transposed in patients with 
ulnar nerve symptoms.

21.1.3  Surgical Technique

Brachial plexus block or general anesthesia is 
usually performed for this surgery.

The patient is placed supine on the operating 
table. The involved extremity is exsanguinated 
and the tourniquet inflated.

A curved skin incision is performed just pos-
terior to the medial epicondyle. The cutaneous 
nerves and the ulnar nerve are identified and pro-
tected during surgery.

The common tendon of flexor-pronator 
mass is exposed and the pathologic tissue iden-
tified and removed, leaving the normal tissue 
intact.

The ulnar collateral ligament is evaluated.
The defect can be sutured with absorbable 

suture or can be left free.
The ulnar nerve is transposed only in case of 

neurological symptoms. It is then performed 
hemostasis after tourniquet release. Subcutaneous 
and skin closure are performed.

Postoperatively, patients begin wrist and hand 
motion exercises immediately.

Posterior splint is used for about 7–10 days. 
The sutures are removed at 12–15 days, and 
elbow range-of-motion exercises are begun.

After about 3 weeks, strengthening exercises 
are started.
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A longer period of immobilization is indicated 
in patients who undergo to ulnar collateral liga-
ment reconstruction (Gabel and Morrey 1995; 
Kurvers and Verhaar 1995; Stahl and Kaufman 
1997).

21.2  Lateral Epicondylitis

Lateral epicondylitis or “tennis elbow” is a 
degenerative tendinopathy of the extensor carpi 
radialis brevis (ECRB) and the common extensor 
tendon which is inserted on the lateral epicondyle 
of the elbow and affects both sportsmen and man-
ual workers.

Epicondylitis is the most common lateral 
overload tendinopathy of the elbow (Jones and 
Savoie 1993; Field and Savoie 1998).

It is more common among athletes who prac-
tice activities for at least 2 h per week, 3–4 times 
more common in athletes over 40 years (Field 
and Savoie 1998).

There is no significant difference between 
male and female.

Regarding pathophysiology, it was thought 
that repetitive microtrauma to the common exten-
sor origin at the lateral epicondyle produced 
inflammation within the common tendon of the 
extensor muscles. More recently, investigators of 
the pathoetiology of lateral epicondylitis have 
failed to detect signs of inflammation in patients 
with chronic tennis elbow and prefer the termi-
nology “lateral tennis elbow” or “tendinosis of 
the elbow” to describe the condition.

The most likely hypothesis seems to be a 
microscopic lesion of ECRB from repeated 
microtrauma that causes the formation of a repar-
ative tissue that looks like angiofibroblastic 
hyperplasia (Plancher et al. 1996; Baker and 
Jones 1999).

Subsequently, the process of micro-lesions 
and tissue repair leads to a tendon function 
failure.

The patient typically presents a recent history 
of functional elbow overuse with insidious onset 
of pain in the lateral aspect of the elbow (usually 
the dominant), although this condition is not 
always present.

21.2.1  Physical Examination

The diagnosis is essentially clinical.
The pain is exacerbated by resisted wrist dor-

siflexion with the elbow extended. Swelling is 
not usually present. Physical examination shows 
tenderness over the lateral epicondyle especially 
just distal and anterior to the lateral epicondyle.

Elbow range of motion typically is equal to 
the contralateral side, but throwing athletes can 
have a loss of extension.

X-rays are usually normal.
The differential diagnosis should be made 

with the compression of the radial nerve and 
compressive neuropathy of the posterior interos-
seous nerve, intra-articular pathologies of the 
elbow, posterolateral impingement, posterolat-
eral rotatory instability, osteoarthritis of the 
radial head, cervical radiculopathy, loose bodies, 
fracture of the radial head, and lateral synovial 
fringe.

21.2.2  Treatment

Lateral epicondylitis usually heals with conser-
vative treatment in 90–95% of cases. Conservative 
treatment consists of rest, NSAIDs, injection, 
activity modification, strengthening exercises, 
laser therapy, ultrasound therapy, pulsed electro-
magnetic field therapy, iontophoresis, stretching, 
acupuncture, and shockwave therapy (Leach and 
Miller 1987).

More recently, therapies involving injections 
of blood plasma that has been enriched with plate-
lets (PRP) have been introduced (Mishra and 
Pavelko 2006; Taylor et al. 2002; Edwards and 
Calandruccio 2003; Connel et al. 2006). As a con-
centrated source of autologous platelets, PRP 
contains several different growth factors and other 
cytokines that can stimulate healing of soft tissue. 
The platelet-rich plasma is a volume of fraction-
ated plasma which is obtained by centrifuging the 
blood and the subsequent separation of platelets 
from other blood components. Wound-healing 
and tissue-repairing processes involve a complex 
cellular and molecular response, mediated by a 
wide range of growth factors and cytokines 
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released from the plasma and intracellular gran-
ules of platelets stored within α-granules.

The PRP applied at the site of the lesion pro-
vides higher quantities of these mediators with 
the aim to facilitate and accelerate the healing 
processes, increasing local blood supply through 
the stimulation of new blood vessel formation.

The aim of the injection therapy with PRP is 
to reduce or eliminate pain and inflammation and 
recover the functional motion.

Some authors have shown that the injection of 
PRP determines the release in the pathologic ten-
don tissue of a series of cellular and humoral sub-
stances which leads, through a biological 
complex process, to a tissue healing (Mishra and 
Pavelko 2006; Taylor et al. 2002). The procedure 
according to some authors leads to a clinical 
improvement and also a good morphologic ten-
don aspect (Edwards and Calandruccio 2003).

There are a small number of patients who do 
not have imaging changes before and after treat-
ment, even having a good clinical improvement 
studied by different scores (VAS and Nirschl 
scores).

The poor regenerative capacity of the tendons 
should perhaps be sought in their poor blood sup-
ply resulting in reduced oxygenation and nutri-
tion of tissue, characteristic which explains the 
low-potential healing and consequently the diffi-
cult treatment (Connel et al. 2006).

21.2.3  Surgical Technique

Nonoperative treatment is the gold standard for 
this pathology.

However, from 5% to 10% (in some studies up 
to 25%) of these patients develop a set of symp-
toms that may require surgical treatment. Pain at 
night usually convinces the patient for a more 
invasive treatment. Surgical treatment should be 
considered in patients treated conservatively for 
at least 6 months.

Surgical treatment can be open, percutaneous, 
or arthroscopic, with success percentages that 
range from good to excellent from <65% to 95% 
of cases (Baker and Jones 1999).

They have described several open techniques, 
the first of which in 1955 by Bosworth (1955). 
Later technique improvements have been made 
by Coonrad and Hooper (1973), Nirschl and 
Pettrone (1979), Baumgard and Schwartz (1982), 
and Baker et al. (2000). Bosworth proposed four 
types of surgical procedures: the complete cut-
ting of the common tendon insertion of the exten-
sor muscles mass, the cutting of common tendon 
with the synovial fringe removal on the radial 
head, the complete cutting of the common tendon 
of the extensor muscle mass and the resection of 
the annular ligament, and finally vertical split of 
the common tendon origin of the extensor muscle 
mass, associated with the partial annular liga-
ment resection and repair of the origin of the 
extensors with a suture above the radial head 
(Bosworth 1955).

Nirschl and Pettrone (1979) reported their 
technique in 1979. This technique is performed 
with an anterior approach to the epicondyle. Then 
the proximal insertion of the extensor carpi radia-
lis longus (ECRL) on the distal humerus is 
released and retracted anteriorly in order to 
expose the extensor carpi radialis brevis (ECRB). 
At this point, the ECRB is retracted from its 
proximal origin in order to expose pathologic tis-
sue. They remove all pathology found, the ECRB 
is released from its origin, and multiple micro- 
perforations are performed to the anterior surface 
of the lateral epicondyle. An anatomical repair of 
the ECRL and ECRB and EDC concludes the 
technique.

Baumgard and Schwartz (1982) described a 
percutaneous release in 1982. Baker reported 
his experience and introduced arthroscopic 
classification of the lateral epicondylitis. 
Baker’s arthroscopic classification provides 
three types of lesions: Type I: no tear of the lat-
eral joint capsular; Type II: longitudinal lesion 
to the lateral joint capsular; and Type III: com-
plete breakage of lateral joint capsular with 
retraction and wide exposure of ECRB tendon 
insertion.

Arthroscopic treatment of lateral epicondylitis 
is performed with local anesthetic nerve block or 
general anesthesia. The involved extremity is 
exsanguinated and the tourniquet inflated.
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The patient is in prone position.
Once good viewing of the internal surface 

of the ECRB and lateral joint capsular has been 
obtained, if these structures are intact, 
arthroscopic debridement of the capsule pro-
ceeds through the lateral portal. Having 
removed the portion of this lateral capsule, the 
internal surface of the ECRB can be seen. At 
this point, the arthroscopic release phase can 
begin, starting from the point of lesion and 
continuing proximally toward the origin of the 
muscular insertion at the lateral epicondyle by 
radio-frequency hook. Subsequently, a burr to 
decorticate the lateral epicondyle is used or 
microfractures in order to promote the repair 
process are performed, thanks to the bleeding 
thus obtained.

A local anesthetic is then injected into the lat-
eral portal to decrease postoperative pain. After 
surgery, a 90° elbow posterior splint with radio-
carpal joint in hyperextension is used for 15 days, 
starting active and passive physiokinetic therapy, 
progressive ROM, cryotherapy, and gradual 
strengthening exercises at around 4–6 weeks 
once complete ROM has been reached.

Return to sports at around 8–10 weeks 
postoperative.

 Conclusions

The lateral epicondylitis is much more fre-
quent than the medial.

Most of patients with lateral or medial epi-
condylitis respond to a nonoperative treat-
ment. However, in chronic cases, surgery 
should be considered with failure of nonoper-
ative treatment.

The open technique is the preferred method 
for the medial epicondylitis.

Referring to lateral epicondylitis, 
arthroscopic treatment should be the first 
choice with a success rate equal to the open 
treatment. In expert hands, this procedure is 
simple, safe, repeatable, and efficient. The 
technique preserves the insertion of the other 
extensor tendons. It allows for shorter, early 
rehabilitation if compared to other techniques. 
Long-term subjective and objective results are 
good to excellent in 75% of patients, and the 

return to the same level of previous sport is 
early and complete. Arthroscopy is less trau-
matic, allows treatment of associated intra- 
articular disorders, and allows a faster return 
to work or sports compared to traditional open 
procedure.
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Disorders of the Distal Biceps 
Tendon

Madeleine Bain, Joideep Phadnis, 
and Gregory Bain

22.1  Background

Rupture of the distal biceps tendon is an uncom-
mon and often overlooked injury. It is the conse-
quence of eccentric contracture against forced 
extension, resulting in significant weakness of both 
supination and flexion (Nesterenko et al. 2010). 
Distal tendon ruptures make up 3–12% of all biceps 
injuries (D’Alessandro et al. 1993) and occur most 
frequently in the dominant arm of males between 
40 and 60 (Ramsey 1999), with increased risk in 
smokers (Safran and Graham 2002) and anabolic 
steroid users (Visuri and Lindholm 1994).

Partial tears of the distal biceps tendon are less 
common than complete rupture and pose several 
clinical challenges. These injuries are commonly 
overlooked due to their subtle presentation and vari-
able clinical examination and as yet no well- defined 
management pathway due to the paucity of evidence 
(Bain et al. 2008). Endoscopy has been shown to be 
a valuable diagnostic tool in partial tears that can aid 
in determining pathology, severity and therefore 
management. Chronic distal biceps tendon tears are 
frequently accompanied by tendon retraction, pseu-
dotendon formation and scar tissue. However, these 
have had positive outcomes with grafting or fixation 
in extreme flexion (Morrey et al. 2014). Outcomes 
for open and endoscopic approaches have been pos-
itive, with satisfactory results achieved when utilis-
ing the Endobutton, suture anchors, interference 
screws and transosseous repairs (Bain et al. 2000; 
Boyd and Anderson 1961; Gregory et al. 2009; 
Heinzelmann et al. 2009).
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22.2  Anatomy

The biceps brachii originates and inserts as two 
discrete heads to provide both elbow supination 
and flexion. The long head of biceps courses par-
allel to the short head on the radial side of the 
upper arm, with varying amounts of interdigitat-
ing muscle fibres (Eames et al. 2007). Three 
zones of the distal biceps tendon have been 
described, (1) pre-aponeurosis at the musculoten-
dinous junction, (2) aponeurosis at the origin of 
the lacertus fibrosus and (3) post-aponeurosis, 
where it will insert into the ulnar aspect of the 
radial tuberosity (Eames et al. 2007). The lacer-
tus fibrosus is a trilayer structure and arises from 
primarily the long head of biceps, enveloping the 
proximal forearm flexor muscles to insert on the 
subcutaneous anterior ulna (Eames et al. 2007).

The long head passes posterior to the short 
head, to insert into an oval footprint more proxi-
mally and posteriorly at the radial tuberosity 
(Eames et al. 2007; Jarrett et al. 2012). The short 
head fans out over the long head and inserts dis-
tally on the radial tuberosity, where variation in 
the size and location of the tendon footprint can 
predispose to impingement against the ulna (Bain 
et al. 2016). The tendon footprint has a mean area 
of 108 mm2, length 21 mm and width 7 mm 
(Athwal et al. 2007). In the fully supinated fore-
arm, the long head is the primary supinator, as the 
lever arm created by the radial tuberosity gener-
ates greater rotational torque. The short head’s 
distal attachment produces greater elbow flexion 
to complement the brachialis (Eames et al. 2007).

The bicipitoradial bursa is teardrop shaped 
and encloses the entire distal biceps tendon, 
closely adherent to the tendons ulnar aspect. In 
elbow extension, it is between the biceps tendon 
and brachialis muscle and in pronation between 
the proximal radius and biceps tendon (Fig. 22.1).

The distal biceps tendon receives dual blood 
supply, proximally the brachial artery and dis-
tally the recurrent radial artery. A relative hypo-
vascular region exists adjacent to the site of 
tendon insertion, which may further increase its 
susceptibility to injury. The rupture usually 
occurs at the tendon insertion in an area of pre- 
existing degeneration (Ramsey 1999).

22.3  Clinical Assessment

22.3.1  History

The presentation is typically of a sudden onset of 
pain and weakness following an eccentric load. 
This acute pain is felt in the antecubital fossa or, 
less commonly, posterolateral elbow (Bain et al. 
2016; Dürr et al. 2000) and may be associated 
with an audible ‘pop’ (Ramsey 1999) and weak 
supination and flexion.

Chronic pain may occur in older patient with 
distal biceps tendonitis/tendinosis or bicipitora-
dial bursitis. This is typically an aching anterior 
elbow pain exacerbated by specific activities. In 
contrast to complete rupture, tendinopathy 
favours females, particularly those with comor-
bidities, such as immunosuppression, diabetes 
and hypothyroidism (Bain et al. 2016; Phadnis 
and Bain 2017).

22.3.2  Physical Examination

A distal biceps tendon acute rupture is a clinical 
diagnosis. It may present with ecchymosis and 
swelling of the antecubital fossa with a visible and 
palpable defect in the distal biceps muscle belly 
that is accentuated on active flexion (Ramsey 

Fig. 22.1 The bicipitoradial bursa is highlighted between 
the distal biceps tendon and the radius (proximal, left; distal, 
right) (Permission granted from (Eames and Bain 2006))

M. Bain et al.
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1999). Assessment of strength generally shows 
weakness of supination greater than flexion as the 
biceps is the primary forearm supinator, while the 
brachialis is able to compensate for elbow flexion.

The hook sign is a useful clinical test. It is 
described as positioning the elbow flexed to 90° 
with the forearm maximally supinated. From the 
lateral side, the examiner’s finger is hooked 
beneath the distal biceps tendon in the antecubital 
fossa (O’Driscoll et al. 2007). In a normal patient, 
approximately 1 cm of the examiners finger is 
able to hook beneath the tendon and pull for-
wards, indicating an intact hook test (O’Driscoll 

et al. 2007). Abnormalities have been further sub-
classified by the senior author from the hook tests’ 
initial interpretation; see Table 22.1. Assessment 
of tendon laxity and its ability to yield against 
resistance are used for grading. This classification 
is correlated with MRI findings and the patholo-
gies in which they might appear, as described in 
Table 22.2. The integrity of the lacertus fibrosus is 
difficult to assess clinically, and it can be unclear 
if it remains intact in the presence of a retracted 
tendon (Bain et al. 2016).

Examination findings in partial tears are often 
subtle, making it difficult to clinically diagnose. 

Table 22.1 Clinical assessment and interpretation of the hook test

Hook test finding Grade Features of tendon

Normal N Taut, unyielding and symmetric with contralateral arm
Abnormal A1 Taut, but yielding and asymmetric with contralateral arm
Abnormal A2 Lax and asymmetric
Abnormal A3 Absent cord

Reproduced from Bain et al. (2016)

Table 22.2 Classification of distal biceps pathologies with clinical and radiological findings

Grade Injury Clinical Hook test MRI
Recommended 
management

0 Tendinosis, bursitis Atraumatic, tender, 
swollen

N Bursitis, effusion, 
tendinosis

Nonoperative, 
bursectomy, biopsy

1A Low-grade partial 
tear (<50% footprint 
detachment)

Pain and weakness 
against resistance

N, A1 Bursitis, effusion, footprint 
irregularity

Endoscopic 
debridement

1B Isolated head 
rupture

Weakness against 
resistance

A1 Isolated head avulsion Repair isolated head

1C High-grade partial 
tear (>50% footprint 
detachment)

Pain and weakness 
against resistance

A1 Incomplete footprint 
detachment

Complete and repair

2 Complete tendon 
rupture, lacertus 
intact

Tendon medialised 
by intact lacertus, 
marked weakness

A2 Complete footprint 
detachment, tendon within 
sheath

Repair

3 Complete tendon 
and lacertus rupture 
with retraction

Retracted muscle, 
marked weakness

A3 Complete footprint 
detachment, retracted 
tendon and muscle

Repair

4A Chronic rupture Tendon medialised 
by intact lacertus, 
marked weakness

A1, A2 Complete detachment and 
contracted tendon within 
sheath (A2). A 
pseudotendon may bridge 
the native tendon to the 
footprint (A1)

Repair

4B Chronic retracted 
rupture

Retracted muscle, 
marked weakness

A3 Complete footprint 
detachment, retracted 
tendon within fibrous 
cocoon

Repair in flexion or 
use tendon graft

Reproduced from Bain et al. (2016)
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We have found a number of interesting clinical 
examination techniques for assessment of the par-
tial distal biceps tendon tears and bursitis. (1) 
Rotating the forearm, the biceps musculotendinous 
junction can be seen to migrate proximally and dis-
tally. (2) Pain is elicited in passive pronation. (3) 
Marked supination weakness in maximum flexion. 
(4) With the elbow in 90° of flexion and full supina-
tion, there is localised pain and tenderness over the 
insertion with supination against resistance. 
Crepitus may also be present (Bain et al. 2016), in 
addition to a palpable biceps tendon in the antecu-
bital fossa (Dellaero and Mallon 2006).

22.3.3  Imaging

Plain radiographs may only identify non-specific 
hypertrophic bone formation over the radial 
tuberosity (Ramsey 1999); therefore, AP and lat-

eral films should be sought for preoperative plan-
ning, but not diagnostic confirmation of tendon 
rupture.

Medial approach ultrasound views through the 
pronator window are shown to be valuable to visu-
alise the ulnar facing radial tuberosity; however, it 
is less reliable than MRI (Smith et al. 2010).

MRI is beneficial for diagnostic confirmation 
in addition to classification of the tear. A FABS 
view (flexion 90°, abducted shoulder 90° and 
supination) is an easily reproducible technique to 
visualise the full length of the tendon in one sec-
tion (Giuffrè and Moss 2004) (Fig. 22.2). 
Comparison of intraoperative findings and MRI 
revealed that complete rupture is reliably detected 
on MRI with sensitivity of 100% (Festa et al. 
2010). Partial ruptures were detected at a sensi-
tivity of only 59%, and those requiring surgical 
repair were indistinguishable from nonoperative 
management (Festa et al. 2010).

Fig. 22.2 Magnetic resonance imaging of the distal biceps tendon in the FABS position. (a) Partial tear of the distal 
biceps tendon. (b) Complete tear, with thickening of the proximal tendon

M. Bain et al.
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22.4  Classification

Various classifications exist to describe distal 
biceps tendon pathology. Injuries can be 
described relative to the degree (partial or com-
plete), duration (acute or chronic) or anatomical 
zone relative to the aponeurosis described above. 
Biceps tendon insertion (zone 3) is the most 
 common site of pathology and has been graded 
0–4 (see Table 22.2). This grading system identi-
fies the pathology and guides management based 
upon clinical and radiological findings. As there 
is overlap amongst grades, assessment of the 
hook test needs to be interpreted.

22.5  Indication for Endoscopy

The use of endoscopy in distal biceps pathology 
can be both diagnostic and therapeutic. 
Endoscopy enables visualisation of the tendon to 
differentiate complete from partial tears and to 
assess the quality of the remaining tendon. 
Fibrous tissue and pseudotendon that may 
develop in chronic injury can be identified and 
debrided, and the retracted residual tendon can be 
retrieved with this technique. Endoscopic repair 
is relatively contraindicated in patients with 
abnormal anatomy, such as following surgery or 
trauma to the antecubital fossa or elbow. After 
becoming comfortable with diagnostic endos-
copy, the surgeon can progress to debridement 
procedures including synovectomy, surgical 
release of partial tears and debridement of the 
tuberosity (Bain et al. 2016).

22.6  Surgical Techniques

22.6.1  Two-Incision Technique

The two-incision technique was initially 
described by Boyd and Anderson (1961), with a 
modification by Bourne and Morrey (1991). A 
3–4 cm transverse incision is made in the antecu-
bital fossa. The lateral cutaneous nerve of the 
forearm is identified and protected, and a grasp-
ing stitch is used to secure the tendon. In maxi-

mal supination, a blunt artery forceps is advanced 
along the medial border of the radius through the 
dorsolateral aspect of the forearm. Caution 
should be taken to avoid disturbing the perios-
teum to reduce the risk of radioulnar synostosis. 
A second incision is made over the tip of the for-
ceps. The forearm is then pronated to expose the 
radial tuberosity, while also protecting the poste-
rior interosseous nerve by removing it from the 
operative field.

The radial tuberosity is burred to accept the 
tendon and drill holes in the margin to accept 
sutures from the tendon (Mazzocca et al. 2008). 
The sutures are passed anterior to posterior with 
the aid of forceps and tied firmly over the bone 
surface (Phadnis and Bain 2015). This technique 
is complicated by the formation of heterotopic 
ossification and radioulnar synostosis. The 
chance of this can be reduced by not violating the 
periosteum over the ulna and irrigating the wound 
(Mazzocca et al. 2008).

22.6.2  Single Anterior Incision: 
Endobutton Technique

Various techniques have been described utilising 
the single incision approach. Endobuttons, inter-
ference screws and suture anchors have all been 
used with positive outcomes (Gregory et al. 2009; 
Heinzelmann et al. 2009; McKee et al. 2005; 
Peeters et al. 2009; Sharma and MacKay 2005). 
A longitudinal anterior incision is made distal to 
the antecubital fossa. The lateral cutaneous nerve 
of the forearm is identified and protected. The 
tendon stump is grasped and debrided. A number 
2 FiberWire Krackow suture is inserted, leaving 
the free ends exiting the distal tendon. The radial 
tuberosity is then exposed with 90° retractors and 
maximal supination and elbow extension (Bain 
et al. 2000). A cortical window over the footprint 
surface is debrided with a high-speed burr and a 
4 mm drill advanced through to the reach the pos-
terior side.

A space of 2 mm is left when the free strands 
from the tendon are secured to the Endobutton. 
This enables manipulation of the Endobutton 
when passed through the radial cortex. Suture 
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material is placed at both of the outermost holes 
of the Endobutton. Both sutures are threaded 
onto a straight needle and advanced through the 
drill hole (Fig. 22.3a). The needle is angled in an 
ulnar direction, to avoid the posterior interosse-
ous nerve and then pierces the posterior forearm. 
Tension is put on the leading suture first to 
manipulate the Endobutton and allow it to pass 
through the cortex, then the trailing suture to fix 
it in place (Fig. 22.3b). Fluoroscopy and examin-
ing range of motion should be performed to 
ensure fixation before the sutures are removed 
(Fig. 22.3c) (Bain et al. 2000).

Due to the radial tuberosity’s ulnar position, 
this technique does not restore the tendons’ ana-
tomical position. Currently, the author uses 
endoscopic- assisted Endobutton placement, dis-
cussed below, to allow the footprint repair to be 
achieved.

22.6.3  Endoscopic-Assisted Repair

The patient is positioned supine with the elbow 
flexed to 10°, thereby reducing anterior soft tis-
sue tension (Phadnis and Bain 2015). A 2 cm 

a

c

b

Fig. 22.3 Fixation of the tendon using the Endobutton 
technique. (a) Leading and trailing sutures thread through 
straight-eyed needle. (b) Endobutton advanced by apply-

ing tension to leading suture under fluoroscopic guidance. 
(c) Endobutton secured on the dorsal radius, and leading 
and trailing sutures removed

M. Bain et al.
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longitudinal incision is made over the biceps 
tendon, 2 cm distal to the anterior elbow crease. 
The lateral cutaneous nerve of the forearm is 
identified and protected, and the radial artery 
deeper in the wound is retracted or cauterised. 
The bicipitoradial bursa is identified, and a 
small transverse portal is made on the radial 
side at its apex. The 4-mm arthroscope is intro-
duced; a hooded scope provides extra retraction 
(Fig. 22.4). Maintaining a medial position from 
the entry point will enable the median nerve and 
brachial artery to be protected. Forearm rotation 
will provide dynamic tendon views and assist in 
the identification of relevant anatomical struc-
tures. The condition of the tendon and its sheath 
can be assessed, while also being able to iden-
tify the radial tuberosity, the bursitis and even 
the pseudotendon in chronic cases (Bain et al. 
2016; Phadnis and Bain 2015). In acute injuries, 
integrity of the tendon sheath may be main-
tained with the bursa still adherent to the foot-
print (Bain et al. 2016). Chronic injuries may 
appear with retraction of the tendon stump and 
development of a pseudotendon. This dense tis-
sue does not contain any tendon but can mask 
the tendon, which is hidden inside (Phadnis and 
Bain 2015). An intact lacertus fibrosus may 
tether the residual tendon and prevent it from 
retracting. In order to achieve adequate tendon 
mobilisation, it may require release from the 
lacertus fibrosus.

The tendon is debrided to expose healthy tis-
sue with a full-radius resector, without teeth or 
suction, in order to prevent damage to surround-

ing tissue. Through this same incision, an 
arthroscopic hook can be used to probe the inser-
tion site. If the tear is <25% of the tendon inser-
tion, it may be debrided. Larger tears will involve 
release of the remaining tendon with scissors 
placed into the proximal tendon bone junction 
(Dürr et al. 2000). With a complete tear, the natu-
ral footprint can be debrided with a chondrotome 
(Fig. 22.5).

The tendon stump is prepared with a 
Krackow whipstitch with a minimum of three 
throws along the length of the tendon. The four 
FiberWire strands exit the tendon surface on 
the superior aspect to avoid interference 
between the tendon and the bone surface 
(Phadnis and Bain 2015). The tuberosity is pre-
pared with a high-speed burr, shaver, rongeur 
or curette as required, until superficial bleed-
ing is visible (Fig. 22.6). A 2.5- mm drill is then 
used to create two oblique holes from the ante-
rior cortex of the radius to just posterior of the 
footprint.

A Tuohy epidural needle is loaded with a 
nylon suture loop protruding by 2 cm. The nee-
dle is advanced through each hole, and the nee-
dle is grasped from the posterior radius with an 
angled Lahey clamp (Fig. 22.7). The clamp is 
slightly opened to allow the suture to be grasped 
and then delivered to the anterior wound. When 
the needle is removed, the two free ends exit the 
anterior surface and the loop through the poste-
rior hole. The prepared biceps tendon is oriented 
so the ulnar strands from the short head are 
placed through the distal hole and the radial 
strands of the long head through the proximal. 
The FiberWire suture of the tendon is then 
thread through an Endobutton and tied firmly to 
the bone surface (Fig. 22.8a, b). The risk of 
impingement is lessened by aiming the drill 
away from the posterior interosseous nerve and 
placing the Endobutton under direct vision. 
Smaller burr holes also minimise the risk of 
proximal radius fractures. The tourniquet is 
released, haemostasis achieved and wound 
closed. The patient is discharged with a sling 
and can mobilise the arm, but no sport should be 
played for 3–6 months.

Fig. 22.4 Positioning the scope during distal biceps ten-
don endoscopy of the right elbow (Image provided by Dr 
Gregory Bain)
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a b

d e

c

Fig. 22.5 Distal biceps tendon endoscopic-assisted 
repair. (a) Debridement of the torn tendon stump and burr-
ing of the radial tuberosity surface. (b) Tendon stump is 
prepared with a whipstitch with non-absorbable suture 
material. (c) Two oblique drill holes created from the 

radial anterior cortex to the dorsal ulnar surface. (d) 
Looped nylon suture material advanced through drill 
holes. (e) Sutures tied over the Endobutton, securing the 
tendon to the ulnar aspect of the tuberosity

Fig. 22.6 Endoscopic-assisted debridement of the radial 
tuberosity

Fig. 22.7 The suture material is advanced through the 
oblique drill holes and grasped on the posterior aspect

M. Bain et al.
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22.6.4  Chronic Biceps Tendon 
Rupture

The management of chronic biceps tendon rup-
ture is operative if the patient has a high demand 
and at low surgical risk. An open approach is usu-
ally used, the tendon identified and mobilised. In 
severe cases, semitendinosus autograft or 
allograft can be used. Repairs in extreme flexion 
have been shown to have good outcomes, with no 
loss of motion compared to the contralateral side 
(Dillon et al. 2011; Morrey et al. 2014). Surgery 
in chronic cases can be complicated by neurovas-
cular damage, significant tendon retraction and 
reduced tendon mobilisation, likely requiring 
augmentation if retracted greater than 4 cm 
(Dillon et al. 2011).

22.7  Outcomes

The outcome postsurgical repair of distal biceps 
tendon rupture is positive. Following repair, 
physiotherapy can be used to improve strength, 
and mobility should be encouraged for patients 
with grade 0 and 1A. Patients with grade 1B to 
grade 4 are advised to use a sling and mobilise as 
tolerated with no resisted flexion or supination 
for 6 weeks. In a series of 23 patients, Morrey 
et al. (Morrey et al. 2014) found that all patients 

were subjectively very satisfied or satisfied with 
the outcome and full return to work. Dillon et al. 
(Dillon et al. 2011) established that Endobutton 
produced no loss of motion and recovered 101% 
of flexion strength and 99% supination strength. 
Conversely, unrepaired biceps tendon rupture 
was found by Freeman et al. to have a 37% 
decrease in supination strength and a statistically 
insignificant 7% in elbow flexion strength. 
Endurance is also reduced in nonoperative man-
agement, with 47% supination deficit and 21% in 
flexion (Baker and Bierwagen 1985; Freeman 
et al. 2009).

22.8  Complications

Reported complications include infection, re-
rupture, pain, haematoma, neurological compli-
cations and fracture through proximal radius drill 
holes. Complication rates increase in revision or 
chronic injuries. Nerve palsies are usually tran-
sient and most commonly involve the lateral 
cutaneous nerve of the forearm, posterior interos-
seous nerve, superficial branch of the radial nerve 
and, infrequently, the median nerve (Gregory 
et al. 2009). Rare complications including het-
erotopic ossification and radioulnar synostosis 
have also been reported and are associated with 
the two- incision technique (Peeters et al. 2009).

a b

Fig. 22.8 Fixation of the distal biceps tendon to the radial tuberosity. (a) The suture restores the tendon to the radial 
tuberosity. (b) The Endobutton is securely fastened to the anterior radius

22 Disorders of the Distal Biceps Tendon
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Hand and Wrist Tendinopathies

Margaret Woon Man Fok, Bo Liu, John White, 
and Gregory Bain

Injuries to the tendons or its associated structures 
of hands and wrists are common in sport activi-
ties. They are easily missed and are usually 
underestimated by the patients themselves. They 
can occur after a single traumatic injury or can be 
resulted from repetitive insults. Tendons can 
either be avulsed from bone, e.g. flexor digitorum 
profundus (FDP) tendon avulsion (jersey finger) 
and terminal finger extensor tendon avulsion 
(mallet finger), or subluxated from its designated 
route, e.g. extensor tendon subluxation or exten-
sor carpi ulnaris (ECU) subluxation. Meanwhile, 
the tendon sheath can also undergo inflammation 
and result in stenosing tendonitis, e.g. trigger fin-
ger and de Quervain’s disease.

23.1  Acute Conditions

The common hand and wrist tendinopathies that 
are resulted from a single traumatic event are jer-
sey fingers, mallet fingers and extensor tendon 
subluxation. They are often treated as sprain and 
are being disregarded.

23.1.1  Flexor Digitorum Profundus 
(FDP) Tendon Avulsion

Flexor digitorum profundus tendon avulsion, 
also commonly referred as jersey finger, describes 
an injury which is seen in American football 
when a tackler grasps the jersey of another player 
while he pulls away. It occurs when the distal 
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 interphalangeal joint (DIPJ) of a finger is force-
fully extended from an actively flexed position. 
A painful “pop” may be felt at times. The ring 
finger is the most commonly affected finger 
(Leddy and Parker 1977). It is postulated that it 
has the least independent movement of all fingers 
(Leddy and Parker 1977; Gunter 1960; Lunn and 
Lamb 1984).

Leddy and Parker first proposed to classify the 
injury into three types in 1977 based on the point 
of failure and the extent of the retraction of the 
avulsed tendon (Leddy and Parker 1977). It is 
later being modified to include types 4 and 5 
(Fig. 23.1) (Al-Qattan 2001; Smith 1981).

Patient with jersey finger usually presents 
with a stiff and swollen finger with a classic 
description of the injury mechanism. A loss of 
DIPJ flexion is observed. Tenderness may be felt 
along the flexor tendon sheath, and a mass sug-
gesting the location of the FDP stump can some-

times be palpated. Radiographs of the affected 
finger are taken to assess bone integrity of the 
distal phalanx. Dynamic ultrasound and MRI can 
also be used to confirm the diagnosis and to 
assess the extent of stump retraction.

23.1.1.1  Management
Surgical treatment is advocated for all types of 
jersey fingers in the acute settings. The classifi-
cation system bears prognostic value. As there 
is a loss of nutrient supply of the tendon with 
the rupture of both short and long vinculum in 
type 1 injury, early surgery of tendon to bone 
repair within 10 days is advised to prevent 
necrosis of the tendon (Leddy and Parker 1977). 
Meanwhile, a less significant loss in nutrient 
supply is noted for type 2 injury due to the pres-
ervation of long vinculum. Though early repair 
is recommended, successful outcomes have 
been reported for as late as 3 months after sur-
gery (Leddy and Parker 1977).

For type 3 injury, as the FDP is avulsed 
together with a bony fragment of the distal pha-
lanx, retraction is not a concern and treatment 
can be done by fixing the bone fragment to the 
distal phalanx with screw(s) or Kirschner wires. 
Type 4 injury involves both bone avulsion and 
FDP rupture. Thus, both bone fixation and tendon 
repair are advocated. Meanwhile, for type 5 
injury, the treatment plan depends on the severity 
of the distal phalanx fractures. Fixation of frac-
ture can be performed in some cases. In severe 
comminuted fracture cases, direct tendon to bone 
repair may be chosen instead. The DIPJ may 
need to be stabilized based on the involvement of 
the articular surface and the stability of the joint 
(Tuttle et al. 2006).

Tendon to bone repair can be achieved by 
bringing the stump of the tendon to the bone by 
either using suture anchor(s) or using osseous 
tunnels with pullout button on the finger nail. The 
technique of using pullout button has enjoyed a 
long history of successful outcome (Bunnell 
1948; Leddy 1985; Skoff et al. 1995). However, 
due to the irritation of the button, people are now 
shifting to the use of suture anchor(s). While it 
has proven to have a comparable load to failure 
strength with the pullout button, its fatigue to 
failure of the anchor bone interface has yet to be 

Fig. 23.1 Classification of jersey fingers Type 1 - 5 
(copyright Dr. Margaret Fok)
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confirmed (Brustein et al. 2001). The adjustment 
of tendon tension in tendon to bone repair is 
important. A normal resting cascade of the fin-
gers needs to be achieved after the repair. An 
excessive tension of the FDP repaired tendon 
may give rise to quadriga phenomenon 
(Schreuders 2012).

Regardless of the treatment methods, rehabili-
tation after the repair of the tendon is long, as 
protection to prevent forced extension and grip-
ping activities is needed for around 12 weeks. 
Some athletes opt to treat this condition either in 
a delayed manner, i.e. to wait for the completion 
of a season or nonoperatively. This may be fea-
sible if the patient has a full range of movement 
of the proximal interphalangeal joint (PIPJ) of 
the finger and a stable DIPJ (Goldfarb et al. 
2016). The stump of the retracted FDP may be 
excised if discomfort is noted.

23.1.2  Mallet Finger

Mallet finger is the failure of the terminal exten-
sor digitorum tendon, instead of the FDP tendon 
as of the jersey finger. It occurs when the DIPJ is 
forcefully flexed in an actively extended position 
or in axial loading. It is commonly seen in sport 
injuries like football, basketball or volleyball 
games (Wehbe and Schneider 1984). Like the jer-
sey finger, it can be a result of either a detach-
ment of the tendon from the bone or a bone 
avulsion of the dorsal base of the distal phalanx.

Mallet finger can be presented with a swelling 
of the DIPJ and a flexion deformity of the DIPJ of 
the affected finger. When tested, a failure to actively 
extend the DIPJ can be observed. Radiograph is 
often needed to assess whether there is a bony com-
ponent to the injury (Fig. 23.2a) and whether there 
is an associated DIPJ palmar subluxation.

Fig. 23.2 (a) Mallet finger x-ray, (b) mallet splint and (c) 
Ishiguro technique, which involves an extension block 
wire to hold the fragment and a longitudinal wire across 
the DIP joint. Note there is still some dorsal subluxation 
in this image. (d) Internal tension band suture technique 

for mallet finger fracture. The suture captures the septae 
of the finger and secures the extensor mechanism to it. A 
neutralization K wire is also required (copyright Dr. 
Gregory Bain). (e) Small dorsal plate and neutralization of 
K wire

a b

c

d
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e

Fig. 23.2 (continued)

that no joint subluxation is created post applica-
tion of the splint. It is well known that they can 
subluxate up to 3 weeks, so repeat imaging is 
required (Crawford 1984).

Surgical treatment has previously been rec-
ommended for fractures which involve more 
than 30% of the articular surface and palmar 
subluxation of DIPJ (Hamas et al. 1978). 
Kirschner wires and screws may be used 
(Damron et al. 1993; Hofmeister et al. 2003; 
Tuttle et al. 2006). This can restore the articular 
surface and prevent secondary degenerative 
changes. Moreover, early mobilization of the 
joint and prevention of skin complications, cre-
ated by splint, have been proposed (Nakamura 
and Nanjyo 1994). Nevertheless, despite the 
presence of a large articular fragment and even 
joint subluxation, studies have shown satisfac-
tory results with splint alone (Okafor et al. 
1997; Wehbe and Schneider 1984). If there is 
marked subluxation, we would often use the 
Ishiguro technique, which involves an exten-
sion block wire to hold the fragment and a lon-
gitudinal wire across the DIP joint (Ishiguro 
et al. 1997) (Fig. 23.2c). If it is a delayed pre-
sentation, then it may not be possible to reduce 
the fracture with this percutaneous technique, 
in which case we use an internal tension band 
suture technique (Bauze and Bain 1999) 
(Fig. 23.2d) or a small hooked plate protected 
by neutralization k-wire (Fig. 23.2e).

Both conservative and operative treatments 
for mallet finger have been associated with a 
high complication rates (Stern and Kastrup 
1988; Wehbe and Schneider 1984). While the 
complications of conservative therapy are often 
transient like skin ulceration from the splint, the 
complications of surgical intervention are often 
more long term, e.g. joint incongruity, infection, 
nail deformity and implant failure. It is known 
that a residual extension lag of an average of 80 
is observed with the treatment of splint (Okafor 
et al. 1997). While this will not lead to any func-
tional deficit, patient may regard this as a poor 
cosmetic outcome. Thus, we recommend reserv-
ing surgery for a specific group of patients who 
desire to have early mobilization and better cos-
metic outcome.

23.1.2.1  Management
Unlike jersey finger, most mallet fingers can be 
satisfactorily treated with splint only (Fig. 23.2b) 
(Okafor et al. 1997; Stern and Kastrup 1988). 
This is even applicable for patients with delayed 
presentation. A short mallet splint to keep the 
DIPJ in extension for 6–8 weeks is often advo-
cated (Crawford 1984; Kinninmonth and Holburn 
1986). Garberman et al. showed that satisfactory 
outcome can be achieved with splint in mallet fin-
gers of an average of 53 days from injury 
(Garberman et al. 1994). In the presence of a 
fracture, a lateral radiograph of the affected fin-
ger, together with the splint, is needed to ensure 

M.W.M. Fok et al.
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23.1.3  Extensor Tendon Subluxation

Traumatic subluxation of the extensor tendon at 
the metacarpophalangeal joint (MCPJ) is a 
 relatively less common sport injury when com-
pare to mallet finger and jersey finger. It is caused 

by the rupture of sagittal band, the primary stabi-
lizer of the extensor tendon at the MCPJ level 
(Fig. 23.3a). The mechanisms of injury are usu-
ally direct trauma, forced flexion or resisted 
extension of the MCPJ (Inoue and Tamura 1996; 
Lin and Strauch 2014).

Fig. 23.3 (a) Radial sagittal band rupture causing exten-
sor tendon subluxation to the ulnar side (copyright Dr. 
Margaret Fok). (b) Intraoperative view, with the rent in 
the sagittal band identified (white arrow). As the finger is 
straight, the central tendon is in the midline. (c) With fin-
ger flexion the rent opens and allows the tendon to sublux-
ate to the ulnar side. (d) The granulation tissue is debrided, 

including any synovium. (e) The sagittal band is sutured 
to the central tendon. (f) With finger flexion the central 
tendon remains stable. (g) A dynamic splint is required for 
6 weeks until the tendon heals. This splint keeps the MCP 
joint extended but allows the PIP to mobilize (Fig. 23.3b–
g: copyright Dr. Gregory Bain)

a
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Patient often presents with a snapping pain in 
the MCPJ of the affected finger. They may either 
observe the subluxation of the tendon on active 
finger flexion or complain of a loss in active 
extension of the affected finger. Passive finger 
extending position can be maintained. As the 
radial sagittal band is longer and thinner than the 
ulnar counterpart, the rupture usually occurs on 
the radial side, resulting in an ulnar subluxation 
of the tendon (Young and Rayan 2000). The mid-
dle finger is most commonly affected (Inoue and 
Tamura 1996). There is also a related condition 
that occurs commonly in boxers and karate prac-
titioners named boxer’s knuckle (Nagaoka et al. 
2006). It is a chronic condition which occurs due 
to repeated punching motion and involves a tear 
of the MCPJ and sagittal band rupture.

23.1.3.1  Management
Treatment for extensor tendon subluxation can be 
conservative in the acute stage, i.e. within 
3 weeks from injury (Rayan and Murray 1994). 
After the reduction of the extensor tendon into its 
designated route with MCPJ in extension, splint 
is applied to block MCPJ from flexion while free-
ing PIPJ. Buddy splint may also be added. The 
splint is applied for 6–8 weeks. Catalano et al. 

(2006) reported 8 of 11 injuries had no pain and 
either minimal or no subluxation at an average of 
a 14-month follow-up, while Rayan and Murry 
(1994) reported 12 of 18 injuries had no pain and 
tendon subluxation at an average of a 13-month 
follow-up.

In the subacute group, it is possible to still 
repair the sagittal band, without the need for a 
full reconstruction. This does give a better insight 
into the pathoanatomy and the true clinical prob-
lem (Fig. 23.3b). The sagittal band requires to be 
surgically repaired to the central tendon (Fig. 23.3 
c–f). Post-operatively it is placed into a splint to 
prevent MCP flexion, but allows active PIP 
motion for 6 weeks (Fig. 23.3g).

For chronic sagittal band injuries or failed 
conservative therapy, surgical treatment is indi-
cated. Many different procedures including repair 
of the sagittal band (Kettelkamp et al. 1971) and 
tendon stabilization using grafts like juncturae 
tendinum (Wheeldon 1954) and local proximal- 
or distal-based partial extensor digitorum com-
munis slips (Carroll et al. 1987; Watson et al. 
1997) have been described. One author (MF) pre-
fers to reconstruct the sagittal band with a distally 
based partial extensor digitorum to create the 
radial sling for tendon stabilization (Fig. 23.4a) 
(Carroll et al. 1987).

One author (GB) prefers to reconstruct the 
sagittal band with a distally based strip of the 
common extensor tendon to the deep intermeta-
carpal ligament (DIML). The advantage of this 
technique is that it reconstructs the sagittal band, 
without compromising the adjacent anatomical 
structures (Fig. 23.4b). The opposite half of the 
extensor tendon is chosen and then passed 
through the central tendon at the level of the 
proximal border of the sagittal band. We pass it 
through the midsection of the tendon, so that it 
translates the tendon back to the central position, 
without rolling the tendon. The free end of the 
tendon is then passed under the DIML with a 
Lahey curved clamp. It is then passed back to 
perforate the central tendon in the line of the dis-
tal aspect of the sagittal band. It is taken through 
a range of motion and ligated so that it will con-
trol the position of the central tendon throughout 
the motion.

f

g

Fig. 23.3 (continued)
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The release of
ulnar sagittal band
fibres

Sling made of
distally based
partial extensor
tendon

Radial
sagittal
band

Radial
collateral
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MCP J

Extensor
digitorum
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Fig. 23.4 (a) 
Reconstruction of the 
sagittal band with half of 
the central tendon, 
passed around the 
collateral ligament 
(copyright Dr. Margaret 
Fok). (b) Sagittal band 
reconstruction with a 
half strip of the common 
extensor tendon. The 
half strip passes through 
the central tendon, at the 
proximal edge of the 
sagittal band. It then 
passes deep to the DIML 
and back through the 
central tendon at the 
level of the distal margin 
of the sagittal band 
(copyright Dr. Gregory 
Bain)
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23.2  Chronic Conditions

Apart from acute traumatic injuries, there are 
numerous hand and wrist tendinopathies that are 
precipitated by repetitive use in sport activities. 
The most common conditions are extensor carpi 
ulnaris (ECU) subluxation, de Quervain’s disease 
and trigger finger.

23.2.1  Extensor Carpi Ulnaris (ECU) 
Subluxation

Extensor carpi ulnaris subluxation is a condition 
that is usually missed after a traumatic event. 
With subsequent repetitive stress on the wrist in 
selected sport activities, it may lead to symptom-
atic recurrent ECU subluxation, presented as 
painful snapping of the tendon during wrist rota-
tion. The incidence of this condition reported in 
the literature has been low, likely owing to its 
missed diagnosis as wrist sprain. With the recent 
increase interest in the causes of ulnar wrist pain 
and distal radioulnar joint instability, the condi-
tion is being better recognized.

The ECU tendon is part of the sixth extensor 
compartment of the wrist and is bound by the 
fibro-osseous tunnel, with the ulnar groove as the 
floor and the extensor retinaculum and ECU sub- 
sheath as the roof (Campbell et al. 2013). It acts 
as a wrist extensor when the forearm is in supina-
tion and an ulnar deviator when the forearm is in 
pronation. It also contributes to the stability of 
the distal radioulnar joint (DRUJ), together with 
the triangular fibrocartilage complex (TFCC). 
Significant tension is created on the ECU reti-
naculum and sub-sheath during activities involv-
ing the forearm in supination, wrist flexion and 
ulnar deviation. In turn, it may lead to the rupture 
of the ECU tendon sheath and the volar sublux-
ation of the tendon. Patients playing tennis, golf 
and rugby may suffer from this condition 
(Campbell et al. 2013).

Patient with ECU subluxation may complain 
of painful snapping or clicking sensation over the 
dorso-ulnar wrist during wrist supination and 
pronation. This may limit his ability to perform 

activities of daily living, sports and hobbies. In 
some instances, patients may be able to volun-
tarily subluxate the tendon. Physical examination 
reveals tenderness along the length of the ECU 
tendon. Pain on resisted active wrist extension 
and ulnar deviation can be observed. It is noted 
that the tendon is only subluxable under active 
contraction of the ECU. Thus, active supination 
with the affected wrist head in maximal flexion 
and ulnar deviation will produce visible sublux-
ation of the tendon, while passive movement will 
not produce this sign.

Imaging like ultrasound and MRI may be used 
to supplement the clinical diagnosis. In addition, 
MRI can be used to rule out other causes of ulnar 
wrist pain like TFCC tear, while ultrasound may 
provide a dynamic assessment, showing the sub-
luxation of the tendon on movement (MacLennan 
et al. 2008).

23.2.1.1  Management
For early diagnosis of an acute ECU tendon sub-
luxation, conservative therapy with short arm 
cast or splint, for 1–3 months, can be done 
(Campbell et al. 2013; Montalvan et al. 2006). 
Montalvan et al. study showed that all 12 patients 
had stabilized ECU tendon even under stressed 
condition, after a period of up to 4 months of 
immobilization. However, for chronic symptom-
atic cases or athletes who are reluctant to undergo 
prolonged period of splinting, surgical stabiliza-
tion is indicated. Numerous techniques have been 
described to reconstruct the ECU sub-sheath with 
satisfactory results noted (Burkhart 1982; 
MacLennan et al. 2008). Our preferred method is 
using Burkhart’s technique, of which it uses part 
of the extensor retinaculum to reconstruct and 
stabilize the ECU in the dorsal aspect of the wrist 
(Fig. 23.5) (Burkhart 1982).

23.2.2  de Quervain’s Disease

de Quervain’s disease is stenosing tenosynovitis 
which affects the first extensor compartment of 
the wrist, i.e. the extensor pollicis brevis (EPB) 
and abductor pollicis longus (APL) (Fig. 23.6a). 
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It is due to the repetitive use of the thumb in 
activities which involve radioulnar deviation 
such as hammering, climbing or lifting a child or 
pet. In sports, it is usually associated with activi-

ties that require strong thumb movement in a 
closed hand grip, like squash, badminton, rowing 
and golf (Retting 2004).

Patient typically presents with pain and swell-
ing over the dorsal radial aspect of the wrist. 
These symptoms are aggravated by either resisted 
motion of the thumb or radial deviation and wrist 
extension. Physical examination of the patient 
reveals tenderness along the first extensor com-
partment. Finkelstein test causing the stretching 
of the tendons is usually positive (Fig. 23.6b) 
(Finklestein 1930).

The diagnosis of de Quervain’s disease is mainly 
based on clinical examination and history. 
Radiographs of the wrist are usually unremarkable 
in de Quervain’s disease, but it is useful in differen-
tiating osteoarthritis of the first carpo- metacarpal 
joint (CMCJ) in suspicious cases. Ultrasound of the 
first extensor compartment may reveal distension of 
the tendon sheath with a surrounded fluid film.

23.2.2.1  Management
Treatment of de Quervain’s disease is often started 
with conservative therapy including rest, non-ste-
roidal anti-inflammatory medications and splint 
(Adam and Habbu 2015). The splint is a forearm-
based thumb spica that is used to enforce a period 
of rest and prevent motions that exacerbate symp-
toms. Physiotherapy including cryotherapy, ultra-
sound and iontophoresis may be given (Hartzell 
et al. 2013). Corticosteroid injection is currently 
the most successful non-surgical treatment modal-
ity with a 62–100% success rate (Jirarattanaphochai 
et al. 2004; Peter- Veluthamaningal et al. 2009; 
Richie and Briner 2003).

Surgical release is offered for patients with 
de Quervain’s disease, who fail conservative 
treatment. It involves the release of the sheath 
covering the first dorsal compartment, together 
with the sub-sheath that separates the EPB and 
APL tendons when present. Multiple tendon 
slips of APL are sometimes present (Jaskson 
et al. 1986). Failure to release these sub-sheaths 
may lead to recurrence or residual symptoms. 
Care also needs to be taken to identify and pro-
tect the superficial branch of the radial nerve 
during surgical release.

ECU

Extensor
retiniculum

Ulna
Radius

5 4 3

2

1

Fig. 23.5 ECU tendon stabilization procedure

a

b

Fig. 23.6 (a) Affected tendons in de Quervain’s disease. 
(b) Finklestein test
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23.2.3  Trigger Finger

Trigger finger is another common condition of 
stenosing tenosynovitis. Due to the thickening of 
the A1 pulley and, to a lesser extent, the flexor 
tendons at the MCPJ level, the gliding of the 
flexor tendons is affected (Fig. 23.7a). The causes 
of developing trigger finger are multifactorial and 
include genetic basis, systemic conditions like 
diabetes mellitus and rheumatoid arthritis and 
occupational issues (Lundin et al. 2012). In 
sports, it may be aggravated by ball sports, 
 especially if the ball is frequently held in one 
hand, e.g. handball, basketball and rugby.

Patients initially present with pain at the level 
of the A1 pulley, which may progress to trigger-
ing or locking. Patients may complain of a reduc-
tion in grip strength, clicking, catching or locking 
(Adam and Habbu 2015). In examination, a nod-
ule may be palpated at the site of the A1 pulley. 

Triggering may be felt when the finger attempts 
to extend from a flexed position. In chronic 
changes, due to the persistent locking of the fin-
ger, PIPJ contracture can develop.

23.2.3.1  Management
Like de Quervain’s disease, the main stay of 
management in trigger finger is conservative 
therapy (Adam and Habbu 2015). Rest, massage 
and non-steroidal anti-inflammatory medication 
are usually advised. Physiotherapy including 
ultrasound, wax and magnetic pulse therapy may 
be given. Corticosteroid injection into the A1 pul-
ley is a first-line treatment with a success response 
rate of 60–90% (Dala-Ali et al. 2012). Recurrence 
is high especially in the background of concomi-
tant diabetes mellitus, multiple affected digits 
and other associated tendinopathies. Poor out-
comes are also noted in the presence of flexion 
contracture.

Surgical release is advocated for failure after a 
course of conservative therapy or in the presence 
of PIPJ flexion contracture. Either percutaneous 
or open release of the A1 pulley can be performed 
under local anaesthesia (Fig. 23.7b) (Bain et al. 
1995; Bain and Wallwork 1999; Turowski et al. 
1997). The percutaneous release is an office- 
based procedure, where the 14 gauge needle is 
advanced just proximal to the A1 pulley and then 
released with the sharp edge of the needle. 
Excellent results can be achieved in both tech-
niques (Gilberts et al. 2001; Saldana 2001).

23.2.4  Flexor Tendon Adhesions

Flexor tendon adhesion is not an uncommon con-
dition after prolonged immobilization, which 
may be caused by both soft tissue injuries and 
fractures. Fingers are stiff with an inability to 
fully extend and flex the fingers.

23.2.4.1  Management
After a digital nerve block, the finger is 
approached via a Brunner incision. Nylon tapes 
assist in mobilizing the flexor tendons, preserv-
ing the A2 and A4 pulleys. If the pulleys are 
absent, then they may need to be surgically 

a

b

Fig. 23.7 (a) Trigger finger, showing catching of the fin-
ger when trying to straighten it. (b) Percutaneous release 
of a trigger finger with a 14 gauge intravenous cannular 
needle. Local anaesthetic is infiltrated into the area of the 
A1 pulley. A 14 gauge cannula is introduced just proximal 
to the A1 pulley land mark. The sharp bevel of the needle 
is then used to cut the pulley (copyright Dr. Gregory Bain)
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reconstructed. The tendon adhesions are released 
with a 2/O Prolene suture in a similar manner to 
a Gigli saw (Fig. 23.8) (Bain et al. 2003). The 
needle is introduced in the gutter between the 
phalanx, tendon and tendon sheath. The blunt end 
of the needle is inserted to avoid the sharp tip 
catching on the soft tissues. The needle is with-
drawn and then passed down the opposite gutter.

Artery clips are placed on the suture ends, and 
with a sawing motion, the two ends of the suture 
are withdrawn. The suture catches the adhesions 
between the pulley and the flexor tendon. The 
traction is parallel to the finger, so that the adhe-
sions are disrupted, but the tendon is not. The 
suture is also placed deep to both flexor tendons, 
so that the deep adhesions are also disrupted. The 
suture may need to be reinserted in other planes, 
to disrupt adhesions in other parts of the flexor 
tendon sheath.

This technique works like a “dragnet”, cap-
tures the adhesions, but leaves the tendon intact. 
We have found this to be much better than using 
a beaver blade or arthroscopic knives.

23.3  The Future

Hand and wrist tendinopathies are common con-
ditions in sports medicine. While most can be 
treated conservatively, a significant group of 
patient may opt for surgical intervention to mini-
mize the immobilization period, so as to have an 
early return to sports. Minimal invasive surgical 
techniques including percutaneous release of soft 

tissue, percutaneous fixation of fracture and wrist 
arthroscopy have the theoretical advantage of 
achieving a more rapid recovery when compared 
with conventional open techniques. While endo-
scopic surgery of the shoulder and elbow is better 
developed, endoscopic surgery for the soft tissues 
around the wrist like the release of de Quervain’s 
disease and tenosynovectomy is a relatively new 
form of intervention. It has potential for further 
expansion in the future (Bain 2016) (Fig. 23.9).
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Hip Tendinopathies
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24.1  Introduction

Groin pain is often triggered and exacerbated by 
sporting activities requiring rapid accelerations/
decelerations or frequent changes in direction. Its 
aetiology is reported as multifactorial in about 
27% of cases (de SA et al. 2016). Although groin 
pain is a frequent condition in sportive individuals, 
detailed epidemiological data are lacking in litera-
ture: often percentages reported about hip dys-
functions do not separate intra-articular from 
extra-articular pathologies. Also agreement in ter-
minology and definitions about groin pain is still 
not clear and under construction among the experts 
(Bisciotti et al. in press; Weir et al. 2015). However 
hip and pelvis injuries are found in about 5–9% in 
high school athletes (Morelli and Weaver 2005; 
Morelli and Espinoza 2005), 3–11% in those com-
peting at an Olympic level (Fricker 1997) and 
10–18% in elite football players (Nicholas and 
Tyler 2002). In particular it has been reported that 
the incidence of these injuries among elite football 
players is 1.1 groin injuries/1000 h of athletic 
activity (Werner et al. 2009). Hip biomechanics is 
very complex during sport activities, and more-
over, the mechanical relationship between the hip 
and spine has to be taken into consideration 
(Watanabe et al. 2002). With the evolution of diag-
nostic imaging, conservative and surgical tech-
niques, hip dysfunctions in young active patients 
received a significant increase in attention. 
However, since tendinopathies are occasionally 
burdened by overlapping with intra-articular 
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pathologies, accurate clinical diagnosis and appro-
priate management among athletes and active 
people remain a significant challenge (Reiman 
et al. 2013, 2015). Despite that each tendinopathy 
has different features, in general, initial treatment 
involves rest from the sport activities and modifi-
cation in daily activities associated with non-ste-
roidal anti- inflammatory drugs (NSAIDs). Then, 
depending on the severity of the injury, further 
management can be physical therapy (Joseph and 
Denegar 2015), regenerative medicine (Malanga 
and Nakamura 2014; Kaux et al. 2016; Zhou and 
Wang 2016; Fitzpatrick et al. 2016) and open or 
endoscopic surgical treatment (Ilizaliturri and 
Camacho-Galindo 2010; Chandrasekaran et al. 
2015; Khan et al. 2013). Extra-articular hip endos-
copy frequently follows arthroscopic evaluation 
and treatment of any central or peripheral hip 
pathology (Aprato et al. 2014). Taking into consid-
eration muscle and tendon disorders, in this chap-
ter pathologies have been divided according to the 
respective anatomical area into four groups: 
medial, anterior, lateral and  posterior. For each 
pathology then it has been reported epidemiology, 
aetiology, clinical presentation, clinical and imag-
ing diagnostic tests and treatment options.

24.2  Tendinopathies 
of the Medial Area

The hip adductor muscles, located on the antero-
medial aspect of the thigh, are compounded of 
gracilis, pectineus, adductor magnus, adductor 
longus and adductor brevis. Quadratus femoris 
also produces adduction at the hip. Activation of 
the hip adductors occurs in more movements than 
just hip adduction. This muscle group has the sec-
ondary joint actions of hip rotation (Leighton 
2006) and flexion or extension depending on ini-
tial joint position (Levangie and Norkin 2005). In 
addition to providing movement, the hip adductors 
may generate significant tension while stabilizing 
the hip and controlling the alignment of the lower 
limb (Hrysomallis 2009). A confounding issue is 
the definition of the injury; some studies have spe-
cific hip adductor injuries, whereas others have 
grouped adductor injuries along with other injuries 
within the “groin strain” category. Incidence of a 

correctly defined adductor injury, reported in some 
papers investigating football players and ice-
hockey players, is about 7–12% over a sport sea-
son. The adductor longus is the tendon most 
commonly involved. Injuries usually occur at the 
musculotendinous junction but may also occur at 
the bone-tendon junction (enthesopathy) (Werner 
et al. 2009). The overstretching and eccentric force 
of the adductors attempting to decelerate the limb 
during rapid abduction and external rotation as 
occurs in ice- skating or sudden change in direction 
seems to be the injury mechanism (Hrysomallis 
2009). Tendonitis is the most frequent disorder, 
while acute rupture or avulsion is less common. 
The risk factor is low flexibility, with a reduced 
ROM of the hip and adductor weakness.

Patient refers a groin pain exacerbated during 
the passive forced abduction and external rotation 
of the hip and during the active resisted adduction. 
Tenderness on deep palpation of the involved 
muscle can be observed. Specific clinical manoeu-
vres are the single adductor test, the squeeze test, 
and the bilateral adductor test (Reiman et al. 
2013). The latter was found to be most diagnostic 
of sports-related chronic groin pain with a 
reported specificity of 93%, whereas the squeeze 
test and the single adductor test both reported a 
specificity of 91% (Verrall et al. 2005). Differential 
diagnoses are pubic osteitis, rectus- adductor syn-
drome and weakness of the abdominal wall in the 
groin region. Clinical findings can be confirmed 
by ultrasound (US) or magnetic resonance imag-
ing (MRI) (Fig. 24.1). Radiographs of the pelvis 
can exclude intra- articular pathologies; if those 
images do not exclude an intra-articular disease, 
an ultrasound- guided intra-articular injection of 
anaesthetic may be used as a test.

Treatment options include the usual conserva-
tive treatment with rest and NSAIDs. Timing of the 
following physical rehabilitation depends on the 
location of the strain. If the injury is near the bone-
tendon junction, physical therapy should be 
delayed because these areas are less vascular, and 
some healing is needed before starting exercises. If 
the tear is close to the musculotendinous junction 
or in the muscle belly, which are highly vascular 
zones, early and aggressive rehabilitation can be 
instituted (Elattar et al. 2016). Return to sports after 
acute strains is generally recommended when ath-
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letes regain 70% of strength and a painless range of 
motion, usually by 4–8 weeks, while for chronic 
strains, the recovery period and return to sports 
may be as long as 6 months (Holmich et al. 1999). 
Acute complete adductor tears in athletes generally 
require surgical repair with suture anchors, but it is 
not a so frequent procedure (de SA et al. 2016). The 
role of steroid injection in adductor strains remains 
controversial and it is not supported by an adequate 
good evidence. For chronic recalcitrant adductor 
tears with failed conservative treatment for a mini-
mum of 6 months, surgical treatment with tenot-
omy may improve the pain (Gill et al. 2014). 
However, even if the pain relief is reported in about 
73% of patients, the athletes able to return to their 
previous sport after surgery are only slightly more 
than 50% (Atkinson et al. 2010).

24.3  Tendinopathies 
of the Anterior Area

24.3.1  Iliopsoas

The iliopsoas musculotendinous unit is composed 
of three muscles: the iliacus, psoas major and 
psoas minor (only present in 60–65% of individu-
als). Significant anatomic variability has been 
reported in the literature, and controversy exists 
regarding the number of tendons and the relative 
contributions of the different muscle fibres to each 

tendon (Anderson 2016). The iliopsoas bursa, or 
iliopectineal bursa, is positioned between the ilio-
psoas unit and the bony surfaces of the pelvis and 
proximal femur. It is the largest bursa in the 
human body, typically extending from the iliopec-
tineal eminence to the lower portion of the femo-
ral head, with an average length of 5–6 cm and 
width of 3 cm (Tatu et al. 2001). Communications 
of the bursa with the hip joint, through a congeni-
tal defect between the iliofemoral and pubofemo-
ral ligaments, have been reported. The iliopsoas 
unit functions primarily as hip flexor. It also pro-
vides femoral external rotation, with lateral bend-
ing, flexion and balance of the trunk. The iliacus 
is important for stabilizing the pelvis and for early 
rapid hip flexion while running. The psoas major 
is important for sitting in an erect position and sta-
bility of the spine in the frontal plane. Variable 
contribution of each muscle is observed during 
sit-ups depending on the angle of hip flexion 
(Fitzgerald 1969; Andersson et al. 1995). The 
psoas minor distally attaches both to the iliac fas-
cia and psoas major tendon, having also another 
attachment to the iliopectineal eminence. This 
gives a partial control of the position and mechan-
ical stability of the underlying iliopsoas as it 
crosses the femoral head. Pathologic conditions 
of the iliopsoas have been implicated as a signifi-
cant source of anterior hip pain. Iliopsoas disor-
ders have been shown to be the primary cause of 
chronic groin pain in 12–36% of athletes and are 
observed in 25–30% of athletes presenting with 
an acute groin injury (Serner et al. 2015; Holmich 
2007; Holmich et al. 2014; Rankin et al. 2015). 
Described pathologic conditions include iliopsoas 
bursitis, tendonitis, impingement and snapping. 
These conditions coexist so frequently that 
Johnston reported an “iliopsoas syndrome” 
(Johnston et al. 1998), with a common diagnostic 
and therapeutic process. Therefore, diagnosis and 
treatment of the iliopsoas disorders are reported 
together later in this paragraph. Less frequent are 
acute trauma that may result in tendon injury or 
avulsion fracture of the lesser trochanter.

Internal Extra-Articular Snapping Hip This 
syndrome was originally attributed to snapping 
of the iliopsoas tendon over the iliopectineal emi-
nence of the pelvis. Other mechanisms that have 

Fig. 24.1 MRI scan showing an hematoma of the left 
thigh adductors
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been then proposed include accessory iliopsoas 
tendon slips, iliopsoas snapping over a ridge at 
the lesser trochanter, snapping of the iliofemoral 
ligament over the femoral head and subluxation 
of the long head of the biceps at the ischium 
snapping at the anterior inferior iliac spine (Yen 
et al. 2015). However, most commonly, it is pro-
duced by the iliopsoas tendon snapping over the 
iliopectineal eminence or the femoral head. The 
snapping phenomenon usually occurs when the 
hip is brought back to extension from a flexed 
position (usually flexion of more than 90°). The 
iliopectineal eminence and the anterior edge of 
the pelvis work as a pulley for the iliopsoas 
 muscle (Lyons and Peterson 1984). The iliopsoas 
tendon is located lateral to the iliopectineal emi-
nence when the hip is in full flexion, with hip 
extension the tendon is displaced medially until it 
positions medial to the iliopectineal eminence 
when the hip is in neutral position. The psoas ten-
don seems to be in contact with the iliopectineal 
eminence at approximately 50° of hip flexion 
(Yoshio et al. 2002). The snapping phenomenon 
can occur without pain in up to 10% of the gen-
eral population (Byrd 2006). In the symptomatic 
internal snapping hip syndrome, patients report 
snapping while stair climbing or standing from a 
chair associated with groin pain.

Iliopsoas Bursitis and Tendonitis Iliopsoas bur-
sitis and tendonitis have been shown to be closely 
associated with the repetitive pathologic move-
ment of the tendon observed in symptomatic 
internal snapping hip. This can cause irritation 
and inflammation of the underlying bursa 
(Fig. 24.2). Even so, some studies demonstrate 
no objective abnormality of the bursa in patients 

undergoing open surgery for symptomatic snap-
ping (Anderson 2016).

Iliopsoas Impingement First described by 
Heyworth in 2007, iliopsoas impingement is a 
conflict between an excessively tight iliopsoas 
tendon impinges and the underlying acetabular 
labrum (Heyworth et al. 2007). The location of 
the anterior labral abnormality corresponded to 
the iliopsoas notch, significantly differs from the 
traditional location observed in FAI 
(Blankenbaker et al. 2007). Sometimes the 
labrum appears inflamed without frank tearing, 
which was referred to as the “iliopsoas impinge-
ment sign”. Furthermore, adjacent tendinous 
inflammation and scarring with adherence of the 
tendon to the anterior capsule were observed in 
some patients. Iliopsoas impingement occurs 
most frequently in young active women, many 
who participate in regular sports. Patients typi-
cally present with anterior groin pain that wors-
ens with athletic activities and activities of daily 
living, such as active hip flexion, prolonged sit-
ting and getting out of a car (Anderson 2016). 
Internal snapping is less commonly observed in 
iliopsoas impingement but has been reported in 
up to 17% of cases (Blankenbaker et al. 2012).

Physical examination of the internal snapping 
phenomenon is carried out with the patient supine 
by flexing the affected hip more than 90° and 
extending to neutral position. This may be accen-
tuated with abduction and external rotation in 
flexion and adducting and internally rotating 
while extending. The snapping may be audible 
and may be palpated by placing the hand over the 
affected groin while performing the examination 
test. Commonly, weakness of the gluteus medius 

Fig. 24.2 MRI scan 
showing a left psoas 
tendonitis
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with a Trendelenburg sign is found and the 
Thomas test, which tests for psoas contracture, is 
often positive, as well (Yen et al. 2015). If the 
snapping is produced by the iliopsoas tendon 
over the femoral head, plain radiographs can 
reveal a large anterior cam deformity at the head- 
neck passage of the femur. Regarding iliopsoas 
impingement on physical examination, patients 
typically have a positive impingement test (flex-
ion, adduction and internal rotation—FADIR), 
scour sign and tenderness with manual compres-
sion over the iliopsoas. Approximately half of 
them have pain with flexion, abduction and exter-
nal rotation (FABER) and resisted straight leg 
raise testing (RSLR) (Anderson 2016). 
Ultrasound exam of the iliopsoas tendon is a 
dynamic non-invasive study that may document 
the snapping phenomenon as well as pathologic 
changes of the iliopsoas tendon and its bursa, but 
the ability and experience of the examiner are 
fundamental. MRI scan can reveal an unspecific 
inflammation of the iliopsoas area, but it can be 
useful to detect any concomitant intra-articular 
hip pathology, since almost half of the patients 
with internal snapping hip syndrome have associ-
ated intra-articular hip pathology (Ilizaliturri 
et al. 2005). In case of iliopsoas impingement the 
most pertinent radiographic finding is a labral 
tear at or near the 3/9 o’clock position seen on 
MRI (Blankenbaker et al. 2012). Diagnostic 
injection test with anaesthetic can be performed, 
but it is important to consider the possible com-
munication between the hip joint and the iliopec-
tineal bursa, because the drugs can expand in 
both compartments, confounding the results of 
the test (Anderson 2016).

Treatment should be reserved for symptom-
atic patients and has to be initially conservative 
with NSAID therapy and stretching, if the tendon 
is too short, or lengthening, if the muscle is too 
active. Sometimes steroid injection in the iliopec-
tineal bursa can give pain relief. If there is no 
positive response to conservative treatment surgi-
cal treatment is indicated to lengthen the ilio-
psoas musculotendinous unit, in order to prevent 
snapping and mechanical overpressure on the 
underlying bursa. In the past open procedures for 
lengthening or release of the iliopsoas tendon at 

different levels along its course have been pro-
posed: results were generally good, with very 
high percentages (about 77%) of symptoms reso-
lution (Khan et al. 2013). However some cases of 
recurrence and a significant percentage (15–45%) 
of post-operative subjective weakness have been 
reported (Yen et al. 2015). These procedures have 
increased morbidity and inferior results com-
pared with recently proposed endoscopic tech-
niques. In a recent review, there has been reported 
a complication rate of 21% in open procedures 
compared with 2.3% using arthroscopic tech-
niques (Khan et al. 2013). Endoscopic release of 
the iliopsoas tendon has become more common. 
Three different endoscopic techniques have been 
described to treat this condition. First technique 
is a transcapsular release of the iliopsoas tendon 
at the level of the hip joint with an anterior hip 
capsulotomy during the central compartment 
phase of the procedure. This procedure is also 
used for iliopsoas impingement in association 
with concurrent labral abnormality debridement 
or repair, with generally reported favourable 
results (Domb et al. 2011; Cascio et al. 2013). 
The second technique is a release at femoral neck 
level trough an anterior capsulotomy in the 
peripheral compartment, this method is not rou-
tinely used because of the technique to find the 
psoas is demanding. The third option is to cut the 
tendon on the lesser trochanter, with this tech-
nique the iliopsoas bursa is accessed directly. 
Results of the endoscopic techniques are encour-
aging and seem to be better than those reported 
for open procedures, with a success rate up to 
100% (Ilizaliturri et al. 2014). However, remem-
bering the frequent intra-articular coexistent 
pathology in this condition, these results may be 
confounded by a concomitant hip arthroscopy 
(Yen et al. 2015; Ilizaliturri et al. 2005).

24.3.2  Rectus Femoris

Quadriceps muscle strains frequently occur in 
sports that require repetitive kicking and sprint-
ing efforts, such as track and field, rugby and 
football. The rectus femoris is a fusiform and 
biarticular long muscle designed to execute 
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movements that require significant length change 
or high shortening velocity. It has a high demand 
for eccentric muscle contraction and has a high 
percentage of rapid-contraction muscular fibres 
(approximately 65%) that can make it more prone 
to injury (Mendiguchia et al. 2013). Rectus fem-
oris has two heads of origin: the direct or straight 
head, which arises from the anterior inferior iliac 
spine (AIIS), and the indirect or reflected head, 
which arises from the superior acetabular rim. 
The two heads form the conjoined tendon slightly 
below their origin, with the direct head contribut-
ing mostly to the superficial component of the 
conjoined tendon and blends anteriorly with its 
fascia (Hasselman et al. 1995). The rectus femo-
ris extends the knee, flexes the hip and stabilizes 
the pelvis on the femur in weight bearing. 
Proximal rectus femoris lesions most commonly 
occur during hip hyperextension and knee flexion 
or as a result of a sharp eccentric contraction of 
the quadriceps. Proved risk factors include previ-
ous injury (with a recurrence rate of about 17%), 
short height associated with a high body weight 
and a low flexibility (Mendiguchia et al. 2013). 
According to a study evaluating 3160 hips on 
MRI scan, the average frequency of proximal 
rectus femoris origin injury was about 0.5% 
(Ouellette et al. 2006). Tendon avulsions are rare 
and account for approximately 1.5% of hip 
lesions that occur during sports (Dean et al. 
2016). Calcification of the proximal rectus femo-
ris tendon could follow an avulsion or a tendon 
rupture (partial or complete) of the rectus femo-
ris, and a similar condition has been also 
described after an avulsion of the AIIS bony frag-
ment. The healing process could lead to a protu-
berance, secondary to changes of ossification 
centres with a course following the axis of trac-
tion forces of the rectus femoris. This inferiorly 
prominent bony protuberance can anteriorly con-
flict with the femoral neck of a flexed hip. This 
condition has been referred to as iliac spine 
impingement or subspine impingement (Zini 
et al. 2014). Acute calcific tendinitis of the rectus 
femoris is extremely rare (IKobayashi et al. 
2015). In acute injuries the patient feels a tearing 
sensation and stops playing any activity. In sub-
acute conditions patients report gradual onset of 

pain during activities like running and kicking. 
At the clinical examination, pain is exacerbated 
by stretching, regional palpation, hip flexion and 
resisted knee extension. Sometimes a complete 
rupture is responsible for a local mass-like syn-
drome. Plain radiographs can reveal any bony 
involvement, as the AIIS avulsion in the child-
hood. In those cases a gap of more than 2 cm 
between the native bone and avulsed fragment is 
a factor of poor prognosis (Pesquer et al. 2016). 
Associated MRI scan, investigating the presence 
of a possible surrounding oedema, could reveal 
the acute or chronic character of the lesion. For 
other tendon disorders, US can be useful, even if 
MRI remains the gold standard allowing a more 
global assessment of the pathologic conditions. 
Regarding rectus femoris avulsion, in most of the 
cases tears are treated conservatively. However, 
indication for surgical repair may be considered 
in high-level athletes with significant demand for 
repetitive explosive hip flexion or in patients with 
failure of nonoperative treatment and continued 
pain or weakness for more than 3 months. 
Surgical procedure is carried on through a Smith- 
Petersen approach. Once identified both the prox-
imal heads of the tendon, the lesion is pointed out 
and all of the devitalized and degenerated fibres 
should be removed from the tendon stump. The 
footprint of the direct arm of the rectus (on the 
AIIS) is then prepared by removing the soft tis-
sues to expose subchondral bone, creating a 
bleeding bony bed to support healing. Then reat-
tachment is performed with two suture anchors 
placed on the AIIS, with the right tension so that 
tissues are reduced and compressed against the 
bone. After surgery a knee brace locked in exten-
sion is recommended with no weight bearing and 
no active hip flexion for 6 weeks. Strength- 
training exercises and running typically begin 
after 8 weeks, while return to sport occurs between 
4 and 6 months after surgery (Dean et al. 2016). In 
case of an AIIS avulsion in a skeletally immature 
patient, more often a nonoperative treatment is 
chosen, with a brief period of rest followed by 
protected weight bearing, progressive stretching 
and strengthening and gradual return to sports. 
Operative treatment with open reduction and 
internal fixation has been recommended for 
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fractures with a displacement wider than 2 cm to 
prevent nonunion, exostosis formation and 
chronic pain and disability (Schuett et al. 2015). 
For tendon calcification the management starts 
with conservative treatment with injection of 
anaesthetic and corticosteroids. In case of symp-
toms persistence, surgery can be performed with 
open excision of the lesion through a Smith- 
Petersen approach, as described before for the 
tendon reattachment or with a less invasive endo-
scopic procedure. These two options are also 
used to treat the subspine impingement. Despite 
good results in treating pathology, open proce-
dures are burdened by wound discomfort. For 
endoscopic treatment of either calcific tendonitis 
or subspine impingement, a standard fracture 
table is used with the patient in a supine position. 
The operative limb was placed with the hip in 
slight abduction and internal rotation. Two stan-
dard portals are used: the anterolateral that pro-
vides a complete view of the central compartment 
for the treatment of possible associated intra- 
articular pathologies and the midanterior portal. 
After concomitant intra-articular lesions are eval-
uated and eventually treated, the traction is 
removed and a shaver is used to clear all soft tis-
sue to better delimit the plane between the ace-
tabular rim and the calcification. After complete 
exposure of the calcification is achieved, using 
the image intensifier as a guide in addition to the 
direct view, the calcification is removed using a 
bur. After surgery, weight bearing is permitted as 
tolerated, but extension of the hip was forbidden 
for 3 weeks to avoid excessive elongation of the 
tendon, and prophylaxis versus heterotopic ossi-
fication is given to avoid recurrence. Outcome 
data reported are satisfactory with a significant 
improvement in terms of pain, hip flexion ROM 
and function, without any complication (Zini 
et al. 2014; Hetsroni et al. 2012).

24.4  Tendinopathies 
of the Lateral Area

The term greater trochanteric pain syndrome 
(GTPS) references a variety of diagnoses with a 
localized lateral hip pain and focal point tender-

ness over the greater trochanter. These conditions 
typically include external snapping hip, trochan-
teric bursitis and gluteus medius and minimus ten-
dinopathies (Strauss et al. 2010), often with a 
coexistence of both bursitis and tendinopathy. 
Prevalence is about 10–25% in population between 
40 and 60 years. Female are 2–5 times more fre-
quently affected: this seemed to be related to the 
greater prominence of the trochanters and the 
associated increased tension of the iliotibial band 
(ITB) over them. Other predisposing factors could 
be an increased acetabular anteversion and a low 
femoral neck shaft angle. However, about 22% of 
the elderly individuals present some form of glu-
teus tear (Kagan 1999). A concurrent or past his-
tory of low back pain have been reported in 
20–62% of patients with GTPS diagnosis perhaps 
because of the functional connection between the 
hip and lumbopelvic complex (Segal et al. 2007). 
Up to 20 bursae have been described in the tro-
chanteric area, but only three are consistently pres-
ent in the majority of individuals. These include 
the gluteus minimus bursa, located anterosuperi-
orly to the greater trochanter; the subgluteus 
medius bursa, which lies deep to the gluteus 
medius tendon; and the subgluteus maximus bursa, 
which lies lateral to the greater trochanter between 
the gluteus medius and maximus and is often 
described as the “trochanteric bursa”. Regarding 
muscles anatomy, the most superficial gluteal 
muscle, the gluteus maximus, has a broad origin 
including fibres from the ilium and sacrum and 
inserts onto the gluteal tuberosity of the femur and 
the ITB. The gluteus medius lies deep within this 
muscle, and the gluteus minimus is deeper; they 
both originate from the ilium and insert onto the 
greater trochanter of the femur. The tensor fascia 
lata originates from the iliac crest and inserts onto 
the ITB. This fibrous band of tissue inserts distally 
onto the lateral condyle of the tibia. The gluteus 
medius and minimus, both innervated by the supe-
rior gluteal nerve, are part of the abductors of the 
hip. The abduction, particularly its initiation, is 
attributable to the anterior and middle fibres of 
gluteus medius. Usually, tears of the gluteus 
medius start from medial fibres to the lateral ones 
(Fig. 24.3) (Reid 2016). Soft tissue structures in 
the trochanteric area are similar to those in the area 
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of the greater tuberosity of the shoulder. Gluteus 
medius and minimus tendons are prone degenera-
tion or failure, and the trochanteric bursa have 
potential for inflammation (Ho and Howard 2012). 
Even if historically this syndrome has been 
referred to as a “bursitis”, the presentation is rarely 
accompanied by the characteristic symptoms of 
inflammation including erythema, oedema and 
rubor. Therefore, it is now thought, also as a result 
of dissection, clinical and radiological studies, that 
bursa may be acquired as a result of friction 
between the greater trochanter and gluteus maxi-
mus. Bursal tissue from patients with GTPS under-
going total hip arthroplasty showed no signs of 
acute or chronic inflammation. This finding sup-
ports the understanding that inflammation plays a 
limited role in GTPS (Bird et al. 2001; Dunn et al. 
2003; Silva et al. 2008). The aetiology of gluteal 
tendinopathy is proposed to be multifactorial with 
both intrinsic and extrinsic components, but the 
exact mechanism is unknown: repetitive activity, 
abnormal mechanical loads and altered cellular 
responses are the major suspects, but tendinopathy 
can occur in patients without overuse. Otherwise 
chronic tendinopathies seen on imaging can be 
asymptomatic (Kaux et al. 2011). As it regards 
external snapping, this phenomenon can occur as a 
result of a thickening of the posterior ITB, the ten-
sor fascia lata or the gluteus maximus as they slide 
over the greater trochanter, during hip flexion. In 
more severe cases the snap may be also repro-
duced with hip rotations. This phenomenon is 
always voluntary and is the most common form of 
coxa saltans (Ilizaliturri and Camacho- Galindo 
2010).

In GTPS pain is referred by the patient as lat-
eral, with an insidious onset. It is persistent and 

often exacerbated by lying on the affected side, sit-
ting with the legs crossed or by prolonged weight 
bearing in unilateral stance. Symptoms may also 
extend laterally down the thigh, rarely below the 
knee or posteriorly into the gluteal region. In case 
of an external snapping, patient can complain a 
snap while flexing or rotating the hip, often in 
absence of pain. At the physical examination, neu-
rological and screening examination for the lum-
bosacral region is mandatory. The consistent 
feature of the syndrome is increased tenderness to 
palpation, but it has been seen that the intertester 
error in palpating the greater trochanter bony land-
mark is greater than 15 mm which is significantly 
larger than the dimensions of the normal bursae or 
footprint of the tendon insertions (Moriguchi et al. 
2009). A positive FABER test and pain with 
resisted hip abduction can be found. The gluteal 
tendon pathology can be represented by pain, 
weakness or a lag during resisted hip abduction 
testing. The presence of a Trendelenburg sign is 
both reliable and accurate with a sensitivity of 
73% and specificity of 77% in patients with MRI 
evidence of a torn tendon (Bird et al. 2001). 
Reproduction of the lateral hip pain during resisted 
hip internal rotation back to neutral, with hip 
flexed to 90°, also had a high correlation with the 
presence of tendon change on MRI with a sensitiv-
ity of 88% and specificity of 97% (Lequesne et al. 
2008). The Ober test is described as a mechanism 
to evaluate for ITB (tensor fascia lata/gluteus max-
imus) tightness and may cause compressive pain 
over the trochanter but has not been studied for its 
accuracy as a specific predictor of GTPS (Mulligan 
et al. 2015). The hip lag sign, in which the ability 
to hold an antigravity position of hip abduction is 
used to detect a gluteus medius tear, is considered 
positive if the foot drops more than 10 cm or the 
patient cannot hold the internally rotated position. 
It seems to be 89% sensitive and 97% specific 
(Kaltenborn et al. 2014). For the external snapping 
hip, the patient could be asked to voluntarily repro-
duce the sign. Otherwise in a side lying position 
with the ITB on stretch, it can be evaluated if the 
snapping complaint is present as the patient 
actively flexes and extends the hip (Mulligan et al. 
2015). Radiological investigations start as usual 
with a plain radiograph of the pelvis that can depict 

Fig. 24.3 MRI scan showing a right medius gluteus 
tendonitis
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greater trochanteric enthesopathy. Ultrasound can 
be useful to get a dynamic imaging investigation. 
MRI showed good accuracy for the diagnosis of 
tears of the gluteus medius and gluteus minimus 
tendons. However, Blankenbaker found a high 
prevalence (50%) of peritrochanteric imaging 
abnormalities in patients without trochanteric pain 
(Blankenbaker et al. 2008). In difficult cases, 
injection test with local anaesthetic in the trochan-
teric area may be performed.

Most patients have resolution of their symp-
toms with conservative treatments, with surgical 
interventions usually appointed for refractory 
cases, nonrespondent to conservative treatments. 
Also regenerative injection therapy is also a poten-
tial treatment option for GTPS (Reid 2016). 
Conservative treatments start with NSAID therapy 
and physiotherapy with eccentric exercises. Patient 
treated with corticosteroid local injection showed 
significant early improvement up to 3 months, but 
often recurrence in the longer term (Mani-Babu 
et al. 2015). A concern for use of corticosteroid 
injections is the possibility for weakening the ten-
don structure in the long term. There is a low rate 
of serious adverse effects after multiple injections, 
while minor side effects such as skin depigmenta-
tion and post injection pain are common (Reid 
2016). Shock wave therapy (SWT) has been 
shown to be effective in particular for GTPS, even 
if the mechanism of how SWT has an effect on 
GTPS is unclear (Mani- Babu et al. 2015). It is con-
sidered to stimulate healing, possibly by stimulat-
ing cellular activity and increasing blood flow 
(Kaux et al. 2011). Low-energy SWT is an effec-
tive treatment for chronic GTPS with improve-
ment being maintained at 12 months. There is a 
significant improvement with repetitive low-
energy SWT compared to CS injection at 4 months 
(Rompe et al. 2009). However, the available evi-
dence for SWT for GTPS is still limited. Then also 
platelets reach plasma (PRP) or whole blood injec-
tions have been used for the treatment of tendinopa-
thies to promote natural healing by providing/
manipulating cellular mediators and growth factors. 
However, no studies directly relating to GTPS are 
present. Present in literature, but with limited evi-
dence for efficacy and safety of use in clinical prac-
tice, are some advances in non- surgical treatments 

that include topical glycerol trinitrate therapy, 
matrix metalloproteinase- inhibitor injection, gene 
or stem-cell therapy, autologous tenocyte injection 
and sclerosant injections (Reid 2016). In case of 
conservative options failure surgical treatment 
could be taken in account for different GTPS enti-
ties. Surgery, open or by endoscopic procedure, 
can include bursectomy, gluteal tendon repair, ITB 
release or trochanteric reduction osteotomy, often 
with a combination of these interventions. Surgery 
can provide also a grading of the gluteal tears. 
Using open procedures, two classifications can be 
obtained. The first one is the Milwaukee classifica-
tion, in which the trochanter is represented by a 
clock face and grade 1, 2, 3 and 4 tears correspond 
to 1 h, 2 h, 3 h and a bald trochanter (Davies et al. 
2013). The other one is the Walsh classification, in 
which type 1 tears had a normal bursa, normal 
appearance of the gluteus medius tendon, deep 
surface detachment anteriorly only and a normal 
gluteus minimus; type 2 tears had a normal bursa, 
thickening of the tendon, greyish discoloration, 
loss of normal striations, detachment that may 
extend posteriorly and a stretched gluteus mini-
mus; type 3 tears had a scarred bursa and may have 
free fluid and tendon changes as in type 2 but a 
small disruption exposing the underlying trochan-
ter with a partial tear or detachment of the gluteus 
minimus; and type 4 tears had total disruption of 
the gluteus medius and minimus tendons exposing 
the entire trochanter front and back with ulceration 
of the fascia lata (Walsh et al. 2011). Using an 
endoscopic procedure, Domb and Carreira intra-
operatively graded gluteal tears based on the per-
centage of the tendon involved. Grade 2 tears were 
repaired using a transtendinous technique and 
grade 4 tears with a full-thickness repair tech-
nique. Grade 3 tears were repaired with either 
technique depending on how near the tear was to 
full thickness (Walsh et al. 2011). Regarding glu-
teal tendon tears, surgical repair has shown good 
long-term improvement. A study about 72 cases 
reported 95% improvement, maintained at 
12 months (Walsh et al. 2011). In the open proce-
dure, patients are positioned in the lateral decubi-
tus position, and a direct approach to the greater 
trochanter is performed. Then a bursectomy can be 
carried out or neither. The gluteus medius and 
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minimus tendons are identified, and the ends are 
debrided. The trochanter is decorticated and then 
the tendons are sutured to bone with transosseous 
tunnels, or by anchors or with a combination of 
both these two techniques. Sutures are used in a 
vertical mattress configuration in the tendon or in 
a double-row configuration with anchor sutures 
securing the avulsed edge and heavy absorbable 
sutures to oversew the free edge to create a water-
tight seal. If the posterior fibres of the gluteus 
medius are involved, these are secured to the tro-
chanter through a set of medial and lateral transos-
seous tunnels, with simple vertical stitches over 
the free flap to simulate a double-row repair. In 
addition, for retracted tears with an exposed tro-
chanter, repair can be supplemented with a fascial 
allograft (Chandrasekaran et al. 2015). In the 
endoscopic procedure, the patient can be placed in 
a supine position or in a lateral position with the 
leg slightly abducted. A combination of direct 
distal-lateral and proximal portals (plus other 
accessory portals) are used to view the peritro-
chanteric space and facilitate instrumentation. A 
trochanteric bursectomy is performed every time 
to aid visualization. For partial tears, a longitudi-
nal split is made in the gluteal tendon to create a 
trochanteric window for bone preparation. The 
gluteal tendons are mobilized by removing scar 
tissue and adhesions. Then anchors are placed in 
the greater trochanter, and horizontal mattress 
sutures are placed in the tendons. A double-row 
technique for full-thickness tears is used to pro-
vide added compression of tendon to bone. After 
surgery, the patient has a period of restricted 
weight bearing for about 6 weeks, before starting 
with rehabilitation protocols. Some surgeons rec-
ommend an abduction brace for the first post- 
operative period. Outcome results are very good 
for both the procedures. However, open technique 
has retears and wound problems in some cases 
(7.8% and 3.1% respectively) as disadvantages, 
while no complications are reported for endo-
scopic procedures (Chandrasekaran et al. 2015). 
Also bursectomy can be performed with open or 
endoscopic procedures. For the open surgery, a 
direct lateral approach is used. For the endoscopic 
bursectomy, the patient can be placed either in the 
supine or lateral position. If a supine position is 

preferred an anterolatral (AL) portal, slightly more 
superior than the standard one is created initially. 
Then a 30° scope is used to visualize the peritro-
chanteric space, which is often found to be occu-
pied by copious amounts of thickened bursa. Then 
a distal AL (DAL) portal in line with the initial AL 
portal is created to be used as a working portal. In 
case of a lateral decubitus position, an anterior 
portal and a distal posterior portal are used to allow 
for visualization and adequate access to the 
peritrochanteric space. Bursectomy is then per-
formed using a shaver. An ITB release either pre-
ceding or subsequent to the bursectomy has been 
described, with favourable results (Reich et al. 
2013). Painful external snapping that is refractory 
to conservative treatment is rare. The goal of the 
surgery is to relax the tendon to eliminate the snap-
ping. This can be obtained by a fractional length-
ening or a complete release of the tendon. Various 
types of lengthening procedures have been 
described including Z-shaped release, formal Z 
lengthening, cross-shaped release and release of 
the gluteus maximus tendon insertion to the femur. 
All techniques can be performed both open, with a 
direct lateral approach, and endoscopically (Yen 
et al. 2015). In the endoscopic procedure the 
patient could be placed as usual in both supine and 
lateral positions. In the lateral position, working 
from the outside surface of the ITB, it is exposed 
and released with a diamond-shaped resection 
(Ilizaliturri et al. 2006). In another technique per-
formed with the patient placed in a supine posi-
tion, a gluteus maximus tenotomy is performed 
through the ITB with an inside-out technique to 
decrease tension on the iliotibial band (Polesello 
et al. 2013). All the procedures show good results 
at the long-term follow-up without significant 
complications (Reid 2016).

24.5  Tendinopathies 
of the Posterior Area

24.5.1  Hamstrings

With the exception of the short head of the biceps 
femoris, the hamstring complex originates from 
the ischial tuberosity and inserts distally below 
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the knee on the proximal tibia. The tibial branch 
of the sciatic nerve innervates the semitendinosus, 
semimembranosus and the long head of biceps 
femoris, while the short head is innervated by the 
peroneal branch of the sciatic nerve. The proximal 
hamstring complex has a strong bony attachment 
on the ischial tuberosity. The footprint on the 
ischium includes the semitendinosus and the long 
head of biceps femoris, beginning in a common 
proximal tendon, while there is a distinct semi-
membranosus footprint. The semimembranosus 
footprint is lateral (and anterior) to the crescent-
shaped footprint of the common insertion of the 
semitendinosus and long head of the biceps femo-
ris (Guanche 2015). Among acute injuries states 
range from benign hamstring strain injuries to 
severe total ruptures of all the three tendons 
(Fig. 24.4). There is then a chronic proximal ham-
string tendinopathy (PHT). Acute injuries usually 
derived from a traumatic event with forced hip 
flexion and knee in extension. Otherwise in the 
chronic tendinopaty, the onset is more insidious. 
Proximal hamstring tendinopathy is considered to 
be an insertional tendinopathy and compression 
of the tendon at its attachment during hip flexion/
adduction is thought to be a key etiological factor 
(Cook and Purdam 2012). Shear force between 
the hamstring attachment and ischial tuberosity 
has been reported when replicating in vivo load-
ing as well as increased displacement of proximal 
hamstring tendon with increased hip flexion 
angle. Extrinsic aetiological factors include train-
ing errors such as increasing volume or intensity 
too quickly, particularly the sudden introduction 
of sprint work, lunging, hurdles or hills. These 
activities require the hamstring to contract or 
lengthen while in hip flexion and may result in 
provocative tensile and compressive load at the 
tendon insertion (Docking et al. 2013). Symptoms 
may also occur due to excessive use of static 
stretches, for example, in yoga and Pilates involv-
ing sustained end-range hip flexion postures. 
Systemic factors, as loss of oestrogen at meno-
pause, are thought to negatively influence tendon 
homeostasis and to reduce the threshold for ten-
don pain and pathology from load-related factors 
(Goom et al. 2016). Commonly, patients with 
proximal hamstring tendon tears describe a pop-

ping or tearing sensation with associated acute 
pain and bruising over the posterior hip. They 
may also complain of a pins and needles sensation 
in the sciatic nerve distribution, much like sciat-
ica. This may be due to the acute compression of 
a hematoma in the proximity of the sciatic nerve 
or chronic scarring and tethering of the tendon to 
the nerve. Similarly, symptoms of ischial bursitis 
include buttock pain or hip pain and localized ten-
derness overlying the ischial tuberosity with occa-
sional sciatica symptoms (Guanche 2015). The 
main symptom is pain in the lower gluteal region, 
sometimes radiating along the hamstrings to the 
posterior thigh. The pain mainly manifests dur-
ing running at a faster pace or while sitting for a 

Fig. 24.4 MRI scan showing an hematoma of the right 
hamstrings
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prolonged time. Typically, the pain appears with-
out any sudden trauma and gradually becomes 
worse. However, sometimes patients also report 
history of repetitive hamstring injuries. In gen-
eral, continued training and stretching of the ham-
strings make the situation gradually worse. On 
clinical examination, there is often palpable ten-
derness and pain over the ischial tuberosity 
against resisted knee flexion. Furthermore, active 
stretching of the hamstrings recreates the pain at 
the site of the ischial tuberosity as well. Typically, 
peripheral neurological tests are normal and no 
strength deficiencies are noted in knee flexion or 
in hip extension (Lempainen et al. 2015). In case 
of an acute injury is suspected, standard radio-
graphs of the pelvis and a lateral of the affected 
hip are performed to rule out any apophyseal 
avulsions, particularly to the ischial tuberosity in 
younger patients. Most commonly, no fractures 
are identified and MRI is used to assess the proxi-
mal hamstring insertion on the ischial tuberosity, 
where several types of injuries may be seen. A 
complete rupture of all three tendons is common 
and is easily identified on MRI. Partial hamstring 
origin tears, however, are more difficult to delin-
eate. The most common situation is an avulsion of 
the common semitendinosus and biceps origin, 
with the semimembranosus remaining intact 
(Guanche 2015). MRI and ultrasound are the 
methods of choice for the visualization of the 
hamstring tendon complex. Ultrasound is a read-
ily available and cost-effective imaging technique 
that allows dynamic evaluation for hamstring ten-
dons. The advantage of MRI is better soft tissue 
contrast. It is more sensitive than US in detecting 
tendinopathy and peritendinous oedema of the 
proximal hamstring tendons. Peritendinous 
oedema with a distal feathery pattern is a more 
reliable sign of tendinopathy. Changes that mimic 
bone marrow oedema and thickening of tendons 
are also often seen. However, all these changes 
can also be seen in asymptomatic tendons, and 
therefore, a close correlation between imaging 
and the clinical findings is paramount (Lempainen 
et al. 2015). Nonoperative treatment for acute 
injuries is most commonly recommended in case 
of lowgrade partial tears. In general, nonoperative 
treatment in higher-level athletes has not been 

effective, as up to 80% complain of ongoing 
cramping and weakness (Lempainen et al. 2009). 
Initial treatment consists as usual of rest, NSAID 
therapy and physiotherapy rehabilitation. An 
ultrasound- guided corticosteroid injection may be 
used and has been shown to provide initial relief 
in up to 50% of patients at 1 month (Zissen et al. 
2010). The time to full recovery is normally 
between 1 and 3 months. Recently a safe endo-
scopic procedure for the management of proximal 
hamstring tears has been described. The patient is 
placed in the prone position and two portals are 
then created, 2 cm medial and lateral to the pal-
pable ischial tuberosity. The lateral portal is estab-
lished first, penetrating the gluteus maximus. The 
medial portal is then established, taking care to 
palpate the medial aspect of the ischium. The lat-
eral aspect is then exposed with the use of a 
switching stick as a soft tissue dissector. With the 
lateral aspect identified, the dissection continues 
anteriorly and laterally towards the sciatic nerve, 
with a very careful and methodical release of any 
soft tissue bands. The nerve is then identified and 
protected and the tendinous origin inspected. In 
acute tears, the area is obvious and the tendon is 
often retracted distally. In these cases, there is 
occasionally a large hematoma that requires evac-
uation. Once the area of pathology is identified, 
the devitalized tissue is removed and a bleeding 
corticocancellous bed is prepared in anticipation 
of the tendon repair. A third portal is then created 
approximately 4 cm distal to the tip of the ischium 
and equidistant from the medial and lateral por-
tals. This portal is used for insertion of suture 
anchors, as well as suture management. Post-
operatively, the patient is fitted with a hinged knee 
brace that is fixed at 90° of flexion for 4 weeks. 
After the knee is gradually extended by about 30° 
per week to allow full weight bearing by 
6–8 weeks, while maintaining the use of crutches. 
Full and unrestricted activity is allowed, after a 
physiotherapy period, at approximately 4 months 
(Guanche 2015). Conservative treatment is com-
parable to those of other chronic tendinopathies, 
including reduction or pause of sports activity, 
soft tissue mobilization, physiotherapy and con-
tinuous home exercise programme focusing on 
progressive eccentric hamstring strengthening 
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and core stabilization. Then additional physical 
therapies have been described as soft tissue mobi-
lization, lumbopelvic stabilization exercises, trig-
ger point dry  needling and electrical muscle 
stimulation combined with US (Jayaseelan et al. 
2013). As options for recalcitrant disease refrac-
tory to conventional treatment some other 
approaches including shockwave (SWT) and 
ultrasound (US) therapy, ultrasound-guided corti-
costeroid and Platelet rich plasma (PRP) injection 
have been purposed (Cacchio et al. 2011; Zissen 
et al. 2010; Wetzel et al. 2013). Peritendinous cor-
ticosteroid injection has been associated with a 
low rate of symptoms. PRP injection, despite a 
limited evidence and waiting for further robust 
clinical trials, has been reported to have therapeu-
tic potential for several tendinopathies. In case of 
failure of the conservative treatment, surgical 
indication should be considered. Sciatic Nerve’s 
close relation to the proximal hamstring tendons 
has to be taken into consideration, with adhesions 
or direct compression by the swollen tendons 
(Miller et al. 2007). Technically a partial tenot-
omy is performed. With the patient in a prone 
position the ischial tuberosity is exposed either 
via a transverse gluteal crease incision or via a 
longitudinal posterior incision by retracting supe-
riorly the gluteus maximus muscle. The proximal 
attachment sites of the hamstring muscles is iden-
tified and a transverse tenotomy is done to the 
thickened semimembranosus tendon 3–4 cm dis-
tal to its origin. The biceps femoris and semitendi-
nosus muscles are normally left intact. The 
partially tenotomised semimembranosus tendon 
is then sutured to the biceps femoris tendon to 
prevent excessive retraction. After tenotomy the 
sciatic nerve is explored and freed from adhesions 
if necessary. After surgery the patient is allowed 
to begin full weight bearing gradually during the 
first two post-operative weeks. All kind of stretch-
ing and pressure to the hamstrings are avoided 
first three to four weeks. Light swimming and 
aqua training are allowed 2–3 weeks after surgery. 
Bicycling with gradually increasing time and 
intensity is begun after 4 weeks. Running and 
heavier weight training are typically allowed 
2 months after the operation (Lempainen et al. 
2015). Results reported are good with 80 out of 90 

patients being able to return to the same level of 
sporting activity as before the onset of the symp-
toms after surgery (Lempainen et al. 2009). This 
took an average of 5 months (range, 2–12). 
Similar results have also been reported after sur-
gery in nonathletic patients with chronic PHT 
symptoms (Saikku et al. 2010).

24.5.2  Piriformis

The piriformis muscle is biarticular, constituting 
a bridge in front of the sacroiliac joint and behind 
the coxofemoral joint. It has a triangular shape 
with the base inserted on each side of the ventral 
surface of the sacrum at the edges of the 2nd and 
3rd sacral foramens. The piriformis muscle exits 
the pelvic cavity by sliding under the greater sci-
atic notch, above the sacral spinal ligament. It 
then runs diagonally downwards through the glu-
teal region and culminates on the upper side of 
the greater trochanter of the femur. In the gluteal 
region it is located under the gluteus maximus 
and above the internal obturator muscle ending. 
It delimits the two zones of musculoligamentous 
passages known as the supra-piriformis and 
infra-piriformis foramens. The superior gluteal 
nerves and vessels traverse the supra-piriformis 
foramen. Along with the inferior gluteal and 
pudendal nerves, the sciatic nerve passes through 
the infra-piriformis canal. Less frequently, the 
sciatic nerve can go so far as to span the pirifor-
mis muscle. The piriformis muscle is essentially 
a lateral hip rotator, but it is also an extensor. It 
may take on a secondary role as an abductor 
when its point of support on the sacrum is proxi-
mal (Michel et al. 2013). The piriformis muscle 
syndrome (PMS) is defined as an entrapment 
neuropathy involving compression of the sciatic 
nerve by the piriformis muscle and entailing a 
number of symptoms with truncal sciatic pain, 
initially in the muscles of the buttocks (Robinson 
1947). Complex proximal insertion appears 
likely to create zones of conflict. The distal femo-
ral insertions of the piriformis muscle also consti-
tute the locus of tendinous expansion towards the 
different structures located at the posterior supe-
rior edge of the greater trochanter. The stabilizing 
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role of the piriformis muscle on the sacroiliac 
joint has been described (Snijders et al. 2006). 
Positional factors such as prolonged  sitting and 
intense physical activity such as long- distance or 
cross-country running have been associated with 
piriformis syndrome. In the seated position, espe-
cially when the torso is sagittally straight, the 
pelvis carries out an anteversion movement pro-
voking tension in the sacrotuberal ligament 
strongly associated with the piriformis muscle. 
During a footrace, the constraints endured by the 
sacroiliac joints drive the lower extremity of the 
sacrum upwards, and yet, it is held back by sev-
eral ligaments, including the sacrotuberal (Michel 
et al. 2013). Patients complain pain in the buttock 
that may refer down the back of the leg in a sci-
atic distribution and is aggravated with sitting. 
Onset is typically insidious but may involve a 
traumatic impact, such as a fall. Its fluctuating 
development is favoured by intense effort and, 
more particularly, by “trigger” postures. Initial 
clinical assessment must preclude lombosciatica 
of discal origin, coxofemoral joint pain or sacro-
iliac joint pathology. There are some risky sport 
activities (distance running, cycling, horse rid-
ing) and exposed professions involving pro-
longed periods in a seated position (truck driver, 
taxi driver). During palpation of the gluteal 
region can be perceived an indurated and painful 
cord along the trajectory of the piriformis mus-
cle. In a patient in a contralateral lateral decubi-
tus position, the examiner places the hip of the 
painful lower member at 45° of flexion and in 
light internal rotation. The piriformis muscle is 
palpated 1–2 cm below the middle third of a line 
drawn between the posterior superior iliac spine 
and the upper boundary of the greater trochanter. 
Different manoeuvres can reproduce the pain 
experienced by the patient: buttock pain and sci-
atic torpor accompanied sometimes by distal par-
esthesia. Prolonging these manoeuvres, the 
sciatic pain may appear. In the Freiberg manoeu-
vre with a patient in supine position, the exam-
iner provokes internal rotation and adduction of 
the affected lower limb, with the hip in 45° flex-
ion and the knee in extension. Also a FADIR test 
can evoke symptoms. In the Pace and Nagle 
manoeuvre with his legs dangling over the edge 

of the examination table, the seated patient is 
asked to separate his knees against the manual 
resistance of the examiner. In the Beatty manoeu-
vre, the patient is placed in lateral decubitus posi-
tion on the healthy side. On the painful side, the 
hip and the knee are in flexion, thereby allowing 
the medial surface of the knee to be propped on 
the examination table and the foot to be hooked 
behind the leg of the healthy limb. The patient is 
asked to carry out a movement of lateral rotation 
and hip abduction against the manual resistance 
of the examiner. From the same starting position, 
in the Fishman FADIR test, a foot is hooked 
behind the heel of the healthy limb. The patient 
actively raises the foot along the dorsal side of 
the leg (Michel et al. 2013). Imaging studies 
(standard X-ray, scanner, MRI) of the spine, the 
hips and the pelvis facilitate elimination of dif-
ferential diagnoses. A pelvis MRI scan is neces-
sary to detect on the affected side a possible 
hypertrophy of the piriformis muscle, which is a 
potential source of compression of the sciatic 
nerve (Pecina et al. 2008). In the context of a dif-
ferential diagnosis, electroneuromyography 
(ENMG) allows for visualization of electrical 
signs in connection with a truncal injury of the 
sciatic or root nerve L5 or S1. Piriformis syn-
drome usually responds to conservative treat-
ments, including physical therapy, lifestyle 
modification and NSAIDs. Mobilization of soft 
tissue restrictions and trigger points is useful. 
Aggressive piriformis stretching should be 
avoided when symptoms are irritable. Hip and 
lumbosacral mobilizations may also be useful if 
restricted motion is observed. Image-guided 
injections (corticosteroid, anaesthetic or botuli-
num toxin A) may be used for refractory cases to 
obtain short-term relief and determine potential 
surgical benefit (Filler et al. 2005; Jankovic et al. 
2013). A pelvic neurogram is recommended in 
refractory cases to better assess for anomalous 
sciatic nerve anatomy causing piriformis syn-
drome. When the diagnosis is clear, cases that fail 
conservative treatment may benefit from endo-
scopic release of the piriformis and sciatic nerve 
decompression. Access to the subgluteal region 
begins with development and inspection of the 
peritrochanteric region. Then, viewing from the 
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peritrochanteric space, posterolaterally based por-
tals can safely be positioned. These must be poste-
rior enough to pass behind the posterior border of 
the greater trochanter. The hip is placed in full 
internal rotation that brings the greater trochanter 
more anterior and eases access to the subgluteal 
region. Once complete visualization has been 
achieved by clearing out various membranous lay-
ers, the piriformis is divided at its myotendinous 
junction. This is lateral to the sciatic nerve and 
typically results in approximately 3 cm tendinous 
insertion stump that is excised. The sciatic nerve 
can be visualized coursing from the notch distally 
into the proximal thigh, and other sites of compres-
sion or tethering can be identified. Mobilization of 
the nerve always begins on its lateral border, from 
which no nerve branches exit that could possibly be 
harmed. Postoperatively, crutches are used only for 
a couple of weeks to normalize gait. Range of 
motion is emphasized, especially for mobilization 
of the sciatic nerve to prevent adhesions. Prolonged 
sitting is avoided with resumption of activities after 
2 months as symptoms allow (Byrd 2015).
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The Groin Pain Syndrome

G.N. Bisciotti and P. Volpi

25.1  Introduction

Groin pain syndrome (GPS) is a widely known 
issue among professional and amateur athletes 
and is a very significant problematic situation 
that can be associated with an important time loss 
from sports (Engebretsen et al. 2010; Hölmich 
et al. 2014). Despite his incidence in athletic pop-
ulation being high (5–28%), the debate regarding 
his nomenclature diagnosis and management has 
not still reached a consensus (Weir et al. 2015). 
This poor definition of GPS means that its man-
agement has varied widely. It is important to 
underline that the term “groin pain,” like all the 
other terms that are used worldwide describing 
these types of clinical situation like groin disrup-
tion, sport hernia, athletic pubalgia, etc., describes 
a symptom (i.e., “pain in the groin area”) and 
does not represent a diagnosis. The definition 
concerning GPS established during the first 
Groin Pain Syndrome Italian Consensus 
Conference (GPSICC), organized by the Italian 
Society of Arthroscopy in Milan, on February 5, 
2016 (Bisciotti et al. 2016), was:

Any clinical symptom reported by the patient, 
located at the inguinal-pubic-adductor area, 
affecting sports activities and/or interfering with 
Activities of Daily Living (ADL), and requiring 
medical attention.

The term “symptomis” adopted during the 
GPSICC is justified by the fact that in GPS a fre-
quent overlapping of different clinical frame-
works that strongly interact with each other is 
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present (Vidalin et al. 2004; Bisciotti et al. 2013a, 
2015). For this reason GPS is often a diagnostic 
challenge. One reason of this diagnostic diffi-
culty is the anatomical complexity of the groin 
area and the frequent overlapping of different 
diseases which makes extremely complicated a 
correct diagnosis (Bradshaw et al. 2008; Werner 
et al. 2009; Nicholson and Scott 2012; Kemp 
et al. 2012).

25.2  The Different Causes of GPS

During GPSICC, a document was discussed and 
approved in which, after a deep examination and 
discussion concerning the literature, a subdivision 
of GPS in 11 different categories was proposed, 
including 63 most common and probable diseases 
that can cause GPS (Table 25.1) as follows:

 (1) Articular causes
 1. Acetabular labrum tear
 2. Femoroacetabular impingement(I)

 3. Hip anterosuperior labral tear with avul-
sion of rectus femoris (HALTAR)

 4. Hip osteoarthritis
 5. Intra-articular loose bodies
 6. Hip instability
 7. Adhesive capsulitis
 8. Legg-Calvé-Perthes disease and its 

outcomes

 9. Dysplasia and its outcomes
 10. Epiphysiolysis and its outcomes
 11. Avascular necrosis of the femoral head
 12. Sacroiliac joint disorders
 13. Lumbar spine disorders
 14. Synovitis

Notes:
(I): Cam-FAI, pincer-FAI, subspine impinge-

ment (or anterior inferior iliac spine (AIIS) 
impingement)

• Visceral causes
 1. Inguinal hernia(I)

 2. Other types of abdominal hernia
 3. Intestinal diseases

Notes:
(I): Concerning inguinal hernia, it is recom-

mended to adopt the classification proposed by 
the European Hernia Society (Nicholson and 
Scott 2012).

• Bone causes
 1. Fractures and their outcomes
 2. Stress fractures(I)

 3. Avulsion fractures(II)

 4. Iliac crest contusion (hip pointers)(III)

Notes:
(I): Substantially concerning the pubic ramus 

or the femoral neck.
(II): Mainly pediatric avulsion fractures 

involving the anterior inferior iliac spine (AIIS), 
the anterior superior iliac spine (ASIS), and the 
ischial tuberosity (ANIT).

(III): Iliac crest contusions or hip pointers 
result from direct trauma at the level of the iliac 
crest with subsequent formation of a periosteal 
hematoma. Such a hematoma can compress the 
lateral femoro-cutaneous nerve and cause 
paresthesia.

• Musculotendineous causes
 1. Rectus abdominis injuries
 2. Rectus abdominis tendinopathy
 3. Adductor muscles injuries

 4. Adductor tendinopathy

Table 25.1 The most likely causes of GPS (Hahn 1989) 
grouped into 11 different categories

Categories
Number of 
pathologies

Articular causes 14
Visceral causes 3
Bone causes 4
Musculotendineous causes 14
Pubic symphysis-related causes 3
Neurological causes 1
Developmental causes 2
Genitourinary disease-related causes 
(inflammatory and not)

15

Neoplastic causes 3
Infectious causes 2
Systemic causes 2
Total: 11 Total: 63
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 5. Rectus abdominis—adductor longus com-
mon aponeurosis injuries

 6. Iliopsoas injuries
 7. Iliopsoas tendinopathy
 8. Other indirect muscle injuries and their 

outcomes
 9. Direct muscle injuries
 10. Iliopsoas impingement(I)

 11. Snapping internal hip
 12. Snapping external hip
 13. Bursitis(II)

 14. Weakness of the inguinal canal posterior 
wall(III)

Notes:
(I): Iliopsoas impingement with the medial 

portion of the acetabular rim.
(II): Specifically concerning the ileopectineal 

bursa and greater trochanter seromucous bursa.
(III): Indicated by tenderness on palpation of 

the inguinal canal, tenderness on palpation at the 
level of the pubic tubercle, and superficial ingui-
nal ring dilatation. In addition, in general manner, 
in case of conservative treatment failure, the cli-
nician must consider signs and symptoms that 
may suggest a serious disease.

• Pubic symphysis-related causes
 1. Osteitis pubis
 2. Symphysis instability(I)

 3. Symphysis degenerative arthropathy

Notes:
(I): The radiological sign of symphyseal insta-

bility is represented by an asymmetry of pubic 
rami greater than 2 mm visible in the Flamingo 
X-ray view.

• Neurological causes(I)

• Nerve entrapment syndrome (II)

Notes:
(I): The category “neurological causes” should 

be divided into two further subcategories. In the 
first category, there is nerve injury due to over-
loading or overstretching (neurological causes 
category A). In the second category, there is 
nerve injury due to an acute compression mecha-

nism or tear of the nerve (neurological causes 
category B).

(II): Specifically concerning the lateral femo-
ral cutaneous nerve, genitofemoral nerve (genital 
branch), ilioinguinal nerve, iliohypogastric nerve, 
femoral nerve, obturator nerve, and pudendal 
nerve.

• Developmental causes
 1. Apophysitis(I)

 2. Growth plate at pubic level(II)

Notes:
(I): Specifically concerning the pubic ramus 

and less frequently the anterior inferior iliac spine 
(AIIS) and anterior superior iliac spine (ASIS).

(II) Below 20 years of age, it is common to 
observe anteromedial foci of endochondral ossi-
fication centers. These findings become particu-
larly evident in MR arthrography (Omar et al. 
2008).

• Genitourinary disease-related causes (inflam-
matory and noninflammatory)
 1. Prostatitis
 2. Epididymitis
 3. Corditis
 4. Orchitis
 5. Varicocele
 6. Hydrocele
 7. Urethritis
 8. Other infections of the urinary tract
 9. Cystitis
 10. Ovarian cysts
 11. Endometriosis
 12. Ectopic pregnancy
 13. Round ligament entrapment
 14. Testicular/ovarian torsion
 15. Ureteral lithiasis

• Neoplastic causes
 1. Testicular carcinoma
 2. Osteoid osteoma
 3. Other carcinomas

• Infectious causes
 1. Osteomyelitis

 2. Septic arthritis
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• Systemic causes
 1. Inguinal lymphadenopathy
 2. Rheumatic diseases

Obviously since, as previously mentioned, 
also GPS term represents an “umbrella term,” 
and it must be necessarily accompanied by a 
well-defined diagnosis. In other words, a correct 
definition of the diagnosis should include the fol-
lowing sentence: “GPS caused by…” or “GPS 
caused by the association….”

25.3  The Most Frequent Causes 
of GPS in Athletes

In athletes the most frequent causes of GPS must 
be classified into articular causes, musculotendi-
nous causes, and pubic symphysis-related causes.

In the first category (i.e., articular causes) , we 
must underline the importance of cam-FAI syn-
drome that can not only cause labrum tear and 
cartilage damage (Zhang et al. 2015) but also be 
the “starter” of inguinal disease, as we will dis-
cuss later (Larson et al. 2011). Furthermore, hip 
pathology includes also extra-articular disease 
like iliopsoas bursitis, trochanteric bursitis, exter-
nal snapping hip syndrome, and stress fracture 
(Zhang et al. 2015).

In the second category (i.e., musculotendinous 
causes), the most frequent clinical frameworks are 
adductor muscle injuries and adductor tendinopa-
thy especially at adductor longus tendon level (Harr 
2016). Nevertheless, it is important to note that 
radiological signs of adductor longus tendinopathy 
are present in 71% of asymptomatic football play-
ers in comparison to a 72% of incidence in a popu-
lation of symptomatic football players (Branci 
et al. 2015). For this reason it is paramount to dis-
tinguish a “true” adductor longus tendinopathy 
causing GPS from a simple functional adaptation.

In the last category (i.e., pubic symphysis- 
related causes), it is important to remember that 
the source of pain should be divided in to three 
zones of focal pain:

 (1) First zone (suprapubic sources of pain): 
regarding the periosteum of the superior por-

tion of the superior pubic rami (correspond-
ing to abdominis rectus muscle insertion)

 (2) Second zone (intrapubic sources of pain): 
regarding the pubic symphysis branches and 
its fibrocartilaginous interpubic disk. Intrapubic 
pain is the sign of “true” osteitis pubis.

 (3) Third zone (infrapubic sources of pain): 
regarding the periosteum of the inferior por-
tion of superior pubic rami (corresponding to 
the adductor longus muscle insertion).

25.4  The Different Types of GPS

The clinical presentation of GPS must be very 
different especially regarding both the etiopatho-
genesis (by traumatic or by overuse origin) and 
the temporal length of the symptoms reported by 
patients. Basing on these two aspects, we propose 
(Bisciotti et al. 2016) to subdivide the GPS into 
the following three categories:

 (1) GPS of traumatic origin, in which the onset 
of pain was due to any acute trauma. This 
hypothesis is supported by medical history, 
clinical examination, and imaging.

 (2) GPS due to functional overload, character-
ized by insidious and progressive onset, with-
out an acute trauma, or a situation to which 
the onset of pain symptoms can be attributed 
with certainty.

 (3) Long-standing GPS (LSGPS) or chronic 
GPS, in which the cohort of symptoms com-
plained by the patient continues for a long 
period (over 12 weeks) and is recalcitrant to 
any conservative therapy.

25.5  The Particular Case of LSGPS

The typical patient who complains LSGP is a sub-
ject with a long history of groin pain (more than 3 
months) that has already performed several clini-
cal and imaging assessments and that, above all, 
has already performed unsuccessfully many types 
of conservative treatments. In this case it must be 
strongly suspected an inguinal disease (Bisciotti 
et al. 2015; Gilmore et al. 2014). With the term 
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“inguinal disease,” we mean a series of clinical 
conditions like true hernia, occult hernia, weak-
ness of the inguinal canal posterior wall, micro-
tear at conjoint tendon, inguinal ligament, and 
Cooper ligament level (Bisciotti et al. 2015; 
Gilmore et al. 2014) that often can cause a situa-
tion of “groin disruption” (Garvey and Hazard 
2014). In the most part of the cases, this situation 
of groin disruption is caused by the presence of a 
cam-FAI syndrome (Bisciotti et al. 2015; Rambani 
and Hackney 2015; Griffin et al. 2016). Cam-FAI 
is an  abnormal conformation of femoral head. In 
other words, cam-FAI is an osteochondral bump 
at femoral head-neck junction leading to a dimi-
nution of the normal femoral head-neck offset 
(Economopoulos et al. 2014; Satpathy et al. 2015; 
Fairley et al. 2016). Cam-FAI syndrome is identi-
fied by measuring the alpha angle on the Dunn 
view X-ray, as showed in Fig. 25.1. An alpha 

angle measuring 55° or greater is considered 
radiographic evidence of cam-FAI (Beck et al. 
2005). Cam-FAI syndrome can cause both hip 
articular cartilage and labral lesion (Griffin et al. 
2016) and limitation of hip joint intra- rotation 
(Hammoud et al. 2012; Hammoud et al. 2014). 
Recently cam-FAI has been shown to be associ-
ated in GPS especially in young high-level ath-
letes (Hammoud et al. 2012; Philippon et al. 
2007; Philippon et al. 2010; Kapron et al. 2011; 
Weir et al. 2011; Siebenrock et al. 2011; Larson 
et al. 2013).

This association may be explained by the fact 
that in the athlete suffering from cam-FAI syn-
drome, the functional range of motion (ROM) 
required in athletic competition is often greater 
than the limited physiologic motion (Hammoud 
et al. 2012, 2014). This limitation of ROM can 
be compensated by an iper-mobility of the sym-
physeal articulation. This iper-mobility of the 
symphyseal articulation can stress the posterior 
inguinal wall and favor the onset of inguinal 
pathology (Bisciotti et al. 2016; Hammoud et al. 
2012, 2014). The inguinal pathology shows a 
low rate of positive outcome with conservative 
treatment (Omar et al. 2008; Ahumada et al. 
2005); in these cases it is necessary to consider a 
surgical treatment. Nowadays, the most utilized 
surgical treatment in inguinal pathology is 
Shouldice repair, open all-suture repair tech-
nique, Lichtenstein repair, transabdominal pre-
peritoneal (TAPP) repair, total extraperitoneal 
(TEP) repair, transinguinal preperitoneal repair 
(TIPP), minimal repair, and inguinal ligament 
release procedure (Muschaweck and Berger 
2010; Lange 2016; Lloyd 2016).

Sometimes this procedures may be completed 
with a single or double tenotomy at longus 
adductor level and/or a triple or selective neurec-
tomy of ilioinguinal, iliohypogastric, and genital 
branch of femorogenital nerves (Harr 2016; 
Muschaweck and Berger 2010; Rossidis et al. 
2015; Santilli et al. 2016). Following surgical 
repair, independently by the surgical technique 
used, most of the series report that >90% of ath-
letes return to full sport activity within 
2–4 months after surgery (Rossidis et al. 2015). 
In any case this high number of techniques used 

Fig. 25.1 Dunn view X-ray in which the alpha angle is 
calculated. The alpha angle is defined by drawing the 
best-fit circle (i.e., the circle that best suits the sphericity 
of the femoral head) and identifying the point where the 
femoral head profile leaves this circle; a line is drawn 
between the center of this circle (A) and the identified 
point (B). A second line is drawn between the point A and 
the center of femoral neck (C). The angle between these 
two lines is the alpha angle. An alpha angle measuring 55° 
or greater is considered a radiographic evidence of cam- 
FAI syndrome
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demonstrates that the pathophysiology of GPS is 
still controversial.

25.6  The Complication of Inguinal 
Hernia Surgical Repair

In the past the hernia surgical repair showed com-
plication of recurrence rate of up to 67% 
(Vahedifar and Kamrava 2016). Nowadays, after 
mesh placement, the problem of recurrence is 
greatly reduced, and the rate of recurrence is cur-
rently between 1% and 10% for all the most used 
surgical techniques (Felix 2001; Pironi et al. 
2008), while chronic groin pain represents a fre-
quent problem after hernia repair with an inci-
dence ranging from 10% to 19% (Vahedifar and 
Kamrava 2016; O’Dwyer et al. 2005), also if 
some series describe an incidence rate as high as 
62.9% (Poobalan et al. 2001) with up to 10% of 
patients falling into moderate to severe pain 
(Hakeem and Shanmugam 2011). Usually sec-
ondary inguinodynia—that is the technical term 
for chronic groin pain after hernia repair that has 
continued for more than three months—is mild 
but in 3% of the subjects is severe and shows dra-
matic effect on patient’s work and life daily activ-
ities (O’Dwyer et al. 2005). SI may be classified 
as neuropathic or non-neuropathic, with approxi-
mately 50% of patients belonging to each cate-
gory (Loos et al. 2007). Then, ironically now SI 
is the most important complication after inguinal 
hernia repair replacing the old problem of recur-
rence of the past. SI may be caused by several 
situations among which the most frequent are:

 (1) During hernia dissection it is possible to pro-
duce a stimulation, an entrapment, or a true 
injury to the nerves. This neuropathic pain 
may be caused by direct nerve injury due to 
granuloma formation, excess fibrotic reac-
tion, direct contact of nerves with mesh, and 
nerve entrapment by sutures, staples, tacks, 
and folded or wrinkled mesh also known as 
meshoma (Aasvang and Kehlet 2005). Also 
the mesh attachment to the pubic tubercle by 
tack or staple may cause a periosteal reaction 
and be a source of SI (Miller et al. 2016). In 

these cases the sequelae are represented by 
neuralgia, paresthesia, hypoesthesia, or 
hyperesthesia. With an open approach, the 
nerves at risk are the genital branch of the 
genitofemoral nerve, the ilioinguinal nerve, 
and the iliohypogastric nerve, while with a 
laparoscopic (TAPP or TEP) approach, the 
nerves at risk are the genital nerve, the femo-
ral branch of the genitofemoral nerve, and, 
more rarely, the lateral femoral cutaneous 
nerve, and the anterior femoral cutaneous 
nerve (O’Dwyer et al. 2005; Ferzli et al. 
2007; Ma and Ramaswamy 2016).

 (2) A remnant cord lipoma (CL) from an original 
surgery. It is important to remember that a 
cord lipoma does not represent a recurrence. 
CL in the most part of the cases does not show 
a peritoneal sac, but despite this can cause the 
same symptoms of a groin hernia (Lilly and 
Arregui 2002). It is important to note that 
spermatic CL is found also in the absence of a 
true inguinal hernia in 36–75% of the cases 
during male subject autopsies, while lipomas 
of the round ligament are present in 21–73% 
of the cases during herniorrhaphy. For these 
reasons they have often considered incidental 
findings during hernia repair (Heller et al. 
2002; Fataar 2011). During TAPP inguinal 
hernia repair, it is more likely that CL or round 
ligament lipoma will be missed (Gersin et al. 
1999). Then given the increasing popularity of 
laparoscopic inguinal hernia repair, the pres-
ence of a missed CL or round ligament lipoma 
should be considered if the patient is still 
experiencing pain after laparoscopic inguinal 
herniorrhaphy (Lilly and Arregui 2002; Nasr 
et al. 2005).

 (3) The onset of nociceptive pain, transmitted to 
the brain via A-delta and C-fibers, is caused 
by activation of nociceptors by nociceptive 
molecules due to tissue injury or inflamma-
tory reaction (Jacob et al. 2016).

In case of post-surgery neuropathic pain, the 
first line of treatment is represented by NSAIDs 
whose purpose is decreasing the inflammation 
process, while for moderate to severe SI, opioid 
analgesia may be necessary (Palumbo et al. 2007). 
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Antidepressants are another first-line therapy used 
for chronic neuropathic pain (Hansen et al. 2010). 
Also the use of corticosteroid drugs in the early 
stage of SI has proven its effectiveness showing 
improvement in 60–80% of the patients after a 
period comprising between 2 weeks and 4 months 
(Kozin et al. 1976; Christensen et al. 1982).

Only after failure of pharmacological treat-
ment may surgical treatment be taken into con-
sideration that consists in partial or complete 
mesh removal, foreign body removal (Öberg 
et al. 2016), and/or a triple (genital branch of the 
genitofemoral nerve, ilioinguinal nerve, and ilio-
hypogastric nerve) or selective neurectomy. The 
neurectomy may be eventually preceded by 
nerve blocks with local anesthetics (Thomassen 
et al. 2013) and pulsed radiofrequency therapy 
(Misra et al. 2009). Neurectomy success rate is 
between 70 and 95% (Hahn 1989; Starling and 
Harms 1989; Bradshaw et al. 1997; Alfieri et al. 
2011). In any case, it is important to underline 
that neurectomy must be avoided for the obtura-
tor nerve since its main function is motor inner-
vations. In case of problem at obturator nerve 
level, the best option is represented by surgical 
neurolysis or nerve decompression (Bradshaw 
et al. 1997).

A specific clinical framework in the context of 
post-surgery neuropathic pain is represented by 
chronic testicular pain or orchialgia (OR). Very 
often the etiopathogenesis of OR is different 
from that of SI both from neuroanatomical and 
causative points of view. OR can arise after all 
types of surgical inguinal repair and his manage-
ment remains a challenge. Triple neurectomy is 
typically ineffective for OR, and the best solution 
is the resection of the parabasal fibers or sper-
matic cord denervation (Strom and Levine 2008; 
Levine 2010; Dunkin 2016).

25.7  The Association 
Between Inguinal Hernia 
and Adductor Tendinopathy

The symphysis instability due to the presence of a 
cam-FAI syndrome often causes the association 
of three different pathologies: osteitis pubis, 

severe longus adductor tendinopathy, and weak-
ness of the inguinal canal posterior wall or ingui-
nal hernia (Bisciotti et al. 2016). In these particular 
cases, it becomes necessary for a double surgical 
intervention. The first consists in a mesh position-
ing, or otherwise in a surgical reinforcing inguinal 
canal posterior wall technique, coupled to adduc-
tor longus, partial, or total tenotomy (Harr 2016; 
Rossidis et al. 2015). The adductor longus tenot-
omy presents the multiple vantage points to 
relieve the mechanical stress at adductor and at 
rectus abdominis level as well as the inguinal 
floor weakness and therefore may be the most 
optimal management especially in the case of 
severe adductor tendinopathy coupled to inguinal 
pathology (Rossidis et al. 2015). Recent studies 
show that open and laparoscopic inguinal hernia 
repair, with or without mesh placement, coupled 
to adductor tenotomy demonstrates a return to full 
activity rate of 95–100% in 3–4 months (Harr 
2016; Rossidis et al. 2015). It is important to 
remember that some electromyographic studies 
demonstrate that adductor longus muscle shows 
minimal activity during sprint (Mann et al. 1986) 
or cutting movements (Neptune et al. 1999). For 
this reason more recent studies demonstrate that 
the release of the longus adductor tendon does not 
compromise the high- level sports performance 
(Bisciotti et al. 2013a, 2013b; Schlegel et al. 
2009).

25.8  The Problematic of Double 
(Hernia and Cam-FAI) 
Surgical Intervention

Given the relationship between cam-FAI syn-
drome and inguinal pathologies, a problem arises 
if an athlete shows both pathologies, if the sur-
geon must limit the surgical intervention only to 
the inguinal pathology, or if he must also con-
sider a second surgery intervention concerning 
the cam-FAI deformity. This problematic had 
already been raised by other authors (Larson 
et al. 2011; Hammoud et al. 2012).

Larson et al. (2011) evaluated 37 subjects that 
were diagnosed with both symptomatic GPS and 
associated intra-articular hip pathology (30 cases 
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of FAI, 1 traumatic labral tear, and 1 borderline 
dysplasia). The subject was evaluated at a mean 
of 29 months (range, 12–78 months) after sur-
gery. The results showed that when surgery only 
addressed either GPS or intra-articular hip 
pathology, the outcomes were suboptimal. On the 
contrary surgical management of both disorders 
concurrently or in a staged manner led to 
improved postoperative outcomes scoring and an 
unrestricted return to sporting activity in 89% of 
the subjects.

Hammoud et al. (2012) report a series of 38 
professional athletes surgically treated for symp-
tomatic cam-FAI, with 12 of the considered sub-
jects (32%) having previous surgical intervention 
for inguinal pathologies (IP). After additional 
surgical treatment for cam-FAI, all the patients 
were able to return to their sport activity. 
Moreover, of the 26 remaining patients, 15 had 
symptoms of IP that were resolved with surgical 
treatment. In this study, 39% (15/39) of athletes 
with both IP and cam-FAI symptoms had com-
plete resolution of pain and return to their sport 
activity with cam-FAI surgery alone.

Therefore, it is possible that there exists a 
degree of impingement, and consequently an 
alpha angle value, beyond which it is necessary 
to consider the double surgery. Furthermore, it is 
also reasonable to suggest the hypothesis that a 
surgery mesh intervention in the presence of a 
high degree of hip impingement may have on the 
long follow-up a negative outcome due to the 
persistence of mechanical stress. However, fur-
ther studies of more evidence are needed to con-
firm this hypothesis.

 Conclusions

The GPS is sometimes a true diagnostic chal-
lenge for clinician because of the anatomical 
complexity of the groin area and the frequent 
overlapping of the different clinical frame-
works causing GPS. Nevertheless, the refer-
ence to the main causes of GPS established 
during the first GPSICC may be an important 
help for the clinician in establishing a correct 
diagnosis. Furthermore, it is important to 
remember that the strong association between 
cam-FAI syndrome and inguinal pathologies 

and the increased diffusion of laparoscopic and 
open techniques for inguinal hernia repair will 
require in the future for the clinician to address 
new and challenging clinical frameworks.
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Indications for Surgical Treatment 
in Hamstring Tears

Lasse Lempainen, Janne Sarimo, Pekka Niemi, 
and Sakari Orava

26.1  Introduction

Most hamstring injuries are treated conserva-
tively with good results. However, there are cases 
in which surgery should be considered already in 
the acute phase. Also there are cases in which 
surgery should be considered later if nonopera-
tive treatment appears to be unsuccessful.

26.2  Terminology

Nomenclature of the injury should be muscle/
tendon specific. Concerning injury classification, 
the term “partial tear” comprising collectively all 
the three hamstring muscles is nowadays not 
accurate enough. Instead of talking about a par-
tial hamstring tear, we should talk about a partial 
biceps femoris (BF) tear, for example. 
Furthermore, more information would be 
obtained if isolated muscle/tendon ruptures were 
categorized also proximally as complete ones 
(grade III injury), for example, complete proxi-
mal semimembranosus (SM) rupture. Also the 
location of the tear is of importance. A proximal 
avulsion is often treated differently than a tear in 
the muscular part.

A term “central tendon” has been suggested 
regarding injuries in the muscular part where then 
tendon is surrounded by the muscle belly. The 
term has been applied also in other than hamstring 
injuries, e.g., in the rectus femoris. In the ham-
strings especially, the tendon is typically not com-
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pletely surrounded by muscle tissue and therefore 
we suggest a term “paramuscular tendon” for these 
cases instead. This would refer to injuries of any 
tendon in a location where the tendon is not an iso-
lated structure but has muscle fibers attaching to it.

26.3  Absolute Indications 
for Surgery

In an athlete a proximal one tendon avulsion with 
retraction of more than about 5 mm should be 
treated surgically regardless of the hamstring ten-
don (BF, SM, or ST) (Fig. 26.1a, b) (Lempainen 
2015). If two or all three of the hamstring mus-
cles are avulsed, surgery should be considered in 
all patients if there are no major contraindica-

tions to surgery (Figs. 26.2 and 26.3) (Lempainen 
2006; Sarimo 2008; Sarimo 2009). Suture 
anchors are typically used to reattach the tendon 
to bone.

Distal tears of the hamstrings are rare 
(Lempainen 2007a). The BF is most commonly 
affected and most of the tears are incomplete. 
The BF or the semitendinosus (ST) may, how-
ever, rupture completely from the distal bony 
insertion or at the distal  myotendinous junction 
(Fig. 26.4a, b). To our knowledge there are no 
reports of complete SM avulsions. An acute com-
plete rupture (BF or ST) with a retraction should 
be repaired anatomically. In our opinion the 
behavior of an acute distal ST avulsion is not 
similar to that of harvesting the tendon for graft 
purposes (Lempainen 2007a).

a b

Fig. 26.1 (a, b) Isolated tear of the semimembranosus 
tendon at right. (a) On an axial MR image, the tendon is 
absent (arrow) at the level of the ischial tuberosity  

(asterisk). (b) A coronal image shows the retracted tendon 
(arrow) distal to the tuberosity (asterisk)

a b

Fig. 26.2 (a, b) MR images showing a complete tear of 
the hamstring tendons at left. (a) On an axial image, the 
tendons are absent (arrow) at the level of the ischial  

tuberosity (asterisk). (b) As seen on an oblique sagittal 
image, the tendons are retracted and coiled a few centime-
ters distal to the tuberosity (asterisk)
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26.4  Relative Indications 
for Surgery

Occasionally incomplete tears especially when 
recurrent form scar tissue and adhesions that 
cause persistent symptoms and are nonresponsive 
to conservative treatment (Lempainen 2006). 
This can occur in the proximal or distal bone-
tendon interface or in the proximal or distal tendi-
nous part or in the paramuscular area. In proximal 
incomplete avulsions that remain symptomatic, 
the MRI may show liquid between the bone and 
the tendon which is a sign of incomplete healing.

In surgery typically a debridement and sutur-
ing is done and sometimes in distal tears the ST is 

attached to the SM if continuity cannot be 
restored anatomically.

It has been suggested that paramuscular inju-
ries especially in the BF may have a higher risk of 
poor healing with conservative treatment. Also 
the risk of a recurrent injury may be high. In these 
injuries there is often an incomplete tear of the 
paramuscular tendon typically in the area of 
5–20 cm from the proximal origin. Often the mus-
cle tissue is torn off from the tendon also. When a 
tear like this remains symptomatic after adequate 
conservative treatment or there are recurrences, 
surgery should be considered (Fig. 26.5a, b). Full 
continuity of the paramuscular tendon is restored 
with sutures, and the  attachment of the muscle to 

a b

Fig. 26.3 (a, b) MR images showing a complete tear of 
the hamstring tendons at left. (a) On an axial image, only 
the conjoint tendon of biceps and semitendinosus is absent 
(arrow) at the level of the ischial tuberosity (asterisk).  

(b) A coronal image reveals that, although the semimem-
branosus tendon is not retracted (arrow), it is detached 
from the tuberosity (asterisk)

a b

Fig. 26.4 (a, b) Distal tear of the long head of the biceps 
femoris tendon at right. (a) An axial MR image shows the 
torn tendon (arrow) surrounded by fluid. Intact biceps 

femoris muscle and tendon can be seen at left (asterisk). 
(b) A coronal image shows the retracted muscle (arrow). 
Normal muscle is seen at the contralateral side (asterisk)

26 Indications for Surgical Treatment in Hamstring Tears



286

the tendon is reinforced. It is important to avoid 
overtightening of the repaired tendon. Scar tissue 
may be removed. Suture anchors may be used if 
the tear is located close to the bony origin.

26.5  Chronic Injuries

In chronic proximal hamstring ruptures and in 
some rerupture cases, anatomic apposition of 
the retracted muscles cannot always be achieved 

(Lempainen 2007b). In those cases we have 
used fascia lata autograft augmentation to con-
nect the retracted  hamstrings to ischial tuberos-
ity. It seems that late reconstruction of complete 
proximal hamstring avulsion with fascia lata 
autograft augmentation results in enhancement 
of muscle strength, better function of the ham-
strings, and improved leg control (Fig. 26.6a, 
b). Also symptoms derived from retracted ham-
strings causing stretching to the sciatic nerve 
could be alleviated.

a b

Fig. 26.5 (a, b) Longitudinal tear of the biceps femoris 
paramuscular tendon at left. (a) On an axial MR image, 
the torn tendon is surrounded by fluid (arrow). (b) A coronal 

image shows thickened and slack paramuscular tendon 
(arrow)

a b

Fig. 26.6 (a, b) MR images showing a chronic tear of the 
hamstring tendons at left. (a) On a coronal image, the 
 tendons are absent (asterisk) at the level of the ischial 

tuberosity. Normal tendons are seen at the contralateral 
side (arrow). (b) An axial image at midthigh level reveals 
a total atrophy of the hamstring muscles (arrow)
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Patellar Tendon Rupture

Piero Volpi, Emanuele Prospero, Antonio Orgiani, 
and Alessandro Quaglia

27.1  Introduction

The rupture of patellar tendon (PT) is a pathologi-
cal condition of the extensor mechanism of the 
knee. The PT lesions are rare, often occurring 
between the 2nd and 4th decade of life (Clayton 
and Court-Brown 2008; White et al. 2007), in 
active and sports patients. The aetiology of the PT 
lesions is multifactorial: a complete rupture of the 
PT could be the result of a chronic tendinopathy, or 
it may be caused by direct or indirect high- energy 
trauma of the knee. Sport practice in patients older 
than 40 years of age determines many cases of PT 
ruptures in the elderly (Chautems et al. 2001). 
Frequently, these patients may present concomitant 
systemic pathologies like metabolic or connective 
tissue disorders and may sustain bilateral ruptures 
of the PT (Wang et al. 2010; Cree et al. 2007). 
Rarely, PT rupture occurs in young patients.

A particular situation is the PT rupture in 
patients that have undergone knee surgery: PT rup-
tures have been reported in patients undergoing 
knee replacement or after PT harvesting for liga-
mentous reconstruction of the knee; in these cases, 
the aetiology of the PT rupture is multifactorial.

27.2  Biomechanics 
and Physiopathology

High loading forces are transmitted to the patella–
PT–tibia (PPTT) complex during knee flexion, 
extension or hyperextension and daily life  activities. 
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In sports patients with strong muscles sustaining 
repetitive high-energy motions of the knee like 
jumping or running, the frequency and the entity of 
the stresses on the PT are two major factors 
involved in the pathogenesis of PT rupture.

The PT presents the capacity to resist to trac-
tion forces (Rauh and Parker 2009), and it has 
been proved that a high energy is necessary to 
determine a complete rupture of the tendon 
(Zernicke et al. 1977).

The extensor mechanism of the knee sustains 
both concentric and eccentric training. The degrees 
on knee flexion influence the stresses on the PT: 
when the knee flexion ranges from 45° to 60°, the 
PT is majorly exposed to sustain trauma, espe-
cially during eccentric training (Lee et al. 2013).

The clinical presentation of the lesions of the 
PPTT can occur in different ways: rupture of the 
PT associated with avulsion fracture of the patella, 
PT complete rupture (proximal–distal–middle part) 
and PT rupture associated with avulsion fracture 
of the anterior tuberosity of the tibia.

In cases of isolated PT rupture, the literature 
suggests an association of degenerative changes 
of the tendon structure including calcific or 
mucoid tendinopathy or fatty infiltration of the 
tendon (Kannus and Józsa 1991).

27.3  Clinical Presentation

The history, clinical presentation and imaging 
investigations are crucial in patients with PT 
rupture.

The history should be collected paying atten-
tion on work activity, sports practice and meta-
bolic disorders. It is fundamental to find any risk 
factors and to understand the mechanism of 
trauma. Moreover, information on the postopera-
tive functional request of the patients should be 
obtained.

The collection of the past medical history 
should focus on metabolic disorders, systemic 
pathologies, corticosteroids injections and epi-
sodes of tendinopathy. It is also important to ask the 
patients about the assumption of any medications 

which can be dangerous for tendon tissue such as 
antibiotics.

Patients with PT often present swelling in the 
anterior aspect of the knee or may present haem-
arthrosis. Often the tendon gap is not appreciable 
due to swelling in the area of the lesion.

The most important clinical manifestation of 
the PT rupture is the loss of active extension of 
the leg and the inability to walk, also with the use 
of crutches. In patients with partial lesions of the 
PT, functional impairment could be absent.

In patients who sustained traumatic PT rup-
ture caused by high-energy trauma, it is funda-
mental to evaluate the skin integrity and the 
presence of associated lesions of the knee like 
meniscal tears or ligamentous injuries (McKinney 
et al. 2008).

Patients with chronic patellar tendon rupture 
often presents with significant modifications of 
the patellar tendon and the height of the patella 
(Fig. 27.1)

27.4  Imaging Diagnosis

The following imaging investigations should be 
performed in patients with suspected lesion of 
the PT: X-ray, ultrasound and MRI.

Radiographs must be performed in both the 
anteroposterior and lateral views. It is important 

Fig. 27.1 Chronic patellar tendon rupture
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to pay attention to the evaluation of the location 
of the patella. In case of PT rupture, the patella is 
dislocated proximally respect to the knee joint 
line (Fig. 27.2).

In case of dubious images, or especially in 
patients with “patella alta”, it can be useful to 
perform the X-ray of the contralateral knee. 
Moreover, radiographs show any avulsion frac-
tures of both patella and anterior tuberosity of the 
tibia (Fig. 27.3).

With ultrasound it is possible to appreciate the 
extension, shape and location of the PT rupture 
(Phillips and Costantino 2014). Furthermore, 
ultrasound allows the visualization of the haemor-
rhagic spreading into the surrounding soft tissues. 
However, there is no agreement on the use of ultra-
sound in case of partial and chronic tears of the PT, 
as well as in obese patients (Swamy et al. 2012).

The MRI is the most sensible imaging investi-
gation for the diagnosis of PT rupture: the tendon 

is represented by a low-intensity homogeneous 
signal, and in case of rupture, the signal becomes 
inhomogeneous with interruptions of the tendon 
structure or within the osteotendinous junction 
(Fig. 27.4).

The MRI should be performed in case of  
dubious ultrasound imaging or to diagnose intra- 
articular and extra-articular associated lesions.

Fig. 27.2 Ascent of patella in PT rupture

Fig. 27.3 Avulsion of the patellar inferior pole

Fig. 27.4 MRI
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27.5  Treatment of PT Lesions

The PT ruptures can be classified into acute and 
chronic.

With acute lesion we mean a lesion usually treated 
within 2 weeks of injury (Siwek and Rao 1981).

Chronic lesions are seen by the surgeon some 
weeks after the injury, especially in patients who 
present associated osseous and ligamentous 
lesions of the knee. Patients with initial diagnosis 
of partial tears of the PT turned into total lesion 
or with early failure of surgery or with septic 
complications are assigned to this category. Some 
cases of incomplete rupture of the PT, which are 
not associated with functional impairment, could 
be managed conservatively, using knee brace 
locked in extension for 4–6 week, followed by 
progressive physiotherapy based on gradual knee 
flexion (Rauh and Parker 2009).

Surgical management in acute PT rupture is 
indicated in complete lesions of the PT or in 
patients with partial lesions associated with func-
tional impairment (loss of active knee extension). 
Surgical repair in the acute setting significantly 
influences tendon healing (Lee et al. 2013).

The first step in surgical treatment of acute 
lesions of the proximal or distal portion of the 
PT is to reinsert the tendon to the bone; the 
reinsertion can be done with transosseous 
sutures or through the execution of transosse-
ous tunnels like modified Krakow technique 
(Fig. 27.5) or with suture anchors (Capiola and 
Re 2007).

The goal of surgery is to restore the osteoten-
dinous continuity and replace the patella at the 
original position.

Several authors proposed the use of reinforce-
ment with autologous or homologous grafts 
(Larson and Simonian 1995) or synthetic materi-
als (Kasten et al. 2001).

In case of acute lesions of the middle part of the 
PT, the first step consists in an end-to-end suture of 
the tendon to restore the tendon continuity.

Even in these cases, it is essential to restore 
also the height of the patella, and it is possible to 
associate with autologous or homologous or syn-
thetic augmentations.

The management of chronic lesions of the PT 
is more complex because of the presence of scar 
tissues surrounding the lesions and also because 
they are often associated with post-traumatic 
anatomic deformity of the knee. In this case it 
may be difficult to restore the normal height of 
the patella, because of scar retraction of the ten-
don, or because of tendon substance loss.

The first step consists into the removal of scar 
tissue or calcifications (Fig. 27.6) preserving as 
much healthy tissue as possible; it is very  important 
to evaluate the relationship between the tendon 
residuals and the possible tendon gap.

In the majority of cases, in addition to suture 
of tendon residuals, it is necessary to use bio-
logical or bioabsorbable augmentations, to rein-
force the tendon, thus facilitating also the 
vascularization of the residual tendon tissue 
(Fig. 27.7).

Fig. 27.5 Patellar transosseous tunnel
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In other cases, with large loss of tendon sub-
stance, the use of allograft including complete 
extensor mechanism allograft or contralateral 
autograft is indicated (Saragaglia et al. 2013).

The patients presenting PT rupture after knee 
surgery (e.g. anterior cruciate ligament recon-
struction with PT or knee replacement) should be 
treated with the techniques described previously. 
The suture of the PT in patients with patella pros-
thesis with tibial nails may be challenging due to 
poor osseous quality.
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Pathogenesis and Treatment 
of Patellar Tendinopathy

Ryohei Uchida, Norimasa Nakamura, 
and Shuji Horibe

28.1  Concept of Tendinopathy

Prior to the 1990s, pain and/or disability arising 
from tendons caused by overuse was referred to as 
tendinitis, implying that inflammation was respon-
sible for the pathological process (Khan et al. 
2002). However, this pathological condition of the 
tendon is widely described with the term tendi-
nopathy, which is caused by a degenerative pro-
cess devoid of inflammation in histological 
findings (Rees et al. 2014; Maffulli et al. 2010). 
The lesion of tendinopathy is found at the enthesis 
of some major tendons in both the upper and lower 
limbs. Achilles and patellar tendinopathy are most 
popular. The main symptom of tendinopathy is 
pain, which leads to disability not only in sports 
activities but also in activities of daily life.

For treatment of tendinopathy, its pathogenesis 
should be well understood. Although many theo-
ries are associated with the pathogenesis of tendi-
nopathy, the genuine pathogenesis remains 
unclear. Current studies described the process that 
leads to chronic tendinopathy (Rees et al. 2014; 
Maffulli et al. 2010). In their theories, microtears 
at tendon attachment initially occur by overload, 
and then these microtears usual heal spontane-
ously, but in some cases with intrinsic or extrinsic 
risk factors for tendinopathy, repetitive overload to 
the tendon causes imbalance between synthesis 
and degradation of collagen. In such cases, the ten-
don undergoes degenerative changes, which is 
called chronic tendinopathy. In this chronic status, 
there is absence of acute inflammatory cells, but 
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pathological neovascularization and nerve 
ingrowth, which are considered causes of pain, are 
present (Rees et al. 2014; Maffulli et al. 2010; Leal 
et al. 2015) (Fig. 28.1). However, Fredberg et al. 
(2004) reported a significant reduction in pain and 
tendon thickening only a week after ultrasonogra-
phy-guided peritendinous corticosteroid injections 
in chronic Achilles and patellar tendinopathy. 
These corticosteroid- induced changes are difficult 
to explain if the process is degenerative because 
the time frame is too short to change degenerative 
tendon tissue to normal tendon tissue by cortico-
steroids. Therefore, the anti-inflammatory effect 
of corticosteroid could influence these short dra-
matic changes of symptom and tendon morphol-
ogy. Moreover, a recent report showed that 
pro-inflammatory agents (VEGF or PGE2) in 
chronic tendinopathies were associated with pain 
(Fredberg and Stengaard-Pedersen 2008). In the 
literature reviews, the authors showed that, inflam-
mation was also confirmed in acute tendon injury 
(Fredberg and Stengaard-Pedersen 2008; Sharma 
and Maffulli 2006). Abate et al. (2009) concluded 
that “it is conceivable that inflammation and 
degeneration are not mutually exclusive, but work 
together in the pathogenic cascade of tendinopa-
thy.” According to their “iceberg theory,” the time 
course from asymptomatic to symptomatic tendi-
nopathy is long. Therefore, whether inflammation 
is in early acute tendinopathy or not cannot be 
verified because we did not histologically investi-

gate the tendon in patients without symptoms in 
the early acute phase.

28.2  Staging and Treatment

Regarding the staging classification in patellar 
tendinopathy, Blanzina et al. (1973) reported the 
first classification, which has been used over 
40 years. Except for stage 4, which is complete 
tendon rupture, they classified three stages based 
on symptoms and dysfunction. In the twenty-first 
century, Cook and Purdam et al. (2009) classified 
tendinopathy into three stages, namely, reactive 
tendinopathy, early or late tendon disrepair, and 
degenerative tendinopathy. This classification 
was based on microstructural changes of the 
damaged tendon; thus, it can indicate the degree 
of microstructural damage that requires treat-
ment intervention. They divided these three 
stages into two groups. For the tendinopathies in 
the first group, including reactive tendinopathy, 
only load management was enough for healing, 
whereas for the tendinopathies in the second 
group, including degenerative tendinopathy, 
treatment intervention, including eccentric exer-
cise, should be applied. If the tendinopathies in 
the second group were resistant to eccentric exer-
cise, more-invasive treatments such as extracor-
poreal shockwave therapy and surgery are 
necessary.

a b

Fig. 28.1 Characteristic microscopic images of patellar tendinopathy. Neovessels (black dotted arrows) in the  
peritenon (a) and increased number of cells in the damaged tendon (b) stained with hematoxylin and eosin (H&E)
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28.3  Pathomechanism of Patellar 
Tendinopathy

Patellar tendinopathy is one of the most popular 
tendinopathies. Generally, the region of patho-
logical change in patellar tendinopathy is the pos-
teromedial tendon substance at the insertion to 
the inferior patellar pole (Johnson et al. 1996; 
Lavagnino et al. 2008; Khan et al. 1996) (Fig. 28.2). 

This region specificity is closely related with  
the mechanical and structural  characteristics of 
the patellar tendon. First, the proximal patellar 
tendon cross-sectional area (CSA) was smaller 
than the mid- or distal tendon CSA (Kongsgaard 
et al. 2007). Therefore, the force per unit area at 
the proximal patellar tendon was larger than that 
at the mid- or distal tendon. This is one of the 
reasons for the tendency of patellar tendinopathy 

a b

c d

Fig. 28.2 Magnetic resonance images of the lesion of 
patellar tendinopathy. A lesion of proximal patellar tendi-
nopathy at the posteromedial portion with signal change 

and tendon thickening (white arrows and arrowheads). 
Sagittal planes of T1- (a) and T2*-weighted images (b) 
and axial plane of T1- (c) and T2*-weighted images (d)
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to occur at the proximal tendon attachment to the 
patella. Second, some reports investigated the 
mechanism of pathological changes in the poste-
rior potion of the proximal patellar tendon (Basso 
et al. 2002; Dillon et al. 2008; Pearson and 
Hussain 2014; Hansen et al. 1985). In both cadav-
eric and experimental studies, mechanical stress 
was higher at the posterior region than at the 
anterior region of the proximal tendon owing to 
the lever arm (Basso et al. 2002; Dillon et al. 
2008). The finite element model findings also 
showed maximum strain at the classical tendi-
nopathy lesion, at the posterior region of the 
proximal patellar tendon attachment to patella 
(Lavagnino et al. 2008). Moreover, regarding the 
mechanical properties of the proximal tendon, 
posterior fascicles were markedly weaker and 
micro-damages are likely to occur at the posterior 
tendon (Hansen et al. 1985). Finally, the reason 
why most tendinopathy lesions are located at the 
medial side was explained in the study on regional 
structural differences at the enthesis of the proxi-
mal patellar tendon. Toumi et al. (2006) reported 
that bone quality, trabecular thickness, and uncal-
cified fibrocartilage were greatest medially and 
that the subchondral plate was thinner laterally. 
These results indicate that mechanical stress at 
the proximal patellar tendon enthesis is greater 
on the medial than on the lateral side, leading to 
the tendency of exposure with overload on the 
proximal medial tendon. Overall, the posterome-
dial site of the proximal patellar tendon has weak 
mechanical properties with large mechanical 
stress, which explains why the lesion of proximal 
patellar tendinopathy occurs at the posteromedial 
portion.

28.4  Treatment of Patellar 
Tendinopathy

Although many treatment methods are available 
for patellar tendinopathy, evidence-based thera-
pies are limited. Therefore, no consensus has 
been reached on the appropriate use of these  
therapies. According to a recent systematic 
review (Larsson et al. 2012), only eccentric exer-
cise has strong evidence for patellar tendinopathy. 

Moderate evidence was found on heavy slow 
resistance training as an alternative to eccentric 
exercise. Moreover, evidence is limited for scle-
rosing injection, shockwave therapy, and surgery 
(Table 28.1).

28.4.1  Eccentric Exercise

Many reports on eccentric exercise have been 
published, and these reports support the existing 
evidence of the effectiveness of eccentric exer-
cise. Some reports showed that treatment with 
eccentric exercise had significantly better clinical 
results than treatment with concentric exercise 
(Jonsson and Alfredson 2005; Stasinopoulos and 
Stasinopoulos 2004; Cannell et al. 2001). In these 
reports, 80–100% of patients with eccentric exer-
cise were satisfied and could return to sports 
within short-term follow-up. Regarding its mech-
anism, eccentric exercise could act both meta-
bolically and mechanically (Maffulli and Longo 
2008; Maffulli et al. 2004). However, only a few 
studies investigated the mechanism of eccentric 
exercise in detail (Boesen et al. 2006; Wasielewski 
and Kotsko 2007; Graham et al. 2000). Eccentric 
exercise affected tendons metabolically, increas-
ing cross-linking among collagen fibers and 
thereby improving the elasticity and tensile 
strength of the patellar tendon (Graham et al. 
2000). This exercise also affected tendons 
mechanically, stopping blood flow and reducing 
neoangiogenesis, similarly to sclerosing therapy 
during deep flexion of joints (Boesen et al. 2006; 
Wasielewski and Kotsko 2007).

The most widely used eccentric exercise pro-
tocols for patellar tendinopathy consisted of three 
sets of 15 repetitions performed twice daily with 
a 25° decline board (Wasielewski and Kotsko 

Table 28.1 Evidence for each therapy for patellar tendi-
nopathy (Larsson et al. 2012)

Quality of evidence Therapy
Strong evidence Eccentric exercise
Moderate evidence Heavy slow resistance training
Limited evidence Sclerosing injection

Shockwave therapy
Surgery
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2007). However, the most effective treatment 
protocol, including sets, repetitions, motion 
speed, and times per day, remains unknown 
(Pearson and Hussain 2014). How patients 
engage in sports activities during treatment with 
eccentric exercise is also unclear. Whether they 
should continue to participate in sports activities 
with limitation or discontinue sports activity 
completely remains to be clarified. To decide on 
the best eccentric exercise protocol, more ran-
domized controlled trials are needed.

28.4.2  Heavy Slow Resistance 
Training

Kongsgaard et al. (2010) found that heavy slow 
resistance training (HSR) improved the clinical 
outcome of patellar tendinopathy at 12 weeks 
after training. They reported that these improve-
ments were associated with normalization of 
fibril morphology due to new fibril production 
promoted by HSR. In a recent systematic review 
(Malliaras et al. 2013), the clinical result after 
HSR was equivalent to that after eccentric exer-
cise for patellar tendinopathy. However, the 
definitive superiority of HSR to eccentric exer-
cise was not proven.

28.4.3  Sclerosing Agents

Only few cases of patellar or Achilles tendinopa-
thy treated with sclerosing agents have been 
reported (Lind et al. 2006; Ohberg and Alfredson 
2002; Alfredson and Ohberg 2005; Hoksrud et al. 
1738). Sclerosing therapy for Achilles tendinopa-
thy reduces pain and restores function owing to 
its effect on new vessels and nerve destruction. 
Therefore, authors concluded that this treatment 
should be applied for advanced chronic tendinop-
athy with neovessel formation and neural 
ingrowth (Lind et al. 2006; Ohberg and Alfredson 
2002). For patellar tendinopathy, however, these 
effects of sclerosing agents have not been con-
firmed, with good clinical results in >80% of 
patients with patellar tendinopathy at 6–12  
months after injection of sclerosing agents 

(Alfredson and Ohberg 2005; Hoksrud et al. 
1738).

28.4.4  Extracorporeal Shockwave 
Therapy

Extracorporeal shockwave therapy (ESWT) was 
initially used for treatment of patellar tendinopa-
thy in 2001, and its use has gradually widely 
increased (Leal et al. 2015). According to the pre-
vious studies, symptoms improved after ESWT 
in 61–77% of patients (Leal et al. 2015; Taunton 
et al. 2003; Zwerver et al. 2010). Compared with 
the clinical results after surgery, those at 
24 months after ESWT treatment were equivalent 
(Peers et al. 2003). However, the success rate of 
conventional conservative treatment for tendi-
nopathy including eccentric exercise was over 
80%, and thus ESWT should not be used as a 
first-line therapy for tendinopathy.

28.4.5  Surgical Treatment

Various open and arthroscopic procedures have 
been described in the operative treatment of 
patellar tendinopathy. Smillie (1962) published 
the first report on open surgical treatment with 
drilling multiple holes into the inferior pole of the 
patella. Following this report, Blazina et al. 
(1973) reported about open excision of the extra- 
articular inferior pole of the patella and reinser-
tion of the patellar tendon. Thereafter, open 
resection procedures of the damaged portion of 
the patellar tendon without an osseous procedure 
were reported (Fritschy and Wallensten 1993; 
Verheyden et al. 1997; Ferretti et al. 2002). One 
procedure was removal of the pathological tissue 
in a longitudinal strip (Fritschy and Wallensten 
1993; Verheyden et al. 1997) and another was to 
excise only tissue identified as abnormal (Ferretti 
et al. 2002). Followed by open excision of dam-
aged tendon, arthroscopic procedure to stimulate 
the healing response of patellar tendon was 
reported by Romeo et al. (Romeo and Larson 
1999) Thereafter, various arthroscopic proce-
dures have been developed. The most common 
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procedure was debridement of the patellar ten-
don. Additional arthroscopic procedures include 
denervation or resection of the inferior patellar 
pole and synovectomy (Romeo and Larson 1999; 
Kelly 2009; Ogon et al. 2006).

The surgical success rate for patellar tendi-
nopathy was 60–90% (Brockmeyer et al. 2015). 
According to the latest systematic review, the 
average success rate of open surgery was 87% 
and that of arthroscopic surgery was 91% 
(Brockmeyer et al. 2015). The average return-to- 
sport rate was 78.4% after open surgery and 
82.3% after arthroscopic surgery. These were not 
statistically significantly different. However, the 
average time to return to sport after arthroscopic 
surgery was significantly shorter than that after 
open surgery (3.9 vs 8.3 months). Moreover, the 
average duration of symptoms after arthroscopic 
surgery was significantly shorter than that after 
open surgery (14.5 vs 25.8 months).

The long-term clinical results after surgery for 
patellar tendinopathy were evaluated in a few 
reports (Pascarella et al. 2011; Maffulli et al. 
2014). Pascarella et al. (2011) showed significant 
improvements in Victorian Institute of Sports 
Assessment Patellar (VISA-P) score at 1 and 
3 years after arthroscopic surgery, from the pre-
operative scores. These improvements in score 
were maintained within 5–10 years after surgery. 
A study on the long- term clinical results after 
open surgery reported excellent or good results, 
with a VISA-P score of 91% and return-to-sport 
rate of 86.3% (Maffulli et al. 2014). The two 
studies suggested that the efficacy of both open 
and arthroscopic surgeries for patellar tendinopa-
thy could continue throughout a long-term fol-
low-up period.

28.4.6  Other Treatments

In addition to the abovementioned evidence- 
based therapies, many other therapies are avail-
able but without consensus for their use. However, 
some therapies, including hyaluronic acid (HA) 
and corticosteroid injections, nonsteroidal anti- 
inflammatory drugs (NSAIDs), and load man-
agement, are considered relatively useful and 

reasonable for tendinopathy under limited condi-
tions such as short-term period or acute phase.

Recently, studies on treatment using HA have 
been reported. These studies showed improve-
ment of pain and knee function in short-term 
follow-up and no serious adverse events during 
the study period (Kumai et al. 2014; Muneta et al. 
2012), although the number of reports is not 
enough to provide firm evidence. Considering its 
efficacy and safety, HA injection should be 
applied for patellar tendinopathy at least once 
during treatment with eccentric exercise.

Corticosteroid injections have also short-term 
effects on tendinopathy at relieving pain, reduc-
ing swelling, and improving function (Rees et al. 
2014). However, corticosteroid injections 
increased the risk of tendon rupture and con-
ferred greater risk of long-term recurrence (Khan 
et al. 1998). Therefore, corticosteroids should be 
used with caution in the management of tendi-
nopathy in the acute phase.

A Cochrane review of interventions for treat-
ing acute and chronic Achilles tendinopathy also 
found weak evidence of a moderate effect of 
NSAIDs on acute tendon pain (McLauchlan and 
Handoll 2001). However, administration of 
NSAIDs showed no effect to promote tendon 
healing, and the management of patellar tendi-
nopathy was controversial (Rees et al. 2014).

Platelet-rich plasma (PRP) has also applied 
for the treatment of tendinopathy. According to 
the recent systematic review of patellar tendinop-
athy treated using PRP, pain and knee function 
were improved in short term after PRP injection 
(Liddle and Rodríguez-Merchán 2015). But two 
randomized control studies showed that the treat-
ment of PRP has no superiority compared to 
other conservative therapies (Dragoo et al. 2014; 
Vetrano et al. 2013).

Other than the use of these pharmaceutical 
agents, one approach to promoting the healing of 
tendon tissue in athletes with acute tendinopathy 
is to decrease loading by adjusting the athlete’s 
style of playing and decreasing frequency, inten-
sity, and exercise duration. However, how fre-
quency, intensity, and exercise duration affect 
load management in tendinopathy is unknown 
(Khan et al. 1998).
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28.5  Our Treatment Regimen

As described earlier, evidence-based therapies, 
including eccentric training, shockwave therapy, 
and surgery, should be recommended. However, in 
treatment using these evidence-based therapies, 
the disease course of tendinopathy should be con-
sidered. Cook and Purdam et al. (2009) classified 
tendinopathy into three stages and two groups to 
determine the degree of microstructural damage 
that require treatment intervention. However, this 
classification was insufficient to decide which 
therapy should be applied. Therefore, we suggest a 
new concept based on healing response of the ten-
don in addition to their classification for decision-
making regarding the appropriate treatment 
method. For acute tendinopathy (reactive tendi-
nopathy), Cook and Purdam et al. (2009) recom-
mended load management and NSAIDs, but we 
consider that, as the tendon are inflamed, NSAIDs 
and corticosteroid injection are effective. However, 
in consideration of the risk of tendon rupture, 
attention should be given to the use of corticoste-
roid injection.

In chronic tendinopathy with degenerative 
damage to the tendon, healing ability is low and 
partially fails. The damaged tendons could be 
divided into two phases based on response to 
mechanical stimulus. If tendons respond to 
mechanical load and resume healing ability, they 
are considered to be in the reversible phase. On 
the other hand, if the damaged tendon do not 
respond to mechanical loading and have poor 
healing potential, they are assumed to be in the 
irreversible phase. In reversible phase, mechani-
cal loading by eccentric exercise stimulates 
mechanoreceptors in the damaged tendon and 
then promotes collagen synthesis, which leads to 
healing of the degenerated tendon to normal. 
However, when tendinopathy progresses to the 
irreversible phase, the tendon completely loses 
its healing ability by mechanical loading by exer-
cise alone. For tendinopathy in this phase, ESWT 
or surgical intervention should be indicated 
(Fig. 28.3). This classification is considered use-
ful for decision-making regarding treatment 
methods for chronic tendinopathy. However, his-
tological and clinical evidence are insufficient to 
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(with inflammation ?) 
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Chronic Tendinopathy
(with damaged tendon) 

Reversible phase Irreversible phase

abnormal Time

ESWT
Surgical

treatment

Eccentric exercise

Load management
(Corticosteroid)

Fig. 28.3 The new concept based on healing response of 
the tendon for decision-making regarding the appropriate 
treatment method. Tendinopathy is classified into two 
stages, namely, acute (blue square) and chronic (orange 
and pink squares). For the acute stage, only load manage-
ment, including reduction in frequency or intensity of ten-
don load (and/or corticosteroid injection), can improve 
tendon to normal, whereas physical or surgical treatment 
is needed for the chronic stage. Moreover, we propose to 

classify chronic tendinopathy into reversible and irrevers-
ible phases. In the reversible phase, damaged tendon can 
improve to normal tendon with eccentric exercise. 
However, in the irreversible phase, damaged tendon can-
not be improved with mechanical loading alone. In this 
phase, ESWT or surgical intervention is needed. This fig-
ure shows that tendon abnormalities progress gradually. 
The vertical axis represents the degree of tendon abnor-
malities; and the horizontal axis, the elapsed time
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distinguish reversible and irreversible phases. 
Further research studies are required in the future.

28.6  Summary

Patellar tendinopathy is one of the most common 
injuries caused by overuse. Generally, histologi-
cal findings in tendinopathy indicate a degenera-
tive process and loss of healing response. The 
symptoms of tendinopathy are pain and/or dis-
ability due to pain. Although many treatment 
methods are available for patellar tendinopathy, 
no consensus has been reached as to the proper 
use of these therapies because of the limited evi-
dence from their application. Only eccentric 
exercise has strong evidence of effectiveness for 
patellar tendinopathy. Moderate evidence was 
found for heavy slow resistance training. 
Moreover, the evidence for sclerosing injections, 
shockwave therapy, and surgery is limited. The 
success rate of conventional conservative treat-
ment of tendinopathy, including eccentric exer-
cise, was >80%. For the remaining patients, 
invasive therapies such as arthroscopic and open 
surgeries are needed. The success rate of surgery 
for patellar tendinopathy was reported to be 
60–90%. The mean period of return to sports 
after arthroscopic surgery was significantly 
shorter than that after open surgery, although the 
success and return-to-play rates were not signifi-
cantly different between open and arthroscopic 
surgeries.
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29.1  Introduction

Patellar tendinopathy is a common musculoskel-
etal disorder among recreational and professional 
athletes (Blazina et al. 1973). It has an important 
impact on the athletes’ careers, because of its 
high prevalence, the resulting impairment of knee 
function, and its chronic clinical course (Zwerver 
et al. 2011) (Figs. 29.1 and 29.2).

Despite the occurrence rate of patellar tendi-
nopathy in different sports is mostly unknown, it 
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has been reported a prevalence in sports with 
high demands on speed and power for the leg 
extensors, such as volleyball and basketball, soc-
cer, and athletics (Zwerver et al. 2011; Lian et al. 
2005).

The management of patellar tendinopathy is 
controversial (Blazina et al. 1973; Nichols 1992). 
The conservative treatment includes several 
options, such as rest, anti-inflammatory drugs, 
physical therapy, orthoses, stretching, eccentric 
exercises, extracorporeal shockwave therapy, 
dextrose prolotherapy (Ryan et al. 2011; Topol 
et al. 2011), platelet-rich plasma (Filardo et al. 
2010) and autologous blood injection (James 
et al. 2007), and ultrasound-guided sclerotherapy 
(Zwerver 2008; Testa et al. 1999).

If conservative treatment fails after at least 
6 months of therapies, surgical treatment is rec-
ommended (Cucurulo et al. 2009) in particular 
for athletes whose careers are put at risk, or in the 
presence of a complete tendon disruption 
(Brockmeyer et al. 2015).

Multiple surgical techniques can be adopted, 
depending on the site of the tendinopathy, i.e., 

along the main tendon body or the insertional 
area, and the characteristics of the lesions such as 
calcifications, cysts, or tears that may be present 
(Cucurulo et al. 2009).

However, a general agreement on the ideal 
surgical management option is still lacking 
(Marcheggiani Muccioli et al. 2013). In their sys-
tematic review, Coleman et al. highlighted too 
many methodological deficiencies which nega-
tively impact on the validity of the reported out-
comes (Coleman et al. 2000).

Both open and arthroscopic procedures are 
effective to restore function by minimizing tissue 
damaging, mitigate compression and pain, and 
promote vascularization (Maffulli et al. 2014).

Postoperative results are satisfying: it has been 
reported that the mean success rate after surgical 
treatment of chronic patellar tendinopathy ranges 
between 60% and 90% (Johnson 1998). 
Marcheggiani Muccioli et al. (2013) have provided 
an overview about the different surgical options for 
the treatment of patellar tendinopathy. This review 
shows better outcomes after the arthroscopic 
approach, with an average success rate of 92.4% 
against the 87.2% rate in the open surgery group. 
Better results after arthroscopy have been reported 
also by Brockmeyer et al. in a systematic review 
(Brockmeyer et al. 2015), with a success rate of 
91% against the 81% after the open surgery.

Similarly, the average time and rate for return-
ing to sport show some differences between the 
two approaches. The mean rate of return to sport 
after an arthroscopic treatment is 82.3%, within a 
mean of 3.9 months, while the rate decreases to 
78.4% within 8.3 months after an open surgery 
(Brockmeyer et al. 2015). Stuhlman et al. have 
reported satisfactory results in 81% after an open 
approach, and 91% after an arthroscopic surgery 
(Stuhlman et al. 2016), thus confirming the 
slightly greater effectiveness of arthroscopy.

Gill et al. (2013) have described a surgical 
approach which combined open and arthroscopic 
techniques. Starting from arthroscopy, they man-
aged intra-articular pathologic findings if pres-
ent; then they switched to the open approach, 
with a midline incision into the patellar tendon 
and excising the thickened areas of tendinosis. 

Fig. 29.2 Sagittal T1 MRI showing a marked tendon thick-
ening and an increased signal intensity within the tendon
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Surgery was completed by performing fenestra-
tions to encourage a healing response. The 
reported data were satisfying, especially in terms 
of time to return to sports activities.

This chapter aims to give an overview about 
the different surgical options for the treatment of 
patellar tendinopathy, describing both open and 
arthroscopic available techniques.

29.2  Open Surgical Techniques

Open surgical options for the treatment of patel-
lar tendinopathy essentially include the affected 
tissue removal after sectioning the peritenon, as 
well as the removal or drilling of the patellar pole 
(Zhang et al. 2016). The operation may essen-
tially involve a midline or medial parapatellar 
longitudinal skin incision, a paratenon incision 
and stripping, multiple longitudinal tenotomies 
and the excision of the damaged tendon tissue 
(Testa et al. 1999) (Figs. 29.3 and 29.4).

Whichever method is chosen, the aim of surgi-
cal management is to promote wound repair 
through a modulation of the tendon cell-matrix 
environment (Leadbetter et al. 1992).

Open surgery was firstly mentioned in 1946 
by Smillie (1946), who described a technique 
still performed which consists in drilling multiple 
holes in the inferior patellar pole.

In 1973, Blazina et al. suggested excision of 
the extra-articular patella by opening the tendon 
along its axis and removing the abnormal tendi-
nous tissue (1973).

Several derivative techniques have been devel-
oped later. The purpose essentially aimed to 
avoid an osseous procedure by removing the 
damaged part of the patella (Fritschy and 
Wallensten 1993; Verheyden et al. 1997), 
although bone-involving techniques are still per-
formed. In fact, the technique described by 
Smillie is still in use (Popp et al. 1997; Raatikainen 
et al. 1994), while other authors prefer to create 
tendinoperiostal scars (Karlsson et al. 1991), or 
combine both the techniques (Ferretti et al. 2002).

Nevertheless, it has been demonstrated that bone 
excision should be avoided in the treatment of patel-
lar tendinopathy: Kaeding et al. (2007) found a 71% 
success rate after approaching the inferior pole of 
the patella, compared to the 92% if there is no bony 
involvement. They also reported better outcomes if 
no paratenon closure was performed, as well as in 
case of no postoperative immobilization.

A further surgical choice consists in 
ultrasound- guided percutaneous longitudinal 
tenotomies (Testa et al. 1999; Lorbach et al. 
2008): under ultrasound control, a surgical Fig. 29.3 Open surgery: resection of fibrotic tendon tissue

Fig. 29.4 Open surgery: pathologic patellar tendon 
resected and removed fibrotic synovial tissue
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scalpel blade penetrates the whole thickness of 
the tendon during passive extensions and flex-
ions of the knee leading to longitudinal and 
parallel tenotomies, with an average length of 
2 cm. This process is repeated laterally and 
medially to the tendon width (Testa et al. 
1999). The use of sonographic guidance in the 
treatment of musculoskeletal disorders has 
gained consensus in the literature: the ultra-
sound-guided percutaneous needle tenotomies 
reduce pain in patients with chronic patellar 
tendinopathy without complications (Housner 
et al. 2009).

An increasing number of authors choose the 
arthroscopic approach, not for its clinical superior-
ity to others (Marcheggiani Muccioli et al. 2013; 
Rodriguez-Merchan 2013), rather because it is 
less invasive and provides a faster postoperative 
return to sport (Brockmeyer et al. 2015). Open sur-
gery is still preferred when a calcification along 
the tendon is present (Fig. 29.5), or when a tendon 
tear has occurred (Cenni and Silva 2015).

29.3  Arthroscopic Techniques 
for Patellar Tendinopathy

Arthroscopic procedures for the treatment of 
patellar tendinopathy allows a better manage-
ment of the painful areas of the proximal- 
posterior tendon fibers and of the infrapatellar fat 
pad (Pascarella et al. 2011).

New arthroscopic techniques have been devel-
oped (Coleman et al. 2000; Lorbach et al. 2008; 
Ogon et al. 2006; Willberg et al. 2007), even if 
synovectomy and/or apicectomy are the most 
widely used. The main purpose is to remove the 
damaged retrotendinous tissue through the 
debridement and the treatment of the patella only 
if necessary (Cucurulo et al. 2009). The surgeon 
may opt for a partial resection of Hoffa’s fat and 
of the lower pole of the patella (Cenni and Silva 
2015). The final purpose is the excision of the 
neovascularization and the innervation of the 
degenerative area (Cucurulo et al. 2009).

Willberg et al. (2007) have proposed an 
arthroscopic shaving technique, which involves 
the area of interest on the dorsal surface of the 
tendon, combined with Ultrasound + Doppler 
examinations during surgery. The ultrasound and 
the color Doppler guidance effectively reduce the 
risk of “shaving too much,” thus minimizing 
trauma to the Hoffa’s fat pad and to the tendon.

The presence of abnormal neovascularity 
typically arises from the fat pad, thus its debride-
ment and partial resection is recommended, as 
discussed by several authors (Brockmeyer et al. 
2015; Pascarella et al. 2011; Alaseirlis et al. 
2012). On the other hand, a total excision of the 
fat pad could excessively reduce the vascularity 
of the patella, causing anterior impingement and 
anterior knee pain, as noted by Pinsornsak et al. 
in total knee arthroplasty (Pinsornsak et al. 
2014).

A further surgical issue is whether to perform 
the resection of the lower patellar pole or not. An 
impingement or a compression of the inferior 
pole of the patella onto the posterior aspect of the 
tendon during the flexion of the knee has been 
reported as one of the causes of patellar tendi-
nopathy (Lorbach et al. 2008). It is common to 

Fig. 29.5 Preoperative lateral X-ray showing osteo-
phytes at the proximal insertion of the patellar tendon
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find an elongation of the lower patellar pole on 
the X-rays (Blazina et al. 1973). In this case, an 
abrasion of the lower patella should be performed 
to release the deep fiber of the tendon from the 
inferior pole and to excise the bony protrusion 
(Lorbach et al. 2008) (Fig. 29.6). The result is an 
arthroscopic tenolysis, highly effective in terms 
of postoperative recovery and time to return to 

sport (Cenni and Silva 2015; Pascarella et al. 
2011; Alaseirlis et al. 2012).

With regard to the specific arthroscopic 
technique, the conventional anteromedial and 
anterolateral portals and an optional central 
transtendinous accessory portal are performed 
(Cenni and Silva 2015). (Figs. 29.7, 29.8, 29.9, 
29.10, 29.11 and 29.12)

Fig. 29.6 Arthroscopic resection of distal patellar bone 
with a burr

Fig. 29.7 MRI showing right knee synovial hypertrophic 
nodular tissue behind the tendon

Fig. 29.8 Arthroscopic view: hypertrophic synovial tis-
sue, right knee

Fig. 29.9 Nodular hypertrophic tissue behind the tendon
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29.4  Postoperative Management 
and Rehabilitation Program

Surgical management and postoperative rehabili-
tation are paramount for a complete biological 
and functional recovery. Several authors consider 
rehabilitation as an integral part of treatment 
(Verheyden et al. 1997; Lorbach et al. 2008; 
Ogon et al. 2006; Kelly et al. 1984).

There is a great variety of postoperative proto-
cols: as Khan and Smart (2016) have reported in 
a systematic review, some authors suggest a pro-
longed casting after surgery (Karlsson et al. 
1991; Pierets et al. 1999; Peers et al. 2003), 
whereas others recommend early motion without 
any restriction (Fritschy and Wallensten 1993; 
Popp et al. 1997; Willberg et al. 2007; Shelbourne 
et al. 2006; Orava et al. 1986; Maffulli et al. 
1999; Bahr et al. 2006; Maier et al. 2013; Willberg 
et al. 2011; Santander et al. 2012), or letting a full 
range of motion except for a complete knee 
extension, which was avoided during the first 
3–4 weeks after surgery (Coleman et al. 2000; 
Lorbach et al. 2008; Sarimo et al. 2007).

In their retrospective study, Cucurulo et al. 
reported that postoperative immobilization in 
extension was prescribed in the 80% of cases, for 
23 days on average; the rehabilitation protocol 
started 15 days after surgery (Cucurulo et al. 
2009). However, they advocated a quick rehabili-
tation protocol without immobilization period, in 
order to achieve better functional postoperative 
results.

Maier et al. (2013) conducted postoperative 
rehabilitation in a symptom-oriented fashion. 
Range of motion and weight bearing were 
allowed immediately from day 1 as tolerated. 
Open kinetic chain exercises were started as soon 
as patients were free of symptoms. During the 
first two postoperative weeks, patients performed 
open kinetic chain exercises to preserve and 
strengthen the quadriceps muscles. However, 
physiotherapy must not have caused any symp-
toms of patellar tendinopathy. From week 3, 
patients started closed kinetic chain exercises and 
resumed sports-specific training but still avoided 
higher loads of knee extension (e.g., jumping, 
running, bench press). From week 5, patients 

Fig. 29.10 Arthroscopic view of the inferior patellar pole 
after debridement, right knee

Fig. 29.11 Arthroscopic view: hypertrophic synovial tis-
sue of the same patient, left knee

Fig. 29.12 Arthroscopic view after synovectomy with 
radio frequencies. No patellar bone resection, left knee
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started with light running and participated in 
training sessions. From week 7, athletes resumed 
sports and returned to competition if training ses-
sions could be completed without symptoms at 
previous levels. Patients could return to training 
after 4 weeks and to competition after 6 weeks if 
they remained free of symptoms.

Pascarella et al. (Pascarella et al. 2011) 
started rehabilitation on the first day after the 
procedure, with continuous passive motion 
from 0° to 30° for a minimum of 4 h a day and 
isometric quadriceps exercises. The range of 
motion was then gradually increased as toler-
ated. In the second week, massage of the thigh 
was added, and range of motion was increased 
until full passive motion was achieved. A par-
tial weight bearing was encouraged in the very 
first phase, with a progressive increase to full 
weight bearing within 7 days. At 2 weeks, 
hydrotherapy and light closed kinetic chain 
exercises with progressive loads were intro-
duced. Running was allowed at 5–6 weeks, and 
patients usually returned to pivoting sports by 
12 weeks. Load increases were dependent on 
being symptom free on the increased load. 
Return to sports was based on multiple factors, 
including being asymptomatic after at least 
eight sessions of full training at preinjury level 
over a 4-week period.

Shelbourne et al. have described an example 
of aggressive postoperative protocol (2006): on 
the basis of the ACL reconstruction rehabilita-
tion, they suggest immediate active and passive 
full extension exercises with the tendon still 
anesthetized and the use of a low-resistance leg 
press machine, to be continued even after the 
patient has been discharged. The full weight 
bearing is allowed immediately after surgery. 
During the first week, the protocol leads to a full 
recovery of the range of motion, gradually rein-
forcing muscles. When patient’s isokinetic quad-
riceps strength is at least 85%, return to play is 
allowed; this usually occurs 2 months after 
surgery.

The isokinetic strength improvement has been 
reported as an effective method for monitoring 
the postoperative recovery (Marcheggiani 
Muccioli et al. 2013).

Alaseirlis et al. (2012) proposed a further type 
of postoperative rehabilitation protocol which 
requires a postoperative knee immobilization in 
full extension for three weeks after. Then, the 
functional cast is unlocked for a passive range of 
motion recovery. Active motion and a full weight 
bearing should be progressively restored within 
the first four weeks after surgery. During this 
period, at the second week the patient may start 
isometric exercises, while the isotonic and kinetic 
chain exercises should be delayed until the fourth 
postoperative week. The gradual return to sports 
activities may be finally advised after eighth 
weeks.

In their review, Cucurulo et al. have reported 
that patients could start running an average of 
5.5 months after open surgery and 4 months after 
arthroscopy; the training protocol began a mean 
of 7 months after open surgery and 5 months after 
arthroscopy (Cucurulo et al. 2009).

 Conclusions

Surgery is recommended in the presence of 
patellar tendinopathy only when the conserva-
tive treatment has failed. Both open and 
arthroscopic procedures are widely used, even 
if arthroscopy is preferred due to its shorter 
recovery times. The surgical rationale consists 
in the debridement of the damaged tissue, and 
performing apicectomy could be an option in 
case of bony protrusion. The mean time to 
return to sports activities is 3–6 months.

The healing process requires time to 
avoid postoperative complications, thus the 
rehabilitation program should not be too 
aggressive.
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Periarticular Tendinopathies 
of the Knee

Federico Raggi, Tommaso Roberti di Sarsina, 
Federico Stefanelli, Alberto Grassi, 
Cecilia Signorelli, and Stefano Zaffagnini

There are several knee diseases; the most cases 
during clinical practice concern meniscal and 
ligament lesions, but we must remember various 
disorders related to periarticular tendon inflam-
mation, which can mime different conditions.

A correct anamnesis and an accurate physical 
examination are fundamental to diagnose this 
kind of pathologies which, if untreated, can often 
become chronic.

30.1  Tendonitis of the Quadriceps 
Tendon

30.1.1  Anatomy

The quadriceps tendon originates from the union of 
the four distal insertions of the femoral quadriceps 
muscle: the rectus femoris, the vastus lateralis, the 
vastus medialis, and the vastus intermedius.

The most superficial fibers of the tendon, 
resulting from the rectus femoris, pass ahead the 
patella and continue with the patellar ligament 
which insertion is in the tibial tuberosity; the 
intermediate fibers of the tendon, originated by 
vastus lateralis and medialis, insert in the edge of 
the patella; the deep fibers, which originate from 
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the vastus intermedius, insert in the base of the 
patella.

The tendon function connects the femoral 
quadriceps muscle, the most voluminous muscle 
mass of the body, to the patella, to allow the 
extension of the leg on the thigh, and with the 
rectus femoris, to flex the thigh on the pelvis.

30.1.2  Pathogenesis: Clinical 
Presentation

Tendinopathy of the quadriceps tendon con-
cerns especially patients who practice activities 
that include running, jumping, or however situ-
ations where the extensor apparatus is strongly 
stressed through intense and explosive 
contractions.

The frequency of this disease is lower than the 
patellar tendinitis; probably the reason is the bet-
ter vascularization of the quadriceps tendon and 
the lower mechanical stress which it is subjected 
during the activities.

The main symptom is pain, localized just 
above the upper pole of the patella.

Typically the onset of symptoms is insidious 
and often associated with a recent increase in 
physical activity; in some cases the pain can be 
mild, in others it can be so intense to force the 
athlete to stop the activities.

Objectively, a tumefaction at the upper pole of 
the patella and pain at palpation in that spot can 
be observed; the extension of the leg on the thigh 
against resistance is painful.

It’s important to evaluate possible bad align-
ments of the lower limbs, defects of rotation, the 
tone of the quadriceps, and the motility of the 
knee.

The clinical diagnosis is sufficient if there 
isn’t a strength deficit in the extension of the leg, 
otherwise it is possible to use X-rays or MRI.

Radiographies are often negative, especially 
in young athletes, while in older patients, there 
might be calcifications in the context of the ten-
don or an osteophyte at the upper pole of the 
patella. The MRI images show signs of tendon 
degeneration especially at the distal insertion of 
the quadriceps tendon (Fig. 30.1).

30.1.3  Treatment

Treatment is conservative with an initial period 
of abstention from sports activities, the use of 
NSAIDs, and physical therapy (cryotherapy, 
laser therapy, Tecar). Later, muscle strengthening 
and improvement of elasticity of the tendon are 
important: particularly recommended in this 
phase is eccentric exercise of the quadriceps 
(Fyfe and Stanish 1992).

In most cases symptoms resolve in 2–3 weeks, 
only rarely it is necessary to perform surgery. 
Surgical treatment is indicated when conserva-
tive treatment has not given results within 
3–6 months; the operation consists of the stimu-
lation of tendon bleeding through longitudinal 
tenotomies.

30.1.4  Tendon Rupture

The rupture of the quadriceps tendon typically 
concerns subjects older than 40 years, and it’s 
associated with multiple risk factors including 
pathological conditions and chronic drug 
therapies.

Diseases that predispose to rupture of the quad-
riceps tendon are kidney failure, diabetes mellitus, 
hyperparathyroidism, rheumatoid arthritis, SLE, 

Fig. 30.1 Tendinopathy of the distal insertion of quadri-
ceps tendon
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gout, and obesity (Shah 2002; Preston and Adicoff 
1962; Ribbans and Angus 1989; Cooney et al. 
1991).

Drugs involved include statins, local cortico-
steroid injections, fluoroquinolones, anabolic 
androgens, and prolonged treatment with sys-
temic corticosteroids.

In these groups, the tendon rupture is usually 
caused by a minor injury, a fall, an effort descend-
ing stairs, or even spontaneous, because there are 
histological changes of the tendon structure that 
compromise the mechanical strength (Shah 
2002). In most cases the tendon breaks transver-
sally in proximity of the osteo-tendon junction, 
where it is observed an abnormal distribution of 
collagen fibers and an increase of the type 3 col-
lagen production by tenocytes (Preston and 
Adicoff 1962).

In sportsman, complete or partial tears of the 
quadriceps tendon are rare and not always associ-
ated with a history of tendinopathy or previous 
injuries of the quadriceps. The main damage 
mechanism consists in an eccentric overload with 
the knee flexed as in weightlifting or in a direct 
trauma as in contact sports.

Objectively, characteristic sign of tendon rup-
ture is the inability to extend the leg, although in 
partial injury, this function can be maintained; in 
this case it is observable lower strength in the 
extension against resistance compared to the con-
tralateral knee.

The patient usually is able to walk with stiff 
limbs and there is a compensatory attitude of hip 
flexion. In acute phases there is swelling of the 
knee associated with hemarthrosis; through pal-
pation it is possible to identify a groove at the 
upper pole of the patella that corresponds to the 
separation of the tendon at its insertion (Ribbans 
and Angus 1989).

In cases of complete tendon injury, radiogra-
phies show an abnormal patella baja, while in 
partial lesions, they are negative.

The MRI, in case of complete rupture, confirms 
the diagnosis by showing in the sagittal projec-
tions the discontinuity of the tendon associated 
with edema of the surrounding tissues, while in the 
partial ruptures, it is the gold standard for the iden-
tification and localization of the lesion.

The treatment of complete ruptures of the ten-
don is surgical, and the best results are obtained 
when surgery is performed early, when the ten-
don is not retracted yet.

The upper pole of the patella and the tendon 
are freshened to increase bleeding, the tendon is 
set up by two Krackow sutures using nonabsorb-
able strand and fixed to the patella through metal 
anchors or trans-bone holes.

If the tendon is retracted and cannot reach the 
patella, it can be lengthened by the Codivilla’s 
technique (Cooney et al. 1991). The technique 
involves an inverted- V incision about 1.5 cm 
proximal to the lesion; the two sides of the 
inverted V are sutured to each other, and the tri-
angular tendon flap is distally overturned and 
sutured to the patella as reinforcement.

The post operation, in healthy patients who 
have received early reconstruction, involves 
the use of a brace for 6/8 weeks, initially 
blocked in extension, and then increasing the 
bending of 5°/10° every week. For patients 
with predisposing diseases or patients under-
going surgery late, rehabilitation must be more 
cautious and functional recovery expect longer 
times.

In selected cases of partial rupture in which 
the lesion affect less than 50% of the tendon, it 
might be undertaken a conservative treatment by 
immobilizing the knee with a brace locked in 
extension for 6/8 weeks.

30.2  Iliotibial Band (ITB) Syndrome

30.2.1  The Iliotibial Band Anatomy

The iliotibial band, or iliotibial tract, originates 
as common tendon of two muscles, the gluteus 
maximus and tensor fasciae latae, and then goes 
down along the thigh thickening the lateral por-
tion of the fascia lata. Near the knees it runs 
superficially on lateral femoral epicondyle and 
inserts on the lateral side of the tibia at the tuber-
cle of Gerdy.

Proximally iliotibial tract serves as insertion 
to the gluteus maximus and tensor fasciae latae, 
allowing their function of abductors of the thigh. 
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Distally, from 0° to 20° of knee flexion, it isn’t 
forward the lateral femoral epicondyle and par-
ticipates at the extension of the knee; over 30° of 
flexion, it climbs over the lateral femoral epicon-
dyle and it is positioned posteriorly to it. Under 
the microscope the iliotibial band is separated to 
the epicondyle by a highly vascularized adipose 
tissue, without the evidence of a real bursa 
(Kannus and Jozsa 1991).

30.2.2  Pathogenesis and Clinical 
Presentation

The ITB syndrome is a common disorder among 
athletes, due to inflammation of the most distal 
tract of the iliotibial band.

The inflammatory process originates from the 
rubbing of ITB on the lateral femoral epicondyle 
during repeated flexions and extensions of the 
knee; the maximum impingement between these 
structures is between 20° and 30° of flexion, 
which correspond to the phase of the step when 
the foot is in contact with the ground (foot strike) 
(Maffulli et al. 2012).

This pathology concerns especially runners 
and cyclists, but it is common in all sports with 
repetitive movements of flexion-extension of the 
knee.

Many risk factors predispose to the develop-
ment of the disease and are related to the training 
mode or to anatomical characteristics.

Rapid changes in the training program, 
increase of the distance, and running on a slope 
can trigger symptoms. In particular in the down-
hill race, the bending angle of the knee decreases 
during the contact of the foot to the ground, 
increasing the time spent in the period of maxi-
mum impingement (Boublik et al. 2013).

Anatomical factors that cause an increased 
tension of the ITB, predisposing to the develop-
ment of the disease, are the varus knee, the 
excessive internal rotation of the tibia, and the 
foot pronation during running (Rougraff et al. 
1996).

The main symptom is pain, often described as 
burning, to the lateral side of the knee that some-
times is well localized by the patient at the lateral 

femoral epicondyle but in other cases is described 
as widespread lateral pain.

The pain initially occurs at the end of the 
training or after a race and then stops to rest. If 
practice is continued, the pain becomes more 
intense, and it occurs earlier during training and 
may persist with the rest.

Objectively the patient has pain with palpa-
tion of the lateral femoral epicondyle (2–3 cm 
proximally to the lateral joint line), which is 
generally showed at 30° of knee flexion. In 
some cases, with palpation it’s possible to 
appreciate a jerk sensation during flexion-exten-
sion that corresponds to the passage of the ITB 
above femoral epicondyle. The pain is also 
caused by asking at the patient to do a lounge 
with the affected limb.

The Noble’s tests (Muhle et al. 1999) and the 
Ober’s test (Terry et al. 1986) are useful in the 
diagnosis of the ITB syndrome.

The Noble’s test consists in extending the 
patient’s leg, starting from 90° of flexion while 
exercising a pressure on the femoral epicondyle. 
The test is positive if the patient has pain at about 
30° of flexion.

Ober’s test is performed with patient in lat-
eral decubitus on the healthy side. The exam-
iner, behind, with one hand stabilizes the 
pelvis, while the other flexes the knee up to 90° 
and abducts and extends the hip. Held this posi-
tion for a while, the examiner leaves the limb. 
If the hip stays abducted and doesn’t reach the 
neutral position, the test is positive for suffer-
ing of the ITB.

The differential diagnoses of this disease 
include lateral meniscus tears, stress fractures, 
tendonitis of the popliteal tendon, degenerative 
disorders of the lateral compartment of the knee, 
and sciatalgy.

The diagnosis is mainly clinical, MRI may be 
indicated in cases of refractoriness to  conservative 
treatment, and it is useful in the differential 
diagnosis.

Resonance can show an alteration of the sig-
nal at the distal insertion of the ITB (white arrow) 
and liquid between the deepest part of the band 
and the external femoral epicondyle (black 
arrow) (Fig. 30.2) (Orchard et al. 1996).
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30.2.3  Treatment

Most patients get well with a conservative treat-
ment consisting in a first phase, which turn off 
the inflammation of the involved structures, fol-
lowed by a second one focused on stretching and 
muscle strengthening. During the first phase, 
training should be suspended or replaced by 
activities that do not involve repetitive move-
ments of flexion-extension of the knee (swim-
ming); the use of NSAIDs and application of 
local ice are recommended. If pain does not 
regress after several days of treatment, a corti-
sone injection is indicated.

Once pain is decreased, it’s important to regu-
larly perform specific stretching exercises to 
stretch ITB, tensor fascia latae, and gluteus.

Moreover, when patients return to practice 
sport, they must continue stretching exercises 
and avoid running on dangerous ground and cor-
rect eventual pronation of the foot when they run 
with orthopedic insole.

Surgery is necessary few times, only if good 
results are not obtained after 6 months of conser-
vative treatment.

The intervention consists in an inspection and 
a possible regularization of the bone surface of 
the lateral femoral epicondyle and s in a V incision 

of the posterior fibers of band, in order to reduce 
the friction with the surface of the epicondyle 
(Martens et al. 1989).

30.3  Tendinopathy 
of the Popliteal

30.3.1  Anatomy

Popliteus is a posterior muscle of the leg, the only 
one which does not reach the foot. It is composed 
of a muscle-tendon unit placed in the popliteal 
fossa deep to the plantar and gastrocnemius mus-
cles. His tendon segment originates from the lat-
eral femoral condyle forward the external collateral 
ligament; his fibers move down and medially and 
insert, with the muscular portion, on the oblique 
line and on the posterior face of the tibia.

The popliteus muscle is connected to the fib-
ula through the popliteal-fibular ligament that 
originates in the proximal fibula and ends near 
the muscle-tendon junction of the popliteus. This 
ligament is important to control the posterior 
translation of the tibia, the rotations, and the sta-
bility in varus. For this reason, injuries of poplit-
eus tendon can affect the lateral posterior stability 
of the knee.

The popliteus muscle intrarotates the tibia and 
participates at leg flexion (Noble 1980).

30.3.2  Popliteus Tendinitis

Tendinitis of the popliteus isn’t a frequent pathol-
ogy; it is an inflammatory process that affects the 
tendon in its insertion on the lateral femoral 
condyle.

It affects especially runners, and its develop-
ment is facilitated by running on sloped funds; 
the tendon is more stressed when the athlete 
slows down while he’s running downhill.

The popliteal tendinitis occurs with postero-
lateral knee pain, and symptoms are triggered by 
physical activity and, at least in the acute form, 
stop with rest. An excessive pronation of the foot 
constitutes a predisposing factor to the develop-
ment of the disease.

Fig. 30.2 Edema and tension at the distal insertion of 
ITB
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Physical examination reveals pain with palpa-
tion of the tendon that is easier palpable with knee 
in position 4. The differential diagnosis should be 
made with lesions of the lateral  meniscus or menis-
cal cysts, ITB syndrome, lateral collateral ligament 
injuries, and degenerative disorders of the lateral 
compartment of the knee. The MRI shows an alter-
ation of the signal and edema in the popliteal hiatus 
(Figs. 30.3 and 30.4) and helps to exclude intra-
articular pathologies or tendon rupture.

People affected by the popliteal tendonitis are 
advised to suspend physical activity and taking 
NSAIDs at least for 2 weeks. If the symptoms 
persist, a therapeutic intervention-based infiltra-
tion with cortisone is considered. The athletes’ 
activities should be corrected avoiding paths on 
inclined bottoms.

30.3.3  Popliteus Subluxation

Subluxation of the popliteus tendon has been 
described in young athlete (Ober n.d.).

The origin of the disease can be the result of a 
trauma in varus or hyperextension, or 
spontaneous.

The subluxation of the tendon is appreciable 
by palpation at 20° and 30° of flexion as a jerk 
between the lateral femoral epicondyle and the 
external joint line during the passive extension of 
the leg associated with a varus stress.

The MRI shows in these subjects no specific 
alterations of the tendon, and arthroscopy is not 
useful. The differential diagnosis should be made 
with the presence of a mobile body in the lateral 
compartment, hypermotility, or a lesion of the 
lateral meniscus.

The treatment involves abstaining from physi-
cal activities and the use of NSAIDs.

In refractory cases to conservative treatment, 
it can be performed by a tenodesis, anchoring the 
popliteal ligament to the proximal half of the lat-
eral collateral.

30.3.4  Popliteus Tendon Rupture

The isolated popliteus tendon rupture is an 
extremely rare event. Usually the tendon rupture 
is associated with a posterolateral acute or 
chronic instability due to complex PLC lesions. 
(Ekman et al. 1994).

The rupture can be caused by a trauma of the 
leg in external rotation with the knee flexed or by 
a direct trauma, such as a kick received on the 
lateral side of the knee. The clinic is character-
ized by pain in the lateral compartment and hem-
arthrosis, in the absence of clinical signs of joint 

Fig. 30.3 Edema and mild effusion in the popliteal 
hiatus

Fig. 30.4 Effusion in the muscle belly of the popliteus

F. Raggi et al.



321

instability. The pain is elicited by asking the 
patient to intrarotate tibia against resistance or 
passively externally rotate the tibia at 90° of 
flexion.

MRI is useful to confirm the diagnosis: the 
tendon appears detached from its femoral inser-
tion, with an irregular profile, and a there is deg-
radation of the signal due to edema surrounding.

In most cases there is an osteochondral frag-
ment due to the detachment of the tendon from its 
femoral insertion which can also be visible with 
X-rays.

The surgery involves the repositioning of the 
fragment and tendon repair followed by a 4-week 
period of immobilization with a rigid support.

30.4  Semimembranosus 
Tendinitis

30.4.1  Anatomy

The semimembranosus muscle originates from the 
ischial tuberosity with a flattened tendon which 
continues in an equally flattened muscle. The mus-
cle fibers descend long the posterolateral portion of 
the thigh and continue with a tendon, which splits 
in three parts at level of the knee. The first is 
directed to the medial condyle of the tibia, posteri-
orly to the medial collateral ligament; the second 
goes up on the posterior side of the knee joint cap-
sule, arrives to the lateral femoral condyle, and rep-
resents the oblique popliteal ligament; the third is 
part of the fascia of the popliteal muscle.

By its action the semimembranosus muscle 
extends the thigh on the pelvis, intrarotates the 
leg, and flexes it on the thigh.

30.4.2  Pathogenesis: Clinical 
Presentation

The semimembranosus tendinitis includes an iso-
lated primary form, in athletes, and a secondary 
form due to compensatory overload in patients 
with osteoarthrosis, meniscal degeneration, or 
pathologies of the patellofemoral joint (Martens 
et al. 1989).

The inflammatory process that causes the dis-
ease often concerns the lower part of the tendon, 
which inserts in the medial condyle of the tibia. 
During repeated flexion-extension movements, 
this portion of the tendon impinges on the medial 
femoral condyle, the internal tibial plateau, and 
the tendon of the semitendinosus muscle. This 
causes irritation of the fibers and consequent 
degeneration (Veltri et al. 1996).

Valgus knee and an excessive pronation of the 
foot during running predispose to the develop-
ment of the disease.

The patient suffering semimembranosus ten-
dinitis has pain in the posterior-medial compart-
ment of the knee that gets worse during physical 
activity. Physical examination shows pain with 
palpation of the posterior-medial knee portion, 
just below the joint line. The differential diagno-
sis should be made with lesions or degeneration 
of the internal meniscus, lesions of the medial 
collateral ligament, and tendonitis of the goose 
foot. The last one is different because pain is 
localized anteriorly and distally.

Particularly accurate in diagnosis is the scin-
tigraphy which reveals an abnormal hyperaccu-
mulation posteriorly to the medial tibial condyle, 
in correspondence of the tendon insertion 
(Martens et al. 1989).

MRI is useful to exclude lesions or degenera-
tive alterations of the internal meniscus.

30.4.3  Treatment

The secondary semimembranosus tendinitis is 
treated after solving the primary joint disease. 
The treatment of the primary tendinitis consists 
in a period of abstention from physical activity, 
cryotherapy, stretching exercises, and NSAIDs. 
Surgery is recommended if the conservative 
treatment has not given the results after at least 
3 months.

The surgery consists in the isolation of the ten-
don, the opening of the sheath, and the execution 
of some longitudinal tenotomies. The insertion 
site is cut to promote bleeding, and finally the 
tendon is repositioned and sutured to the poste-
rior side of the medial collateral ligament; in this 
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way the contact of the tendon with the internal 
tibial plateau during flexion-extension of the 
knee is reduced.

30.5  Tendinitis of the Goose Foot

30.5.1  Anatomy

The goose foot or pes anserinus is the insertion of 
the sartorius, gracilis, and semitendinosus mus-
cles. It is located on the anterior-medial side of 
the proximal tibia, about 5 cm distally from the 
medial joint line. Its name originates from its 
structure, which resembles the membrane of 
goose’s legs. Between these tendons and the 
medial collateral ligament there is an interposed 
bursa.

The three muscles that end in the goose foot 
are mainly flexors but also participate to the 
internal rotation of the tibia and control of valgus 
deviations of the knee.

30.5.2  Pathogenesis: Clinical 
Presentation

Goose foot tendinitis mainly affects long- distance 
runners, because it’s an overload condition due to 
repeated rubbing of the tendons on the internal 
tibial condyle and the medial collateral ligament. 
It is not clear if the inflammatory process affects 
the tendon or the underlying bursa; however, the 
clinical presentation and the subsequent treat-
ment of the two conditions coincides (Cooper 
1999).

In the rest of the population, the disease 
mainly affects overweight women between 50 
and 80 years, diabetics, and patients with knee 
arthrosis (Guha et al. 2003; Raj et al. 1988).

The knee valgus and flatfeet are risk factors 
for the development of the disease because they 
increase the tension of the tendons in their area of 
common insertion.

The clinic is characterized by pain at the 
medial knee compartment that is typically exac-
erbated by ascending and descending the stairs or 
by rising from a chair.

Objectively, there is pain with palpation in the 
anatomic insertion of the goose foot sometimes 
associated with edema.

The diagnosis is essentially clinical; X-rays 
have little diagnostic significance, except in 
cases where there are radiographic signs of 
osteoarthrosis of the medial compartment or an 
osteophyte. MRI is useful in cases of acute 
bursitis of the goose foot associated with 
important presence of liquid in correspondence 
of the bursa but does not reveal characteristic 
changes in the majority of symptomatic indi-
viduals who have already received a clinical 
diagnosis.

MRI is especially important for the differen-
tial diagnosis with lesions of the medial meniscus 
(sometimes clinically indistinguishable), osteo-
arthrosis of the medial compartment, semimem-
branosus tendinitis, or Baker’s cyst.

30.5.3  Treatment

The treatment includes resting from sport, cryo-
therapy, stretching of the posterior muscles of the 
thigh, and the use of NSAIDs. Laser therapy and 
ultrasounds are indicated in order to reduce the 
inflammatory process.

Any predisposing conditions such as valgus 
knee and flatfeet should be corrected, in diabetic 
patients it is necessary to achieve a better control 
of glycemic levels, and a weight reduction should 
be suggested in overweight subjects.

If there isn’t an improvement of the symptoms 
after 15–20 days of rest and use of NSAIDs, a 
therapeutic intervention-based infiltration with 
cortisone can be practiced.

In some rare cases unresponsive to the conser-
vative treatment it may be necessary to perform a 
surgical drainage of the anserine bursa.
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Pitfalls and Risks of Tendon 
Harvest About the Knee

Naaman V. Mehta and Robert G. Marx

31.1  Introduction: The Basics 
of Tendon Harvest

Anterior cruciate ligament (ACL) injuries are 
becoming increasingly common (Griffin et al. 
2006). In the early 2000s, it was estimated 
100,000 to 175,000 reconstructions were per-
formed in the United States each year (Gottlob 
et al. 1999; Lyman et al. 2009). ACL reconstruc-
tion involving the use of graft tissue harvested, or 
taken directly from the patient, is known as an 
autograft, while graft taken from a cadaver is 
known as an allograft (Mcguire and Hendricks 
2007).

Autografts are most frequently made by har-
vesting the patient’s own patellar tendon or ham-
string (HT). Patellar tendon, also known as 
“bone–patellar tendon–bone” (BTB) grafts, is 
derived from the middle third of the patellar liga-
ment. Though surgeons may have their own pref-
erences about the best type of graft, studies have 
demonstrated that both BTB and HT have high 
rates of success (Mcguire and Hendricks 2007).

31.2  Complications Specific 
to BTB Autografts

Patellar tendon grafts have a lower rate of re-tear 
but can be associated with a more difficult recov-
ery for some patients (Freedman et al. 2003). 
Complications associated with BTB autograft 
include tibial fractures, patellar fractures, patellar 
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tendon ruptures, or patellar tendinitis. In this sec-
tion, we discuss the potential complications of 
harvesting the patellar tendon.

31.2.1  Tibial Plateau Fracture

Fracture of the tibia after ACL reconstruction is 
a rare occurrence that is induced by torsional 
trauma to the knee (Delcogliano et al. 2001) 
(Fig. 31.1). In surgery, BTB autografts are 
placed anatomically by drilling tunnels into the 
tibia and the femur. The tibial tunnel results in a 
cortical defect that acts as a stress riser 
(Delcogliano et al. 2001). As such, the effects of 
the tibial graft harvest, combined with the tibial 

tunnel drilling, increase the susceptibility of the 
area to postoperative tibial fracture (Delcogliano 
et al. 2001). Tibial fracture is more common in 
older patients, for instance, those with osteopo-
rosis, who already have low bone mineral den-
sity, increasing the likelihood of fractures from 
minor injury (Voos et al. 2008; El-Hage et al. 
1998; Thaunat et al. 2006). Most tibial fractures 
post-ACL reconstructions are treated with the 
use of locked plate technology. The majority of 
these injuries do not require revision ACL 
reconstruction.

31.2.2  Patellar Fracture

Studies infrequently report on patellar fractures 
as a potential complication of BTB autograft: the 
incidence of such fractures has been reported to 
be between 0.23 and 2.3% (Wilson et al. 2006). 
Possible reasons for these fractures include a 
large patellar bone plug harvest (greater than 
11–12 mm) or a stress riser caused by an aggres-
sive saw cut (Christen and Jakob 1992; Stein 
et al. 2002).

Intraoperative patellar fractures occur due to 
aggressive bony resection, while postoperative 
patellar fractures usually occur from direct 
trauma to the patella in the setting of a stress 
riser. Intraoperative fractures tend to be longitu-
dinal fissure fractures, with the most common 
being a nondisplaced vertical fissure fracture. 
Postoperative patella fractures are typically 
transverse-shaped injuries that result from an 
aggressive contraction of the quadriceps or direct 
trauma (Wilson et al. 2006).

Displaced fractures require surgical interven-
tion, but nondisplaced fractures can typically be 
treated nonoperatively with rigid knee immobili-
zation (Wilson et al. 2006).

31.2.3  Patellar Tendon Ruptures

Though uncommon, reports of patellar tendon 
rupture following ACL reconstruction do exist—
with most describing injuries in the early postop-
erative period and others describing injury up to 

Fig. 31.1 AP radiograph of a metaphyseal fracture of the 
proximal tibia after ACL reconstruction (Voos et al. HSSJ, 
2008) (Voos et al. 2008)
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3 years after surgery (Shelbourne et al. 2006). 
Most studies report only one or two cases—for 
instance, Lee et al. reported one rupture among 
1725 BTPB reconstructions (Lee et al. 2008).

A study by Benner et al. described a subset of 
patients presenting with postoperative patellar 
tendon rupture (Benner et al. 2012). These 
patients all experienced an acute onset of pain 
and weakness after an injury to their graft knee. 
Injury was typically due to a “slip and fall” mech-
anism of injury. Patients also observed swelling 
around their injured knees. As well, patellar ten-
don ruptures result in patella alta and an inability 
to extend the knee. Physical examination typi-
cally reveals a palpable tendon defect (Fig. 31.2) 
(Benner et al. 2012).

31.2.4  Patellar Tendinitis

Shelbourne et al. reported patellar tendinitis in 
21% of patients who received a BTB graft 
(Mastrokalos 2005; Shelbourne et al. 1994). 
They defined patellar tendinitis as soreness in the 
patellar tendon region.

31.2.5  Secondary Complications

One of the primary secondary complications fol-
lowing BTB graft harvest is increased anterior 
knee pain. Specifically, kneeling is more difficult 
up to 7 years postoperatively for BTB graft 
patients (Riaz et al. 2015).

a b

Fig. 31.2 Posteroanterior (a) and lateral radiographs (b) 
after repair of a proximal–medial/distal–lateral Z-type 
patellar tendon rupture after bone–patellar tendon–bone 

autograft harvest for anterior cruciate ligament recon-
struction (Benner et al. AJSM, 2012) (Benner et al. 2012)
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31.3  Complications Specific 
to Hamstring Autografts

Most of the complications specific to harvesting 
the semitendinosus and gracilis tendons are tech-
nical problems that are avoidable with good sur-
gical technique (Williams et al. 2005).

31.3.1  Incomplete Tendon Harvest

The most common problem harvesting the semi-
tendinosus and gracilis tendons occurs due to 
tendon amputation leading to inadequate graft 
issue. The tendons lie deep to the sartorius fas-
cia and superficial to the medial collateral liga-
ment. There are bands of tissue that must be 
released, including usually a very thick band 
running from the semitendinosus to the gastroc-
nemius, which can cause the tendon stripper to 
deviate and prematurely amputate the tendon 
tissue (Williams et al. 2005). With good surgical 
technique, it is extremely rare for the surgeon to 
be unable to harvest adequate graft issue for 
ACL reconstruction.

31.3.2  MCL Injury

The medial collateral ligament is located just 
deep to the insertion of the gracilis and semiten-
dinosus tendons. Care must be taken to avoid this 
tissue when dividing the sartorius fascia and 
when releasing the gracilis semitendinosus ten-
dons from their insertion (Wittstein et al. 2006).

31.3.3  Secondary Complications

Secondary complications of hamstring harvest 
typically resolve about 3 months post-op and do 
not require surgical intervention (Wittstein et al. 
2006). Such complications include persistent 
weakness of the hamstrings and surrounding 
muscle (which compensates for the lack of ham-
string tissue), as well as donor site pain. However, 

donor site pain appears to be temporary (Yasuda 
et al. 1995).

Hamstring autografts have several pros com-
pared to BTB autografts. These include pre-
served quadriceps, decreased anterior knee pain, 
and reduced risk of patellar tendon rupture or 
patellar fracture. However, BTB autografts have 
a lower rate of re-rupture (Freedman et al. 
2003).

31.4  Surgical Tips to Minimize 
the Risk of Pitfalls

• Bone–tendon–bone harvest requires adequate 
exposure, and the proximal incision is usually 
around the inferior pole of the patella, but var-
ies depending on the skin mobility.

• Split the peratenon and meticulously dissect 
free of the tendon for later repair to promote 
healing.

• Always remove the tibial bone plug first in 
order to apply traction distally and use a 
retractor (such as a Richardson) to push the 
patella inferiorly to visualize the patella well 
for bone plug removal.

• When sawing the bone plugs, a vertical cut is 
made on the tibia angled only 10° inward so 
that extra bone is taken and it can be used to 
bone graft the patella defect at the end of the 
operation. On the patellar side, the vertical 
cuts are made at a 45° angle and the horizontal 
cut does not extend medial or lateral to the 
vertical cuts to avoid creating a stress riser.

• When cutting the tendon, use a double cutting 
knife and make sure to follow the fibers and 
not to cross them to avoid dividing the tendon, 
which would be disastrous.

• For hamstring harvest, when using a closed 
loop tendon stripper, be sure that the gracilis 
and semitendinosus are completely freed from 
surrounding tissue. The semitendinosus in 
particular has a large fibrous band to the 
medial head of gastrocnemius and that must 
be divided to avoid premature amputation of 
the tendon.
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31.5  Nonoperatively Managing 
Effects of Major 
Complications

• Nondisplaced patella fractures can typically be 
treated nonoperatively if there is less than 2 mm 
displacement. The knee is immobilized in 
extension until clinical and radiographic signs 
of healing are observed, usually at 4–6 weeks 
(Stein et al. 2002; Wilson et al. 2006).

• Once the fracture heals, ACL rehabilitation 
can be continued (Stein et al. 2002).
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Triceps Surae Injuries

Fernando Radice, Ausberto Velasquez, 
and Alejandro Orizola

32.1  Introduction

The “calf muscle,” or triceps surae, consists of 
three separate muscles (the gastrocnemius, 
soleus, and plantaris) whose aponeuroses unite to 
form the Achilles tendon. Clinical history and 
physical examination, along with imaging stud-
ies, allow localization of the injured muscle. 
Differentiating strains in the gastrocnemius from 
those in the soleus is particularly important for an 
accurate prognosis, appropriate treatment, and 
successful prevention of recurrent injury. Ninety- 
two percent of all muscle injuries affect the four 
major muscle groups of the lower limbs; strains 
to the triceps surae (13%) are preceded in fre-
quency by injuries to the hamstrings (37%), 
adductors (23%), and quadriceps muscle group 
(19%). Many muscle injuries are misdiagnosed 
and have an insidious evolution, and athletes 
often have a high risk of re-injury (Ekstrand et al. 
2011). Calf strains are generally regarded as 
common injuries, particularly in athletes, 
although specific data on injury rates are sparse 
(Coughlin et al. 2006; DeLee et al. 2003; Brukner 
and Khan 2002; Garrett 1996; Armfield et al. 
2006). In one study of soccer players, calf strains 
represented 3.6% of injuries over a 5-year period 
(Luck et al. 2008).
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32.2  Definition of the Injury

32.2.1  Anatomy of the Calf

The posterior of the lower leg has a shallow pos-
terior compartment that contains the plantar flex-
ors of the ankle (gastrocnemius, soleus, and 
plantaris) and a deep posterior compartment that 
contains the tibialis posterior, flexor digitorum 
longus, flexor halluces longus, and popliteal 
muscles; an interosseous layer between the tibia 
and fibula isolates the deep posterior from the 
anterior compartments (Luck et al. 2008). The 
triceps surae comprises the gastrocnemius mus-
cle (medial and lateral heads), the soleus, and the 
plantaris muscle (Kerkhoffs and Servien 2014).

32.2.1.1  Gastrocnemius
The gastrocnemius is the lowest muscle and crosses 
three joints: the knee, the ankle and the subtalar 
joint. A Fusiform muscle, is the lower border of the 
popliteal fossa and gives volume and shape to the 
calf (Kerkhoffs and Servien 2014; O’Brien 2005; 
Warwick and Williams 1973).

The medial head of the gastrocnemius emerges 
over the medial femoral condyle: from the popli-
teal surface of the femur behind the medial supra-
condylar line and the adductor tubercle. It is bigger, 
longer, and develops more distally than the lateral 
head (Warwick and Williams 1973). The lateral 
head is shorter and originates from a tendon in a 
fossa situated posterior to the lateral epicondyle 
and proximal to the insertion of the popliteal mus-
cle tendon in the lateral supracondylar ridge. Both 
heads also emerge from the popliteal tendon, part 
of the posterior capsule of the knee joint, and are 
connected to the condyles of the femur by solid flat 
ligaments, which stretch out for a short separation 
on the back or the shallow surface of the muscles as 
an aponeurosis (O’Brien 2005). The most common 
variation of the gastrocnemius muscle is a third 
head, which arises from the posterior inferior part 
of the femur and joins the medial or, more often, 
the lateral head of the gastrocnemius, and may 
result in popliteal artery entrapment syndrome 
(Koplas et al. 2009). These anatomical variations 
have been reported in between 2.9% and 5.5% of 
the population (Garrett 1996), although a frequency 

of 1.9% was observed in a recent magnetic reso-
nance imaging (MRI) series of 1039 knees (Koplas 
et al. 2009). The gastrocnemius muscle heads have 
a higher proportion of type II (fast- twitch) muscle 
fibers than the soleus, which may predispose the 
gastrocnemius to injury; in addition, this muscle 
spans multiple joints and has eccentric contraction, 
which occurs during lengthening (Counsel and 
Breidahl 2010; Koulouris et al. 2007). Because of 
these features, the gastrocnemius is used funda-
mentally in rapid movements such as running and 
jumping. Also, it acts as an agonist for the posterior 
cruciate ligament and as a venous pump for the 
lower limb (Koulouris et al. 2007).

32.2.1.2  Soleus
The soleus is a broad and flat muscle that lies 
deep to the gastrocnemius and plantaris and 
superficial to the muscles of the deep posterior 
compartment.

The soleus has both a fibular and tibial origin. 
The fibular origin is on the posterior aspect of the 
head and upper fourth of the diaphysis. The tibial 
origin is at the inferior border of the soleal line, a 
bony ridge running obliquely lateral-proximal to 
medial-distal that is situated on the upper third of 
the posterior aspect of the tibia, and the postero-
medial border of the tibia (middle third). The pop-
liteal vessels and the tibial nerve pass under the 
fibrous arch of the soleus. Each soleus muscle only 
crosses the ankle joint (Kerkhoffs and Servien 
2014; O’Brien 2005; Warwick and Williams 
1973). Distally, the soleus and gastrocnemius 
muscles together insert on the calcaneus via the 
Achilles tendon (Kerkhoffs and Servien 2014). 
The tendinous part of the soleus is the biggest of 
the fibers that add to the Achilles tendon and is the 
prime plantar flexor (Kvist 1991, 1994). Rotation 
of the Achilles tendon begins and becomes more 
marked in the distal 5–6 cm, where the soleus con-
tributes fibers to the tendon. The gastrocnemius 
fibers rotate to lateral and the soleus fibers are 
positioned medial to the insertion (O’Brien 2005). 
Several authors have observed the pennation of the 
soleus, with a bipennate arrangement found in 
86% of the population (right side, 83%; left side, 
89% by Joshi et al. (2010), and such an arrange-
ment found in up to 94% by Singhal et al. (2012).
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The bipennate nature and orientation of the 
soleus muscle fibers cannot be visualized in a 
single orthogonal plane on MRI. Two proximal 
aponeuroses have been identified, medial (tibial 
origin) and lateral (fibular origin), penetrating 
deep into the medial and lateral aspects of the 
soleus muscle belly, while simultaneously curv-
ing toward the midline of the muscle belly and 
distal central tendon. The two aponeuroses are a 
continuation of the perimysium covering the 
soleus and act as rigid fibrous “struts” from which 
the proximal soleus muscle fibers gain origin. The 
aponeuroses can be considered as genuine intra-
muscular tendons, from an anatomical, functional, 
and pathological perspective (Joshi et al. 2010).

Dissimilar to the gastrocnemius, the soleus is 
made fundamentally of slow-twitch (type I) fibers 
and hence is predominantly used in postural control 
and low-speed actions, such as walking (Koulouris 
et al. 2007). Variations in standard muscle anatomy 
structures do occur and might be symptomatic; for 
example, an accessory soleus muscle is present in 
0.7% to 5.6% of patients, originating from the ante-
rior surface of the soleus muscle itself, the fibula, or 
the soleus line of the tibia (Luck et al. 2008) with a 
variable insertion into the Achilles tendon or the 
calcaneus, which may occur superiorly or medially 
and via a muscular fascicle or tendon (Luck et al. 
2008; Jozsa and Kannus 1997). Other anatomical 
variants of the soleus muscle have been described as 
a soleus more distal than expected along the Achilles 
tendon. Anatomical variants are found in fewer than 
2% of patients who require Achilles tendon surgery 
(Jozsa and Kannus 1997).

32.2.1.3  Plantaris
The plantaris muscle is variable in size, origi-
nates from the supracondylar ridge of the lateral 
femoral condyle, and is absent in 6–8% of indi-
viduals (Hollinshead 1969). It is situated between 
the more superficial gastrocnemius and the more 
profound soleus muscle. The function of this 
muscle is the plantar flexion of the ankle (Van 
Sterkenburg et al. 2011). The muscle belly is usu-
ally 5–10 cm in length, and the plantaris inserts 
into the medial border and anterior to the Achilles 
tendon. In 6% to 8% of subjects, the plantaris 
inserts into the flexor retinaculum (Hollinshead 

1969). The plantaris can be injured at the level of 
the musculotendinous junction, either in isolation  
or simultaneously with a partial rupture of the 
medial head of the gastrocnemius or soleus.

The plantaris is also used as a augmentation  
tendon graft in surgical repair of achilles tendon 
rupture (Kerkhoffs and Servien 2014; O’Brien 
2005; Hollinshead 1969).

32.2.2  Injury Mechanism 
and Epidemiology

A tear in a muscle created by the muscle being 
stretched past its capacity is called a strain. This 
injury frequently happens during powerful eccen-
tric contractions of the muscle, and for the most 
part happens in the region adjacent to the muscu-
lotendinous junction. Biomechanical studies 
demonstrate that muscle failure occurs at strengths 
much greater than maximal isometric force, and 
stretching is important in causing harm (Garrett 
1990, 1996). In contrast with a passively stretched 
muscle, a muscle activated by nerve contraction 
and stretched to failure shows little increment in 
force at failure, no adjustment in strain to failure, 
and a substantial increment in energy absorbed 
prior to failure. Biomechanical studies show the 
capacity of muscles to work as energy absorbers 
in preventing damage to themselves and to bones 
and joints. Treatment protocols indicate stress 
relaxation and reduction of stiffness in the mus-
cle, taking advantage of the natural viscoelastic 
properties of muscle, rather than an automatic 
muscle protection reaction. These viscoelastic 
properties may be helpful in investigating how 
muscle damage may be prevented (Garrett 1990).

Calf strains often occur during acceleration 
or during an unexpected change in direction 
while a person is running (Bryan Dixon 2009). 
These strains are commonly associated with 
playing tennis, and are generally regarded as 
common injuries, particularly in athletes, 
although specific data on injury rates are sparse. 
In football players, calf strains represented 3.6% 
of injuries over a 5-year period (Bryan Dixon 
2009). Calf muscle injuries are also commonly 
seen in other sports.
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32.2.2.1  Gastrocnemius
The gastrocnemius is the calf muscle that is most 
often injured, followed by the plantaris and 
soleus muscles. The gastrocnemius muscle is 
particularly powerless against injury since it tra-
verses three joints. Damage usually happens dur-
ing unpredictable eccentric contraction when the 
ankle is in dorsiflexion with the knee in exten-
sion. Injury happens for the most part in racquet 
sports, running, basketball, football, and skiing 
(Kerkhoffs and Servien 2014).

In a series of 20 MRIs of the distal myotendi-
nous junction, the medial head of the gastrocne-
mius muscle was more commonly involved 
(19/22) than the lateral head (3/22), as the medial 
head has been shown to be more active (Segal 
and Song 2005).

32.2.2.2  Distal Gastrocnemius Injury 
(“Tennis Leg”)

Rupture of the distal musculotendinous junction 
of the medial head of the gastrocnemius muscle 
is known as “tennis leg,” and it is a common clin-
ical condition that typically occurs when the 
muscle is overstretched by dorsiflexion of the 
ankle with the knee in full extension (Counsel 
and Breidahl 2010; Gilbert et al. 1996; Weishaupt 
et al. 2001; Bencardino et al. 2000).

Tennis leg is a relatively common clinical con-
dition, and its pathogenesis has been debated 
since Powell first described it in 1883 (Powell 
1883). For some time, the condition was  attributed 
to a rupture of the plantaris tendon. However, this 
pathogenesis is now considered to be a myth 
without scientific support, and recently most 
investigators have implicated a rupture of the 
medial head of the gastrocnemius muscle at the 
musculotendinous junction in the pathogenesis of 
this entity (Bencardino et al. 2000).

MRI and ultrasonography (US) are now used 
as the primary imaging techniques for the evalu-
ation of patients with tennis leg (Delgado et al. 
2002).With regard to US findings in 141 patients 
referred with clinical findings of tennis leg, the 
most commonly injured muscle in the calf com-
plex was the medial head of the gastrocnemius; 
partial rupture of the medial head at, or no more 
than 2 cm from, the myotendinous junction, 

without rupture of the plantaris tendon, was iden-
tified in 94 patients (66.7%). Of these 94 patients, 
59 (62.8%) had associated fluid collection 
between the medial head of the gastrocnemius 
muscle and the soleus muscle. In 30 patients 
(21.3%) liquid accumulation between the apo-
neurosis of the gastrocnemius and soleus muscles 
was evident with US, while without US there was 
evidence of rupture of the triceps surae musculo-
tendinous unit. Rupture of the plantaris tendon in 
the middle third of the leg was seen in 2 patients 
(1.4%), one patient had a partial rupture of the 
soleus muscle (0.7%) (Delgado et al. 2002).

In another series, all of the 65 patients who had 
acute posttraumatic calf pain subsequent to a 
sports activity (51 cases) or trivial injury (14 
cases), and with the clinical diagnosis of tennis 
leg, had tears of the medial head of the gastrocne-
mius, 24 of which were partial tears of <2 cm, 
while 27 were larger partial tears, and 14 were 
complete tears. Most patients reported a history of 
sudden intense medial calf pain, followed by local 
edema and impaired function (Bianchi et al. 1998).

In an MRI study of 23 injuries to the distal 
gastrocnemius muscle [26], the myotendinous 
junction was involved in 96% of cases. The 
medial head was more frequently involved than 
the lateral head (86% and 14%, respectively), 
and low-grade or partial tears were more com-
mon than complete tears (Boutin et al. 2002). 
Twenty- two patients (age, 30–45 years) with 
clinically suspected tears of the medial head of 
the gastrocnemius showed US findings of dis-
ruption of the normal regular linear hyperechoic 
and hypoechoic appearance of the tendon at the 
site of origin of the medial head of the gastrocne-
mius. Partial rupture of the medial head of the 
gastrocnemius was recognized in seven patients 
(31.8%); five of these patients had an associated 
fluid collection between the medial head of the 
gastrocnemius and the soleus muscle (71.4%) 
(Kwak et al. 2006).

The first and more generally accepted pro-
posed mechanism of injury to the distal gastroc-
nemius is ankle dorsiflexion with extension of 
the knee, a circumstance that focuses most 
extreme stretching on the gastrocnemius, espe-
cially when there is a sudden change from 

F. Radice et al.



335

 plantar flexion to dorsiflexion, such as during 
descending from a jump. Another proposed 
mechanism is active plantar flexion of the foot 
with concurrent knee extension, which requires 
active contraction of the muscle at the same time 
as passive stretching (Counsel and Breidahl 
2010; Weishaupt et al. 2001).

32.2.2.3  Proximal Gastrocnemius 
Injuries

Proximal gastrocnemius tears can happen; how-
ever, this is an unusual clinical entity. The clinical 
significance of proximal tears is also unclear, 
aside from the localization of pain to the knee 
instead of the midcalf, which can alter the differ-
ential diagnosis. The imaging appearance at the 
level of the knee is infrequently reported and is 
associated with injuries of the neighboring semi-
membranosus and biceps tendons and, addition-
ally, popliteal and plantaris tears (Bencardino 
et al. 2000). If no variation from the norm exits 
on MRI, one ought to consider referred pain 
related to lower lumbar disc pathology (i.e., L5 
level) (Yamazaki et al. 1995).

32.2.2.4  Injuries of the Lateral Head 
of the Gastrocnemius

Tears of the lateral head of the gastrocnemius are 
much less common than tears of the medial head. 
Of 39 reported strains of the triceps surae, injury 
to the gastrocnemius was the most common (19 
out of 39, 48.7%), involving the medial head in 
18 cases and the lateral head in 1 case (Koulouris 
et al. 2007).

32.2.2.5  Soleus and Plantaris Injuries
Injuries of the plantaris and soleus muscles are 
far less common than those of the gastrocnemius 
muscle. This striking difference in pathophysiol-
ogy is due to the fact that the gastrocnemius and 
plantaris muscles cross the knee joint, and the 
soleus muscle does not. Soleus injuries occur 
during sports such as running and volleyball, or 
they may occur simply during actions such as 
stepping off a curb, without evident trauma 
(Campbell 2009). Injuries of the small plantaris 
muscle occur after ankle dorsiflexion while the 
knee is extended, similar to gastrocnemius tears 

(Lopez et al. 2009). In contrast, soleus tears 
occur when the ankle is passively dorsiflexed 
while the knee is flexed, because this muscle 
does not cross both joints (Cavalier et al. 1998). 
In a series of 141 patients referred for US exami-
nation after calf strain, plantaris muscle rupture 
(1.4%) and isolated soleus tear (0.7%) were the 
least frequent findings, while 67% of the patients 
had gastrocnemius tears, 21% had hematoma 
and fluid accumulation but no clear muscle tear, 
and 9% had deep venous thrombosis (Delgado 
et al. 2002).

However, MRI studies have shown the limita-
tions of US in identifying soleus injuries. In one 
MRI study, the authors showed an incidence of 
solitary soleus lesions of 46% (18 soleus injuries 
in 39 patients) and there were 16 soleus injuries 
in the 20 patients with dual injuries (80%) 
(Koulouris et al. 2007).

The occurrence of strains along the proximal 
medial side of the soleus may be, in part, related to 
the expanded length of the intramuscular tendon, 
and such expanded length is also a generally 
accepted reason for the high rate of medial-sided 
gastrocnemius tears. The larger musculotendinous 
junction of the gastrocnemius compared with the 
soleus enables the muscle unit to generate greater 
force and places it at increased risk of strain injury. 
The presence of two proximal tendons and the 
central tendon that arises from the anterior apo-
neurosis represent the inferior muscular attach-
ment; that is to say, the insertion of the soleus 
muscle fibers (whether emerging from the medial 
or lateral proximal tendons) (Balius et al. 2013).

32.3  Clinical Signs and Symptoms

The classical clinical history of a triceps surae 
strain is that of a sharp tearing or popping sensa-
tion, usually occurring when the calf muscles are 
stretched simultaneously over the ankle and knee 
joints. Clinically, there is a marked decrease in 
plantar flexion strength, and there are complaints 
of acute pain in the proximal calf, as well as 
cramping and muscle weakness; swelling or 
ecchymosis may be visible. Rarely, the swelling 
may be so extensive that it causes an acute 
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 compartment syndrome (Koulouris et al. 2007; 
Delgado et al. 2002; Campbell 2009). The condi-
tion must be differentiated, accurately, with US, 
from a ruptured Baker cyst, deep venous throm-
bosis, and, occasionally, Achilles tendon rupture 
(Bianchi et al. 1998).

Calf injuries occur more commonly in men 
than in women. These injuries usually affect ath-
letes and people in the fourth to sixth decades of 
life. Medial calf injuries are most commonly seen 
acutely, but up to 20% of affected patients have 
reported calf tightness being present several days 
before the injury (Koulouris et al. 2007; Campbell 
2009; Maffulli et al. 2011).

Clinically, it may be difficult to distinguish 
among gastrocnemius, plantaris, and soleus inju-
ries. On top of that, a more distal calf injury may 
present as a proximal Achilles tendon rupture or 
strain due to the anatomical proximity. This is 
emphasized by the frequently described sensa-
tion of tearing and popping of the tendon or mus-
cle or a feeling as if the calf has been kicked 
(Campbell 2009; Maffulli et al. 2011).

32.3.1  Physical Examination

Physical examination can help to distinguish 
between strains of the soleus and gastrocnemius; 
this allows us to isolate the site and severity of the 
injury. A combination of palpation, strength 
 testing, and stretching is required to localize 
strains to the gastrocnemius or soleus. Palpation 
of the calf should occur along the entire length. It 
is necessary to identify tenderness, swelling, 
thickening, defects, and masses if present. 
Gastrocnemius strains typically present with ten-
derness in the medial belly or the musculotendi-
nous junction. In soleus strains the pain is often 
lateral (Brukner and Khan 2002).

On inspection, a (horizontal) ecchymosis can 
be found at the location of the injury (Campbell 
2009; Maffulli et al. 2011; Brukner and Khan 
2002). A plantaris or soleus injury typically pres-
ents with acute swelling and ecchymosis of the 
calf (Campbell 2009).

A palpable defect in the muscle helps in the 
localization and suggests an injury of greater 

severity. The origins of the gastrocnemius and 
soleus are anatomically distinct, arising from 
above and below the knee, respectively (Kerkhoffs 
and Servien 2014). A rupture may be palpable if 
there is retraction of the muscle. As previously 
mentioned, it may be difficult to clinically distin-
guish a muscle tear from a proximal tear of the 
Achilles tendon (Kerkhoffs and Servien 2014; 
Campbell 2009).

According to the degree of knee flexion, the 
examiner can isolate the activation of the muscles. 
With the knee in maximal flexion, the soleus 
becomes the primary generator of force in plantar 
flexion. The gastrocnemius muscle is the primary 
generator of force when the knee is in full exten-
sion. This technique can also be used in testing 
pain and flexibility during passive movements 
(Koulouris et al. 2007; Fleiss 1996). The relation-
ship between the position of the knee (full flexion 
or full extension) and the function of the muscles 
involved (soleus or gastrocnemius) allows for 
more accurate strength testing of the individual 
calf muscles and enables the clinician to better 
delineate which muscle has been injured. In inju-
ries of the plantaris and soleus muscles, the pain is 
exacerbated on weight bearing and with passive 
dorsiflexion of the ankle and palpation over the 
site of injury, with the site usually located laterally 
(Brukner and Khan 2002; Fleiss 1996). It has been 
suggested that soleus and/or plantaris injuries can 
be differentiated from gastrocnemius injuries 
based on their less extensive pain and swelling. 
Additional testing that can be used during the eval-
uation of calf strain includes the Thompson test 
and functional movements such as hopping, run-
ning, and jumping (Bryan Dixon 2009).

32.3.2  Clinical and Imaging 
Classification

Three types of acute skeletal muscle trauma have 
been described: strains, tears, and contusions and 
hematomas. On the other hand, chronic lesions after 
muscle trauma include fibrous scars, muscle hernias, 
and heterotopic calcification (Lee and Healy 2004).

Muscular injuries are classified according to 
their injury mechanism as extrinsic (direct) or 
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intrinsic (indirect). Extrinsic injuries are classified 
according to their severity, as light or benign 
(grade I), moderate (grade II), or serious (grade 
III). Intrinsic injuries, due to stretching, are pro-
duced by the application of a tensional force 
higher than the tissue resistance in an eccentric 
contraction. The classification of intrinsic injuries 
is more complex (Kerkhoffs and Servien 2014).

Clinically, injuries of the calf muscle complex 
are graded as 1–3 (Table 32.1), and this classifi-
cation can be utilized to gauge the recovery 

period and to choose a suitable rehabilitation 
 program (Lee and Healy 2004).

These lesions are commonly located at the 
musculotendinous junction in the superficial 
muscle layers, but the location may vary depend-
ing on the mechanism of injury. Musculotendinous 
strains are clinically classified as grade 1 (with-
out loss of  muscle function), grade 2 (mild loss 
of muscle function), or grade 3 (complete loss of 
muscle function) (Valle 2011). Based on the 
patient’s disability, physical findings, and rele-
vant pathological findings, a grade 1 muscle 
strain is an injury with a minor tear of up to 10% 
of the muscle fibers. A grade 2 injury involves 
tearing of up to 50% of the muscle fibers, and a 
grade 3 injury represents tearing of over 50% of 
the muscle fibers, including complete ruptures 
(Delgado et al. 2002; Bryan Dixon 2009).

A relatively new classification system, which 
differentiates between four types of acute muscle 
disorders and injuries, has recently been devel-
oped; this comprises the classification of indirect 
muscle disorders/injuries as functional muscle 
disorders (type 1, overexertion-related, and type 
2, neuromuscular muscle disorders), and struc-
tural muscle injuries (type 3, partial tears, and 
type 4, (sub) total tears/tendinous avulsions) with 
macroscopic evidence of fiber tear; that is, struc-
tural damage (Mueller-Wohlfahrt et al. 2013) 
(Table 32.2).

Table 32.1 Clinical classification of calf muscle injury

Grade 1
(mild)

Sharp pain in the posterior aspect of 
the leg at the time of injury or with 
activity
May be able to continue activity
Mild pain, spasm, and swelling
Minimal loss of strength and range 
of motion (ROM)
Tightness and aching for up 
2–5 days

Grade 2 
(moderate)

Sharp pain in the posterior aspect of 
the leg
Unable to continue activity
Swelling. Mild to moderate bruising
Loss of strength and ROM
Tightness and aching for about 
2 weeks

Grade 3
(severe)

Severe immediate pain and disability
Considerable swelling and bruising
Loss of function
Palpable defect

Table 32.2 Classification of acute muscle disorders and injuries

Indirect muscle disorder/
injury

Functional muscle 
disorder

Type 1: Overexertion-related 
muscle disorder

Type 1A: Fatigue-induced 
muscle disorder
Type 1B: Delayed onset 
muscle soreness (DOMS)

Type 2: Neuromuscular muscle 
disorder

Type 2A: Spine-related 
neuromuscular muscle 
disorder
Type 2B: Muscle-related 
neuromuscular muscle 
disorder

Structural muscle 
injury

Type 3: Partial muscle tear Type 3A: Minor partial 
muscle tear
Type 3B: Moderate partial 
muscle tear

Type 4: Total tear Subtotal or complete 
muscle tear. Tendinous 
avulsion

Direct muscle injury Contusion/laceration
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32.4  Imaging

In athletes, indirect injuries are the most relevant 
structural muscle injuries with macroscopic evi-
dence of muscle damage; that is, stretch-induced 
injuries caused by a sudden forced lengthening 
over the viscoelastic limits of muscles occurring 
during a powerful contraction (Mueller-
Wohlfahrt et al. 2013). Imaging plays a role in 
providing an accurate prognosis as well as aid-
ing in proper management decisions. Magnetic 
resonance imaging (MRI) or US can be of value 
in both the initial assessment and follow-up of 
the injury (Mueller-Wohlfahrt et al. 2013; 
Hayashi et al. 2012).

Although US is cheap and generally accessi-
ble, it depends on the experience of the radiolo-
gist and has lower sensitivity for distinguishing 
ongoing muscle healing than MRI, leading to a 
more inaccurate prediction of convalescence time 
and risk of recurrent injury (Kerkhoffs and 
Servien 2014; Hayashi et al. 2012).

32.4.1  Modalities for Imaging 
of Musculotendinous Injuries

32.4.1.1  MRI
According to the sports medicine literature, MRI 
is a sensitive modality for confirming strain in the 
muscles of the calf muscle complex and for accu-
rately identifying the location of injury within the 
muscle-tendon-bone unit (Koulouris et al. 2007; 
Menz and Lucas 1991). However, MRI would 
only be recommended particularly in high- 
performance sports in cases where a rapid and 
accurate diagnosis is required and in which a 
thorough US study does not identify any injury 
(Balius et al. 2014).

Previously not appreciated is the high number 
of dual injuries (although the most commonly 
injured muscle of the calf muscle complex is the 
medial head of the gastrocnemius in the proximal 
musculotendinous junction), as well as strains 
involving the soleus muscle, which may poten-
tially be of prognostic significance. Soleus mus-
cle injuries have been rarely described in the 
echotomography literature; it is likely that these 

injuries have been underdiagnosed, and thus MRI 
should be considered the modality of choice in 
elite athletes and preferred over US (Kerkhoffs 
and Servien 2014; Koulouris et al. 2007; Hayashi 
et al. 2012).

MRI is commonly used to locate the lesion 
and assess its severity. The extent of musculoten-
dinous injuries and the associated architectural 
distortion is assessed using axial, sagittal, and 
coronal images arranged along the long and 
short axes of the included musculotendinous 
unit. The axial plane is helpful to evaluate mus-
cle contours and to delineate the musculotendi-
nous junction and its exact anatomical relation to 
focal lesions (Hayashi et al. 2012; Palmer et al. 
1999), while the coronal and sagittal planes are 
utilized to  survey the longitudinal extent of the 
injury (Valle 2011).

Musculotendinous units are commonly altered 
in all forms of acute traumatic injuries. Normal 
skeletal muscles, compared with other soft tis-
sues, show intermediate to low signal intensity on 
both T1-weighted (T1-w) (short TR/TE) and 
T2-weighted or short tau inversion recovery 
(STIR) (long TR/long TE) images (Deutsch and 
Mink 1989).

Fluid-sensitive sequences, i.e., fat-suppressed 
T2-weighted (FS T2-w) or fat-suppressed proton 
density-weighted (FS PD-w) images, and turbo 
spin echo (TSE) and STIR sequences, are suit-
able for detecting edematous changes (hyperin-
tense feather-shaped) in the musculotendinous 
unit, and for delineating and locating intramus-
cular or perifascial fluid collections or hemato-
mas as hyperintensity (Hayashi et al. 2012). 
T1-w TSE sequences are used to visualize atro-
phy and fatty infiltration and to differentiate 
between edema (hypointensity) and hematoma 
(hyperintensity) (Deutsch and Mink 1989). But 
in chronic muscle injuries, T1-w images may not 
show any signal abnormalities in small tears 
(Hayashi et al. 2012).

32.4.1.2  MRI Features 
in Musculotendinous Strains 
and Tears

Findings in musculotendinous strains and tears 
include rupture or discontinuity of gastrocnemius 
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muscle fibers, fluid signals consistent with hem-
orrhage and hematoma at the musculotendinous 
junction, and retraction of the torn muscle fibers. 
MRI also allows differentiation between gastroc-
nemius and Achilles tendon injury, which can 
help to improve the treatment (Campbell 2009).

In musculotendinous strains without a tear, 
some fiber disruptions are seen, but muscle 
functions are maintained. On MRI, interstitial 
edema and hemorrhage are present at the mus-
culotendinous junction and extend into the adja-
cent muscle fascicles, producing a feathery 
appearance (i.e., hyperintensity) on fluid-sensi-
tive sequences. In the presence of partial tears 
(without retraction), in addition to interstitial 
edema and hemorrhage, hematoma at the mus-
culotendinous junction and perifascial fluid col-
lection appear as hyperintensity on fluid-sensitive 
sequences. Hematoma in this region is associ-
ated with a complete musculotendinous rupture. 
Clinically, muscle function is completely lost, 
with a palpable gap and retraction of muscle 
fibers. MRI and US may be useful for the preop-
erative assessment of the extent of retraction 
(Hayashi et al. 2012).

In an MRI series of 23 injuries to the distal 
gastrocnemius that occurred in 20 patients, 
myotendinous strains were the most common 
injuries (43%); partial tears (30%) and complete 
tears (22%) of the myotendinous junction or 
proximal Achilles tendon were less frequent. 
Injuries to the medial head of the gastrocnemius 
in the myotendinous junction were more fre-
quent than those to the lateral head (86% vs. 
14%) (Weishaupt et al. 2001).

MRI is also helpful in diagnosing tears of 
the plantaris or soleus muscles. Soleus injuries 
can occur throughout the extent of the muscle; 
those occurring at the perimeter of the muscle 
and not at the tendons are classified as myofas-
cial (epimysial) strains, those at the myofascial 
junction of the soleus with the gastrocnemius 
are classified as posterior myofascial strains, 
and those at the junction between the soleus 
and the deep posterior compartment of the leg 
are classified as anterior myofascial strains 
(Campbell 2009; Balius et al. 2013)., Soleus 
injuries can also occur in the musculotendinous 

junction, involving the distal intramuscular ten-
don, or the proximal medial and lateral aponeu-
roses. As shown in a retrospective study of 55 
cases of soleus muscle strains, 31 strains were 
considered musculotendinous, of which 14 
were located at the medial aponeurosis and 10 
were located at the central tendon; 24 of the 
soleus muscle strains were myofascial, of 
which half were anterior myofascial (Balius 
et al. 2013).

Imaging features of plantaris injury include 
hemorrhage and edema in the muscle, seen on 
T1 and T2 imaging (27); the fluid is located 
between the gastrocnemius and soleus muscles. 
Plantaris injury may occur at the myotendinous 
junction with or without a partial tear of the 
medial head of the gastrocnemius muscle; plan-
taris injury may also occur as an isolated injury 
or in conjunction with injury to the anterior cru-
ciate ligament (ACL) (10 of 15 patients) (Helms 
et al. 1995).

32.4.1.3  Echotomography
Ultrasonography has proven to be an easy to per-
form and a fast and safe imaging modality for 
evaluating the size of the tears in patients with 
clinically suspected tennis leg (Bianchi et al. 
1998). Ultrasonography allows dynamic imaging 
while the injured leg is maneuvered to elicit 
symptoms and aid in clarifying the diagnosis. 
Power Doppler is useful for identifying hyper-
emia associated with acute injuries (Blankenbaker 
and Tuite 2010).

Moreover, a large hematoma may be drained 
under US guidance after liquefaction of the 
hematoma has occurred. The sensitivity of US for 
acute fluid collection has been shown to be equal 
to that of MRI in some studies (Koulouris and 
Connell 2005), especially in larger tears where 
fluid collection occurs between the injured 
medial head of the gastrocnemius muscle and the 
soleus muscle (Bianchi et al. 1998).

The disadvantages of US are seen in follow-up 
imaging, because is very difficult to reproduce 
exactly the same imaging position and plane as 
those at baseline, and US cannot always differen-
tiate between old and new lesions and those on 
follow-up visits (Hayashi et al. 2012).
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32.4.1.4  Ultrasonographic Features 
of Musculotendinous Strains 
and Tears

The US technique discriminates partial tears 
from complete tears of the muscle, with case 
reports demonstrating the rate of occurrence of 
incomplete injuries as 33% to 75% (Campbell 
2009). At the gastrocnemius muscle myotendi-
nous junction, US usually shows discontinuity of 
fibers, and follow-up US shows union of this 
defect with hypoechoic tissue at 4 weeks (Bianchi 
et al. 1998). The lesions in a gastrocnemius mus-
cle injury produce loss of the alternating linear 
hyperechoic and hypoechogenic structures of 
muscle fibers and normal muscle septum 
(Delgado et al. 2002).

Fluid collections are often a useful guide to 
the site of injury (Bianchi et al. 1998). Edema 
peripheral to a gastrocnemius muscle injury 
appears as a poorly defined region of increased 
echogenicity, and this can be an important 
echotomographic sign of a muscle injury, espe-
cially in small tears (Lee and Healy 2004). In the 
presence of partial tears, these pathological fea-
tures are depicted as hypoechogenicity. 
Disruption of muscle fibers will be depicted as 
notable echo-inhomogeneity (Hayashi et al. 
2012).

In patients with small tears, examined within a 
couple of hours of the injury, the absence of a 
definite hypoechoic or anechoic blood collection 
was reported to make detection of the tear diffi-
cult. Cautious assessment of the distal segment of 
the medial head of the gastrocnemius, however, 
revealed that muscle fibers and septa did not 
achieve an aponeurosis. Most of these injuries 
affected the most anteromedial portion of the 
gastrocnemius medial head and could be missed 
if this region is not evaluated carefully (Bianchi 
et al. 1998).

US also offers a quick and inexpensive imag-
ing methodology to diagnose plantaris or soleus 
injuries.

32.4.1.5  US in Soleus Muscle Injuries
Five sites of strain distribution have been identi-
fied within the soleus: three musculotendinous 
junction sites (proximal medial strains, account-

ing for 25.5% of all injuries, were the most com-
mon type of soleus muscle injuries, with 
proximal lateral strains accounting for 12.7%, 
and distal central tendon strains accounting for 
18.2%) and two myofascial sites (anterior 
strains 21.8% and posterior strains 21.8%) 
(Balius et al. 2013).

US, compared with MRI, is not sensitive 
enough for detecting and assessing soleus inju-
ries (Delgado et al. 2002; Balius et al. 2014), 
although the sensitivity is enhanced by thorough 
anatomically based US; also, the timing of the 
US examination (within 28.8 days of the injury in 
positive cases P = 0.003) may be important. 
Some authors observed that injuries at the myo-
fascial junctions (10 out of 24; 41.7%) were more 
readily identified than those situated at the mus-
culotendinous junctions (5 out of 26; 19.2%). 
This may be due to the presence of a fluid collec-
tion that appears to facilitate US visualization of 
myofascial injuries. Each type of soleus injury 
appears to have a characteristic US pattern based 
on a defect of connective expansions, the exis-
tence of small myofascial filiform collections, 
and the rarefaction of the fibrillar area (Balius 
et al. 2014).

32.4.1.6  US in Plantaris Muscle 
Injuries

Plantaris rupture is a strong diagnostic possibility 
when a mass-like structure of the same echo-
genicity as muscle is seen in the plane between 
the gastrocnemius and soleus muscles, along 
with fluid collection (Rohilla et al. 2013). 
Plantaris tears are typically located at the midcalf 
level at the muscle-tendon junction (Campbell 
2009; Leekam et al. 1999). Less commonly, tears 
of the plantaris tendon without muscle involve-
ment may show little fluid on US. US can also 
reveal a small soleus aponeurosis avulsion, but 
the fluid collection or hematoma is always located 
between the soleus and gastrocnemius muscles, 
usually the medial head. Such injuries may also 
be found on echotomography, obtained to rule 
out deep vein thrombosis, clarifying a potentially 
confusing clinical picture (Rohilla et al. 2013; 
Leekam et al. 1999). Comparison with the con-
tralateral extremity can assist in detecting subtle 
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differences. Fluid collection alone without an 
obvious tear of the muscle fibers has also been 
described (Leekam et al. 1999).

32.5  Treatment

The time required for recovery is often difficult 
to predict, and re-injury is common. The length 
of recovery time may be influenced by different 
variables, such as the part of the muscle involved. 
Complete recovery of strength and flexibility 
should be achieved prior to return to pre-injury 
activity. Premature return may result in a pro-
longed recovery or incomplete return to the pre- 
injury baseline.

Acute treatment is aimed at limiting hemor-
rhage and pain, as well as preventing complica-
tions. Over the first few days, muscle rest, 
achieved by limiting stretch and contraction, 
cryotherapy, compressive wrap or tape, and ele-
vation of the leg are generally recommended.

The use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) should be restricted because of 
increased bleeding caused by their antiplatelet 
effects. Cyclooxygenase (COX)-2 inhibitors have 
a negative effect on muscle injury recovery. 
Acetaminophen or opiate pain medication could 
also be used.

The suggested treatment regime in athletes is:
Days 0–3, Cryotherapy, electrotherapy, and 

draining massage
Days 3–7, Prediathermy, isometric exercises, 

walking/biking; postcryotherapy, active 
stretching

Progressive work in a swimming pool is very 
well tolerated. It stimulates the activity of the 
injured muscle and controls the load.

Days 7–14, Electrotherapy, concentric exer-
cises, elliptical trainer/treadmill; prediathermy, 
Closed Kinetic Chain Exercises (CKCE): exer-
cises performed where the foot doesn’t move 
during the exercise. The foot remains in constant 
contact with a surface, usually the ground or a 
footplate of a machine. These exercises are typi-
cally weight-bearing exercises, where an exer-
ciser uses their own body weight and/or external 
weight.

Examples: Back Squats, Front Squats, Leg 
Press, and Lunges

A progressive series of 22 Swiss ball exercises 
are planned to easily strengthen the hamstrings, 
thighs, buttocks and back muscles to enhance the 
core stability control and improve the balance.

Ten days after the injury, the developing scar 
has the same tensile strength as the adjacent mus-
cle and further progression of rehabilitative exer-
cises can begin. Isometric, isotonic, and then 
dynamic training exercises can be added in a con-
secutive manner as each type of exercise is com-
pleted without pain.

Days 14–21, Eccentric exercises, exercises to 
improve strength, flexibility, and balance

Exercise in the field of play
Return to training and competition if return to 

play (RTP) criteria are met.

32.6  Return to Play in Sports

32.6.1  Gastrocnemius

For safe return to sport following muscle strains, 
there are no consensus guidelines or settled-upon 
criteria that completely eliminate the risk of 
recurrence and maximize performance (Orchard 
et al. 2005). Some studies have shown RTP data 
for different types of muscle injuries. In a study 
by Hallén and Ekstrand (2014), 81 elite profes-
sional teams of football players in Europe were 
followed between 2001 and 2013, and individual 
player exposure and time-loss for injuries were 
recorded. A total of 17,371 injuries occurred, 
including 5603 (32%) muscle injuries. Lay-off 
days were correlated with the MRI grading of 
thigh muscle injuries (P < 0.001). Calf muscle 
injuries were responsible for a median absence of 
13 days (P < 0.001). MRI was valuable for prog-
nosticating RTP, with radiological grading asso-
ciated with lay-off times after injury.

32.6.2  Soleus

According to a recent study, by Pedret et al. 
(2015), the site with the worst prognosis was 
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the myotendinous central junction, with a mean 
recovery time of 44.3 ± 23.0 days, and a longer 
RTP than injuries in other locations. The site 
with the best prognosis was the myotendinous 
lateral junction, with a mean recovery time of 
19.2 ± 13.5 days (P < 0.05). There was a statis-
tically significant correlation between recovery 
time and age (P < 0.001) and between recovery 
time and the extent of retraction (P < 0.05). 
The most important prognostic factors were 
the anterior- posterior extent of the retraction or 
gap and the involvement of the surrounding tis-
sue, while measurement of the extent of edema 
was relatively insignificant. Multivariate equa-
tions were specifically applied to different 
sport disciplines. For example, for the 
44-included patients, a worse prognosis regard-
ing age, transverse muscle area, and weight 
was found for soccer; the factors that explained 
RTP were the transverse muscle area and the 
gap; age and weight were less important 
because of a certain amount of homogeneity 
regarding these variables in soccer players 
(Pedret et al. 2015).

 Conclusion

Muscle injuries are classified according to the 
degree of involvement of the muscle.

Injuries to the soleus muscle are underesti-
mated because of their subacute clinical 
characteristics.

For the diagnosis of these injuries, MRI is 
our preferred modality.

Soleus muscle injuries show different prev-
alences in different sport disciplines and are 
more frequent in soccer.

It is important to establish the prognosis for 
every type of muscle injury to make correct 
decisions about return to sport. You need to 
know the exact injury location and the specific 
type of injury. The soleus muscle is character-
ized by a complex anatomy and unique 
mechanical properties. Injuries in the central 
tendon of the soleus muscle have a longer 
return to sports than injuries in other locations 
and have a worse prognosis.

In our experience in working with profes-
sional soccer players (Universidad de Chile 

and the National Chilean  Team), the factors 
that define return to sports are the transverse 
area of the muscle and the gap, and the extent 
of edema.
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Achilles Tendinopathy

Kenneth J. Hunt

33.1  Introduction

The Achilles tendon is the strongest and thickest 
tendon in the body that endures considerable 
loads during athletic activities. It has been esti-
mated that loads of up to 11 kN per cm2 or 
12 times the body weight are absorbed by the 
Achilles tendon during jumping and running 
(Fukashiro et al. 1995; Slane and Thelen 2014). 
In addition, the trade-off in design between the 
Achilles tendon’s strength and stiffness and its 
ability to store and release energy results in a 
relatively low safety factor (Ker 1999). This low 
safety factor can lead to rupture of the Achilles 
tendon under certain conditions. However, 
Achilles tendinopathy is far more common as a 
result of repetitive loading, often under subopti-
mal physiologic or environmental conditions, 
and is in fact one of the most common musculo-
skeletal conditions in athletes.

33.2  Terminology

Clinical complaints of pain, swelling, and 
impaired function of the Achilles tendon are 
common in sports. A number of terms are applied 
to the chronically painful Achilles tendon, includ-
ing tendinitis, tendinosis, and paratenonitis. 
However, histopathological studies have demon-
strated that most Achilles tendon disorders are 
the result of an inadequate healing response, 
often leading to degenerative changes in the ten-
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don, rather than from inflammation. This process 
tends to occur in three continuous stages: reactive 
tendinopathy, tendon disrepair, and degenerative 
tendinopathy (Abate et al. 2009; Cook and 
Purdam 2009). An inflammatory response is not 
found in any of the three stages. For this reason, 
Maffulli et al. have suggested the use of the term 
“tendinopathy” as a more encompassing term to 
describe these intratendinous disorders (Maffulli 
et al. 1998).

There are two broad anatomic categories of 
Achilles tendinopathy: insertional (at the 
calcaneus- Achilles tendon junction) and non- 
insertional (2–6 cm proximal to the insertion of 
the Achilles tendon into the calcaneus) 
(Almekinders 1998). Kvist found that 20–25% of 
Achilles tendinopathy patients had insertional 
disorder, 66% had non-insertional, and 23% had 
a combination of retrocalcaneal bursitis or inser-
tional tendinopathy (Kvist 1991).

The non-insertional variety typically involves 
the substance of the Achilles tendon, with or 
without inflammation of the paratenon and with 
or without adhesions. Insertional disease can 
commonly include a prominent enlargement of 
the calcaneal tuberosity above the Achilles inser-
tion (i.e., Haglund’s lesion), an inflamed retrocal-
caneal bursa, and intratendinous calcifications at 
or near the Achilles insertion. Successful treat-
ment is often predicated on identification of the 
etiologic condition(s) and addressing them with 
an effective, and sometime comprehensive, treat-
ment strategy.

33.3  Functional Anatomy

The Achilles tendon originates from the merging 
of the soleus muscle with the two bellies of the 
gastrocnemius (often referred to as the triceps 
surae), and it inserts distally onto the posterior 
tuberosity of the calcaneus. The normal tendon is 
generally a rounded structure that is avascular, 
white, and elastic. The Achilles is primarily com-
posed of collagen fibers (mostly type I collagen), 
which make up 90% of the tendon protein. 
Collagen forms microfibrils, fibrils, and fibers. A 
group of fibers constitutes a fascicle. The fasci-

cles unite to form bundles and are surrounded by 
the endotenon, which carries blood vessels, lym-
phatics, and nerves.

The Achilles tendon receives blood supply 
from three sources: the muscle-tendon junction, 
the bone-tendon junction, and centrally from the 
endotenon along the length of the tendon. The 
blood supply to the middle portion of the tendon 
(referred to as a watershed area) is by way of the 
surrounding paratenon. The most abundant blood 
supply zone in the tendon is at the tendon inser-
tion, whereas, in people older than 30 years, the 
most intensely vascularized zone is at the tendon 
origin. The area of the tendon between approxi-
mately 2 and 6 cm above the insertion into the 
calcaneus is the least vascularized zone at all 
ages, resulting in limited reparative ability at 
times of stress or repeated injury.

33.4  Etiology

Achilles tendinopathy is generally chronic and 
related to overuse. There is a good general under-
standing of the intrinsic and extrinsic factors that 
are associated with Achilles tendinopathy. 
Intrinsic factors include biomechanical factors 
involving the lower extremity, such as cavus 
hindfoot deformity, forefoot varus, equinus, limb 
length inequality, and subtalar joint stiffness 
(Irwin 2010). Systemic conditions are also known 
to contribute risk including advancing age (Tuite 
et al. 1997), diabetes, corticosteroid use, inflam-
matory arthropathies, hypertension, obesity, gout 
(Holmes and Lin 2006; Paavola et al. 2002), and 
the use of statin drugs, aromatase inhibitors, and 
quinolone antibiotics (Knobloch 2016). Extrinsic 
factors are related to excessive training errors and 
repeated mechanical overload, including signifi-
cant increases in interval training, excessive hill 
training, abrupt changes in training schedule, 
training on hard or sloping surfaces, rapid 
increases in mileage, footwear or running sur-
faces with poor shock absorption (especially 
when changing from normal), and wedging from 
uneven wear (Irwin 2010; Kirchgesner et al. 
2014). The cycle of tendinopathy is usually repet-
itive microtrauma to an area of the tendon at risk 
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(due at least in part to the above factors) followed 
by an inability of the body to effectively heal 
these regions. The reduced blood supply in the 
central portion of the tendon is a likely contribu-
tor to Achilles tendinopathy in this area.

33.5  Epidemiology

Achilles tendinopathy is among the most fre-
quently lower extremity overuse injuries (Sobhani 
et al. 2013) and is most likely to be experienced 
by individuals who participate in repetitive 
impact physical activities, such as running and 
jumping. The lifetime prevalence of Achilles ten-
dinopathy in runners is up to 52% (Maffulli et al. 
2003) and it can be career ending in up to 5% of 
professional athletes (Lysholm and Wiklander 
1987). In their epidemiologic analysis of nearly 
1400 nonathletic individuals, Waldecker et al. 
(2012) identified Achilles tendinopathy in 5.6% 
of the subjects (4% insertional, 3.6% non- 
insertional, and 1.9% a combination of both) 
(Waldecker et al. 2012). Chronic Achilles tendi-
nopathy is more common in older people than in 
young people. In the study by Kvist (1991), only 
25% of the subjects with Achilles tendinopathy 
patients were young athletes. In addition, inser-
tional Achilles tendinopathy tends to occur more 
commonly in active persons, whereas non- 
insertional tendinopathy tends to occur in older, 
less active, and overweight people (Li and Hua 
2016).

33.6  Clinical and Diagnostic 
Features

Patients most often present with insidious onset 
of pain, swelling, and stiffness. They will fre-
quently localize symptoms to the involved region 
of the Achilles tendon and associated structures. 
In cases of insertional tendinopathy, pain is typi-
cally at the posterior midline of the calcaneal 
tuberosity, but there can also be pain just medial 
or just lateral to the Achilles insertion, particu-
larly when there are focal enthesophytes and/or 
retrocalcaneal bursitis. Non-insertional tendinop-

athy typically involves the section of the tendon 
2–6 cm above the insertion and rarely involves 
the calcaneus. Patients often complain that exer-
cise, stair climbing, and running on hard surfaces 
can exacerbate symptoms. In the earlier stages, 
patients often report that symptoms occur only 
after a strenuous activity, but as the disease pro-
gresses and becomes more chronic, any activity 
may cause symptoms, including walking on flat 
ground, and pain can even occur at rest.

Physical examination is a critical component 
of diagnosis. Exam can reveal tenderness and 
swelling at the involved portion of the Achilles. 
The tendon is often thickened and the pain can be 
made worse with resisted plantar flexion. Calf 
strength is usually normal, but can be limited by 
pain. If the location of tenderness is isolated to 
the medial and/or lateral aspects of the Achilles 
insertion without tendon thickening, then retro-
calcaneal bursitis is a likely diagnosis. It is 
important to utilize the physical examination to 
rule out other potential injuries, such as Achilles 
rupture, calcaneal stress fracture, and FHL 
pathology.

Imaging. Radiographs are not always neces-
sary for non-insertional tendinopathy, but weight-
bearing radiographs of the foot are should be 
obtained with insertional tendinopathy. The 
anteroposterior view can identify a pes planoval-
gus or cavovarus foot alignment (Fig. 33.1). The 
width of the Achilles shadow and maintenance of 
Kager’s fat pad triangle should be evaluated on 
the lateral view. The presence of enthesophytes 

Fig. 33.1 Lateral radiograph demonstrating cavus foot 
and prominent Haglund’s lesion on posterior calcaneal 
tuberosity
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and intratendinous calcification is best seen on 
this view (Fig. 33.2) and can also be appreciated 
on an axial view of the calcaneus (Fig. 33.3). 
Haglund’s lesion can also be identified on a lat-
eral radiograph.

Magnetic resonance imaging (MRI) can 
provide useful information regarding the Achilles 
tendon in both acute and chronic settings. MRI 
can show thickening of the Achilles tendon sub-
stance as well as intrasubstance degenerative 
changes (Figs. 33.4 and 33.5). MRI can also 
show pathology at the Achilles insertion includ-
ing tendon thickening, retrocalcaneal bursitis, 
and the impact of Haglund’s deformity 
(Fig. 33.6). One study evaluated 118 painful 
Achilles tendons and found that 15% had intrasu-
bstance abnormalities within 2 cm of the inser-
tion, 19% had an enlarged retrocalcaneal bursa, 
and 8% had increased signal in the calcaneus 
(Karjalainen et al. 2000). Nicholson et al. used 
MRI scans to classify the degree of tendon degen-
eration in 157 patients with insertional Achilles 
tendinopathy and were able to predict the success 
of nonoperative treatment based on these findings 
(Nicholson et al. 2007). They determined that 
tendons with confluent areas of intrasubstance 
signal abnormalities are unlikely to respond to 
nonoperative treatment.

Fig. 33.2 Radiograph demonstrating calcaneal entheso-
phyte with intrasubstance calcifications

Fig. 33.3 Axial radiograph of the heel demonstrating 
calcaneal enthesophytes

Fig. 33.4 T2-weighted axial MRI scan image demon-
strating increased signal in tendon substance representing 
degenerative tendinosis
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The role of diagnostic ultrasound has 
increased in recent years as a less-expensive alter-
native to MRI scan, allowing dynamic examination 
of the tendon. Astrom et al. compared ultrasound 

images with MRI images and surgical pathologic 
findings in 27 patients with chronic Achilles tendi-
nopathy. They concluded both ultrasound and MRI 
provide similar useful information and both may 
be utilized as a prognostic instrument (Astrom 
et al. 1996). Bakkegaard et al. (2015) prospectively 
evaluated 92 patients with Achilles tendon com-
plaints and found that ultrasound findings of ten-
don thickness, hypoechogenicity, and increased 
flow at any time point were significantly correlated 
to pain with activity, palpatory pain, and morning 
pain (Bakkegaard et al. 2015).

33.7  Conservative Treatment

Conservative treatment is commonly the first 
strategy in management for Achilles tendinopa-
thy. In general, 3–6 months of conservative care is 
instituted before alternative options are imple-
mented and at least 6 months before surgical 
option is considered. The outcome of surgical 
treatment after failed conservative management 
can be unpredictable and generally involves 
extensive postoperative rehabilitation before 
return to full activities. (Alfredson 2011; Bohu 
et al. 2009). Due to the invasiveness and potential 
pitfalls of surgical interventions, great effort has 
been undertaken to identify effective conservative 
treatment modalities in order to avoid surgery, yet 
achieve optimal clinical outcomes. To date, there 
is no single modality that has been consistently 
effective at eradicating symptomatic Achilles ten-
dinopathies, but there are a number of tools that 
have been shown to be effective in certain patients.

Maffulli’s group (Rowe et al. 2012) recently 
published a systematic review of conservative 
treatments for non-insertional Achilles tendinop-
athy, combining graded evidence with qualitative 
analysis of clinical reasoning. A brief summary 
of their findings is found below. They also identi-
fied important areas requiring future research, 
including the effectiveness of orthoses, effective-
ness of manual therapy, etiological factors, opti-
mal application of loading related to stage of 
presentation, and optimizing protocols for differ-
ent types of patients (e.g., the older patient with 
the metabolic syndrome versus the athletically 
active).

Fig. 33.5 T2-weighted sagittal MRI scan image demon-
strating thickening of the midsubstance Achilles tendon 
with increased signal consistent with tendinosis

Fig. 33.6 T2-weighted sagittal MRI scan image demon-
strating Haglund’s lesion with surrounding edema and 
thickening of the Achilles tendon above the insertion
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33.7.1  Eccentric Exercises

Eccentric loading exercises have the strongest 
supporting evidence of all the conservative treat-
ment modalities in the literature. A high degree of 
success has been shown in both sedentary and 
athletic patients with eccentric exercises. 
However, clinical outcomes vary widely and 
superior clinical outcomes have been reported for 
non-insertional tendinopathy, compared with 
insertional tendinopathy. Most studies use an 
eccentric training protocol similar to that 
described by Alfredson et al. (1998). In Rowe 
et al.’s investigation, physiotherapists commonly 
used eccentric training and reported using com-
plex clinical reasoning to adapt research proto-
cols for individual patients. As an example, 
eccentric loading protocols were varied for 
patients where pain prevented adherence to pub-
lished protocols by utilizing mixed concentric/
eccentric or isometric loading initially (Rowe 
et al. 2012).

33.7.2  Extracorporeal Shockwave 
Therapy (ESWT)

ESWT is one the few conservative modalities 
with a strong support in clinical evidence (Rowe 
et al. 2012). Low-energy ESWT has the most 
available evidence and is much less expensive 
than high energy. One investigation of low- 
energy ESWT found that VISA-A and pain scores 
improved at 4 months when ESWT was com-
bined with eccentric exercise training compared 
with eccentric exercises alone (Rompe et al. 
2009). However, at 12 months’ follow-up, there 
was no difference in outcome between the groups. 
The authors suggested that ESWT might be a 
useful addition to eccentric exercise for athletic 
patients desiring a more rapid return to sport.

33.7.3  Continued Tendon Loading or 
Physical Activity

One excellent quality is that RCT showed no 
detrimental effect of continued tendon-loading 

activity (i.e., sporting activity), as long as pain 
was monitored and a threshold of 5/10 on a VAS 
was not exceeded (Silbernagel et al. 2007). 
There are no significant differences in symp-
tomatic outcome between continued tendon 
loading and active rest groups at a 5 year fol-
low-up (Silbernagel et al. 2011). However, 
physiotherapists frequently recommend a reduc-
tion in the level and frequency of tendon-load-
ing activities (i.e., relative rest), citing anecdotal 
evidence that this improves treatment outcomes 
(Rowe et al. 2012).

33.8  Surgical Procedures

33.8.1  Non-insertional Achilles 
Tendinopathy

As discussed above, at least 6 months of conser-
vative treatments should be tried before surgical 
intervention. The goal of surgery is to remove 
degenerative tissue and stimulate tendon healing. 
In cases of insufficient tendon substance, aug-
mentation with autologous or allogeneic grafts 
can be implemented as well. Conventional surgi-
cal treatment consists of open removal of degen-
erative tissues, repair of healthy remaining 
tissues, and release of adhesions with or without 
resection of the paratenon. If greater than 50% of 
the tendon is unhealthy and requires debride-
ment, augmentation or reconstruction is recom-
mended to ensure sufficient substance to optimize 
function and minimize risk of rupture. Other sur-
gical treatments include percutaneous longitudi-
nal tenotomies, gastrocnemius lengthening, 
endoscopic tendon stripping and tenolysis, open 
tenosynovectomies, open debridement and tubu-
larization, and tendon augmentation with flexor 
hallucis longus (FHL) (Fig. 33.7). Further study 
of most of these treatments is necessary before 
clear recommendations can be made in terms of 
their utility.

Complications are not uncommon following 
surgical treatment procedure. In a large series of 
432 consecutive patients, Paavola et al. reported 
an overall complication rate of 11% of cases. 
These included wound necrosis in 3%, superficial 
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infection in 2.5%, and sural nerve injury in 1%, 
with other complications including hematoma, 
seroma, and deep vein thrombosis (Paavola et al. 
2000).

Clinical outcomes following surgical treat-
ment for non-insertion Achilles tendinopathy are 
good in general. Khan et al. performed a system-
atic review of 62 high-quality studies, finding 
that the overall success rate for surgery is 83.5%. 
They also noted that the quality of study 
 methodology (as measured by the Coleman 
methodology score) improved over time, corre-
lating with a decrease in success rates (Khan 
et al. 2015). This most likely represents an 
improvement in the study quality, rather than 
worsening of outcomes.

33.8.2  Insertional Achilles 
Tendinopathy

Patients who do not respond to conservative 
treatment for non-insertional Achilles tendinopa-

thy may also need operative management. There 
is currently no consensus regarding the duration 
before surgery, although as in non-insertional 
disease, most clinicians consider 4–6 months as 
the minimum time necessary to evaluate the 
effect of conservative treatment (Kearney and 
Costa 2010). The surgical strategy for insertional 
Achilles tendinopathy is removal of all degenera-
tive tissues contributing to pain and dysfunction. 
Typically this includes one or more of the follow-
ing structures:

 1. Excision of degenerative tendon at or above 
the insertion on the calcaneus, including intra-
tendinous calcifications

 2. Excision of the inflamed retrocalcaneal bursa
 3. Resection of the prominent posterior calca-

neal prominence (i.e., Haglund’s deformity)

If there is excessive tendon degeneration and 
intratendinous calcification, an open surgical 
approach is generally required in order to suffi-
ciently remove unhealthy tissue and repair the 
remaining healthy tissue (Fig. 33.8). It is rare that 
the majority of the Achilles tendon must be 
detached, although the central section is the most 
common site of disease. Reattachment of the 
insertion using drill holes and/or suture anchors 
as required will aid in healing and reduce scar 
tissue. When a significant amount of degenera-
tive tissue is identified and removed, augmenta-
tion with a tendon transfer/graft is often warranted 
(Wiegerinck et al. 2013).

When symptoms are primarily related to 
prominent Haglund’s deformity and inflamed ret-
rocalcaneal bursa, endoscopic calcaneoplasty 
and resection of the retrocalcaneal bursa can be 
performed (Phisitkul 2012). This typically entails 
two endoscopic portals and the use of small joint 
arthroscope and shaver device to debride the ret-
rocalcaneal bursa and remove prominent 
Haglund’s lesion (Fig. 33.9). Intraoperative fluo-
roscopy is utilized to ensure sufficient removal of 
the bone (Fig. 33.10). Biomechanical and clinical 
data suggest that up to 50% of the Achilles ten-
don attachment can be safely debrided without 
compromising the strength of the insertion nor 
increasing risk of rupture. If greater than 50% of 

Fig. 33.7 Clinical photograph of transferred FHL tendon 
adjacent to the Achilles tendon
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a b

Fig. 33.8 Lateral radiographs demonstrating (a) promi-
nent Haglund’s lesion and insertional calcaneal entheso-
phyte in patient with insertional Achilles tendinopathy, 

(b) postoperative film demonstrating removal of entheso-
phytes and Haglund’s lesion

a b

Fig. 33.9 Photographs from endoscopic removal of Haglund’s lesion illustrating (a) a small joint burr removing prom-
inent bone and (b) a healthy Achilles insertion after removal of Haglund’s lesion

a b c

Fig. 33.10 Fluoroscopic images demonstrating (a) 
prominent Haglund’s lesion, (b) a small joint burr utilized 
endoscopically to remove Haglund’s lesion, and (c) after 

removal of Haglund’s lesion and confirmation of a healthy 
Achilles insertion
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the Achilles tendon must be separated from the 
calcaneal insertion, suture anchors are recom-
mended to reattach the residual tendon. With 
extensive insertional Achilles tendon disease 
when as much as 75% of the tendon is excised, 
augmentation with the local tissue, such as the 
flexor hallucis longus tendon, or allograft, has 
been suggested (DeOrio and Easley 2008) 
(Fig. 33.7).

Traina et al. (2016) reported a systematic 
review on surgical treatments for insertional 
Achilles tendinopathy, having 465 surgically 
treated insertional Achilles tendons with a mean 
follow-up of 29.8 months on 16 studies. They 
included both studies of primary surgical debride-
ments and those that included augmentation for 
excessive tendon loss. They reported that results 
were good or excellent in 89.6% of cases and fair 
or poor in 10.4%. Average complication rate was 
18.3% (Traina et al. 2016; Hunt et al. 2015) pub-
lished a randomized control trial comparing FHL 
transfer to debridement alone in patients over 
50 years of age. They found no differences in 
pain, functional outcome (as measured by the 
AOFAS ankle/hindfoot scale), and patient satis-
faction when comparing patients treated with 
Achilles debridement alone versus FHL augmen-
tation for chronic Achilles tendinopathy. 
However, ankle plantar flexion strength was 
improved with FHL transfer, with no loss of hal-
lux plantar flexion strength.

 Conclusion

Achilles tendinopathy is a very common clini-
cal syndrome characterized by the combina-
tion of pain, swelling, and impaired function. 
It can impact active and nonactive people 
alike, but has particularly high prevalence in 
running and jumping athletes. The etiology of 
Achilles tendinopathy is multifactorial and 
typically includes one or more intrinsic and 
extrinsic factors. Histological studies have 
determined this to be a degenerative process 
rather than an inflammatory one. The sources 
of pain in Achilles tendinopathy are very com-
plicated, necessitating a careful history and 
physical examination to determine the appro-
priate course of treatment. There are a number 

of conservative treatments for these disorders 
which should be attempted before surgical 
intervention is considered. For patients who 
fail conservative treatments, surgical interven-
tion is recommended and is associated with 
good success rates in most patients. However, 
there is no gold standard of the treatments 
because of the inconsistent clinical results 
between various studies. Additional high- 
quality clinical outcome studies are needed in 
this area, particularly to assess some of the 
promising new technologies making their way 
into the treatment armamentarium.
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34.1  Introduction

Sports activities are increasing worldwide as a pro-
moter of global health (Palacios-Cena et al. 2012). 
Enhanced proprioception and fine-tuned neuro-
muscular control around the foot and ankle are par-
ticularly required for gait in uneven ground and 
most types of sports (Cote et al. 2005). This 
includes fine balance between dorsiflexion- 
plantarflexion and pronation-supination. General 
population is presenting increased and earlier 
attention to foot and ankle tendon-related  disorders 
probably led by their higher functional demand. 
This fact might play a role in earlier diagnosis of 
some condition in its primary stages thus also influ-
encing the clinical outcome. This is of paramount 
relevance in the herein described conditions.

The ankle joint complex comprises the tibiota-
lar (talocrural), talocalcaneal (subtalar), and 
transverse tarsal (talocalcaneonavicular) joints 
(Brockett and Chapman 2016).

Plantar- and dorsiflexion occur predominantly 
at the tibiotalar joint (Brockett and Chapman 
2016). Pronation-supination mostly depends on 
subtalar joint but tibiotalar and talocalcaneona-
vicular participate at different levels. Foot prona-
tion is a complex movement which combines 
abduction of the forefoot, eversion of the hind-
foot, and dorsiflexion (Gluck et al. 2010). 
Supination also happens in the three planes while 
combining internal ankle rotation, hindfoot 
adduction, forefoot inversion, and medial arch 
elevation. Pronation provides some degree of 
flexibility opposing to supination which increases 
foot stability (Cote et al. 2005).

The tibialis anterior (together with the exten-
sor hallucis longus) produces dorsiflexion and 
some degree of inversion of the foot (Brockett and 
Chapman 2016). The extensor digitorum longus 

only produces dorsiflexion of the foot. The tibia-
lis posterior (together with the flexor digitorum 
longus and the flexor hallucis longus) produces 
plantarflexion and inversion of the foot (Otis and 
Gage 2001; Brockett and Chapman 2016). 
Conversely, peroneal muscles (PMs), including 
peroneus longus, brevis, and tertius, are the active 
evertors of the foot (Selmani et al. 2006). 
Plantarflexion of the foot is furthermore provided 
by the triceps surae and plantaris muscles. These 
muscles play a key role controlling ankle motion 
(Brockett and Chapman 2016).

In order to understand and properly deal with 
physiopathology, it is mandatory to comprehend 
the fundamental biomechanics of the foot and 
ankle. The navicular bone is considered a “key 
bone” providing distal support to the talus. It is 
the highest structure of the longitudinal medial 
arch in the standing position. In the static position, 
the balance of these structures relies on the sur-
rounding bones and the spring ligament (calcane-
onavicular). In motion, the action of the posterior 
tibial muscle (PTM) preserves the superior posi-
tion of the navicular thus assisting in the support 
of the medial arch. Therefore, a weakened PTM 
(e.g., neurologic conditions) or an insufficient 
posterior tibial tendon (PTT) is incapable to sus-
tain the navicular in place, and a collapse of the 
medial arch might happen (acquired flatfoot con-
dition) (Lhoste-Trouilloud 2012). From gait anal-
ysis, one observes a dorsiflexion moment at heel 
strike as the dorsiflexors (e.g., tibialis anterior) 
eccentrically contract to control the rotation of the 
foot and avoids the foot from slapping the ground 
(Brockett and Chapman 2016). These basic exam-
ples are representatives of the paramount rele-
vance of biomechanical phenomena in this field.

Some principles of clinical assessment are 
common to both groups of pathology. Clinical 
examination while standing and gait analysis are 
critical in any foot and ankle conditions. 
Moreover, global assessment, including align-
ment, of inferior limbs is required.

Radiological study must always include stand-
ing foot and ankle x-rays. Further views might be 
considered according to the clinical findings and 
local experience. Ultrasound and MRI might be 
useful (Fig. 34.1); however, limitations exist and 
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must be acknowledged. Ultrasound is known to 
be operator dependent while providing dynamic 
evaluation (Nallamshetty et al. 2005). MRI is 
considered diagnostically specific but not highly 
sensitive for some tendon-related disorders (Park 
et al. 2012; van Sterkenburg et al. 2010b). Local 
anesthetic injection might be helpful to confirm 
the origin of pain (Cooper et al. 2007). CT scans 
are particularly useful in the study of bony struc-
tures which might be suspected (e.g., navicular 
deformities, bone ossicles/spurs). Endoscopic/
tendoscopic evaluation provides direct inspection 
and is gaining popularity in either diagnostic or 
therapeutic approaches (van Sterkenburg et al. 
2010b; Park et al. 2012).

Shoewear inspection is also required either 
because of its possible contribution to pathology 
(e.g., shoes-related compression might cause 
inflammatory reaction) or because it might reflect 
some conditions (e.g., uneven wear of shoe soles 
might reflect malalignment) (Kulig et al. 2009).

Listening to the patient’s complaints is criti-
cal. The targets are to identify its cause, worsen-
ing, and relief factors and understand its 
functional implication. Moreover, clinicians must 
understand patient’s expectations and provide 
“realistic” information of therapeutic options.

Herein, the most common conditions affect-
ing anterior tibial tendon (ATT) and PTT will be 
discussed. Despite being rare, simultaneous 

affections of both tendons resulting in severe flat-
foot and dropfoot gait have been described 
requiring surgical treatment (Frigg et al. 2006).

The concepts of tendinopathy are described 
elsewhere and thus are out of the scope of this 
work.

34.2  Posterior Tibial Tendon 
Pathology

34.2.1  Clinical Anatomy

Tibialis posterior muscle arises from the poste-
rior aspect of the tibia and fibula and from the 
interosseous membrane. PTT passes immediately 
behind the medial malleolus, through a fibrous 
tunnel which is covered by the flexor retinacu-
lum. After contouring the malleolus, the tendon 
begins to fan out. It has a wide insertion includ-
ing the navicular, the sustentaculum tali, first 
cuneiform bones, and the bases of the second, 
third, and fourth metatarsals. The PTT is an 
important dynamic stabilizer of the medial arch 
and the most powerful inverter of the foot (Gluck 
et al. 2010). The spring ligament complex is the 
static soft tissue support of the talonavicular joint 
and also plays a key role in its biomechanics 
(Boss and Hintermann 2002). The PTT does not 
have a mesotenon.

a b

Fig. 34.1 (a) Surface anatomy with blue arrow repre-
senting hypovascular zone along with posterior tibial ten-
don course, (asterisk) navicular bone, and (double 

asterisk) medial malleolus. (b) MRI axial view with intra-
tendon signal changes in the hypovascular zone (yellow 
arrow) and fluid within its sheath (red arrow)
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A retromalleolar hypovascular region 
(Fig. 34.1) has been observed and can be impli-
cated in degenerative changes of the tendon (Frey 
et al. 1990; Manske et al. 2015). The posterior 
tibial tendon is usually supplied by two vessels 
entering the tendon approximately 4.5 cm proxi-
mal and 2.0 cm distal to the medial malleolus 
(Manske et al. 2015).

34.2.2  Etiology and Pathogenesis

Inflammatory, degenerative, functional, and trau-
matic processes might lead to PTT dysfunction at 
different levels (Yao et al. 2015). Inflammatory 
diseases (e.g., lupus or rheumatoid arthritis) are 
more common in younger patients (Myerson 
1997; Otis and Gage 2001). Chronic overuse and 
consequent tendon deterioration have been 
noticed to occur more often and more frequently 
in late to middle age, women, and obese (Myerson 
1997; Otis and Gage 2001). However, degenera-
tion due to overtraining with repetitive micro-
trauma has also been described among young 
athletes, particularly in running and sports requir-
ing repeated and rapid changes in direction 
(Ribbans and Garde 2013; Supple et al. 1992). 
Inflammatory changes, tendon tears, and tenosy-
novitis have been connected to activity levels 
around 1500 to 2000 cycles per hour (Bare and 
Haddad 2001).

Other risk factors include hyperpronation or 
anomalous anatomy, ligamentous laxity, diabetes 
mellitus, hypertension, and corticosteroid ther-
apy (Yao et al. 2015). Moreover, Probasco et al. 
recently stated that an increased valgus orienta-
tion of the subtalar joint is more frequent among 
patients with adult acquired flatfoot when com-
pared to controls (Probasco et al. 2015). Acute 
trauma is rarely the cause of tendon dysfunction 
or rupture (Trnka 2004).

The precise mechanisms leading to PTT 
degeneration remain unclear. The combination 
of the hypovascular zone and abnormal mechan-
ical forces experienced behind the medial mal-
leolus where the tendon acutely changes 
direction in several activities might play a role 
(Trnka 2004).

The summary of sequential events might be 
summarized: loss of posterior tibialis function 
results in collapse of the medial longitudinal arch 
and increased stress in the medial structures of 
the foot. Gradually, there is weakening of the 
medial ligaments: the spring ligament (connects 
the anterior margin of the sustentaculum tali to 
the plantar surface of the navicular) gradually ails 
with repetitive loading, leading to a flatfoot 
deformity. The deltoid ligament also might 
become insufficient, permitting the talus to tilt 
into valgus. In the hindfoot valgus, the Achilles 
tendon becomes an evertor due to its position lat-
eral to the axis of the subtalar joint and also might 
become shortened/contracted, resulting in an 
equinus deformity.

34.2.3  Clinical Presentation 
and Imaging

A patient suffering from PTT tendinopathy might 
refer isolated posteromedial ankle pain. The nat-
ural history is usually slow, with insidious onset 
of complaints which can cause delay in searching 
for assistance. However, on clinical examination 
one can find local tenderness, medial pain (some-
times irradiating to the calf), positive PTT provo-
cation test, or inability to walk on tiptoes. Over 
time, patients may notice progressive collapse of 
the medial longitudinal arch (acquired flatfoot) 
and increased hindfoot valgus. The shoe soles 
may show signs of increased wear on the medial 
side, and they may report difficulty standing on 
their toes due to pain and weakness.

Pain usually worsens with walking and pro-
gressively affects sports and activities of daily 
living (Trnka 2004). On later stages of the dis-
ease, patients often report that pain shifts later-
ally as the fibula begins to impinge against the 
calcaneus while the medial pain often disappears 
(Yao et al. 2015). At these stages sports activities 
are severely compromised if possible at all.

Examination (Fig. 34.2) should begin with 
inspection through all sides while standing 
(including podoscope for plantar view). The 
examiner should search for increased valgus 
angulation of the hindfoot and abduction of the 
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Fig. 34.2 (a) X-ray lateral view with characteristic 
changes of adult flatfoot; (b) lateral view of the foot with 
visible collapse of medial arch; (c) posterior view with 
hindfoot valgus and “to many toes sign” on the left foot 
opposing to neutral alignment of the right foot (red lines 

represent hindfoot alignment); (d) the valgus alignment is 
not corrected when raising the heels; (e) positive single 
“heel raise test” on the left foot. The patient is incapable to 
raise and experiences pain, and the valgus does not correct 
during the attempt
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forefoot. Both these features are reflected in a 
positive “too many toes” sign, in which more toes 
are visible on the lateral side of the affected foot 
when viewed from behind given the increased 
hindfoot valgus and forefoot abduction (Johnson 
1983).

Next, the “heel-rise test” (Fig. 34.2) is per-
formed to assess severity of the condition (Johnson 
1983). The patient is asked to attempt to rise onto 
the ball of the affected foot while keeping the con-
tralateral foot lifted off the ground. The normal 
foot is also tested for comparison. A positive test 
is considered if the affected hindfoot will either 
remain in valgus abduction during the heel raise 
(once the PTT fails to invert it) or the patient will 
refer important pain limiting this movement. It 
might be required to repeat the test a few times for 
proper assessment. Hintermann and Gächter have 
described another useful test: the first metatarsal 
rise sign (Hintermann and Gachter 1996). The 
patient is asked to stand in full weight bearing on 
both feet. The examiner will then externally rotate 
the shin of the affected foot with one hand. In the 
presence of marked PTT insufficiency, the head of 
the first metatarsal will be lifted off the floor (fixed 
supination of the first ray).

Subsequent clinical examination can be man-
aged with the patient seated. The PTT should be 
palpated throughout its course to assess for a pal-
pable gap, crepitation, tenderness, or swelling. 
The lateral side of the foot should also be palpated 
once subfibular tenderness may be an indication 
of calcaneofibular impingement. Palpation and 
strength assessment should be repeated with 
resisted inversion and compared to the opposite 
side. The foot is held in slight plantarflexion and 
eversion to isolate the posterior tibialis from the 
synergistic action of tibialis anterior (Myerson 
and Corrigan 1996). The patient is then asked to 
invert and further plantarflex the foot against 
resistance, while the examiner palpates for the 
posterior tibialis tendon to determine its integrity 
and the painful site. The mobility of the ankle and 
the subtalar joint should be carefully assessed 
given the implication in the method of treatment. 
Range of motion at the subtalar joint will progres-
sively decrease with the progression of the condi-
tion, and eventually the hindfoot will assume a 

fixed valgus deformity. The forefoot and midfoot 
will try to compensate for this by progressively 
adopting a supinated position, which is best 
appreciated with the heel in a neutral position. 
This is another critical part of the examination 
because a fixed supination deformity of the fore-
foot is an important consideration in the subse-
quent selection of treatment (Yao et al. 2015).

It is also mandatory to assess the Achilles ten-
don for contracture. This is often associated with 
chronic hindfoot valgus once the Achilles tendon 
adopts an abnormal position lateral to the axis of 
the subtalar joint, leading to tendon shortening 
over time (Yao et al. 2015).

Radiographies assess global foot and ankle 
morphology and alignment and are helpful in 
later stages of these disorders. In early stages, 
they are often normal.

Standing anteroposterior and lateral view 
(Fig. 34.2) radiographs of both feet and ankles as 
well as mortise views of the ankle joint should be 
ordered. The collapse of the longitudinal arch on a 
lateral weight-bearing radiograph might be noticed 
in any of the following measurements, especially 
if asymmetric: calcaneal inclination angle (angle 
between the calcaneal inclination axis and the sup-
porting surface, considered low if less than 20°), 
talometatarsal angle (angle between the axis of the 
talus and the axis of the first metatarsal, normally 
between 0° and 10°), or the distance of the medial 
cuneiform from the floor (normally between 15 
and 25 mm) (Slovenkai 1997).

Uncovering of the talar head might be recog-
nizable on an anteroposterior view. With 
increased forefoot abduction deformity, the 
navicular slides laterally, leading to subluxation 
of the talonavicular joint which is abnormal if 
more than 15% of the talar head is uncovered 
(Slovenkai 1997). Plain radiographs might also 
show talar tilt; calcaneofibular impingement; 
arthritic changes of the tibiotalar, subtalar, and 
talonavicular joints; and signs of enthesopathy in 
the form of bony irregularities and hypertrophic 
changes at the navicular insertion site of the pos-
terior tibialis tendon (Kong and Van Der Vliet 
2008).

MRI (Fig. 34.3) and ultrasound, despite 
known limitations in low-grade PTT disease, are 
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Fig. 34.3 (a and b) represent MRI views (sagittal and 
axial, respectively) of posterior tibial tendon (PTT) and 
flexor digitorum longus (FDL). (c and d) show CT axial 
and 3D images. Red arrows and red circle indicate bone 
ossicle causing tendon’s irritation. (e) shows posterior 

ankle arthroscopic approach. (f) The removed ossicle. (g) 
Arthroscopic view where PTT (red *) and the ossicle (red 
arrow) are visible, with distal tibia on the left and surgical 
instrument on the right
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useful in identifying different pathologies, such 
as tenosynovitis (longitudinal) ruptures, degen-
erative changes, or adhesions (Cooper et al. 2007; 
Lhoste-Trouilloud 2012). Moreover, MRI can be 
useful in identifying spring and deltoid ligament 
injuries (Kong and Van Der Vliet 2008; 
Nallamshetty et al. 2005).

CT scan is useful in identifying bone ossicles 
(Fig. 34.3) and deformities, namely, secondary to 
fractures which might cause persistent damage to 
the tendon (Kong and Van Der Vliet 2008).

When dealing with diagnosis of PTT disor-
ders, one must also consider and rule out subtalar 
arthritis, Müller-Weiss disease, Lisfranc joint 
pathology, consequences of fractures or bone 
ossicles, PTT subluxation, coalition, Charcot 
arthropathy, spring ligament injury, and deltoid 
ligament injury.

34.2.4  Principles for Treatment

Johnson and Strom proposed a classification sys-
tem correlating the severity of PTT dysfunction 

and subsequent adaptations of the foot to treat-
ment recommendations (Johnson and Strom 
1989). This classification was further refined by 
Myerson (Myerson 1997) and Bluman (Bluman 
et al. 2007) (Table 34.1 summarizes one of the 
most popular classification systems). Further clas-
sifications have been proposed, and all try to cor-
relate major clinical findings and treatment options 
(Haddad et al. 2011). Treatments of PTT disorders 
include conservative and surgical options depend-
ing on the severity of the condition.

In the early stages of the disease, conservative 
treatment is recommended. This comprises mod-
ification of activity, cryotherapy, physiotherapy, 
medication, insoles, corrective shoes (medial 
heel and sole wedge), and orthosis (Kulig et al. 
2009).

In common patients, when a trial of 
3–6 months of conservative treatment has failed 
with progression of symptoms (Ribbans and 
Garde 2013; Bare and Haddad 2001), tendoscopy 
represents an option with increased popularity 
(Khazen and Khazen 2012; van Dijk et al. 1997). 
Tendoscopy (Fig. 34.4) is considered in grade I 

Table 34.1 PTT disease classification of Johnson and Strom (1989) modified by Myerson and Bluman (Bluman et al. 
2007)

Clinical findings Physical examination Radiographs

Stage I • Tenosynovitis
• No deformity

• Single-heel raise+
• Too many toes sign(−)

• Normal

Stage IIA • Flatfoot deformity
• Flexible hindfoot
• Normal forefoot

• Single-leg heel raise(−)
• Too many toes sign+
• Mild sinus tarsi pain

•  Medial arch collapse 
deformity

Stage IIB • Flatfoot deformity
• Flexible hindfoot
•  Forefoot abduction (“too many 

toes,” >40% talonavicular 
uncoverage)

Stage IIC • Flatfoot deformity
• Flexible hindfoot
• Forefoot abduction
•  Medial ray instability (not 

corrected with ankle 
plantarflexion)

Stage III • Flatfoot deformity
• Rigid forefoot abduction
• Rigid hindfoot valgus

• Single-leg heel raise(−)
• Too many toes sign+
• Severe sinus tarsi pain

•  Medial arch collapse 
deformity

• Subtalar arthritis
Stage IV • Flatfoot deformity

• Rigid forefoot abduction
• Rigid hindfoot valgus
• Deltoid ligament injury

• Single-leg heel raise(−)
• Too many toes sign+
• Severe sinus tarsi pain
• Ankle pain

•  Medial arch collapse 
deformity

• Subtalar arthritis
• Talar tilt
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(Khazen and Khazen 2012; Chow et al. 2005; van 
Dijk et al. 1997) and selected cases of early grade 
II cases (Lui 2007). However, one must consider 
that particularly in patients with inflammatory 
diseases, the process of tendon degradation sec-
ondary to synovitis might be more aggressive, 
and surgical treatment is considered earlier 
(6-week trial of conservative treatment) (Myerson 
et al. 1989).

More complex approaches include the com-
bined treatment of spring and deltoid ligaments as 
recently described by Lui et al. (Lui 2015, 2016a). 
Posterior arthroscopic approach (Fig. 34.3) has 
also been described and might also be used for the 
removal of bone ossicles in post-traumatic cases 
(Hua et al. 2015). However, these approaches 
should be further validated by clinical evidence 
before widespread recommendation.

Currently, indications for posterior tibial ten-
don tendoscopy (van Dijk et al. 1997; Pereira 
et al. 2014) include:

• Tenosynovectomy
• Tendon sheath release
• Tendon debridement and cleaning of partial 

rupture
• Resection of pathological vincula
• Removal of exostosis/irregularity of posterior 

tibial sliding tunnel
• Endoscopic removal of implants (screws/

anchors) from medial malleolus
• Adhesiolysis
• Diagnostic procedure

PTT tendoscopy enables diagnostic confirma-
tion of symptomatic partial tendon tear (false 
positives and false negatives have been described 
on MRI and ultrasound) (van Sterkenburg et al. 
2010b). Partial tendon tears can be definitively 
treated endoscopically. However, if that is not the 
case, it will help to diminish open surgical 
approach thus contributing in the worst-case sce-
nario to lower the incision, diminish postoperative 

a c
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Fig. 34.4 Posterior tibial tendon tendoscopy (PTT) with 
portal placement (a), arthroscope introduced by the distal 
portal and proximal portable created using transillumina-
tion and a needle (b). With arthroscope and shaver (c) the 

debridement of partial longitudinal ruptures (d) or syno-
vectomy is possible (e). Inflammatory changes in the 
synovia and the tendon are often found in rheumatoid 
patients (f)
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pain, and contribute to earlier rehabilitation. The 
tendoscopic procedure can be converted to a 
“guided” mini-open approach, which is still less 
invasive than the standard open procedure (Pereira 
et al. 2014).

34.3  Technique for Posterior 
Tibial Tendoscopy (van Dijk 
et al. 1997)

Patient is positioned supine. For superficial land-
marks the patient should be questioned before 
being anesthetized to actively invert the foot. In 
this way, the painful site can be identified as well 
as the course of the PTT facilitating the place-
ment of the portals. The distal portal is performed 
first, 2.5 cm distal to the posterior edge of the 
medial malleolus. A 2.7 or 4.0 mm arthroscope is 
introduced, and the complete tendon sheath 
should be inspected. The proximal portal is made 
under direct vision. Tissue debridement by means 
of shaver or tendon repair by using recently 
developed suture tools can be used. At the end of 
the procedure, the portals are sutured, and a ban-
dage is applied. Active range of motion of the 
ankle (plantarflexion-dorsiflexion) is encouraged 
since the first day. Partial weight bearing is 
advised for 2–3 days and gradually resumption of 
daily activities as tolerated. Sutures are removed 
from 10 to 14 days.

34.4  Operative Treatment 
Guidelines

The goals for treatment depend on the severity of 
the disease and include: control of symptoms, 
restore function, stop progression of the defor-
mity, and obtain adequate alignment.

• Stage I—Endoscopic or open (McCormack 
et al. 2003) tendon debridement or synovec-
tomy (Fig. 34.4) is a valid option in symptom 
controls after failed conservative treatment. 
Tendon repair with or without augmentation 
by flexor tendon transfer (most commonly 
using the flexor digitorum longus) might be 
considered (Vora et al. 2006). Some authors 
combine medial sliding calcaneal osteotomy 
(Fig. 34.5) when in the presence of a flatfoot 
(Vora et al. 2006).

• Stage II—Upon PTT insufficiency and subse-
quent deformity, flexor tendon transfer 
(Fig. 34.6) combined with a calcaneal osteot-
omy (most commonly of the medial slide type) 
is used. In the presence of a fixed elevation of 
the first ray, the medial cuneiform open-wedge 
osteotomy (Cotton osteotomy) is considered 
(Aiyer et al. 2016). If the first ray is unstable, a 
first metatarsal-tarsal fusion is considered. 
Fusion of the navicular cuneiform joint is rarely 
required and difficult to achieve (Mosier-
LaClair et al. 2001). Treatment of Stage IIB 

a b c

Fig. 34.5 Surgical approach (a and b) and x-ray (c) of medial sliding calcaneal osteotomy
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deformity is particularly controversial, with 
some clinicians performing a lateral column 
lengthening for this stage while others choose 
other options (Lee 2005). The amount of 
abduction requiring a lateral column lengthen-
ing has not been established (Chi et al. 1999). 
Besides the previously described, spring liga-
ment repair/reconstruction can also be used 
when required (Palmanovich et al. 2015). The 
formerly described correction can be combined 
with arthroereisis in selected cases (Soomekh 
and Baravarian 2006). Subtalar fusion with cor-
rection of alignment represents another valid 
option in more severe cases (Yao et al. 2015).

• Stage III—The most frequent treatment at this 
stage involves a triple arthrodesis (Catanzariti 
et al. 2014) (triple joint complex—subtalar, talo-
navicular, and calcaneocuboid). Overcorrection 
of deformity should be avoided. The talonavicu-
lar joint should be fused in neutral position with-
out excessive abduction, but also without 
supination (varus of the midfoot and forefoot). 
The metatarsal heads should be even to the floor 
with the heel in neutral position. If the excessive 
heel valgus remains after triple arthrodesis, a 
medial heel slide is added to provide good align-
ment and avoid excessive stress on the deltoid 
and progression to Stage IV.

• Stage IV—There is limited clinical evidence 
on the outcome of Stage IV patients (Deland 
et al. 2004). Correction of alignment in the 
foot is critical. Flexible deformities in the 
foot, if present, should be corrected as 
described for Stage II. Correction of fixed 
deformity should be addressed as described 
for Stage III. Consideration for reconstruction 
of the deltoid ligament with tendon graft can 
be done and may give correction to the align-
ment at the ankle (Catanzariti et al. 2014). 
When symptomatic ankle arthritis develops, 
ankle fusion is required to relieve pain (Toullec 
2015). Total ankle replacement is also an 
option (Ketz et al. 2012). However, inadequate 
function of the deltoid ligament after total 
ankle replacement can result in failure of the 
arthroplasty (Toullec 2015; Yao et al. 2015).

As previously described, in all stages, assess-
ment of the Achilles tendon is critical. If short-
ened, an Achilles lengthening or gastrocnemius 
recession should be considered. Furthermore, we 
emphasize that instability or hypermobility of the 
first ray must also be considered. If that is the 
case, a first metatarsal-tarsal fusion or Cotton 
osteotomy should be considered (Yao et al. 
2015).

a b

Fig. 34.6 Posterior tibial tendon rupture on MRI (a) and direct surgical repair (b) which was further augmented by 
flexor digitorum longus transfer
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34.5  Anterior Tibial Tendon 
Pathology

34.5.1  Anterior Tibial Tendon (ATT) 
Clinical Anatomy

The tibialis anterior muscle (Fig. 34.7) origi-
nates from the lateral tibial condyle and interos-
seous membrane. The musculotendinous 
junction occurs at the transition of the middle 
and distal thirds of the tibia. The ATT has its 

main insertions at the medial cuneiform and the 
inferomedial base of the first metatarsal; how-
ever, different types of distal insertions have 
been described in the literature (Varghese and 
Bianchi 2014). The ATT courses within a syno-
vial sheath during most of its course, deep to the 
extensor retinaculum of the ankle and foot. It is 
the strongest dorsiflexor of the foot (accounts for 
more than 80% of the strength required for this 
movement) while also contributing to inversion 
(Ouzounian and Anderson 1995). It also controls 
deceleration of the foot after heel strike. It is 
innervated by the deep peroneal nerve. Peterson 
et al. described a zone of hypovascularity 
(Petersen et al. 2000); however, Geppert et al. 
had opposed to this theory stating that ATT has 
no sustainable hypovascular zones (Geppert 
et al. 1993). It receives vascular supply from the 
anterior tibial artery proximally and the medial 
tarsal arteries distally. The ATT’s bursa is found 
close to its insertion, between the tibialis ante-
rior tendon and the medial cuneiform bone.

34.5.2  Etiology and Clinical 
Presentations

Lesions of the tibialis anterior muscle and tendon 
are not frequently found in international literature 
(Varghese and Bianchi 2014). However, most 
likely being unreported, tibialis anterior tendi-
nopathy or rupture might not be that rare. 
Pathology can be spontaneous, trauma related, 
associated with arthropathy or more generalized 
conditions (Varghese and Bianchi 2014). Either 
local or systemic diseases can be considered as 
risk factors: corticosteroid injection, diabetes 
mellitus, hyperparathyroidism, or aging. In most 
cases, a careful history and a thorough physical 
examination are sufficient for achieving the diag-
nosis. Clinical assessment alone, however, may 
not be sufficient for distinguishing conditions like 
tendinopathy, tears (Fig. 34.8), bursitis, calcifica-
tions, and cysts (Fig. 34.8), among others 
(Ouzounian and Anderson 1995). Insertional ten-
dinopathy has been described, more often in bal-
let dancers or jumpers. Tendinopathy might 
derive from repetitive compression from footwear 

Fig. 34.7 Surface anatomy where anterior tibial tendon 
(ATT) and extensor digitorum longus (EDL) are 
identified
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or overuse leading to inflammatory changes. 
Patients describe pain on the medial cuneiform 
particularly when loading the foot immediately 
after heel strike or during swing phase of gait 
(Ritter and Moore 2008). Bursitis can occur as a 
result of excessive local friction, infection, or 
direct trauma.

The tibialis anterior tendon may rupture spon-
taneously or by open or closed trauma. TAT rup-
ture may present as an acute lesion or as a chronic, 
painless foot drop which is usually late diagnosed 
(Varghese and Bianchi 2014). Younger patients 
without degenerative tendon changes rarely suf-
fer spontaneous rupture. Their most frequent 
injury mechanism is laceration following pene-
trating trauma or tibial fracture (Sammarco et al. 
2009). Spontaneous ruptures typically occur in 
older patients with tendon degeneration. Minor 

trauma by plantarflexion-eversion might be the 
precipitating event.

Clinical examination includes inspection for 
swelling or palpable mass. Closed tibialis ante-
rior ruptures might present with a bulbous mass 
at the anterior medial aspect of the ankle joint 
due to the proximal retraction of the ruptured ten-
don (Dooley et al. 1980). A gap might be felt 
indicating rupture. Analysis of gait pattern in 
chronic ruptures might range from slight changes, 
with limitation only on uneven ground, up to 
slap-foot gait or foot drop. Incapacity to walk on 
heels suggests ATT dysfunction. During the 
swing phase of gait patients might hyperflex the 
hip and knee to compensate loss of ankle dorsi-
flexion. Diminished ankle dorsiflexion strength is 
another sign. When asked to dorsiflex the ankle, 
patients will exhibit toe hyperextension. In 
chronic cases, Achilles contracture might also 
occur. A minimum of 10° dorsiflexion must be 
preserved in order to permit ATT repair. For this 
reason, in some cases, repair is combined with 
Achilles lengthening (Ouzounian and Anderson 
1995).

Radiography can be useful in conditions like 
myositis ossificans or to assess arthropathy. 
Magnetic resonance imaging, due to its excellent 
tissue contrast, allows simultaneous assessment 
of the muscle, joint, and bone. It remains a 
second- line study due to its high cost (Varghese 
and Bianchi 2014). Ultrasound, which enables 
dynamic evaluation, despite the fact that it is 
operator dependent, can also be useful for final 
diagnosis (Varghese and Bianchi 2014).

Differential diagnosis includes peroneal nerve 
palsy, lumbar radiculopathy, or peripheral neuro-
logic conditions affecting ATT function.

34.5.3  Principles for Treatment

Concerning ATT tendinopathy, the principles of 
treatment are common to other tendons. 
Conservative treatment is the first line of treat-
ment. The former includes rest, ice, immobiliza-
tion, analgesics, appropriate physiotherapy 
protocol, change in footwear, injection therapy, 
etc. Upon failure of conservative treatment, 
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Fig. 34.8 Cystic degeneration with rupture of the ante-
rior tibial tendon (a and b). After debridement, tubuliza-
tion and direct repair have been performed (c)
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endoscopy is being presented as a promising pos-
sibility, including bursectomy, synovitis, or 
debridement (Lui 2016b). However, in this less 
reported group of pathology, increased experi-
ence and evidence are required before more 
definitive conclusions.

Although the treatment for ATT ruptures is 
somewhat controversial, most literature recom-
mends conservative management for most long- 
standing chronic ruptures, as well as ruptures 
occurring in the elderly or sedentary patients 
(Funk et al. 2016). Treatment of this clinical 
entity must be tailored to the individual.

Conservative therapy may consist of shoe 
modifications, bracing, and a non-weight-bearing 
short leg cast with the foot in a dorsiflexed and 
inverted position for 4 to 6 weeks. An ankle foot 
orthosis may be indicated in these patients after 
therapy due to some loss in muscle strength and 
ankle joint dorsiflexion (Markarian et al. 1998).

Surgical management is indicated for younger, 
more active patients, who present an acute ATT 
rupture, or preferably within 3 to 4 months after 
injury (Trout et al. 2000; Christman-Skieller 
et al. 2015). The age of the patient, functional sta-
tus and demands, stage of rupture, and chronicity 
should be considered when developing a treat-
ment plan (Trout et al. 2000; Christman-Skieller 
et al. 2015).

Some authors recommend direct primary 
repair for acute tibialis anterior ruptures (Dooley 
et al. 1980; Markarian et al. 1998). Primary ten-
don repair may be accomplished with nonabsorb-
able suture (Fig. 34.8) using Bunnell, Krakow, or 
modified Kessler suture techniques (Harvey and 
Rockett 2000). Fixation using EndoButton® has 
also been described (Funk et al. 2016). In case it 
is not possible to perform a direct suture of the 
tendon or reinsert the tendon (Mao and Xu 2015) 
into its native insertion, a tendon reconstruction 
technique can be used. The extensor retinaculum 
should always be reconstructed to prevent the 
bowstringing phenomenon and cicatricial adhe-
sions to the subcutaneous tissue (Sammarco et al. 
2009). After surgery, a period of 6 weeks of 
immobilization with plaster cast is recommended 
before the patient begins active mobilization and 
physical therapy rehabilitation.

Several surgical techniques have been 
described to treat anterior tibial tendon ruptures. 
Available options include direct primary repair 
(less viable in chronic cases), augmentation by 
tendon grafts, tendon transfers, and tendon recon-
struction. Considering the latter, Trout et al. uti-
lized the central one third of the anterior tibial 
tendon to bridge the ruptured gap (Trout et al. 
2000). The flap was rotated posteriorly and dis-
tally and tenodesed into the medial cuneiform 
using a 4–0 mm cancellous screw with washer. 
Another option is interposing an allograft (Huh 
et al. 2015) or autologous graft, such as the plan-
taris tendon, extensor digitorum longus tendon, 
peroneus tertius tendon, Achilles tendon, or sem-
itendinosus tendon (Christman-Skieller et al. 
2015). Extensor hallucis longus transfer to 
medial cuneiform is probably the most popular 
tendon transfer/augmentation technique 
(Sammarco et al. 2009; Christman-Skieller et al. 
2015).

Studies have shown that patients treated surgi-
cally were more likely to develop a normal gait, 
with more dorsiflexion strength and motion com-
pared to patients treated conservatively 
(Markarian et al. 1998; Christman-Skieller et al. 
2015). Surgical intervention appears to achieve a 
better functional outcome when compared to 
conservative treatment. Mild to moderate flatfoot 
deformity, decrease in ankle joint range of 
motion, lack in coordination or a slapping type 
gait, and Achilles tendon contraction were more 
frequent among patients treated conservatively 
(Trout et al. 2000).

However, we must emphasize the paucity of 
the available literature and methodological limi-
tation of the small sample series reported.

34.6  Injection Therapy 
in Tendinopathies

Injection treatments for controlling painful 
tendon- related disorders (Fig. 34.9) have been 
increasing its popularity, particularly among pop-
ulations with higher functional demand.

Through time, several agents have been stud-
ied such as corticosteroids (Johnson et al. 2011), 
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polidocanol, platelet-rich plasma (PRP), high- 
volume injections, hyperosmolar dextrose, brise-
ment, aprotinin, and low-dose heparin (van 
Sterkenburg and van Dijk 2011).

One must understand that each agent and tech-
nique presents its specific implications, and until 
now there is no such thing as a securely effective 
and harmless percutaneous “panacea” capable to 
cure all sources of pain.

There is controversial data in literature related 
to percutaneous treatment/prolotherapy. Often, 
the cause-effect rationale supporting its applica-
tion, particularly in tendons, is not completely 
understood, so despite being open-minded, we 
must evaluate them with necessary caution.

Many limitations persist concerning clinical 
and biological aspects of tendon healing. The 
main goal in tendon repair is to achieve a faster 
rehabilitation with tissue healing with similar or 
better characteristics than those of normal ten-
dons. Tissue engineering and regenerative medi-
cine research envisions new perspectives for the 
future (Hogan et al. 2011).

Corticosteroids are powerful anti- 
inflammatory medications which were previ-
ously injected around tendons. Its use in 
tendinopathies is currently discouraged given the 
risk of subsequent tendon degeneration and/or 
rupture (Speed 2001).

Polidocanol has been proposed as a method to 
abolish neovascularity within and around inflamed 

tendons (Ohberg and Alfredson 2002). However, 
the role of this neovascularization phenomenon is 
not completely comprehended. Moreover, there 
have been inconsistent results obtained from the 
method (van Sterkenburg et al. 2010a).

Currently, the most popular injectable ther-
apy is probably PRP in one of its different prep-
arations (with inherent different effects) 
(Papalia et al. 2012). It proposes a wide range 
of favorable effects in several tissues including 
tendon pathologies, muscle injuries, or even 
cartilage and joint arthritis. However, besides 
its proven safety profile, there has been some 
controversy around clinical outcome (Tinsley 
et al. 2012). Results have been obtained from 
pathologies, considering different tissues and 
different preparations of PRP (e.g., with/with-
out leukocyte and platelet concentration) which 
limits the possibility for further assumptions 
regarding clinical use (Martinez-Zapata et al. 
2012). It should be acknowledged that this is a 
most promising technique. Growth factors have 
provided consistent laboratorial results; how-
ever, it has not been easy to replicate such 
results in the clinics (Boswell et al. 2013). 
Improved research methodology and more clin-
ical trials assessing outcome of PRP technology 
are still required (Engebretsen and Schamasch 
2012).

“It is necessary to develop appropriate guide-
lines and increase evidence-level prior to its 
widespread application as treatment option for 
joint” (Sheth et al. 2012).

 Conclusions

Tendinopathies around the foot and ankle are 
frequently associated with overuse and/or 
traumatic events. Anterior and posterior tibial 
tendon pathologies require a complete under-
standing of foot and ankle anatomy and bio-
mechanics. Tendoscopy has been significantly 
developed in recent years. Posterior tibial ten-
don insufficiency requires diagnosis on an 
early phase of the disease in order to diminish 
further consequences and limitations. In later 
stages the prognosis is significantly worst and 
therapeutic options more aggressive and of 
more uncertain outcome.

Fig. 34.9 Injection therapy around in the posterior tibial 
tendon (PTT) sheath. The PTT is visible (white circle) by 
asking the patient to actively invert the foot against resis-
tance from the examiner. Ultrasound can be a useful tool 
to perform these treatments under visual control

34 Tibialis Posterior and Anterior Tendons
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On the other hand, ruptures of the anterior 
tibial tendon are unusual injuries but probably 
occur with greater frequency than reported. 
The fact that there is regularly a delay of sev-
eral months in the diagnosis of ATT rupture 
indicates the need for an increased awareness 
of this entity. Ruptures of the ATT might have 
significant implications on gait and ambula-
tion. The proper treatment option must be tai-
lored to individual aspects. However, there 
seems to be improved outcome in the surgi-
cally treated group.

Injection therapy is under development 
aiming to control degeneration and achieve or 
enhance healing, particularly in the early 
stages of tendon’s disease.
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Peroneal Tendons

P.A.D. van Dijk and C.N. van Dijk

35.1  Introduction

Peroneal tendon injuries account for a significant 
number of posterolateral ankle complaints fol-
lowing acute ankle inversion trauma and are 
often a result of chronic lateral ankle instability 
or predisposing anatomical abnormalities 
(DiGiovanni et al. 2000; Krause and Brodsky 
1998). In turn, peroneal tendon injuries can be 
associated with significant disability and thus 
warrant close attention to diagnosis and treat-
ment (Krause and Brodsky 1998; Redfern and 
Myerson 2004). Injuries to the peroneal tendons, 
however, are often misdiagnosed as a lateral 
ankle sprain, resulting in inadequate initial treat-
ment. While acute peroneal tendon injuries can 
often be treated with conservative management, 
late diagnosis often leads to chronic damage that 
needs surgical treatment. Adequate knowledge of 
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the peroneal anatomy and clinical presentation of 
the associated pathologies are essential for early 
diagnosis and treatment of peroneal tendon disor-
ders. This chapter provides an overview on the 
anatomy, diagnosis and management of peroneal 
tendon injuries.

35.2  Anatomy and Function

The peroneal brevis (PB) and longus muscles 
(PL) form the lateral compartment of the lower 
leg, or ‘the peroneal compartment’, and act as the 
primary abductors and evertors of the foot. 
Furthermore, they play an important role in the 
stability of the lateral ankle. The PL originates at 
the lateral condyle of the tibia, the lateral aspect 
of proximal fibular head, the intramuscular septa 
and the adjacent fascia. The PB originates more 
distally on the fibular shaft and interosseous 
membrane. Approximately 3–4 cm proximal to 
the distal fibular tip, the PL becomes completely 
tendinous, whereas the muscle fibres of the PB 
tend to extend more distally (Edwards 1928). In 
some cases, the PB musculotendinous junction 
occurs more distally around the fibular tip, an 
anatomical variation known as a low-lying mus-
cle belly (Freccero and Berkowitz 2006; Saupe 
et al. 2007).

Around the tip of the fibula, the tendons share 
a common tendon sheath. At this level, the PB is 
anteromedially located from the PL and is flat-
tened against the fibula. The tendons descend 
posterior to the distal fibular tip, passing through 
the superior retromalleolar tunnel formed by the 
retromalleolar groove of the fibula and buttressed 
by a fibrocartilaginous ridge (Mota and Rosenberg 
1998). The tendons are secured to the posterior 
side of the distal fibula by the superior peroneal 
retinaculum (SPR), which plays a critical role in 
maintaining stability of the tendons (Kumai and 
Benjamin 2003). The SPR originates laterally 
along the posterior aspect of the distal fibula and 
extends to its tip where it becomes contiguous 
with the periosteum. Medially, the retinaculum is 
merged with the deep transverse fascia of the 
posterior compartment of the lower leg (Athavale 
et al. 2011).

After leaving the superior peroneal tunnel dis-
tally to the fibular tip, the tendons are separated 
by the calcaneal peroneal tubercle, and the com-
mon tendon sheath splits into two separated 
sheaths. Each tendon enters an individual fibrous 
tunnel and is secured by the inferior peroneal 
retinaculum. The insertion of the PB is found at 
the base of the fifth metatarsal. The PL tendon 
runs more distally; after turning plantarly at the 
cuboid groove, it inserts at the plantar side of the 
medial cuneiform and the first metatarsal base.

The tendons are innervated by the superficial 
peroneal nerve which innervates both tendons, 
and blood is supplied by the peroneal artery and 
branches of the anterior tibial artery. Branches 
run through a common vincula formed by the dis-
tal fibres of the PB muscle belly and penetrate 
both tendons over their entire length along the 
posterolateral side (Scholten and van Dijk 2006; 
van Dijk et al. 2016). For many years it has been 
assumed that the peroneal tendons have critical 
avascular zones around the distal fibular tip and 
the cuboid bone, playing a role in the develop-
ment of pathologies of the tendons (Petersen 
et al. 2000). Recent work by our group, however, 
found no evidence to support these avascular 
zones (van Dijk et al. 2016).

35.3  Peroneal Tendon 
Pathologies

Given their important role in the stabilization of 
the lateral ankle, the peroneal tendons remain 
under significant tension. During inversion of the 
ankle, the tendons are exposed to high mechani-
cal loads (DiGiovanni et al. 2000; Molloy and 
Tisdel 2003; Sammarco and DiRaimondo 1989). 
Recurrent ankle sprains exacerbate these loads, 
leading to potential damage of the tendons. 
Chronic ankle instability has been described in 
77% of the patients who are surgically treated for 
a peroneal tendon injury (Bassett and Speer 
1993). Chronic ankle inversion or instability may 
cause chronic squeezing of the PB tendon 
between the PL tendon and the fibula, predispos-
ing the PB to potential pathologies such as hyper-
trophic tendinopathy, recurrent stenosis and 
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eventually tendon tears (DiGiovanni et al. 2000). 
Also, in patients with malalignment of the hind-
foot, i.e., cavovarus feet, the tendons encounter 
significant overload (Younger and Hansen 2005). 
Other predisposing factors of peroneal tendon 
injuries include rheumatoid arthritis, psoriatic 
arthritis, diabetic neuropathy, calcaneal fractures, 
fluoroquinolone use and local steroid injections 
(Borton et al. 1998; Brandes and Smith 2000; 
Rosenberg et al. 1987; Truong et al. 1995; Vainio 
1991; Wright and Sangeorzan 1996).

Tendinopathies related to the peroneal ten-
dons are generally classified into three catego-
ries: (1) tendinitis, tenosynovitis, tendinosis and 
stenosis; (2) (partial) tears and ruptures; and (3) 
subluxation and dislocation (Cardone et al. 1993; 
DiGiovanni et al. 2000; Strauss et al. 2007). 
Other diagnoses for posterolateral ankle pain 
include posterior ankle impingement, chronic 
laxity of the lateral ankle ligaments, avulsion or 
calcification of the posterior talofibular ligament 
(PFTL), bony spurs, rheumatoid arthritis and 
 disorders of the posterior compartment of the 
subtalar joint (van Dijk 2006). 

35.3.1  Tendinitis, Tenosynovitis, 
Tendinosis and Stenosis

Tendinitis and tenosynovitis involve inflamma-
tion of the tendon and tendon sheath, respec-
tively, and may lead to noninflammatory 
degeneration of the collagen fibres, or tendinosis, 
on the longer term. Microscopically, tendinosis is 
associated with loss of continuity of the collagen 
fibres; increase of mucoid ground substance, 
tenocyte or fibroblast hyperplasia; and increase 
of vascularization and cell necrosis (Khan et al. 
1999; Sammarco and DiRaimondo 1989). 
Macroscopically, the surface of the tendon 
appears dull, predominantly grey and soft. If left 
untreated, tenosynovitis can cause fibrosis around 
the tendon and synovial proliferation, leading to 
hypertrophy and stenosis of the tendon (Wang 
et al. 2005). Peroneal tendinopathy can occur 
anywhere along the course of the tendons, but is 
most often found at the level where the tendons 
experience the most stress and angular change: 

around the lateral malleolus (PB), along the pero-
neal tubercle (PB and PL) or within the cuboid 
groove (PL).

35.3.2  Tears and Ruptures

Just as tendinopathies, peroneal tendon tears tend 
to occur in areas where the tendons experience 
the highest stress (Sammarco and DiRaimondo 
1989); tears in the PB tendon are mostly found 
within the retromalleolar groove, while PL ten-
don tears are often located at the level of the 
cuboid, at the level of the os peroneum or at the 
level of the peroneal tubercle (Heckman et al. 
2008; Sobel et al. 1991). The PB tendon is more 
prone to tear than the PL tendon, due to its posi-
tion between the fibula and the PL tendon. In a 
study by Dombek et al., a PB tendon tear was 
found in 87.5% of patients, and a tear of the PL 
tendon was found in only 12.5% (Dombek et al. 
2003). Redfern et al. found concomitant tearing 
of both tendons in 38% of patients treated opera-
tively for peroneal tendon tears (Redfern and 
Myerson 2004).

35.3.3  Subluxation and Dislocation 
of the Tendons

Peroneal tendon dislocation has been reported in 
0.3–0.5% of all traumatic ankle injuries and is 
most prevalent in athletes performing sports that 
require short-cutting movement, such as skiing 
(Oden 1987), soccer and gymnastics (Arrowsmith 
et al. 1983). Dislocation occurs when one or both 
tendons are displaced from the retromalleolar 
groove, often as a result of rupturing of the 
SPR. Due to its anatomical location in between 
the PB and the SPR, the PL is more prone to dis-
locate than the PB.

Predisposing factors include calcaneal frac-
ture displacement (Wong-Chung et al. 2015) and 
anatomical abnormalities such as the presence of 
an accessory peroneal tendon (Yammine 2015), a 
low-lying muscle belly (Thomas et al. 2009) or a 
flat or convex-shaped retromalleolar groove 
(Kumai and Benjamin 2003; Saupe et al. 2007).
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Peroneal tendon dislocation is generally clas-
sified in four grades. (Eckert and Davis 1976; 
Oden 1987) Grade one, approximately 51% of 
the cases, includes cases where the SPR is sub-
periosteally elevated from the fibula. In grade 
two, around 33%, the SPR is elevated together 
with the fibrocartilaginous ridge. In grade three, 
approximately 13%, the SPR is completely torn 
off the fibula together with a cortical fragment 
(Eckert and Davis 1976). Grade four includes 
cases with a ruptured posterior part of the reti-
naculum (Oden 1987). Later, Raikin proposed a 
classification of intrasheath subluxation, with the 
SPR remaining intact, while the peroneal tendon 
changes from their natural position within the 
retromalleolar groove (Raikin et al. 2008). In 
type A, the PL lies deep in relation to the PB, and 
in type B, the PL subluxates through a tear within 
the PB (Raikin et al. 2008).

35.4  Patient History and Clinical 
Examination

Careful patient history and clinical examination 
are the key to proper diagnosis of peroneal tendon 
injuries. Acute injuries are often reported as ‘an 
ankle sprain that never resolved’, while chronic 
disorders occur after a gross ankle inversion 
trauma in the medical history or in patients with 
chronic lateral ankle ligament instability. Patients 
typically present with lateral ankle pain or pain 
along the course of the peroneal tendons that 
worsens with activity. Other symptoms reported 
include swelling, tenderness, giving way and lat-
eral ankle instability. Differentiation between a 
peroneal tendinopathy and a tear during physical 
examination is difficult. A tendon tear may appear 
with less pain but more weakness and swelling. In 
case of dislocation, the patient may report a pop-
ping or snapping sensation.

Findings during physical examination include 
a recognizable tenderness over the peroneal ten-
dons, crepitus and swelling. Passive plantar flex-
ion and inversion or active dorsiflexion and 
eversion often exacerbate pain, and muscle 
strength can sometimes be weakened when com-
pared to the contralateral side. In tears, pain may 

be exacerbated on acute loosening of resistance 
during the provocation test (Heckman et al. 2008; 
Philbin et al. 2009). Possible dislocation of the 
tendons sometimes can be provoked during phys-
ical examination by active dorsiflexion and ever-
sion (Safran et al. 1999).

35.5  Diagnostics

In the opinion of the authors, thorough patient 
history and physical examination often impart 
the most reliable information to pinpoint the 
exact diagnosis. Additional diagnostics, however, 
are required in most cases to rule out other 
pathologies and to create a treatment strategy.

To rule out acute and chronic osseous patholo-
gies such as fractures, spurs or calcifications, 
weight-bearing radiographs in anteroposterior 
and lateral direction should be made. In case of 
peroneal tendon dislocation type 3, a small avul-
sion fracture of the lateral malleolus or ‘fleck 
sign’ may be visible on the anteroposterior view 
(Church 1977).

For evaluation of the peroneal tendons and sur-
rounding structures, MRI is still used as the stan-
dard diagnostic test (Heckman et al. 2008). Park 
et al. reported sensitivity and specificity for pero-
neal pathology to be 84% and 75%, respectively 
(Park et al. 2010). A more recent study by Kennedy 
et al. documented 90% sensitivity and 72% speci-
ficity for peroneal tendinopathy (Kennedy et al. 
2016). Normal peroneal tendons appear with 
homogenous signal intensity on T1-and 
T2-weighted images. Abnormalities include a 
C-shaped tendon, clefts, irregularity of the tendon 
contour and increased signal intensity due to fluid 
within the tendon sheath (Fig. 35.1) (Rosenberg 
et al. 1997; Schweitzer et al. 1997). Some of these 
findings such as increased signal intensity, how-
ever, are also seen in some asymptomatic patients 
(Wang et al. 2005). Furthermore, the so-called 
magic angle effect may overestimate peroneal ten-
don disorders (Rosenberg et al. 1998). This effect 
only appears on T1-weighted images, while tears 
display signal abnormalities on both T1- and 
T2-weighted images. Therefore, it is important to 
evaluate the tendons in both settings.
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Ultrasound (US) has several advantages in com-
parison to MRI. It is a less-expensive diagnostic 
method, can be employed in the outpatient clinic 
during physical examination and has the ability of 
dynamic evaluation of the tendons. This makes it 
easier for diagnosis of dynamic injuries such as 
(episodic) subluxation, dislocation and tears that 
are not seen on MRI. It must be noted, however, 
that the quality of the US is strongly correlated with 
the quality of the observer. Abnormalities visible 
on US include tendon thickening, peritendinous 
fluid within the tendon sheath, ruptures and luxa-
tion of the tendons over the fibular tip (Fig. 35.2).

More recent, peroneal tendoscopy is gaining 
popularity as a method for diagnosing peroneal 

tendon injuries. It is a highly sensitive and spe-
cific tool for both static and dynamic injuries and 
provides an easy transition to (minimally 
 invasive) treatment (Kennedy et al. 2016; van 
Dijk 2014). With tendoscopy being an invasive 
diagnostic method for the patient, the primary 
indication for the procedure is important. These 
include posterolateral pain due to high clinical 
suspicion of tenosynovitis, subluxation or dislo-
cation, partial tears or postoperative adhesion 
(Scholten and van Dijk 2006; van Dijk 2014). 
Since MRI can sometimes be inconclusive for 
diagnosing peroneal tendon tendinopathies, pero-
neal tendoscopy should be performed when clini-
cal suspicion for a peroneal pathology is strong, 
with or without positive MRI findings (Kennedy 
et al. 2016; Marmotti et al. 2012). Not only for 
diagnosis but also for intervention, peroneal ten-
doscopy is increasingly used. Recent studies 
report a relatively low rate of complications with 
reduced costs and earlier recovery when com-
pared with traditional open procedures (Jerosch 
and Aldawoudy 2007; Kennedy et al. 2016; Lui 
2012; van Dijk and Kort 1998; Vega et al. n.d.).

35.6  Treatment

Conservative management is the first step in treat-
ment of peroneal tendon injuries, including a 
period of rest, immobilization or activity modifi-
cation. Physical therapy is recommended to 
strengthen the peroneal tendons and surrounding 
muscles. In case of dislocation, patients should be 
immobilized in a lower leg cast for 6 weeks with 
the foot slightly plantar flexed and inverted, after 
reposing the tendons back in the retromalleolar 
groove (Selmani et al. 2006).

If symptoms persist, surgical treatment should 
be considered. Especially in tears and disloca-
tion, surgery is often required since these pathol-
ogies rarely heal itself (Dombek et al. 2003; 
Redfern and Myerson 2004; Squires et al. 2007). 
After the release of the SPR and inspection of the 
tendons from the superior to interior retinacular 
boundaries, the tendons are debrided and decom-
pressed (Fig. 35.3a). When a tear is found, the 
tendon is tubularized (Fig. 35.3b). This may not 

Fig. 35.1 MRI of a PB tendon tear: increased signal 
intensity due to fluid within the tendon sheath and a split-
ted tendon

Fig. 35.2 US of the peroneal tendons
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be feasible, however, when a gross part of the 
tendon is affected (Dombek et al. 2003). A study 
by Dombek et al. suggested that when more than 
50% of the cross-sectional area of the tendon is 
involved, tenodesis to the intact peroneal tendon 
might be performed in case one of the tendons is 
still functional. If both tendons are non- 
functional, auto- or allograft tendon transfer 
should be considered (Krause and Brodsky 1998; 
Redfern and Myerson 2004).

For the treatment of recurrent dislocation, mul-
tiple operative techniques have been described, 
all with the primary purpose to restabilize the ten-
dons back in the retromalleolar groove by restor-
ing the anatomy of the superior peroneal tunnel. 
The techniques can generally be divided into four 
groups: (1) repair or replacement of the SPR, (2) 
deepening of the retromalleolar groove, (3) bone-
block procedures and (4) enhancement of the SPR 
by rerouting of other soft tissue structures. The 
latter two are associated with relatively high com-
plication rates, and therefore over the last years, 
attention is drawn to the first two categories. 
Studies looking at repair of the SPR, with or with-
out concomitant groove deepening, show promis-
ing outcomes, high satisfaction and an 83–100% 
rate of return to sports (Porter et al. 2005; Raikin 
et al. 2008). A recent review by our group found 
that the combination of SPR repair and retromal-
leolar groove deepening provides significant 
higher return to sports rates as compared to SPR 
repair alone (p = 0.022) (van Dijk et al. 2015a)

During operative treatment of peroneal tendon 
injuries, additional predisposing factors should 
also be assessed (Bruce et al. 1999; Chilvers and 
Manoli 2008) since inadequate management of 
anatomical abnormalities may lead to persistent 
pain and dysfunction on the longer term. 
Therefore, additional procedures such as a later-
alizing calcaneal osteotomy may be necessary in 
case of hindfoot varus (Molloy and Tisdel 2003)

35.7  Rehabilitation

Postoperative treatment is very important in suc-
cessful managing peroneal tendon injuries and 
should be tailored to every individual patient (van 
Dijk et al. 2015b). After a tendoscopic procedure, 
the patient is immobilized in a compressive dress-
ing for 2 days, with the foot in slightly inverted 
and the ankle at 90 degrees, after which full 
weight bearing and active range of motion are 
allowed. In case of an open procedure, including 
tearing down and repairing of the SPR, the ankle 
is best immobilized in a splint or cast up to 
6 weeks. To promote early range of motion, some 
surgeons allow early weight bearing after 2 weeks 
or even shorter. Physical therapy is the key to 
regain strength and range of motion after a period 
of immobilization.

A recent review by our group recommends to 
tailor rehabilitation to every individual patient, for 
optimal functional recovery (van Dijk et al. 2015b).

a b

Fig. 35.3 Operative treatment of a peroneal tendon tear. (a) The tendon is debrided and decompressed. (b) Tubularization 
of the peroneal tendon tear
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 Conclusion

Peroneal tendon injuries account for a signifi-
cant part of posterolateral ankle complaints 
following acute ankle inversion trauma and 
can be very debilitating for patients. To pre-
vent the tendons from chronic damage, early 
diagnosis and treatment are essential. MRI 
and US are helpful tools in diagnosing pero-
neal tendon injuries, but patient history and 
clinical examination are the key to an accurate 
diagnosis and choosing the optimal treatment 
strategy. Conservative management is still the 
first attempt of treatment, but surgical inter-
vention is often necessary. In general, good to 
excellent results have been described after sur-
gical intervention. To prevent treatment fail-
ure or reinjuries of the tendons, predisposing 
factors such as pes cavus or hindfoot varus 
should be addressed during initial surgery.
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Insertional Plantar Fasciitis

O. Haruki, S. Guillo, and T. Bauer

36.1  Introduction

Plantar Fasciitis (PF) is one of the most common 
causes of heel pain in adults (Abbassian et al. 
2012). The population of patients suffering from 
PF is reported between 3 and 7% (Stephens and 
Walker 1997; Thomas et al. 2010), and 8% of PF 
patients are runners (Lysholm and Wiklander 
1987; Taunton et al. 2002). The peak incidence of 
PF occurs between 40 and 60 years old (Furey 
1975). Almost PF can be recovered without sur-
gical intervention (Buchbinder 2004; Singh et al. 
1997), PF threatens health-related quality of life 
(Buchbinder 2004), and it was reported that the 
economic burden to the US healthcare system in 
2007 alone was estimated at between $192 and 
$376 million (Tong and Furia 2010).

36.2  Anatomy and Function

The plantar fascia consists of three bands: medial, 
central, and lateral. Each band is separated by an 
intermuscular septum that splits the intrinsic 
plantar muscle into their different compartments 
(Hicks 1954). The lateral band is superficial to 
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the abductor digiti quinti minimi muscle and also 
attached to the lateral process of the calcaneus 
and the base of the fifth metatarsal. The medial 
band of the plantar fascia is superficial to the 
abductor hallucis muscle and connected to the 
flexor retinaculum. The flexor digitorum brevis 
muscle arises from the central band of the plantar 
fascia. The plantar fascial bands are supplied by 
the medial and lateral plantar nerves. The thick-
ness of a normal plantar fascia is approximately 
3 mm. In patients with plantar fasciitis, the maxi-
mum thickness is significantly increased to 7 mm 
(Berkowitz et al. 1991).

Hicks showed that the plantar fascia is ten-
sioned during the latter weight bearing stage, 
and, as the metatarsophalangeal joints dorsiflex, 
this induces a tractional force at its point of 
insertion on the calcaneum: it’s called the wind-
lass effect (Hicks 1954). It also plays a dynamic 
role during the gait cycle where it elongates dur-
ing the stance phase, storing potential energy 
during the process. It locks the midfoot during 
toe-off to provide a rigid structure for propul-
sion. The plantar fascia then passively contracts, 
converting the previously stored potential 
energy into kinetic energy and aiding 
acceleration.

36.3  Mechanism of Disorder

The underlying pathological changes in PF are 
not completely well understood. Plantar fascia 
can be a ligament in anatomical terms; however, 
deep to the superficial structure of the plantar fas-
cia is the flexor digitorum brevis muscle with a 
tendon enthesis attachment to the calcaneus 
proximally. Therefore, it can be also explained 
that proximal tendinopathy of the flexor digito-
rum brevis muscle is involved in the pathology of 
PF. Lemont et al. reported 50 cases of PF who 
had surgery and couldn’t find histological evi-
dence of inflammation (Lemont et al. 2003). 
Histologically, the condition is a fasciosis; how-
ever, many PF are successfully treated by steroid 
injection or oral anti-inflammatory drugs. This 
can be explained that inflammation triggered by 
microtrauma.

36.4  Risk Factor

Numerous risk factors are implicated in its devel-
opment. The evidence supporting these factors is 
limited, and their relative importance is unclear 
(Beeson 2014). Several causes have been hypoth-
esized, with the most common being overuse due 
to prolonged weight-bearing, obesity, unaccus-
tomed walking or running, limited ankle joint 
dorsiflexion, posterior muscle group tightness, 
and standing on hard surfaces (Beeson 2014; 
Bolivar et al. 2013; Puttaswarmaiah and Chandran 
2007; Singh et al. 1997; Werner et al. 2010).

The presence of coexisting calcaneal spurs has 
often been reported (Karabay et al. 2007; McNally 
and Shetty 2010; Orchard 2012; Wainwright et al. 
1995), but confusion exists as to whether it is a 
causal or significant association. Some suggest 
that calcaneal spurs may be an adaptive response 
to vertical compression of the heel rather than lon-
gitudinal traction at the calcaneal enthesis (Menz 
et al. 2008). A study examining prehistoric skeletal 
remains (Weiss 2012) concludes that plantar cal-
caneal spurs are a modern phenomenon resulting 
from long periods of standing and excess weight 
and associated with lower limb osteoarthritis. On 
the other hand, Wainwright et al. (Wainwright 
et al. 1995) reported a strong correlation with cal-
caneal spurs over 1 mm long and PF, and Johal and 
Milner (2012) found a higher prevalence of calca-
neal spurs in patients with PF. Further research is 
necessary to assess whether it is a causal or signifi-
cant association (Weiss 2012).

36.5  Diagnosis

The diagnosis of PF is mainly clinically performed. 
Patients usually complain of pain at the anterome-
dial prominence of the calcaneus. The pain is exac-
erbated by passive dorsiflexion of the toes. The 
pain is worse when first standing after rest, typi-
cally early in the morning. Once the patient starts 
walking, the pain tends to reduce. The pain eases 
but never fully resolves throughout the course of 
the day and is exacerbated by activities such as 
prolonged walking or exercise, particularly on 
hard surfaces (Berkowitz et al. 1991).
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Plain x-ray is the most commonly requested 
investigation. X-ray shows a calcaneal spur in 
50% of patients. As mentioned at the Risk Factor, 
the spur is not related to the plantar fascia and is 
the attachment of the quadratus plantar muscle.

Ultrasonography (US) is recently reported 
as a useful device to diagnose the PF (Berkowitz 
et al. 1991; Gibbon and Long 1999). Normal 
plantar fascia is hyperechoic and isoechoic 
with adjacent fat. In PF patients, the proximal 
end of the fascia is hypoechoic, which can 
clearly be seen when compared with the sur-
rounding soft tissues. Plantar fascia is also sig-
nificantly thicker in PF patients. Symptomatic 
patients were seen to have fascia measuring 
4 mm or more in thickness, whereas those of 
asymptomatic patients measured 4 mm or less 
(Berkowitz et al. 1991; Gibbon and Long 
1999). Jeong et al. reported that high propor-
tion of atypical non-insertional PF would not 
be detected without US. The use of US in cases 
of recalcitrant plantar heel pain that have failed 
conservative treatment is recommended (Jeong 
et al. 2013; McMillan et al. 2009). It was con-
cluded that US confirmed clinical diagnosis 
and classification characteristics as either 
insertional, non-insertional, or mixed of them 
(Jeong et al. 2013).

Technetium bone scintigraphy is positive in 
PF, with the maximum area of uptake at the point 
of maximum tenderness on the heel. It has also 
been shown to be an accurate guide in selecting 
the adequate site for injection therapy (Frater 
et al. 2006).

Computerized tomography (CT) scan can be 
performed if calcaneal stress fracture is sus-
pected. Generally, MRI or CT would be consid-
ered only in those cases recalcitrant to treatment 
and for those patients with a high index of suspi-
cion for the other causes of heel pain.

MRI is not a routine investigation in PF but 
can identify other soft tissue lesions such as soft 
tissue tumor, or the bone marrow edema associ-
ated with infection or if an occult fracture is sus-
pected (Chimutengwende-Gordon et al. 2010) 
(Figs. 36.1 and 36.2).

Electromyography may be helpful if a neuro-
genic cause is suspected such as S1 nerve root 

entrapment, tarsal tunnel syndrome, or entrap-
ment of the lateral plantar nerve.

Blood tests, such as a white cell count, human 
leucocyte antigen B27, antinuclear antibodies, 

Fig. 36.1 MRI, sagittal view: partial plantar fascia rup-
ture with bone edema

Fig. 36.2 MRI, sagittal view; plantar fasciitis with thick-
ened fascia
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and uric acid, may be needed, particularly in 
younger patients or with those patients who have 
bilateral heel pain to distinguish rheumatoid 
arthritis, Reiter syndrome, ankylosing spondyli-
tis, and so on.

36.6  Conservative Treatment

36.6.1  Nonsteroidal Anti- 
Inflammatory Drugs (NSAIDs)

Histologically, PF is not an inflammatory disease 
but mainly degenerative change. However, 
NSAIDs are sometimes an effective treatment. In 
a meta-analysis study, it was found that the 
NSAIDs group had improved pain relief and dis-
ability compared with placebo in short to mid-
term (Donley et al. 2007).

36.6.2  Stretching

Stretching is an easy treatment option. A ran-
domized controlled trial has investigated the role 
of specific Achilles tendon versus plantar fascia 
stretching exercises in patients with established 
chronic plantar fasciitis. (DiGiovanni et al. 
2003) This involved an eight-week program sup-
plemented by celecoxib for the first three weeks. 
The short-term outcome demonstrated superior 
results relating to pain using the Foot Function 
Index in the plantar fascia-specific stretching 
group compared with the Achilles stretching 
group. The 2-year follow-up via questionnaire 
demonstrated 94% of respondents reported 
decreased pain, and 92% reported total satisfac-
tion or satisfaction with minor reservations 
except late stage (DiGiovanni et al. 2006).

36.6.3  Low Dye Taping

Low dye taping is often an effective treatment 
modality in mild to moderate cases. The strap-
ping uses adhesive tape to immobilize the foot 
and decreases the distance between the origin 

and insertion of the plantar fascia, thus relieving 
plantar strain. Tape will loosen in time, often 
quickly, and may prove less effective in severe 
cases. Relief with plantar support by strapping 
often gives a good indication of the efficacy of 
orthosis in PF patient (Yale 1974).

36.6.4  Orthotic Devices

Night splints hold the foot in a neutral position, 
preventing the contracture of the fascia during 
sleep, which helps to alleviate symptoms in the 
morning. However, there has been no random-
ized controlled trial to prove that symptoms are 
alleviated. Heel inserts are quite popular and 
can be beneficial in relieving heel pain. Wolgin 
et al. showed that after six months, 82% of 
patients had responded to time and conserva-
tive therapy (Snook and Chrisman 1972; 
Wolgin et al. 1994). Orthosis is very good 
treatment for PF, it is reported that only 1–2% 
of PF required surgical intervention (Furey 
1975).

36.6.5  Extracorporeal Shockwave 
Therapy (ESWT)

ESWT in the treatment of PF has reported suc-
cess rate ranging from 34 to 88% (Chen et al. 
2001; Weil et al. 2002). Mechanism of ESWT is 
still unclear, but it is believed that the shock-
waves cause micro-disruption of the thickened 
plantar fascia, resulting in an inflammatory 
response, revascularization, and recruitment of 
growth factors and therefore a soft tissue repara-
tive response (Ogden et al. 2004). Before, ESWT 
was considered as an end-stage treatment for 
those patients who have failed conservative mea-
sures and are reluctant to have open surgery 
(Hammer et al. 2002; Wang et al. 2002). However, 
double-blind randomized controlled trial showed 
radial ESWT to be better than placebo in recalci-
trant patients (Gerdesmeyer et al. 2008). 
Moreover meta- analysis revealed that the short-
term pain relief and functional outcomes of this 
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treatment are satisfactory (Yin et al. 2014). 
Radwan et al. reported that the clinical results of 
ESWT are comparable with those of endoscopic 
plantar fasciotomy for resistant PF at 3 weeks, 
3 months, and 1 year postoperation (Radwan 
et al. 2012). Thus, ESWT can be a useful nonin-
vasive treatment for resistant PF and leads to 
reduce the necessity for surgical intervention. 
Further studies focused on the medium-and-long 
term are necessary to make sure the importance 
of ESWT.

36.7  Injection Therapy

 1. Steroid injections

Steroid injections are often effective in the 
short term (Crawford et al. 1999) although they 
have risks of fat pad atrophy and occasionally, 
rupture of the plantar fascia (Acevedo and Beskin 
1998). One case series of six athletes with rup-
ture of the plantar fascia noted five had previ-
ously received steroid injections (Leach et al. 
1978).

 2. Platelet-rich plasma (PRP)

PRP has been proposed as a potential treat-
ment for PF. A prospective randomized study 
revealed that PRP was more effective and durable 
than steroid injection for the treatment of resis-
tant PF (Monto 2014). PRP is also effective in 
long term; however, the indication must be con-
sidered with its cost-effectiveness.

 3. Botulinum toxin

The effect of botulinum toxin injection for PF 
has shown apparently good effect; however, actu-
ally it seems not to be often used clinically 
(Tsikopoulos and Vasiliadis 2016).

 4. Dehydrated human amniotic membrane

Konstantinos et al. reported a systematic 
review and network meta-analysis of 22 ran-

domized controlled trials of injection therapy 
for PF (Tsikopoulos and Vasiliadis 2016). The 
injection therapies included as follows: corti-
costeroids, BTX-A, autologous whole blood, 
placebo, platelet- rich plasma, cryopreserved 
human amniotic membrane, micronized dehy-
drated human amniotic/chorionic membrane, 
dextrose prolotherapy, sham dry needling, and 
polydeoxyribonucleotide. This report con-
cluded that the dehydrated amniotic membrane 
injection was the highest probability of being 
superior to placebo injection over 8 weeks and 
that for pain relief. Hall et al. reported the effi-
ciency to inject guided by echography because 
the accuracy of US guidance is greater than 
that of palpation guidance; therefore, injection 
therapy may have more effective possibility 
(Hall 2013).

36.8  Surgical Treatment

When conservative management fails, which 
occurs in approximately 1–10% of patients, sur-
gical options should be considered. Symptoms 
should be present for more than 6 months before 
surgery should be discussed. It is still unclear 
that which procedures should be selected, 
because there are many reports about surgical 
intervention for PF, but there is no evidence 
from randomized control trials to support 
surgery.

36.9  Open Plantar Fasciotomy

Open plantar fasciotomy allows for release of 
the tight plantar fascial bands. Open surgery has 
risks; approximately 25% of patients will still 
experience heel pain after the surgery 
(Buchbinder 2004). Over-release of the plantar 
fascia may lead to flatfoot complications. Nerve 
entrapments can occur, as well as pain along the 
scar. Contompasis (1974) performed a 3 year 
retrospective study of 126 surgeries for PF. 
Plantar fascial release provided 36% satisfac-
tory relief (Contompasis 1974). A combination 
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of fascial release and spur resection allowed 
44.3% to have complete resolution of pain and 
45.2% to have improvement in pain, whereas 
10.5% had no relief.

36.10  Endoscopic Plantar 
Fasciotomy

The first report about endoscopic plantar fasciot-
omy (EPF) is by Barrett SL et al. (Barrett and 
Day 1991), and after that, EPF has become more 
popular because of its minimally invasive nature 
and visualization of the fascia. Basically it mini-
mizes complications and recovery time compared 
with open procedures.

There are two approaches of EPF, superficial 
and deep fascia approach. The first method 
Barret et al. reported was superficial fascia 
approach; after that, Blanco et al. reported deep-
fascia approach which has comparative results 
with superficial approach (Blanco et al. 2001). 
Komastu et al. reported that deep-fascia 
approach had advantages to visualize calcaneal 
spurs and resection of them (Komatsu et al. 
2011). Whichever taking the approach, the 
superficial and deep layers of the medial band of 
the plantar fascia are released, and the width of 
resection is approximately halfway across the 
fascia (Hogan et al. 2004). Satisfaction in relief 
of heel pain and clinical results are superior to 
open procedures.

36.11  Echo-Guided Plantar 
Fasciotomy

Cadaveric preliminary studies proved that plan-
tar fasciotomy can be efficiently and safely per-
formed under US control. The portal has to be 
medial at the end of the plantar skin on the 
 alignment of the sonograph. The US control has 
the advantage to be based on the soft tissue (to 
the opposite of the fluoroscan) and allow also to 

see structures that are not dissected like the 
nerve and the artery (to the opposite of the endo-
scopic technique) (Figs. 36.3, 36.4, and 36.5).

Fig. 36.3 Landmarks and portals for plantar fasciotomy 
under ultrasonographic control

Fig. 36.4 Ultrasonographic plantar fascia visualization 
and fasciotomy
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36.12  Gastrocnemius Resection

Isolated gastrocnemius tightness has been associ-
ated with failure of conservative treatments (Patel 
and DiGiovanni 2011). Plantar fascia tension was 
directly proportional to Achilles tendon tension 
on cadavers in dynamic gait stimulator (Erdimir 
et al. 2004). Carlson et al. found that increasing 
tension within Achilles tendon caused increase in 
plantar fascia tension at four different angles of 
MPJ dorsiflexion (Erdimir et al. 2004). 
Biomechanics is believed to contribute to the 
onset of increasing plantar fascia tension through 
a decreased ankle joint range of motion. Reduced 
dorsiflexion of the ankle is the most important 
risk factor for the development of recalcitrant PF 
(Riddle et al. 2003). In a prospective study, the 
gastrocnemius resection has shown excellent 
results in the treatment of recalcitrant 
PF. Abbassian et al. reported that 17/21 patients 
diagnosed with PF experienced significant or 
total pain relief (Abbassian et al. 2012). 
Monteagudo et al. reported that the mean VAS 
pain score for a cohort of patients with PF that 
underwent proximal medial gastrocnemius 
release improved from 8.2 to 0.9. AOFAS scores 
improved and from 46 to 90 in this cohort as well. 

Moreover, open plantar fasciotomy compares 
poorly to PMGR about patient satisfaction 
(Monteagudo et al. 2013).

36.13  Radiofrequency 
Microtenotomy

As radiofrequency microtenotomy leads good 
results for Achilles tendinosis and other fasciitis, 
it has been proposed as a minimally invasive 
treatment modality for chronic PF (Akhtar et al. 
2009; Shibuya et al. 2012). Radiofrequency mic-
rotenotomy induces epidermal destruction with 
minimal thermal damage, resulting in improved 
healing through controlled inflammation and 
focal angiogenesis (Shibuya et al. 2012). 
Radiofrequency microtenotomy was as effective 
at relieving pain, improving function, achieving 
patient satisfaction, and meeting patient expecta-
tions as plantar fasciotomy at 1 year follow-up 
(Chou et al. 2016).

36.14  Percutaneous Cryosurgery

Percutaneous cryosurgery uses subfreezing tem-
peratures to produce analgesic effects. In a study 
by Cavazos et al., 77.4% of the patients were con-
sidered to have successful results after surgery. 
This procedure is still being studied for the effects 
on nerve and soft tissue after the freeze-thaw 
cycles (Cavazos et al. 2009).

 Conclusion

PF is a common and recalcitrant disease in 
some cases. It is difficult to distinguish 
between those patients who have recovered 
spontaneously and those who have 
responded to formal treatment, because the 
mechanism of disorder is not fully under-
stood and diagnosis is mostly performed 
clinically. Surgical MIS interventions and 
new treatments such as injection therapy, 

lateral

medial

Fig. 36.5 Control of the quality of plantar fasciotomy 
under US control
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microtenotomy, and ESWT are effective  
for the patients who do not respond to con-
servative treatments; however, there are few 
evidence of randomized trial study 
(Fig. 36.6).
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Posterior Impingement 
in the Ankle: “Can There Also 
Be a Muscular or Tendinous 
Entity?”

Pieter d’Hooghe

37.1  Terminology

The posterior process of the talus articulates with 
the tibia superiorly and contributes significantly 
to the subtalar articulation inferiorly at the poste-
rior facet. It consists of a more prominent lateral 
(Stieda’s process) and a medial tubercle with the 
flexor hallucis longus (FHL) tendon running in 
the sulcus between them. Fractures of either 
tubercle or the complete posterior process, 
although rare, have been described and have been 
associated with sports injuries, including foot-
ball. It has been common to misdiagnose these as 
ankle sprains initially, while the normal acces-
sory os trigonum just posterior to the lateral 
tubercle can be erroneously thought to be a frac-
ture. In individuals that have an accessory os tri-
gonum, a fracture of the latter, or more commonly 
injury to its synchondrosis with the lateral tuber-
cle, can occur after injury that can lead to subse-
quent “os trigonum syndrome” (Golano et al. 
2002; van Dijk et al. 2000). Frequently this syn-
drome is closely related to inflammatory pro-
cesses over the FHL in the posterior ankle area of 
the abovementioned sulcus. Therefore, when 
describing the pathogenesis and clinical features 
of the posterior ankle impingement syndrome, 
the closely related musculotendinous entities 
(especially FHL) need to be considered.P. d’Hooghe  

Department of Orthopaedic Surgery, ASPETAR 
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37.2  Introduction

In the early 1930s—and mainly because of its 
anatomic features—the ankle joint was found 
unsuitable for arthroscopy (Burman 1931). Forty 
years later, in 1970, Tagaki and later Watanabe 
made considerable contributions to the 
arthroscopic surgery of the ankle, and the latter 
published a series of 28 ankle arthroscopies in 
1972 (Watanabe M Selfoc-Arthroscope 
(Watanabe no. 24 arthroscope) 1972). Since then, 
numerous publications have followed.

Over the last three decades, arthroscopy of the 
ankle joint has become a standardized and impor-
tant procedure, with numerous indications for 
both anterior and posterior intra-articular pathol-
ogy, as well as for its tendinous problems around 
the ankle.

The advantages of arthroscopy of the ankle 
are the direct visualization of the structures, 
improved assessment of the articular cartilage, 
faster rehabilitation, and earlier resumption 
toward sports.

There is nowadays enough evidence that there 
is a limited value in performing a diagnostic 
arthroscopy because of the increased imaging 
modalities in ankle pathology. However, because 
of the lack of direct access, the nature, and deep 
location of its hindfoot structures, posterior ankle 
problems still pose a diagnostic and therapeutic 
challenge nowadays.

Historically, the hindfoot was approached by a 
three-portal technique, i.e., the anteromedial, 
anterolateral, and posterolateral portals, with the 
patient in the supine position. It is known that the 
traditional posteromedial portal is associated 
with potential damage to the tibial nerve, the pos-
terior tibial artery, and its surrounding tendons 
locally. Therefore, a two-portal endoscopic tech-
nique was introduced in 2000, and since then, 
this technique has shown to give excellent access 
to the posterior ankle compartment, the subtalar 
joint, and the surrounding extra-articular poste-
rior ankle structures (van Dijk et al. 2000).

Special attention to posterior ankle arthros-
copy has shown the need for specific anatomical 
knowledge, has modified classic arthroscopic 
tools and skills, and has introduced a broad spec-
trum of new indications in posterior ankle 
pathology.

37.3  Functional Anatomy

The anatomical knowledge is particularly impor-
tant in the arthroscopy of the ankle because of the 
significant risk of associated complications which 
can be prevented or decreased only by profound 
familiarity with the anatomy of the region. 
Adequate knowledge of the anatomy of the joint to 
be treated should cover not only the most common 
anatomic configurations (extra-articular and intra-
articular) in statistical terms but also the possible 
anatomic variations to avoid confusion and serious 
technical errors (van Dijk et al. 2000; Fig. 37.1).

Fig. 37.1 (Courtesy Pau Golano) Transverse section at 
the level of the tibiofibular syndesmosis showing impor-
tant structures susceptible to injury during ankle arthros-
copy. 1 Lateral malleolus; 2 tibia; 3 anterior neurovascular 
bundle (deep peroneal nerve and anterior tibial artery and 
veins); 4 intermediate dorsal cutaneous nerve (lateral 
branch of the superficial peroneal nerve); 5 medial dorsal 
cutaneous nerve (medial branch of the superficial pero-
neal nerve); 6 posterior neurovascular bundle (posterior 
tibial nerve and posterior tibial artery and veins); 7 sural 
nerve and small saphenous vein; 8 saphenous nerve and 
great saphenous vein; 9 anterior peroneal artery; 10 poste-
rior peroneal artery; 11 tibialis anterior tendon; 12 exten-
sor hallucis longus tendon; 13 extensor digitorum longus 
tendon; 14 peroneus tertius muscle belly; 15 peroneus 
brevis longus; 16 peroneus brevis tendon; 17 tibialis pos-
terior tendon; 18 flexor digitorum longus tendon; 19 flexor 
hallucis tendon (musculotendinous); 20 calcaneal and 
plantaris tendons
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The main anatomical structure for the orienta-
tion and to determine the safe working area is the 
flexor hallucis longus tendon (FHL). Just medial to 
this tendon runs the posterior neurovascular bundle 
(tibial nerve and posterior tibial artery and veins). 
The posterior ankle arthroscopy should therefore 
routinely be performed lateral to the FHL tendon.

Proper positioning of the ankle and the hallux 
results in better visualization of the tendinous 
portion of the FHL muscle and avoids unneces-
sary resection of some of the muscle fibers that 
reach the lateral tendinous border in a semipen-
niform morphology. Plantar flexion of the ankle 
or hallux flexion facilitates visualization of the 
FHL tendon proximal to the lateral talar process.

The posterior ankle ligaments are also impor-
tant for the orientation during the posterior ankle 
arthroscopy. These ligaments include the poste-
rior talofibular ligament; the posterior intermal-
leolar ligament, also called the tibial slip in the 
arthroscopic literature; and the posterior tibiofib-
ular ligament which is composed of a superficial 
and deep component or transverse ligament.

When the posterior ankle compartment is 
visualized arthroscopically, at first the location of 
the FHL tendon should be determined. Then the 
detailed anatomy of the posterior ankle can be 
identified more carefully.

The posterior talofibular ligament, component 
of the lateral collateral ligament, originates from 
the malleolar fossa, located on the medial surface 
of the lateral malleolus, coursing almost horizon-
tally to insert in the posterolateral surface of the 
talus. This ligament is also an important reference 
in posterior ankle arthroscopy. Its location is impor-
tant to know the site of the different working areas: 
subtalar and talocrural. The posterior subtalar 
recess is plantar to this ligament, and the talocrural 
joint is located dorsally (Burman 1931; Ogut et al. 
2011; Golanó et al. 2006; van Dijk 2006; van Dijk 
et al. 2009; Ferkel and Scranton 1993).

37.4  Etiology

Posterior ankle impingement syndrome is a 
clinical pain syndrome that reflects the most 
common cause of posterior ankle pain, and it 

can be provoked by a forced hyperplantarflex-
ion movement of the ankle (Andrews et al. 
1985; Scholten et al. 2008; D’Hooghe and 
Kerkhoffs 2014). In the event of a soft tissue or 
bony posterior impingement of the ankle, plan-
tar flexion induces a conflict between the poste-
rior malleolus of the distal tibia on to the 
posterosuperior calcaneal bone. A bony promi-
nent posterior processus of the ankle occurs in 
almost 7% of the sports population and can 
present itself as a hypertrophic posterior talar 
process or as an os trigonum. Although appar-
ent posterior bony prominences caused by acute 
or repetitive overload (micro-) trauma can 
induce posterior ankle pain, it is not necessarily 
associated with the posterior ankle impinge-
ment syndrome.

Soft tissue impingement in the posterior ankle 
region can also occur and is frequently disre-
garded. It mainly is triggered by due hypertro-
phic FHL musculotendinous tissue, additional 
tendinous or doubled tendon structures, and 
posttraumatic scarification (van Dijk et al. 
2009).

Since an acute forced hyperplantarflexion 
movement on the ankle or a repetitive overload 
induces the bony or soft-tissue conflict in the 
posteriorly located components of the ankle 
joint, we mainly see these lesions in a sports-
specific population. The classical example of 
repetitive overload is seen in ballet dancers, 
where the forced plantar flexion during “en 
pointe” and “demi pointe” positioning induces 
repetitive impingement on the posteriorly 
located soft tissue components. Other types of 
sports related to the posterior ankle impinge-
ment syndrome include football, swimming, 
cycling, and any other sports in which the 
mechanism of injury is a repetitive forced 
plantar flexion or an acute setting (e.g., during 
a blocked kicking action in football). If the 
lesion occurs due to compression of the os tri-
gonum between the distal tibia and calcaneal 
bone, it can lead to displacement of this os tri-
gonum, disabling soft tissue inflammatory pro-
cesses or even fractures of the processus 
posterior tali or distal tibia (van Dijk et al. 
2009; Fig. 37.2).

37 Posterior Impingement in the Ankle: “Can There Also Be a Muscular or Tendinous Entity?”
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37.5  Clinical and Diagnostic 
Features

Clinically, posterior impingement can be much 
more difficult to detect and diagnose when com-
pared to other types of ankle impingement 
because the affected structures lie much deeper 
and can be mimicked by or coexist with other 
disease processes such as peroneal tendinopathy, 
retrocalcaneal bursitis, osteochondral lesions of 
the posterior talar dome, Achilles tendinopathy, 
flexor halluces longus tendinopathy or tenosyno-
vitis, posterior tibial osteochondral injuries, tar-
sal tunnel compression, tarsal coalition, and 
Haglund’s deformity. Patients will complain of 
chronic deep posterior ankle pain that is wors-
ened with push-off activities such as jumping. 
Physical examination includes palpation over the 
posterolateral process and the crunch test. 
Patients that suffer from posterior ankle impinge-
ment present with a posteriorly localized ankle 
pain during a (forced) plantar flexion movement.

The posterior ankle impingement test is a 
pathognomonic test to identify the clinical diag-
nosis of posterior ankle impingement. To have a 
positive test, the ankle is passively and quickly 
forced from neutral to hyperplantarflexion posi-
tion, and during this movement, the patients 
encounter suddenly recognizable posteriorly 
located ankle pain. To increase compression on 
the posterolateral structures of the ankle, plantar 
flexion, external rotation, and eversion move-
ments are considered during clinical testing.

Since the neurovascular structures and ten-
dons are localized in the posteromedial region of 
the ankle, this area is not always easily palpated 
when compared to the clinical examination of the 
posterolateral part of the ankle (Golanó et al. 
2006).

Diagnosis can be confirmed with abatement of 
pain following injection of an anesthetic into the 
posterolateral capsule of the tibiotalar joint. MRI 
is useful for more accurately identifying the ana-
tomic site of abnormality, as well as revealing 
coexisting pathologies. Fortunately, rest is often 
adequate therapy regardless of whether the symp-
toms are acute or chronic. When nonoperative 
measures have failed, open or arthroscopic 
removal of the os can quickly return the foot-
baller to play. Recent data has demonstrated the 
effectiveness of posterior ankle arthroscopy in 
the treatment of PAIS in the elite footballer, with 
return to training expected at an average of 
5 weeks (D’Hooghe and Kerkhoffs 2014).

37.6  Accessory Muscles that Can 
Impinge on the Surrounding 
Musculotendinous Structures 
Around the Posterior Ankle

Multiple accessory, supernumerary, and anoma-
lous muscles have been described in the radio-
logic, surgical, and anatomic literature. 
Accessory muscles of the ankle are typically 
asymptomatic, but can cause pain, compressive 
neuropathy, compartment syndrome, or rigid 
hindfoot deformities and can also mimic soft tis-
sue tumors.

Magnetic resonance imaging (MRI) is the 
modality of choice in diagnosing accessory mus-
cles, delineating their relationship to adjacent 
structures (e.g., impingement), and differentiat-
ing them from soft tissue tumors. Accessory 
muscles are isointense to skeletal muscle on all 
pulse sequences and can insert by fleshy muscu-
lar or tendinous insertions. Accessory muscles 
around the ankle include the flexor digitorum 
accessorius longus, the peroneocalcaneus inter-
nus, the accessory soleus, and the accessory 
peroneal muscles.

Fig. 37.2 Posterior ankle impingement due to an “os 
trigonum syndrome” in a right ankle
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 1. Peroneus quartus muscle

While a few studies have associated various 
symptoms with the presence of a peroneus quar-
tus muscle in the peroneal compartment of the 
leg, little is known of the clinical relevance of 
this muscle. Originally, several accessory mus-
cles were distinguished in the peroneal 
compartment:

• Peroneus quartus (PQ) (Otto)
• Peroneus-calcaneus externum (Hecker)
• Peroneus accessorius (White)
• Peroneus digiti quinti (Testut)

This terminology has been simplified by sum-
marizing all peroneal compartment variants under 
the definition of a peroneus quartus muscle as a 
muscle arising from the lower leg and inserting 
onto the lateral hind and midfoot. This also explains 
the variable insertion sites of the PQ muscle:

• The retrotrochlear eminence of the calcaneus
• The metatarsal bone of the fifth toe
• The peroneal tendons
• The lateral retinaculum of the ankle
• The cuboid bone

The origin of the PQ muscle is the distal lat-
eral portion of the fibula. It typically descends 
medial and posterior to the peroneal tendons. The 
PQ muscle is usually asymptomatic. Occasionally, 
it may lead to crowding in the retromalleolar 
groove, predisposing to peroneus brevis tendon 
attrition and tear. The PQ has a male predomi-
nance, is unique to humans, and is often bilateral. 
Classically, the peroneocalcaneal variant of pero-
neus quartus is the most common, originating 
from the peroneus brevis and inserting on the ret-
rotrochlear eminence of the calcaneus.

 2. Flexor digitorum accessorius longus muscle

The flexor digitorum accessorius longus 
(FDAL) is an anomalous muscle with a reported 
prevalence of 2–8% in cadaveric studies. The 
FDAL can originate from many posterior com-
partment structures, including the flexor reti-

naculum, the tibia, the fibula, the flexor hallucis 
longus, and the soleus. The FDAL courses 
through the tarsal tunnel, where it remains mus-
cular until just prior to exiting. It lies deep to the 
deep aponeurosis and flexor retinaculum, differ-
entiating it from the accessory soleus muscle.

The FDAL is intimately related to the neurovas-
cular bundle and may abut, compress, or impinge 
upon the posterior tibial and/or lateral plantar 
nerves. Because of its close relationship to the flexor 
hallucis longus tendon, the FDAL has also been 
associated with flexor hallucis longus tenosynovitis. 
The FDAL either inserts onto the flexor digitorum 
longus (FDL) tendon prior to the FDL splitting into 
its four tendon slips or onto the quadratus plantae 
muscle. The FDAL is isointense to normal skeletal 
muscle on all pulse sequences. Functionally, the 
FDAL is thought to assist in toe flexion.

 3. Accessory soleus

The accessory soleus muscle was originally 
described by Cruveilhier in 1843, and it is thought 
to represent a splitting of the soleus anlage early in 
its development. The accessory soleus has a 
reported prevalence of 0.7–5.5% in cadaveric stud-
ies. It commonly presents in the second or third 
decades of life and has a 2:1 male-to-female ratio.

• The accessory soleus originates from the ante-
rior surface of the soleus muscle or from the 
tibia and fibula and is invested in its own fascia, 
distinguishing it from the normal soleus. It 
descends anterior or anteromedial to the 
Achilles tendon and superficial to the flexor 
retinaculum. There are five types of insertions:

• A tendinous insertion onto the upper calcaneus
• A muscular insertion onto the Achilles tendon
• A muscular insertion upon the upper surface 

of the calcaneus
• A tendinous insertion upon the superior 

calcaneus
• A tendinous insertion upon the medial 

calcaneus

The accessory soleus is supplied by the poste-
rior tibial artery and innervated by the posterior 
tibial nerve.
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Presenting signs and symptoms have included 
painless mass, painful mass, localized compart-
ment syndrome, and hindfoot and clubfoot defor-
mities. It has been suggested that pain may be 
related to increased intrafascial pressure, exercise- 
induced claudication secondary to inadequate 
blood supply, or compression of the posterior tib-
ial nerve. Although the accessory soleus resides 
outside the tarsal tunnel, it has been implicated in 
tarsal tunnel syndrome, likely related to extrinsic 
compression. Successful surgical treatments for 
the symptomatic accessory soleus have included 
fasciotomy, muscle debulking, tendon release, 
and accessory muscle excision.

 4. Peroneocalcaneus internus

The peroneocalcaneus internus (PCI) muscle is 
a rare muscle located deep to the flexor retinacu-
lum in the posterior compartment of the lower leg. 
It was originally described in 1872 by Macalister. 
It has a prevalence of 1%. The PCI muscle origi-
nates along the inner part of the lower third of the 
fibula. It is bordered medially by the flexor hallu-
cis longus muscle and tendon, where there is mus-
cular interdigitation. The PCI is bordered anteriorly 
by the tibia, interosseous ligament, and tibiotalar 
joint. Posteriorly, the PCI is bordered by the soleus 
and laterally by the fascia separating the PCI from 
the peroneal muscles. The PCI tendon passes infe-
rior to the sustentaculum tali, along with the flexor 
hallucis longus tendon, and the PCI tendon inserts 
onto a small tubercle on the medial calcaneus 
below the sustentaculum tali.

The PCI is typically asymptomatic, but it can 
displace the flexor hallucis longus muscle medi-
ally, indirectly compressing the neurovascular 
bundle. The tendons of the PCI and flexor hallu-
cis longus course alongside of one another and 
can cause mechanical attrition or tenosynovitis. 
Symptomatic relief has been reported with ste-
roid injection and surgical excision.

37.7  Surgical Procedure

Hindfoot endoscopy enables the surgeon to more 
easily assess the posterior ankle compartment. 
From the beginning of the description of the tech-

nique, the main indications to perform a posterior 
ankle arthroscopy are the treatment of an os tri-
gonum and FHL pathology (Ogut et al. 2011; van 
Dijk 2006; van Dijk et al. 2009; Ferkel and 
Scranton 1993; Andrews et al. 1985). Nowadays, 
however, numerous ankle pathologies in our ath-
letes can be treated through this minimal-invasive 
technique, and still indications are added.

The patient is positioned in the prone position 
with a tourniquet above the knee at the affected 
side, which should be carefully marked preopera-
tively. The affected ankle is positioned just over 
the edge of the operation table and is supported to 
allow free ankle movement.

The anatomical landmarks for portal placement 
are the sole of the foot, the lateral malleolus, and 
the medial and lateral borders of the Achilles ten-
don. With the ankle in the neutral position 
(90 degrees), a straight line, parallel to the sole of 
the foot, is drawn from the tip of the lateral malleo-
lus to the Achilles tendon and is extended over the 
Achilles tendon to the medial side. The posterolat-
eral portal is located just proximal to—and 5 mm 
anterior to—the intersection of the straight line 
with the lateral border of the Achilles tendon.

The posteromedial portal is located at the 
same level as the posterolateral portal, but on the 
medial side of the Achilles tendon.

Before addressing any pathology, the FHL ten-
don should be localized since just medially to where 
the posterior neurovascular bundle is located 
(Golanó et al. 2006). The FHL tendon determines 
the working area, basically only lateral to this ten-
don (Figs. 37.3 and 37.4). Once this working area is 
determined, the whole spectrum of posterior pathol-
ogy can be treated supero-inferiorly from the tibio-
talar over the subtalar joint toward the Achilles 
tendon insertion and mediolaterally from tarsal tun-
nel release toward the peroneal tendons.

Now the pathology can be addressed, rang-
ing from debridement of soft tissue to the 
removal of an os trigonum or the release of the 
FHL tendon from its adjacent structures 
(Figs. 37.5 and 37.6). Also—more specifi-
cally—performing a groove deepening in case 
of recurrent peroneal tendon dislocation, an 
endoscopic tarsal tunnel release, addressing a 
Cedell fracture or prominent posteromedial 
talar tubercle, and treating a posteromedial 
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talar dome lesion are nowadays within the 
scope of this treatment.

Hindfoot endoscopy can be also used for the 
treatment of talar body fractures, intraosseous 
talar cysts (that are localized posteriorly in the 
ankle), and pigmented villonodular synovitis 
(PVNS). This is a condition that can be local-
ized in the posterior ankle compartment, and it 
can invade the whole posterior part of the talus, 
extending proximally up to the FHL tendon 
sheath (van Dijk et al. 2009). Furthermore, 
Achilles tendinopathy/denervation and 
Haglund’s syndrome pathology in the ankle can 

nowadays also successfully be addressed by the 
posterior minimal-invasive two-portal endo-
scopic technique in the sports population. This 
condition requires although a more distally 
aimed two- incision technique that covers the 
pathology all the way up to the Achilles tendon 
insertion.

Significant advantages of these abovemen-
tioned methods include lower morbidity, shorter 
postoperative hospitalization time, and quicker 
return to full sports. Hindfoot endoscopy is a safe 
and effective method for treating posterior talar 
cystic lesions and is an attractive alternative to 

Fig. 37.3 Determining the working area for arthroscopy in 
posterior ankle pathology. During insertion, the arthroscope 
is aiming toward the first foot webspace. This enables the 
surgeon to determine a safe working area

Fig. 37.4 Determining the working area for arthroscopy 
in posterior ankle pathology. After insertion, the arthro-
scope is turned in a horizontal fashion to broaden the 
working area after identification of the FHL
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open surgery for experienced arthroscopic 
surgeons.

Nevertheless, the most influential indication 
to perform posterior ankle arthroscopy remains 

the treatment of os trigonum and FHL release 
(Fig. 37.7a–d).

 Conclusion

Posterior ankle arthroscopy is a challenging, 
but safe, reliable, and effective technique in the 
treatment of posterior ankle impingement.

Due to the improved functional outcome 
after surgery and quicker rehabilitation time, 
athletes can hugely benefit from this tech-
nique. The initial indications include flexor 
hallucis longus and os trigonum pathology. 
Nowadays however the technique is used—
with or without an additional portal—for an 
increasing amount of posterior ankle patholo-
gies. Further studies are now being performed 
to value the abovementioned new indications, 
and they show that the arthroscopic posterior 
technique in posterior ankle pathology has not 
yet reached its limits. Frequently it is wrongly 
thought to address only bony problems in the 
ankle. Many soft tissue problems (especially 
FHL and accessory muscles) arise in clinical 
posterior impingement problems over the 
ankle. They are a common trigger to this 
pathology and should always be considered 
and addressed.

How to diagnose posterior impingement of the 
ankle:

• Ask for sports-specific repetitive ankle 
movements.

• Perform a hyperplantarflexion movement 
of the ankle.

• Look for palpatory pain along the course of 
the flexor hallucis longus.

How to treat posterior impingement of the 
ankle:

• Perform a diagnostic injection.
• Start with the standardized two-portal tech-

nique after initial cadaveric training.
• Search for the flexor hallucis longus ten-

don and the posterior talofibular ligament 
as primary anatomical landmarks.

Fig. 37.6 Sagittal MRI image of a “low-lying” FHL 
muscle belly

Fig. 37.5 Sagittal MRI image of a normal FHL muscle 
belly

P. d’Hooghe
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a b

c d

Fig. 37.7 (a–d) Posterior ankle arthroscopy: a four-step decompression of the FHL from an os trigonum. Mark the 
impingement signs on the FHL after os trigonum decompression
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Compartment Syndromes

Giuiano Cerulli, Matteo M. Tei, Gianpiero Cazzato, 
Giacomo Placella, and Marco Chillemi

Compartment syndromes (CS) represent an 
emergency involving both muscles and tendons, 
and their clinical diagnosis is not always easy. CS 
occurs when interstitial pressure increases in a 
fascial space, resulting in the impairment of 
microcirculation, causing tissue ischemia. If it is 
not recognized and treated early, it can lead to 
muscle necrosis, rhabdomyolysis, and systemic 
disease in severe cases. The most common causes 
are:

• Fractures caused by high-energy trauma
• Crush injuries
• Severe bruising
• Snakebites
• Dressings that are too tight
• Plaster casts

Pain is the earliest and most sensitive symptom, 
and it appears out of proportion compared to the 
severity of the injury. Circulatory stasis around the 
nerves may cause paresthesia which may lead to 
progressive muscle paralysis and death. When 
intracompartmental pressure exceeds the blood 
pressure, the limb is pale and it is impossible to 
feel peripheral pulses. For its diagnosis, there is 
the “5-P” rule as reported in English literature:

• Pain
• Paresthesias
• Pallor
• Paralysis
• Pulselessness
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The patient complains of severe and increas-
ing pain that requires frequent doses of analgesic 
drugs. The pain increases during passive stretch-
ing of the limb; moreover, patients report tingling 
along the nerve distribution that passes through 
the affected compartment. A key point is that CS 
is a progressively developing condition. 
Maximum swelling occurs at about 30–36 h after 
the traumatic event; therefore, it is essential to 
pay careful attention to high-risk limbs during 
the early period post trauma. In patients with 
altered sensitivity, clinical signs and symptoms 
are less useful. These patients must be closely 
monitored; if there is a suspicion of compartment 
syndrome, it is necessary to measure intracom-
partmental pressure. The measurements must be 
taken in all compartments using specific instru-
ments, and it should be measured as close as pos-
sible to the fracture, because in this anatomical 
area, the pressure is highest.

Normal intracompartmental pressure is about 
5–8 mmHg. When intercompartmental pressure 
reaches 20 mmHg, tissue perfusion can decrease. 
Tissue perfusion is based on the local perfusion 
pressure (diastolic pressure-compartmental pres-
sure), and if the difference between these pres-
sures, or delta p, is less than 30 mmHg, 
fasciotomy is indicated. Early treatment of CS 
should include the removal of circumferential 
dressings, loosening tight bandages, and raising 
the limb above chest level which decreases the 
perfusion pressure on the muscle. If these proce-
dures reduce symptoms, the patient should then 
be carefully monitored and reevaluated fre-
quently. If these precautions are not beneficial, 
the patient should be taken to the operating room 
for fasciotomy.

38.1  Compartment Syndrome 
of the Upper Limbs

Compartment syndrome (CS) may occur follow-
ing the inflammatory response to injury, when 
there is an increase in intercompartmental pres-
sure. This increase leads to a reduction of venous 
outflow and increased tissue pressure with wide-
spread tissue damage until the interruption of 

arterial blood flow. As a result, the tissues with a 
high oxygen requirement, such as skeletal mus-
cle, become ischemic and eventually necrotic. 
The peripheral nervous structures that cross the 
compartment are also susceptible to damage due 
to disruptions in blood flow and increased intra-
compartmental pressure. This results in a limb 
with partial and, sometimes, complete loss of 
function.

Upper limb compartment syndrome may 
develop as a result of:

• Fractures of the distal radius
• Forearm shaft fractures
• Crush injuries of soft tissues

Several less common causes include:

• Snakebite
• Gunshot wounds
• Toxic shock syndrome
• Leukemic infiltration
• Viral myositis
• Arthroscopic infusion fluid
• Nephrotic syndrome

An open fracture does not eliminate the risk of 
CS. In patients with CS, early diagnosis is cru-
cial. A delay in diagnosis can lead to serious 
complications, including the permanent loss of 
motor and sensory function of the limb.

For the clinical diagnosis of upper limb CS, 
the most reliable indicator is pain (McDonald 
and Bearcroft 2010). Patients classically experi-
ence constant and oppressive pain. For low- 
energy injuries, the pain may seem out of 
proportion. Nerve dysfunction in the compart-
ment involved can lead to paresthesia: burning, 
numbness, and tingling. In patients with frac-
tures, the pain persists and worsens despite 
reduction and immobilization. In CS of the fore-
arm, patients experience excruciating pain during 
flexion and extension of the fingers. The patient 
suffers from a state of discomfort secondary to 
muscle compartment tension. In addition there is 
a reduction of sensitivity in the distribution of the 
peripheral nerves and widespread edema. Later 
there is numbness, loss of peripheral pulses, and 
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pallor of the limb. Even if the pain is the best 
clinical indicator of CS, some patients are unable 
to report it. If the patient is a child or he has 
received a large amount of analgesics, is uncon-
scious, inhibited, or sedated, he may not be able 
to refer clearly about the pain.

In these situations it is recommended to mea-
sure the intracompartmental pressure. Elliott and 
Johnstone (Elliott and Johnstone 2003) reported 
that 23% of forearm compartmental syndrome is 
caused by soft tissue injuries without fractures 
and 18% is caused by fractures. In our experi-
ence, there is a limited amount of available evi-
dence regarding causes, treatment, suture wound 
methods, functional result, and complications of 
forearm CS. It has been associated with various 
etiologies; however, fracture of the distal radius 
is reported as the most common cause of forearm 
CS. This is contrary to what was reported in the 
past by Grottkau (Grottkau et al. 2005); he sug-
gested that supracondylar fractures were the pre-
dominant cause of forearm CS in children. In a 
study by the National Pediatric Trauma Registry 
that evaluated 131 cases of pediatric CS, it was 
found that 74% of the cases of upper limb CS 
were caused by forearm fractures, and only 15% 
were secondary to supracondylar fractures. Bea 
et al. (Bae et al. 2001), studying 33 consecutive 
pediatric patients with 36 cases of acute com-
partmental syndrome, suggested that a possible 
reason for this decrease in CS after supracondy-
lar fracture could be due to changes in fracture 
management, such as percutaneous pin 
osteosynthesis.

Patients under 35 years of age involved in 
high-energy trauma and polytrauma have an 
increased risk of developing forearm CS. Hwang 
(Hwang et al. 2009) noted that patients with dis-
tal radius fractures and ipsilateral elbow injury 
developed a CS in 15% of the cases, much higher 
than the risk (0.25%) to develop CS after an iso-
lated fracture of the distal radius. Upper limb CS 
is generally diagnosed with a careful clinical 
examination. The removal of any tight dressings 
is a critical step to enable an accurate assessment 
of the limb. Regarding intracompartmental pres-
sure measuring, there is almost an equal distribu-
tion between the number of patients diagnosed 

by clinical examination as those diagnosed by 
intracompartmental pressure measure.

Many authors consider the measurement of 
intracompartmental pressure unnecessary for 
diagnostic purposes; others recommend its use 
only in inhibited patients or in patients whose clin-
ical findings have an ambiguous interpretation. In 
regard to the treatment of forearm CS, different 
skin incisions have been proposed. The typical 
ventral incision begins 1 cm proximal and 2 cm 
laterally and then obliquely across the antecubital 
fossa on the volar forearm. In the medial direction, 
the incision reaches the middle line at the average 
distal third of the forearm. Here the incision is 
continued only to the ulnar side of the long hand-
held tendon to avoid palmar skin cord of the 
median nerve. The incision then passes through 
the wrist and extends into the medial portion of the 
palm for the concurrent release of the carpal tunnel 
(Fig. 38.1). The overall rate of complications of 
forearm CS is about 42%. Many studies report 
neurological deficits as the most common compli-
cation. Acute forearm CS has more etiologies 
affecting patients of all ages. Without treatment it 
results in contractures and neurological deficits up 
to the complete loss of function in the forearm and 
hand. Emergency treatment is necessary to prevent 
serious consequences.

Patients under 35 years old with a forearm frac-
ture and polytrauma are at high risk of developing 
CS; therefore they require careful monitoring. In 
inhibited patients and in those with ambiguous 
clinical examination results, objective diagnostic 
measurements are necessary (Ronel et al. 2004).

Fig. 38.1 Typical ventral incision across the volar fore-
arm for the tretment of acute CS
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38.2  Compartment Syndrome 
of the Lower Limbs

Acute compartment syndrome of the lower limb 
is a complication of fractures, soft tissue trauma, 
and reperfusion after acute arterial occlusion 
(McQueen et al. 2000). It can be caused by bleed-
ing or swelling in a muscle compartment sur-
rounded by fascia and bone tissue (Olson and 
Glasgow 2005). The long-term consequences of 
CS have already been described by Richard von 
Volkmann in the late nineteenth century as a 
result of a too tight plaster cast, but only after a 
few years was a connection made with high intra-
compartmental pressure. The incidence of foot 
CS is about 6% in patients with foot injuries 
caused by motorcycle accidents, while the inci-
dence of leg CS seems lower (1.2% after closed 
diaphyseal fractures of the tibia). The lower limb 
compartment syndrome and its treatment were 
described in 1958, whereas until a few years ago, 
compartment syndrome of the foot was largely 
unknown and was described only in some case 
reports. Myerson first described this clinical 
entity in 1988 and presented surgical decompres-
sion as a therapeutic intervention (Myerson and 
Manoli 1993). The leg is composed of four com-
partments: anterior, lateral, surface, and deep 
posterior. On the contrary, there is no consensus 
in regard to the number of anatomical compart-
ments of the foot. At the end of 1920, three com-
partments were described and later confirmed by 
Kamel and Sakla in 1961. After which Myerson 
identified four compartments (Myerson and 
Manoli 1993) while more recently in a cadaveric 
study, nine compartments were identified. 
However, there are only three compartments 
(medial, lateral, superficial) for the entire length 
of the foot. In a cadaveric study performed in 
2008, the authors could not identify any distinct 
forefoot myofascial compartments, and so they 
concluded that a fasciotomy of the hindfoot com-
partments through a modified medial incision 
would be sufficient to decompress the whole foot 
(Ling and Kumar 2008). However, studies on 
cadavers cannot simulate physiological condi-
tions so the conclusions of these studies should 
be interpreted with caution. The typical clinical 

presentation of leg and foot CS is no different 
from other regions of the body. In a systematic 
review of the literature, the pain has been identi-
fied as the earliest and most sensitive clinical sign 
of CS (Ojike et al. 2009). In a retrospective study, 
however, the foot pain was present in all patients 
with foot CS (Myerson 1990). It must be remem-
bered that the indiscriminate use of analgesics in 
patients with severe pain may potentially mask 
the key symptom. Sensory deficits are also com-
mon in patients with CS (Ulmer 2002). Decreased 
discrimination between two points seems more 
reliable than the decreased feeling of a pinprick 
alone (Myerson and Manoli 1993).

When acute compartment syndrome is sus-
pected, a careful examination is needed. Medical 
recommendations based on evidence (EBM) can-
not, unfortunately, be made; serial laboratory tests 
should be performed at least hourly as it is widely 
recognized that muscle necrosis usually occurs 
within the first 3 h (Vaillancourt et al. 2004). 
However, contrary to what was thought in the past, 
muscle strength is not a good parameter to be con-
sidered, since it is difficult to determine whether 
the loss of strength is due to the pain or muscle 
necrosis. Even the examination of peripheral 
pulses is not reliable for the diagnosis of lower 
limb CS, because there may be false negatives if 
the intracompartmental pressure reaches the sys-
tolic blood pressure. On the other hand, invasive 
measurement of intracompartmental pressure is a 
rapid and safe procedure to reach a definite diag-
nosis. However, it should be emphasized that in a 
cohort study with more than 200 patients with 
diaphyseal fractures of the tibia, the continuous 
monitoring of intracompartmental pressure 
showed no differences in outcomes or possible 
delays in performing fasciotomy compared to the 
simple clinical examination of the patient 
(Al-Dadah et al. 2008). Another study showed that 
the rate of late complications was similar in 
patients whether they had undergone or not con-
tinuous monitoring of the intracompartmental 
pressure (Harris et al. 2006). Since nine compart-
ments in the foot have been identified, it is not fea-
sible to monitor the pressure for patients at high 
risk of developing CS in this anatomical area. It is 
also important to remember that intracompartmen-
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tal pressure must be correlated with the diastolic 
pressure. The fasciotomy threshold is still under 
debate. While some authors suggest that for intra-
compartmental pressure the threshold for fasciot-
omy should be an absolute value of 30 mmHg 
(Willy et al. 2001), others indicate 20 mmHg less 
than the diastolic pressure as a threshold (Olson 
and Glasgow 2005). However today, the indication 
for fasciotomy should be based on clinical find-
ings (neurological deficits) or on a difference 
between intracompartmental pressure and dia-
stolic pressure lower than 30 mmHg (Olson and 
Glasgow 2005). Although most of these recom-
mendations derive from studies of other anatomic 
regions, there is no reason to assume a different 
pathophysiological background for foot 
CS. Finally, it is important to remember that clini-
cal results should be compared over time. In short, 
a history of trauma and the presence of serious 
injuries should make the physician consider the 
possibility of CS. Furthermore, the presence of 
open wounds does not implicitly decompress the 
compartment, for example, in the foot all nine 
compartments would rarely be involved. Although 
the management of CS consists of immediate sur-
gical treatment, bandages and casts should be 
completely open in patients with severe postopera-
tive pain. In the case of impending CS, the limb 
should not be raised because it reduces the blood 
supply that is already compromised. McQueen 
demonstrated that in patients with tibial fractures, 
the time between the onset of compartment syn-
drome and fasciotomy influences the outcome, 
rather than the time between trauma and osteosyn-
thesis (McQueen et al. 1990). Generally, the exist-
ing literature is lacking in regard to the optimal 
management of tibial fractures in the presence of 
CS. On the other hand, multiple approaches have 
been used to decompress the compartments of the 
foot (Fulkerson et al. 2003). Although the etiology, 
pathophysiology, and treatment of CS are well 
described, little has been published about the long-
term results. CS of the leg and foot has a low inci-
dence rate (1.2% after closed tibial fractures, 6% 
after open tibial fractures); studies on a greater 
number of patients are, however, not available. A 
long follow-up with different surgeons and differ-
ent surgical techniques does not allow a direct 

comparison of published results. One study has 
examined the quality of life after CS using the 
“EQ-5D score” (Giannoudis et al. 2002). Even if 
surgical decompression is an emergency proce-
dure that is indicated in order to prevent further 
damage and long-term functional loss, several 
serious long-term sequelae after fasciotomy have 
been reported: aesthetic problems, altered senso-
rium, and dry and flaky skin.

In a study of 30 cases, patients with leg com-
partment syndrome had lower EQ-5D scores than 
the control group at 12 months after treatment, 
although their health status was not statistically 
different (Giannoudis et al. 2002). In addition, 
the authors reported that patients with faster 
wound closure times were healthier than those 
with longer wound closure times (Giannoudis 
et al. 2002). In another study about the results of 
follow-up in 26 patients with traumatic leg CS, 
15.4% complained of pain at rest, and 26.9% 
reported pain under stress at 1–7 years after the 
trauma (Frink et al. 2007). In this population, 
more than 50% of the patients had reduced joint 
ROM and reported a reduction in sensitivity. 
Infections due to fasciotomy were described in 
up to 38% of the patients. Patients who had 
undergone a surgical flap with skin grafting for 
wound closure presented a lower incidence of 
infections. In another study, the presence of asso-
ciated lesions seemed not to affect the long-term 
outcome after traumatic CS of the leg in regard to 
the joint Rom, sensory dysfunction, and loss of 
muscle strength. There is no information avail-
able about returning to work. Most of the studies 
about outcomes of foot compartment syndrome 
are only case reports.

In a series of 14 patients, Myerson (Myerson 
1991) described the return to the previous working 
activity after trauma in four patients; six patients 
had only occasional symptoms that had developed 
during some daily activities, whereas three patients 
developed contractures with clawed fingers. No 
patients however needed amputation (Myerson 
1991). However paresthesia and numbness of 
scars distal to the compartments involved were 
common long-term sequelae in eight patients. 
Complications of lower limb CS are serious and 
require immediate treatment. If CS is not promptly 
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recognized, the damage caused to the affected 
region may be irreversible. Our experience shows 
that the literature available is quite limited in this 
specific field of orthopedics and traumatology. We 
found only one study using validated outcome 
measures to analyze the results of treatment of leg 
CS (Giannoudis et al. 2002). Therefore we believe 
that further studies are needed to describe long-
term results. Although the pathophysiology of CS 
is well described, it is not yet clear when there is 
irreversible damage. A 1991 study suggested an 
ischemic time of 5–6 h, while other more recent 
studies in animal models reported muscle necrosis 
after less than 3 h (Verleisdonk et al. 2004). 
Moreover the information available in literature is 
inconsistent, and we believe further studies are 
necessary in this regard. Although clinical signs 
are well described (Verleisdonk et al. 2004), we 
believe that the most important factor in the CS 
diagnosis is the key figure of the doctor, who must 
put the patient at the center of his attention and 
base treatment on a “holistic-like approach.”

Moreover the physician should be aware that 
the pain, defined as a clinical sign of CS, could be 
masked in patients with a reduced state of con-
sciousness or if previously treated with analge-
sics. Although literature lacks recommendations 
about the intervals at which serial examinations 
should be performed in patients at risk, we believe 
they should be performed at least every hour, as 
irreversible damage has been reported to occur 
within the first 3 h (Verleisdonk et al. 2004). In 
patients with uncertain signs, the intracompart-
mental pressure should be measured. Literature 
describes various approaches for leg fasciotomy 
through lateral or anterolateral and posterior com-
bined incisions. However we were unable to find 
a study that compared both methods; therefore, 
literature lacks recommendations based on EBM 
criteria. Recommendations for surgical treatment 
of foot CS are most controversial; in fact, although 
many approaches have been described, literature 
lacks comparative studies. In conclusion, lower 
limb CS is a rare but serious complication of 
which the surgeon must be aware. Although 
immediate fasciotomy is the indisputed treatment 
for patients with CS, literature lacks guidelines 
for high-risk patients.

38.3  Chronic Exertional 
Compartment Syndrome

A separate paragraph should be dedicated to the 
treatment of chronic exertional compartment 
syndrome (CECS). Considering that the first 
report on this syndrome was written only 30 years 
ago, there is still uncertainty about the develop-
ment of the syndrome in the majority of affected 
patients.

CECS is not commonly considered as a cause 
of muscle pain. Typically, there is a delay of 
22 months in the diagnosis of the disease. Studies 
on the etiology of chronic pain in the anterior leg 
indicate that CECS is the causal factor in 27% of 
the cases (Blackman 2000).

The delay in diagnosis, combined with the 
relative frequency, underlines the attention that 
physicians, not only specialists in orthopedics and 
traumatology, should pay toward CECS as a pos-
sible diagnosis, which can also affect the patient’s 
performance of sports and work activities. In a list 
of 11 athletes with CECS, all returned to the same 
level of sports activities as before injury having 
undergone an average of 2 years of follow-up. 
The pathophysiology of CECS is connected to an 
increase in compartmental pressure occurring 
during exercise due to the increase in muscle vol-
ume. The prevailing theory is that during the 
activities, the muscle suffers a gradual increase of 
intracompartmental pressure with the consequent 
impairment of muscle tissue perfusion (Goldfarb 
and Kaeding 1997).

The incidence in the general population is 
unclear because of the difficulty to diagnose it 
and the delay in seeking medical care. CECS 
should be suspected in any athlete who presents 
chronic anterior leg pain that worsens with physi-
cal activity, but it is resolved upon cessation of 
activity. Ninety-five per cent of the cases of 
CECS occur in the anterior and lateral compart-
ments of the leg (Martens et al. 1984). CECS is 
more frequent in young adult amateur runners 
and military recruits, but it is not uncommon in 
athletes participating in contact sports. There are 
no demonstrated differences in incidence between 
men and women (Detmer et al. 1985). The aver-
age age of onset is 20 years (Kutz et al. 1985). 
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The risk factors for the development of CECS 
include anabolic steroids and the use of creati-
nine which increase the muscle volume. Aberrant 
biomechanical factors in a runner, like the wrong 
foot support or over-pronation, can lead to an 
increased risk of compartment syndrome second-
ary to differences between weight and load and to 
high pressure on individual muscle groups in the 
lower leg. Acquiring a thorough history for com-
partment syndrome is very important because the 
physical examination is often irrelevant. 
Classically, there is the development of pain 
described as burning or pressure, in a compart-
ment of the leg at the same time, at the same dis-
tance or at the same intensity (Shah et al. 2004). 
The pain increases in intensity as the patient con-
tinues to exercise. Symptoms occurred bilaterally 
in 70% of 80 cases (Mouhsine et al. 2006). Other 
symptoms include numbness and tingling in the 
dermatomal distribution of the nerve conduction 
through the compartment involved or weakness 
of the affected muscle. A classic presentation of 
CECS is a runner that experiences burning in the 

leg and numbness on the back foot after about 
15 min of running continuously, with absolutely 
no symptoms within 30 min of stopping.

The physical examination can be used to dif-
ferentiate CECS from other causes of chronic 
pain in leg stress. The athlete should be examined 
after he has completed the exercise that provokes 
the pain. An important diagnostic procedure could 
be biomechanical functional assessments, which 
allow stabilometric, electromyographic, and iso-
kinetic parameters to be studied. Functional imag-
ing studies can also give precise information 
about the joint kinematics and the ability to per-
form simple or complex gestures. Biomechanical 
evaluations offer a possibility for orthopedic spe-
cialists to express a precise opinion on the func-
tional state of the musculoskeletal system and its 
various components through simple and more 
sophisticated and expensive instruments such as 
force plates, 16-channel EMG telemetry, instru-
ments for isokinetic evaluation, and 3D systems 
to study movement. Biomechanical laboratories 
for the musculoskeletal system (Fig. 38.2) offer 

Fig. 38.2 “Let people move” biomechanical laboratory for the musculoskeletal system analysis. Arezzo-Italy
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accurate and reproducible data regarding some 
locomotor parameters, such as reaction to the 
ground, proprioception, the peak of flexor and 
extensors of the knee muscle strength, electrical 
activity of various muscles of the thigh and leg 
evaluable in dynamic conditions, and finally the 
functional capacity during the most simple or the 
more complex gestures (Fig. 38.3).

As is well known, man, and especially athletes, 
should be assessed in dynamic conditions rather 
than in static conditions, i.e., while moving, walk-
ing, and performing specific sports gestures; in 
fact, the mechanical components of the “human 

machine” are designated to movement and spatial 
translocation of body units. The gold standard for 
the diagnosis of CECS is, however, the measure-
ment of intracompartmental pressure. The only 
certain treatment of CECS is fasciotomy (Kutz 
et al. 1985). Nonetheless, conservative treatment 
has also been described, such as avoiding activi-
ties that can generate symptoms or decreasing the 
workout intensity. Athletes may also be advised to 
rest and then to slowly increase their athletic 
training, or especially designed orthopedic insoles 
might be prescribed which give plantar arch sup-
port and correct pronation while running. Other 

Fig. 38.3 Gait Analysis 
with 16-channel EMG 
telemetry and 3D 
systems
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conservative treatment methods include the fol-
lowing: avoid running on hard surfaces, wear 
appropriate footwear, and try to change the sport-
specific gestures on the basis of an objective bio-
mechanical assessment. Massage therapy of the 
involved muscle tissue, ultrasound, and stretching 
before exercise are all treatment strategies that 
may prolong the time before symptoms appear. If 
athletes do not get any relief from conservative 
measures and they do wish to continue practicing 
sport at the same level and intensity, fasciotomy is 
the treatment of choice. According to the litera-
ture, fasciotomy of the anterior and lateral com-
partment gives the best results with a higher 
success rate of over 80%. On the contrary, deep 
posterior fasciotomies have a lower success rate 
of up to 50%.

This lower percentage is attributed to the pos-
terior compartment’s complex anatomy. Several 
types of fasciotomies have been described: open 
and subcutaneous are the most common. The 
advantage of fasciotomy in open is the full view 
of the compartment. Some types of open fasciot-
omy include the removal of band flaps to reduce 
the formation of aberrant scars and relapses.

On the other hand, subcutaneous fasciotomy 
involves 1–2 small incisions. Several case reports 
of endoscopically assisted fasciotomies have 
been described, but an increase in frequency of 
complications and relapses was reported. A com-
pressive dressing is applied postoperatively for 
2–3 days. Patients are requested to perform dif-
ferent types of rehabilitation exercises after sur-
gery in order to prevent the formation of tissue 
adhesions. Patients can swim as soon as surgical 
wounds are completely healed, whereas physical 
therapy is usually begun 1–2 weeks after surgery. 
The athlete can return to full sports activity 
within 6–8 weeks if he/she is asymptomatic and 
has recovered full muscle strength and elasticity 
(McDermott et al. 1982), according to a postop-
erative biomechanical evaluation. The underlying 
cause of the CECS continues to be a source of 
debate. The initial theory about the cause of pain 
from CECS was thought to be ischemia. However, 
some medical scans such as SPECT scanning 
have suggested that ischemia may not be the 

underlying cause. The evolution of alternative 
diagnostic instruments will lead to a more com-
plete understanding of the physiopathology of 
this syndrome. The conservative management 
approach may be effective at onset or in the early 
stages of the disease; however, there is often a 
delay in finding the most effective treatment as 
well as establishing a definite diagnosis. 
Nevertheless, literature is unanimous in indicat-
ing fasciotomy as the only treatment. In conclu-
sion, a better knowledge of the physiopathology 
of CECS, combined with a greater awareness of 
the disease by both the physician and the athlete, 
is desirable to improve, on one hand, the success 
of conservative therapy and, on the other, to pre-
scribe surgery for the patient as early as possible 
if necessary.
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Gold-Induced Autologous 
Cytokine Treatment in Achilles 
Tendinopathy

Ulrich Schneider, Reinhard Wallich,  
Gernot Felmet, and William D. Murrell

39.1  Introduction

In the last two decades, there has been a huge 
amount of clinical and scientific interest in the 
application of regenerative-based therapies to 
improve treatments for acute and chronic tendon 
lesions. The rationale has been to improve the qual-
ity of repair in injured tendons more towards actual 
tendon tissue regeneration and away from scar tis-
sue repair that theoretically leads to a superior out-
come and decreased chance of reinjury. Such 
therapies have had a rapid rise in clinical popular-
ity, and while having an excellent scientific ratio-
nale, clinical evidence supporting their use has 
frequently been inadequate (Zhou and Wang 2016).

Most described techniques have used either 
cell therapy (Adams et al. 2014; Bruder et al. 
1994; Chong et al. 2007, 34) and/or the adminis-
tration of regenerative growth factors, sourced 
endogenously or exogenously (Aspenberg 2007; 
Cummings et al. 2012; Daher et al. 2011; Jonge 
et al. 2011; Gholami et al. 2016). A variety of cel-
lular products have been created, sourced most 
commonly from the peripheral blood, bone mar-
row, and/or adipose tissue. Additionally, embry-
onic stem cells and induced pluripotent stem cell 
(iPS) products have also been described for pos-
sible clinical use (Beattie et al. 2009; Prockop 
1997; Tetta et al. 2012).

In 2014, the first clinical results of a new pro-
cedure using specially designed gold particles to 
stimulate the expansion, a myriad of protective 
and regenerative proteins found naturally in a 
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patient’s own blood (GOLDIC®) was published. 
In this article, the underlying research and the 
effects of tendon healing will be demonstrated.

39.2  GOLDIC® Procedure

The GOLDIC® procedure was developed to 
enhance the therapeutic effects of gold on the cel-
lular level in combination with the advantages of 
an autologous blood therapy. Extensive basic sci-
ence investigation was completed to establish the 
most effective cultivation protocol, the best sub-
stantial gold composition, and the most  promising 
application modality for this procedure. The pri-
mary aim of this approach was to decrease the 
risk of side effects.

39.3  Biological Effects of GOLDIC® 
Procedure on the Cellular 
Level

In vitro testing was initially carried out to vali-
date the effectiveness of this novel platform. 
Human venous blood was incubated in GOLDIC 

containers for 24 hours at 37 °C. Initial ana-
lyzed serum and the control serum (incubation 
in non- gold- enriched containers) were analyzed 
by a new spectroscopic method (AquaSpec).

AquaSpec™ Technology is a unique and 
full- automated method for the measurement of 
the proteomic pattern in biological fluids like 
serum, plasma, urine, or synovial fluid. The 
methodology is based on mid-infrared spectros-
copy (spectral range from 4000 to 400 cm−1) 
that is sensitive to all chemical bonds and func-
tional groups in molecules. This technique is 
suitable to print a physiological snapshot of all 
ingredients that reflects the composition in bio-
logical fluids. Compared to many other tech-
niques in proteomic pattern diagnostics (e.g., 
MALDI-TOF), the native state of the biofluid 
can be accurately investigated and detects the 
unique proteomic pattern similar to a “finger-
print.” Differences in biological samples can be 
considered in total, and chemometric models 
allow for the classification and identification of 
compounds present. Moreover, since the spec-
troscopic absorbance is linear to the concentra-
tion of a compound, the kinetics and the decay 
of the substrate can be quantified (Fig. 39.1).

Fig. 39.1 Aqua spec analysis of 11 donors after GOLDIC® incubation: blue, T0; green, T24 GOLDIC; red, T24 control
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413

Based on Aquaspec analysis, the GOLDIC® 
procedure leads to a significant change of protein 
quantities and overall composition and highlights 
individual differences between the different 
blood samples/patients.

39.4  Protein Analyses of GOLDIC®-
Treated Human Serum

Using Elisa and Bioplex assays, protein levels 
were measured of several important cytokines/
chemokines before and 24 h after treatment with 
the GOLDIC® procedure.

The major effect of the GOLDIC process is 
indicated by the significant increase of the gel-
solin concentration in human serum. Gelsolin is 
a highly conserved, multifunctional actin-bind-
ing protein with an extracellular isoform, 
plasma gelsolin, for which there is not yet a 
clearly defined function. The secreted form of 
gelsolin has been implicated in a number of 
processes such as the extracellular actin scav-
enging system and the presentation of lyso-
phosphatidic acid and other inflammatory 
mediators to their receptors. Additionally, gel-
solin functions as a substrate for extracellular 
matrix-mediating enzymes (Wen et al. 1996; 
Spinardi and Witke 2007; Li et al. 2012) 
(Fig. 39.2).

Upon GOLDIC® treatment, the highest 
increase could be found in the following proteins, 
p-Gelsolin and granulocyte colony-stimulating 
factor (G-CSF); the following proteins were 
upregulated also: IL-8, macrophage chemotactic 
protein (MCP-3), stromal-derived protein (SDF- 
alpha), tumor necrosis factor-alpha (TNF-alpha), 
leukemia inhibitory factor (LIF), IL-10, macro-
phage inflammatory protein (MIP-1alpha), and 
MIP-1ß. Macrophage colony-stimulating factor 
(M-CSF), IL-15, IL-17, granulocyte-macrophage 
colony-stimulating factor (GM-CFS), hepatocyte 
growth factor (HGF), IL-2Ra, IL-12p40, chemo-
kine (C-C motif) ligand 11 (Eotaxin/CCL11), 
fibroblast growth factor-basic (bFGF), and 
interferon- gamma (IFN-g)

GOLDIC treatment failed to induce differen-
tial expression of IL-2, IL-3, IL-4, IL-5, IL-7, 
IL-9, IL-13, IL-18, C-C chemokine receptor type 
10 (CCR10), and interferon alpha 2 (IFN-a2).

39.5  First Clinical Results 
After GOLDIC® Treatment

39.5.1  Clinical Studies in Horses

The aim of the first clinical study was to determine 
the effectiveness of GOLDIC injections in horses 
with different lameness-associated diseases. In a 
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case series study, 36 horses (37 cases) with the 
clinical sign of lameness were included in this 
study. The causes for lameness was chondromala-
cia (n = 19) or soft tissue disorders (n = 18). The 
horses were treated by four injections of gold-
induced, autologous-conditioned serum. The con-
ditioning process included the incubation of the 
autologous serum with solid gold particles over 
24 hours (GOLDIC procedure). Twenty-eight sub-
jects had previously undergone therapeutic inter-
ventions, whereas nine had not. Horses were 
assessed for lameness using the AAEP (American 
Association of Equine Practitioners) grading scale 
(0 = no lameness, 5 = severe lameness). Swelling 
and/or effusion were evaluated in an equal scale 
between 0 and 5 (0 = no swelling/effusion, 
5 = severe swelling/effusion). Scores were col-
lected at pretreatment, and after 1, 2, and 3 weeks, 
and 3 and 6 months posttreatment. AAEP grading 
scale score was defined as the primary parameter. 
A P-value of less than 0.05 was considered statisti-
cally significant. In all 37 cases, a significant 
reduction of lameness, effusion (joint group), and 
swelling (soft tissue disorders group) within 
3 weeks after treatment (p < 0.05) was found. Up 
to 3 and 6 months after treatment, all horses were 
free of symptoms. There were no major side 
effects noted throughout the study (Schneider and 
Veith 2013).

In a prospective randomized controlled, two- 
center clinical trial, 30 horses with arthrogenic 
lameness were enrolled in this study. The horses 
were treated by four injections of gold-induced, 
autologous-conditioned serum GOLDIC® (group 
B, n = 16) or by a single injection of corticosteroid 
and hyaluronic acid (group A = 14). Lameness was 
assessed using the AAEP grading system before 
and 3, 6, 12, and 36 months after treatment. The 
AAEP grade was the primary endpoint. Differences 
were considered significant at p < 0.05. Secondary 
endpoints were the results of the flexion test, degree 
of joint-effusion, radiographic findings, the ability 
to return to original performance level, and adverse 
effects. The GOLDIC®-treated horses showed sig-
nificantly lower lameness grades at all follow-up 
examinations compared with the value before treat-
ment (p < 0.01). In horses of group A (control 

HA + steroid), there was no significant decrease in 
lameness grade during the follow-up period. 
Horses of group B had significantly lower lame-
ness grades than horses of group A at all follow-up 
examinations. Severe adverse events did not occur 
in either group.

The authors concluded that the treatment of 
arthrogenic lameness in horses using the gold- 
induced, autologous-conditioned serum 
(GOLDIC®) method is superior to the conven-
tional treatment with corticosteroids and hyal-
uronic acid (Widmer et al. 2017).

39.5.2  Clinical Studies in Humans

In a prospective case series study, patients with 
chronic Achilles tendinopathy were treated 
with GOLDIC®. All patients received four peri-
tendinous Achilles injections. Pain score 
((VAS) visual analog scale) was evaluated at 4, 
12, 24, and 52 months follow-up. MRI follow-
up could be performed in five patients before 
and after 1 year. Adverse events were docu-
mented using MedDRA version 12.1.

39.5.2.1  Material and Methods
Nineteen patients (10 male, 9 female) were 
included in this study. The mean age was 44.5 years 
(range, 32–80). In 12 cases, the right side was 
affected and in 7 cases, the left side, respectively.

39.5.2.2  Statistical Analysis
Statistical analysis (Sigma Stat 3.5) was per-
formed by an independent statistician. As normal-
ity test failed, data were analyzed by Dunn 
method, reporting p values with a level of >0.05 
indicating significance. Data are expressed as 
medians and interquartile ranges.

39.5.2.3  Results
After a single four injection GOLDIC® series, the 
median baseline level was at 6.84 points in the 
VAS and dropped after 4 months down to 4.16. 
After 12 months, we found a further improve-
ment in the VAS score down to 2.63. After 2 and 
5 years, the VAS score further improved to 1.47 
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(24 months) and 1.17 (52 months), respectively. 
In all patient groups, a statistically significant 
improvement could be demonstrated at all time 
points compared to baseline (Figs. 39.3).

All MRIs showed fatty degeneration on the 
side of the tendinopathy with various sizes. 
One year after the treatment, all patients 
showed a complete regeneration of the tendon 
tissue. This regeneration capacity was not size 
or age dependent. No severe side effects could 
be detected (Figs. 39.4 and 39.5).

These results indicate that the treatment with 
GOLDIC® injections is safe and has the potential to 
reduce pain and increase quality of live in patients 
suffering under chronic Achilles tendinopathy. An 
impressive regenerative capacity could be demon-
strated using MRI even in old patients
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Fig. 39.3 Demonstration of the VAS score after 
GOLDIC® treatment. A statistically significant improve-
ment (p < 0.05) compared to baseline could be demon-
strated in all patient groups at all time points

Before GOLDIC treatment 1 year after  GOLDIC treatment

Fig. 39.4 MRI documentation of a 43-year-old female 
patient with chronic tendinosis of the Achilles tendon 
before and 1 year after GOLDIC® treatment. The necrotic 

tissue inside the tendon was replaced completely by origi-
nal tendon tissue
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39.6  Discussion

While over the last two decades there has been 
considerable advances in the treatment of tendon 
disorders, new developments using cell-based 
and cell-free approaches are under debate. The 
use of these potential regenerative-acting proce-
dures is still not fully understood, and the results 
are not consistent. One major problem is the 
inconsistency of the preparation and processing 
methods in the cell-based procedures like 
PRP. This has translated to great variability in 
clinical outcome of PRPs demonstrated in the lit-
erature (Gholami et al. 2016; Mlynarek et al. 
2016; Zhou and Wang 2016; Filardo et al. 2016).

Currently the use of mesenchymal stromal cells 
(MSC) provides an exceptional alternative to con-
ventional methods of tendinopathy treatment. 
Based on their proliferative potential and immuno-
suppressive properties, MSC are increasingly used 

in veterinarian and human medicine; however, the 
perfect conditions for an effective induction of ten-
don healing has not been found (Prockop 1997; 
Tetta et al. 2012; Huang et al. 2013).

The use of growth factors such as HGF, rhP-
DGF- BB, IL-6, and TGF-β in Achilles tendon 
repair has shown promising results (Andersen et al. 
2011; Aspenberg 2007; Cui et al. 2011; Hou et al. 
2009; Kashiwagi et al. 2004; Kessler et al. 2014; 
Kim et al. 2007; Shah et al. 2013). Bone morpho-
genetic proteins such as BMP-12, BMP- 2, BMP-7, 
and BMP-14 have also shown positive results for 
the biological augmentation of Achilles tendon 
repair (Bolt et al. 2007; Dines et al. 2007; Jelinsky 
et al. 2011; Keller et al. 2011; Majewski et al. 2008; 
Rickert et al. 2005). The further investigation of 
these techniques in a clinical setting is warranted. 
Another area of great interest is the use of various 
scaffold material in augmentation of Achilles rup-
ture and repair; however, these materials alone are 

Before GOLDIC treatment

1 year after  GOLDIC
treatment

Fig. 39.5 MRI documentation of an 80-year-old male patient with chronic tendinosis and a fatty degeneration of the 
whole middle part of the Achilles tendon before and 1 year after GOLDIC® treatment
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not enough to achieve a sufficient tendon healing. 
Scaffolds in combination with biologic material 
may prove useful in order to optimize the benefits 
(Adams et al. 2014; Barber et al. 2008; Chen et al. 
2010; Cummings et al. 2012; Farnebo et al. 2014; 
Gilbert et al. 2007; Lee 2007; Lee 2008; Lohan 
et al. 2013; Majewski et al. 2012; Ning et al. 2012; 
Nirmalanandhan et al. 2008; Pietschmann et al. 
2013; Tang et al. 2014; Webb et al. 2013; Wisbeck 
et al. 2012; Yao et al. 2011; Yin et al. 2013; Zantop 
et al. 2006).

The GOLDIC® procedure is a completely new 
approach that is based on the upregulation of sev-
eral important new proteins that can directly influ-
ence the body’s own regenerative processes. One 
of the most important proteins of the GOLDIC 
procedure is plasma-Gelsolin (p-GSN). p-GSN is 
the longest known member of a family of actin-
binding proteins. p-GSN regulates the integrity of 
the actin cytoskeletal structure and, therefore, 
influences on cell migration and proliferation and 
even ensures cell survival. Extensive research has 
been done, and more than 2000 papers are avail-
able to understand the various functions of this 
protein in all types of injuries, inflammatory con-
ditions, or degenerative processes. Plasma-GSN is 
an important protective protein, and it prevents the 
toxic reaction, which occurs during cell death. 
Moreover, p-GSN is an important factor initiating 
healing process. The plasma concentration of GSN 
decreases during acute injury and inflammation, 
whereas application of recombinant gelsolin to 
animals improves recovery after sepsis or burn 
injuries (Zhang et al. 2011; Li et al. 2012). Osborn 
et al. showed that low serum levels of GSN corre-
late with the presence of gelsolin-actin complexes 
in synovial fluids, suggesting on local consump-
tion of GSN in the inflamed joint. Therefore, one 
may assume that injection of GSN in the site of 
injury may improve the healing process, due to 
stabilization of cellular proliferative activity, and 
maintain the structural integrity of cells.

A study using fat-derived stem cells cultured 
with gelsolin and gelsolin combined with nucleo-
tides showed its influence on cell morphology and 
growth pattern (Marycz et al. 2014). The lack of 
alteration in actin and vimentin expression after 
treatment with gelsolin may be a very desirable 

feature, as these proteins play essential role in 
governing the solid-like viscoelastic behavior of 
cells, whereas instability of cytoskeleton structure 
could be associated with cell disintegration. 
Translational research is currently addressing 
whether replenishment of plasma gelsolin could 
provide an efficacious and well-tolerated thera-
peutic intervention in several medical conditions.

Another important protein that is upregulated 
during the GOLDIC procedure is granulocyte col-
ony-stimulating factor (G-CSF). G-CSF, also 
known as colony-stimulating factor 3 (CSF-3), is a 
glycoprotein that stimulates the bone marrow to 
produce granulocytes and stem cells and release 
them into the bloodstream. Functionally, it is a 
cytokine and hormone, a type of colony- 
stimulating factor, and is produced by a number of 
different tissues. The pharmaceutical analogs of 
naturally occurring G-CSF are called filgrastim 
and lenograstim. These pharmaceuticals are used 
to produce and mobilize stem cells for treatment 
after chemotherapy. Philpott et al. (1997) showed 
a significant reduction in the proportion of apop-
totic cells in the CD34 + population mobilized by 
G-CSF compared to CD34 + cells in unstimulated 
PB (peripheral blood), consistent with the theory 
that G-CSF is acting, at least in part, by suppress-
ing apoptosis. They also found that G-CSF-
mobilized CD34 + cells are less apoptotic than 
CD34 + cells of unstimulated normal bone mar-
row, indicating that G-CSF is significantly altering 
the survival capacity of the mobilized cells. This 
protein is not detectable under normal conditions 
in the blood and serum. During the incubation pro-
cess with gold particles, we found a significant 
increase in the activated serum. Therefore, G-CSF 
can be seen as an inductor for an endogenous stem 
cell treatment. In conjunction with other proteins 
like p-GSN, this might explain the enormous 
regenerative capacity of the GOLDIC® procedure.

This first clinical study in humans on tendon 
healing showed promising clinical results. In 
comparison with other modern approaches like 
PRP and MSC transplantation, GOLDIC® is the 
only procedure that can upregulate p-GSN and 
G-CSF. These two proteins can play an important 
role to achieve the highest grade of regeneration. 
The healing capacity that could be found in the 
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follow-up MRIs is impressive. To our knowledge, 
there is no other procedure on the market that 
shows comparable long-lasting clinical results 
and a similar regenerative effect. Future compar-
ative clinical studies have to be performed to 
investigate the potential of this new approach in 
comparison to other regenerative therapies.
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Shock Wave Therapy 
for Tendinopathies

Maria Cristina d’Agostino, Elisabetta Tibalt, 
Kenneth Vincent Craig, and Stefano Respizzi

Extracorporeal shock wave therapy (ESWT) origi-
nally introduced in medicine as lithotripsy (extra-
corporeal shock wave lithotripsy or ESWL) for the 
treatment of urolithiasis, in the 1980s has expanded 
its scope of application into the field of orthopedics 
and musculoskeletal medicine, mainly for the treat-
ment of tendon and bone pathologies (Notarnicola 
and Moretti, Muscles Ligaments Tendons J 33–37, 
2012; Wang, J Orthop Surg Res 11, 2012; Romeo 
et al., Med Princ Pract 7–13, 2014; d’Agostino et 
al., Int J Surg 147–153, 2015, J Biol Regul Homeost 
Agents 323–332, 2016). ESWT in orthopedic 
applications, unlike originally introduced to urol-
ogy, is not utilized as a destructive force to disinte-
grate calcific deposits but conversely to induce 
tissue-specific beneficial effects and regeneration, 
via a constellation of biocellular response modula-
tion (d’Agostino et al. 2015, 2016). More recently, 
due to its regenerative and angiogenetic properties, 
ESWT has been successfully applied across medi-
cal disciplines including dermatology, vulnology 
(i.e., complex non-healing wounds, ulcers, and 
painful scars) (Saggini et al. 2008; Arno’ et al. 
2010; Qureshi et al. 2011; Fioramonti et al. 2012; 
Mittermayr et al. 2012), and andrology (Chung and 
Cartmill 2015; Bechara et al. 2015; Abu-Ghanem 
et al. 2014; Lei et al. 2013; Gruenwald et al. 2013). 
In orthopedics, ESWT is considered where tendi-
nopathies prove resistant and indocile to conven-
tional management and where high risks of surgical 
complications are present or in the instance where 
surgery has failed (Haupt 1997). In certain 
instances, ESWT conducted in combination with 
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conventional management of tendinopathies is 
seen to yield better therapeutic outcomes over 
purely conventional management alone (Rompe 
et al. 2009; Al-Abbad and Simon 2013). ESWT 
offers a revolutionary clinical treatment option for 
unresponsive tendinopathies that are indocile to 
conventional interventions, given its known biocel-
lular responses (i.e., inflammatory modulation), 
and tissue regenerative properties (Notarnicola and 
Moretti 2012; Romeo et al. 2014; Wang 2012; 
Wang 2003; d’Agostino et al. 2015, 2016).

The biocellular responses that are attributed to 
ESWT are seen to occur based on the principle of 
mechanosensory and mechanotransductive feed-
back, where the introduction and the ensuing trans-
duction of the shock waves (SW) stimulus derive a 
myriad of positive biological responses, aimed to 
influence and encourage homeostatic return 
(Huang et al. 2013; d’Agostino et al. 2015, 2016).

When applied by an experienced and trained 
SW operator, ESWT offers a strategic, effica-
cious, safe, noninvasive, and systemically neutral 
therapeutic intervention that is easily complied 
with and tolerated by patients for the manage-
ment of tendinopathies (Notarnicola and Moretti 
2012; Romeo et al. 2014; Wang 2012; Ioppolo 
et al. 2014; Notarnicola et al. 2012).

ESWT could revolutionize the nature and stan-
dard of tendinopathy management, elevating it from 
being palliative toward a more curative approach.

40.1  Brief History

SW are supersonic acoustic energy waves, con-
sidered to be the most efficient method for energy 
dispensation. They are ubiquitous in nature, like 
thunder following lightning during a storm, or 
man-made like the supersonic jet burst from an 
aircraft (d’Agostino et al. 2016). Early recognized 
as a physical entity in the beginning of the nine-
teenth century, only after the Second World War 
did scientists begin to consider the possible useful 
application of SW in medicine, and in 1974 a 
research grant titled “Application of Extracorporeal 
Shock Wave Lithotripsy” was approved. The first 
patient with kidney stone would later be treated 

with SW in Munich (Germany) in 1980, making it 
the world’s first minimally invasive surgical pro-
cedure that would become the gold standard for 
the treatment of urolithiasis and solidify the utility 
of the ESWL procedure up to the present day 
(Herr 2008; Thiel 2001).

Valchanou and Michailov in 1991 would soon 
observe and publish their findings, noting that the 
action of SW was not purely disruptive in nature, 
nor only limited to kidney stone disintegration but 
could be potentially utilized in a regenerative man-
ner, as SW were seen to modulate bone healing 
(Valchanou and Michailov 1991). This landmark 
discovery heralded the interest and further investi-
gation of SW application for bone pathology and 
shifted the paradigm of SW application from the 
singular mechanical destructive type application, 
associated with ESWL toward becoming a poten-
tial intervention for regenerative application in 
orthopedics. The expansion of SW from urology 
(ESWL) into orthopedics (ESWT) yielded posi-
tive results on several pathologies, including 
pseudarthrosis, stress fractures, and some degen-
erative bone conditions, further demonstrating 
ESWT clinical safety and efficacy (Schaden et al. 
2001; Schaden et al. 2015; Cacchio et al. 2009; 
Furia et al. 2010a; Furia et al. 2010b; Alves et al. 
2009; d’Agostino et al. 2011; Vulpiani et al. 2012; 
Leal et al. 2015a). 

Since the late 1999s, ESWT has demonstrated 
similar clinical efficacy for the treatment of a vari-
ety of tendinopathic conditions with admirable 
positive treatment outcomes and survival curve 
(Notarnicola et al. 2011, 2012; Notarnicola and 
Moretti 2012; Leal et al. 2015b; Thiele et al. 2015; 
Gerdesmeyer et al. 2015; Agil et al. 2013; Moya 
et al. 2015, 2016).

Yet despite the plethora of scientific publica-
tions over the past decade, that continuously 
report on the safety, efficacy, and regenerative 
nature of ESWT, there remains some reluctance 
toward its wider application in orthopedics and 
musculoskeletal medicine. This could be due to 
several factors, including the ambiguity associ-
ated with device choice and treatment parameters, 
as well as the results of some earlier studies 
reporting of the ineffectiveness of SW in clinical 
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practice (Buchbinder et al. 2002a, b; Haake et al. 
2002). The reports of these earlier well-designed 
trials concluded that ESWT was ineffective for 
both plantar fasciitis (Buchbinder et al. 2002b) 
and lateral epicondylitis (Buchbinder et al. 2002a; 
Haake et al. 2002), and this may have  significantly 
contributed some of the reluctance toward the 
wider use of ESWT. However, on a positive note, 
these trials highlighted the pertinence for ade-
quate training and protocol selection when apply-
ing ESWT, as well as designed trials (Buchbinder 
et al. 2002; Haake et al. 2002) and appropriate 
treatment protocols (Ogden 2004). Nowadays, 
after a relevant number of clinical investigations 
have been carried out, there is greater apprecia-
tion and clarity when selecting ESWT protocols. 
Furthermore, a great majority of the investigators 
report highly successful results when utilizing 
ESWT for plantar heel pain syndromes and elbow 
epicondylitis and some other tendinopathic condi-
tions as well (Notarnicola et al. 2011, 2012; 
Notarnicola and Moretti 2012; Leal et al. 2015b; 
Thiele et al. 2015; Gerdesmeyer et al. 2015; Agil 
et al. 2013; Moya et al. 2016).

The International Society for Medical 
Shockwave Treatment (ISMST) is the interna-
tional society that is leading the way encouraging 
continuous scientific research, education, and 
collaboration with regard to ESWT. With two 
decades of scientific background and expertise in 
this field, the ISMST and all its affiliate national 
societies continue to organize congresses and 
ESWT instructional courses, attended by many 
from all over the globe. The ISMST develops and 
updates safe treatment recommendations while 
encouraging scientific research for the safe and 
effective use of this therapy (ISMST web-site: 
www.shockwavetherapy.org).

As with any medical breakthrough and inter-
vention, there will always be proponents and 
opponents, and ESWT is no exemption to this. 
However, we must consider and acknowledge the 
fact that, in this modern era, every technology is 
extremely susceptible to redundancy, but after 
over four decades since its maiden investigatory 
application (1974) in medicine (lithotripsy), the 
utility and investigation in SW continue to expand 

across medical disciplines, which may be classi-
fied as a phenomenon in its own right. In this 
chapter, the authors will highlight the current 
understanding associated with ESWT and its 
clinical application for the management of tendi-
nopathies. Given the safety profile, systemic neu-
trality, noninvasiveness, and regenerative 
capacity associated with this modality, it is plau-
sible that ESWT could revolutionize the standard 
of tendinopathy management, elevating it from 
being mainly palliative toward a more curative 
approach (d’Agostino et al. 2015).

40.2  General Characteristics 
of Shock Waves (SW)

Most pertinently, a shock wave differs from an 
ultrasound wave in that SW are biphasic super-
sonic waves, which transmit in a non-sinusoidal 
motion pattern, achieving peak pressure ampli-
tudes approximately 1000 times greater than that 
produced by an ultrasound wave (Coombs et al. 
2000; Delius et al. 1997; Coleman and Saunders 
1993; Ogden and Toth-Kischkat 2001). The 
physical characteristics and clinical applications 
of SW were established by an International 
Consensus Conference in 1997, and according to 
the parameters outlined and recognized by 
national and international scientific societies, a 
shock wave displays and possesses the character-
istics as described in Fig. 40.1.

There are three methods for generating SW: 
electrohydraulic source (EH), electromagnetic 
(EM), and piezoelectric (PE) ones. All of them have 
in common that the waves are generated in water 
(inside the applicator), as the impedance of water 
and biologic tissue are similar and comparable; as a 
result, reflection is limited and waves are better 
transferred into the body (van der Worp et al. 2013).

The shock wave created by each of these three 
sources is primarily generated by a controlled 
high-voltage discharge within a three- 
dimensional (3D) fluid-filled chamber, causing a 
transient high-pressure disturbance; each dis-
charge propagates a biphasic sonic impulse 
within the chamber. This sudden rise from ambi-
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ent pressure within the chamber creates an 
extremely short duration broad frequency spec-
trum (16–20 MHz) SW, that within nanoseconds 
(ns) of the SW life cycle, creates an initial peak 
pressure known to rise above 100 MPa (500 bar), 
which negatively implodes to approximately 
−10 MPa within microseconds (Fig. 40.1) 
(Coombs et al. 2000; Delius et al. 1997; Coleman 
and Saunders 1993; Ogden and Toth-Kischkat 
2001). For all of them, SW are produced as a con-
sequence of a rapid increase in pressure (like a 
“micro-explosion”) into the water, and sooner, 
for medical purposes, they are concentrated or 
“focused” on the anatomical “target”; thanks to a 
parabolic lens, which directs SW, as soon as they 
are produced from the source (Ogden and Toth- 
Kischkat 2001; Gerdesmeyer et al. 2002, 2006; 
Speed 2014). Based on these specific technical 
characteristics, SW are defined also as “focused” 
SW (fSW), implying different treatment proto-
cols, for the different types of sources, relatively 
to the number of shots and the recommended 
energy levels (expressed as Energy Flux Density 

in mJ/mm2) to be applied for the different kinds 
of treatments (Speed 2014).

The rapid sequence of alternating positive 
and negative phases, during SW propagation, is 
responsible of the “mechanical” effects (most 
probably as shear stresses) on the interfaces 
between different tissues, with their own spe-
cific and different densities (acoustic imped-
ance). At higher energies, the negative (or 
tensile) phase of the SW curve can produce 
cavitation at the tissue interfaces: gas bubbles 
are formed and subsequently implode at higher 
speed, thus generating a second front of SW or 
microjets of fluid. Overall, these physical phe-
nomena can be responsible, as final result, of the 
direct (physical) and indirect (biological) effects 
of SW on the treated tissues (Ueberle 1997; 
Gerdesmeyer et al. 2002, 2006; Ogden and 
Toth-Kischkat 2001).

Based on the type of tissue we have to treat 
(“soft tissues” or bone), it is appropriate to use 
one specific SW generator (lithotripter), as the 
energy levels requested for obtaining a certain 

Pressure

5 - 10 ns

Time

300 ns

P +: 100 MPa

P −: − 10 MPa

Pulse width (−6dB):

1 µs

100
MPa

Fig. 40.1 Characteristics of a shock wave: Phase 1: High 
pressure wave rise time from basic ambient value to a 
pressure value of approximately 100 MPa within 
<10 nanoseconds (ns). Phase 2: Wave implosion to a neg-
ative pressure value of approx. −10 MPa of within micro-

seconds (Ueberle 1997; Wess et al. 1997; Speed 2014; 
Gerdesmeyer et al. 2002, 2006; Ogden and Toth-Kischkat 
2001; Coombs et al. 2000; Delius et al. 1997; Coleman 
and Saunders 1993) (www.shockwavetherapy.org)
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biological effect are different: briefly, for tendi-
nopathies, low–medium energy levels are ade-
quate, while medium–high ones are requested for 
bone (Notarnicola and Moretti 2012; Notarnicola 
et al. 2012; Romeo et al. 2014; Haupt 1997).

Regarding the different modalities of applying 
SW, national and international recommendations 
established all essential requirements for a cor-
rect treatment (ISMST Consensus Conference, 
www.shockwavetherapy.org).

40.3  Radial or Pressure Waves 
(Radial Pulse Therapy or RPT)

In the early 2000s, some other devices featuring 
“ballistic” or “radial” pressure waves were intro-
duced into the field of ESWT clinical practice. 
That new technology produced “pressure waves” 
and not properly fSW, but the term “radial shock 
waves” was used since that time (Lohrer et al. 
2016).

Radial waves (RW also named as Radial Pulse 
Therapy or RPT) can be considered as “ordinary 
sound waves” differently generated: in fact, the 
source (or applicator) is consisting of a barrel 
handpiece, where, by the action of compressed air 
or by the influence of a magnetic field, a metallic 
bullet is accelerated at a very high speed. This 
high kinetic energy makes it to impact against the 
tip of the applicator itself, directly applied on the 
skin; energy is accumulated during run and 
transmitted directly to the body surface in the tar-
get area. Moreover, RW continue to propagate 
into the body as spherical or ball- shaped waves 
that are in a radial way, thus deriving the sugges-
tive definition of radial waves (RW). The energy 
produced by these pressure waves is highest at the 
level of skin surface but diverges and weakens as 
it penetrates deeper. Based on the particular 
mechanism of generation, in Radial Pulse 
Therapy, the “focal point” is not targeted on the 
anatomical area (as occurs in fSW) but rather on 
the tip of the applicator; moreover, RW are not 
focused in depth but, due to the radial transmis-
sion, are restricted to the more superficial layers 
of the body to be treated. From the physical point 

of view, although both fSW and RW are acoustic 
waves, they differ in shape and, although sharing 
some clinical indications, nevertheless diverge for 
some other ones (Ogden and Toth-Kischkat 2001; 
Gerdesmeyer et al. 2002, 2006; Speed 2014; 
d’Agostino et al. 2015; Lohrer et al. 2016).

As some authors confirmed, the equipments 
that produce RW, in comparison with those gen-
erating fSW, are relatively smaller, cheaper, and 
easier to handle. Moreover, the maximum energy 
for RW is delivered at the applicator to skin inter-
face, and fSW peak pressure is about 100 times 
higher, while the pulse duration is 1000 times 
shorter (Novak 2015). In any case, the clinical 
efficacy of RW could be demonstrated for some 
specific diseases, and nowadays, it is a widely 
accepted method in clinical practice, with com-
parable results, although specifically for superfi-
cial musculoskeletal disorders (Lohrer et al. 
2016; Novak 2015; Foldager et al. 2012; Speed 
2014).

Classically, the main differences between fSW 
(focused SW) and RPT (Radial Pulse Therapy) 
can be listed as follows (Novak 2015; Lohrer 
et al. 2016):

• Principle of generation = pneumatic for RPT 
versus electrohydraulic, piezoelectric, or elec-
tromagnetic for fSW

• Wavelength = 0.15 to 1.5 m (RPT) versus 
1.5 mm (fSW)

• Maximum pressure = 1 (RPT) versus 10–100 
(fSW) MPa

• Penetration depth = 2–5 cm (RPT) versus 
5–20 cm (fSW)

According to what was described by Alkhamaali 
ZK et al., it is not correct to characterize RW as low-
energy shock wave treatment and fSW as high-
energy shock wave treatment. Furthermore, RPT, 
due to the possibility to generate cavitation, must be 
differentiated from vibrating devices. The capacity 
to create a cavitation effect has been demonstrated 
in new- generation RW devices and sharply sepa-
rates them from certain vibrating devices that do not 
generate a cavitational effect (Alkhamaali et al. 
2016) (Fig. 40.2).
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40.4  SW Mechanisms of Action: 
Biocellular Action 
and Responses

The exact mechanism of action of many clinical 
interventions remains incompletely elucidated, 
and ESWT is not excluded from being in the 
same category. However, advances have been 
made in recent years to help provide greater illu-
mination of the actions of SW and the biocellular 
responses derived from this treatment over sev-
eral indications, including tendinopathies 
(d’Agostino et al. 2015, 2016).

The science of mechanobiology helps eluci-
date the actions and responses of ESWT on 
human tissue, as it assists researchers to analyze 
and appreciate the effects of SW after it disperses 
its physical acoustic energy onto tissues and 
cells, in a process termed mechanotransduction 
(d’Agostino et al. 2015; Chiquet et al. 2009; 
Jaalouk and Lammerding 2009; Kolahi and 
Mofrad 2010). Mechanotransduction describes 
the processing of an extracellular stimulus (SW), 
where the force from the stimulus is processed 
and converted, resulting in a myriad of biochemi-
cal responses that influences cellular function 
(proliferation, migration, apoptosis, and differen-
tiation) (d’Agostino et al. 2015; Chiquet et al. 

2009; Jaalouk and Lammerding 2009; Kolahi and 
Mofrad 2010).

ESWT transmits a SW stimulus that has been 
known to induce positive biological effects on the 
cells and tissues, including tendons, thus restor-
ing tissue homeostasis and ultimately function 
(Notarnicola and Moretti 2012; Romeo et al. 
2014; Haupt 1997). This suggests that the homeo-
static influence of ESWT on tissue may be con-
sidered an indirect, rather than a direct action, yet 
none the less, an ameliorating intervention 
(d’Agostino et al. 2015).

The influences of ESWT on the cellular, bio-
chemical, and tissue levels are seen to be multi-
ple and complex. From a cellular level, ESWT is 
seen to action its influence on pattern recogni-
tion Toll-like receptors (TLRs) and macrophages 
(Holfeld et al. 2014b, 2016; Tepekoylu et al. 
2015; Davis et al. 2009; Mariotto et al. 2009; 
Kuo et al. 2009; Shao et al. 2010; Sukubo et al. 
2015), influencing inflammation, angiogenesis, 
tissue perfusion, and progenitor cell expression, 
among other factors (Holfeld et al. 2014a; 
Huang et al. 2013; Tara et al. 2014; Tepekoylu 
et al. 2013; Visco et al. 2014; Sansone et al. 
2012; Ciampa et al. 2005; Gotte et al. 2002; 
Davis et al. 2009). Its biochemical influences are 
known to act on neurotransmitters (i.e., sub-
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Fig. 40.2 Divergence between a shock wave (fSW) (on the left) and a radial (pressure or pulse) wave (RPT) (on the 
right)
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stance P or SP and calcitonin gene-related pep-
tide or CGRP), thus assisting in analgesic action 
and pain modulation even in chronic conditions 
(Richardson and Vasko 2002; Saggini et al. 
2015). ESWT regenerative influences are known 
to stimulate the progenitor cells of tenocyte, 
fibroblasts, osteoblast, and endothelial cells, as 
well as inducing TGF-ß1 production (d’Agostino 
et al. 2015; Tara et al. 2014; Visco et al. 2014; 
Sansone et al. 2012; Suhr et al. 2013; Raabe 
et al. 2013; Kearney et al. 2012; Tamma et al. 
2009; Hausdorf et al. 2011; Wang et al. 2002a, b; 
Tepekoylu et al. 2013), while downregulating 
pro-fibrotic proteins (i.e., MMP2), reducing 
fibrous capsule formation, and increasing fibrotic 
tissue resorption and remodeling (Fischer et al. 
2015). These are some of the reasons why ESWT 
for the management of tendinopathies is gaining 
more consideration and acceptance.

40.5  ESWT for Tendinopathies?

Tendons, the tough connective tissue of various 
forms that commonly connects muscles to bone, 
is primarily comprised of tenoblasts (immature 
cells), tenocytes (mature cells), collagen, elastin 
and ground substances. Tendinopathies are a clin-
ical commonality, yet the exact intrinsic pathome-
chanics of this condition still remains partly 
unclear. Tendinopathies often present with pain, 
degeneration, with or without swelling, and with 
varying levels of debilitations (Sharma and 
Maffulli 2005; Abate et al. 2009; Scott and 
Danielson 2009; Cook and Purdam 2009). The 
disruptions to the tendon’s regenerative process 
(including aberrances of resident tenocytes prolif-
eration, collagen matrix syntheses), which com-
bined with the ensuing hypoxia, are considered to 
be some of the primary causes for tendinopathies 
and further disease progression (Sharma and 
Maffulli 2005; Abate et al. 2009; Scott and 
Danielson 2009; Cook and Purdam 2009). 
Although the presence of overt inflammation has 
been questioned and in most cases rejected as a 
primary contributor (Sharma and Maffulli 2005; 
Abate et al. 2009; Scott and Danielson 2009; 
Cook and Purdam 2009), yet the presence of covet 

inflammation, as well as the aberrant immune 
activity (Agil et al. 2013; Sharma and Maffulli 
2005; Rees et al. 2009; Wang et al. 2003; Tsuzaki 
et al. 2003a, b; Archambault et al. 2002), its role 
in the maintenance of tendon pathology, and its 
contributions toward disease progression requires 
greater elucidation.

The general consensus, to date, is that ESWT 
may be considered for tendinopathies that are 
resistant and indocile to conservative manage-
ment. ESWT is at times recommended in combi-
nation with loading exercise routines. At the 
present time, there is uncertainty in some quar-
ters as to whether ESWT (fSW) or Radial Pulse 
Therapy (RPT) is more suitable for the manage-
ment of tendinopathies (Lohrer et al. 2016), and 
this therapeutic choice remains at the clinician’s 
individual discretion and expertise.

From the clinical point of view, the most 
important thing to be underlined is that the maxi-
mum energy in RPT is transmitted at the inter-
face between the applicator head of the device 
and the skin and diminishes its energy inside the 
treated tissue by the square of the penetration 
depth (Lohrer et al. 2016). As a consequence, 
since the beginning, RPT was applied to tendon 
pathologies, primarily by their immediately sub-
cutaneous localization and by a large area of 
injured tissue. Midportion Achilles tendinopathy 
and patellar tendinopathy seem, for example, to 
fulfill these criteria, and some of the authors 
demonstrated those can be an indication for RPT 
(Lohrer et al. 2016).

Based on current evidence, some of the 
authors in the literature stated to be unable to 
prefer ESWT or RPT for musculoskeletal soft 
tissue injuries. Conflicting evidence exists 
from the results of two studies that directly 
compared fSW to radial waves in patients 
affected by plantar fasciitis and patellar tendi-
nopathy (Lohrer et al. 2016). As a whole, in 
clinical practice, RPT has been proven to be as 
effective and safe noninvasive treatment option 
for tendon pathologies in several randomized 
controlled trials. Currently there is no scien-
tific evidence in favor of either RPT or ESWT 
(fSW), with respect to the treatment outcome 
(Speed 2014; Schmitz et al. 2015).
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According to the ISMST Consensus Statement 
(2014), fSW should be applied by a trained physi-
cian, while radial waves can be applied, after 
medical prescription, by physiotherapists or allied 
health professionals as well, limited to superficial 
tendinopathies and muscle pathologies (ISMST- 
website: www.shockwavetherapy.org).

Regarding local anesthesia, nowadays, while 
still considered as helpful for bone treatments 
(Schaden et al. 2015; Lohrer et al. 2016), it is 
not indicated for soft tissue SW applications, 
including tendinopathies (Schmitz et al. 2015; 
Lohrer et al. 2016) (as stated also in the ISMST 
Recommendations), due to the risk of diminish-
ing its therapeutic efficacy. Some experimental 
researches, in fact, seem to point out that “pain 
perception” induced by SW application is 
responsible for releasing neuropeptides (as sub-
stance P), thus determining both central and 
local trophic effects to increase metabolism in 
bradytrophic tissues (Schmitz et al. 2015; 
Klonschinski et al. 2011; Lohrer et al. 2016). In 
an experimental setting, it was demonstrated in 
fact that “…ESWT dose-dependently activates 
and sensitizes primary afferent nociceptive 
C-fibers, and that both activation and sensitiza-
tion were prevented if local anesthesia was 
applied” (Klonschinski et al. 2011; Lohrer et al. 
2016).

Regardless of the SW equipments, if the treat-
ment is carried out in respect of the rules of 
“Good Clinical Practice” and ISMST 
Recommendations, by an expert operator, from a 
general point of view, this therapy can be consid-
ered a very safe and effective treatment (Pettrone 
and McCall 2005; Wang et al. 2000; Furia 2005); 
furthermore, no device-related problems nor sys-
temic and/or local complications are reported 
(Ko et al. 2001).

40.6  ESWT for Tendinopathies: 
Basic Science

The safe and effective application of ESWT over 
a decade ago onto the plantar fascia prompted the 
further exploration of ESWT application in ten-
dinopathies (Notarnicola and Moretti 2012). Seil 

and colleagues, in 2006, noted the success rates 
of tendinopathy management with ESWT ranged 
from 60 to 80% (Seil et al. 2006). What was 
noted by investigators as to the action of ESWT, 
when applied on tendinopathies in vivo and 
in vitro experimental studies, were typical 
changes in tendon structures in the form of tran-
sient dose-dependent inflammatory response; 
proliferation at tendon-bone complex, along with 
the release of pro-angiogenic regulatory factors 
(nitric oxide and vascular endothelial growth fac-
tor); and proliferating growth factors (PCNA, 
TGF-ß1), all assisting in tendon regeneration and 
functional restoration (Wang et al. 2003; Chen 
et al. 2004; Bosch et al. 2007, 2009; Berta et al. 
2009; Frairia and Berta 2011; Chao et al. 2008; 
Hans et al. 2009; Vetrano et al. 2011; Leone et al. 
2016; Zhang et al. 2011; De Girolamo et al. 
2014). Histological examinations in animal mod-
els noted that ESWT, on pathological tendons, 
reduced edema, swelling, and inflammatory cell 
infiltration. Moreover, after ESWT exposure, the 
lesion site undergoes intensive progenitor teno-
cyte proliferation and progressive tendon tissue 
regeneration, together with increased expression 
levels in mRNA for TGF-beta1, IGF-1 expres-
sion, and collagen type I while suppressing syn-
thesis of matrix metalloproteinase (MMPs), thus 
suggesting that ESWT may increase mitogenic 
tendon proliferative responses (Chen et al. 2004; 
Bosch et al. 2007, 2009; Berta et al. 2009; Frairia 
and Berta 2011; Chao et al. 2008; Hans et al. 
2009; Vetrano et al. 2011; Leone et al. 2016; 
Zhang et al. 2011; De Girolamo et al. 2014; 
Notarnicola and Moretti 2012). Lubricin expres-
sions were similarly increased, thus indicating 
modulation against tendon erosion and adhe-
sions, while providing pain relief as well (Zhang 
et al. 2011).

Very interestingly, in 2015, in humans, by 
using microdialysis, Waugh CM and coauthors 
examined the real-time biological response of 
healthy and pathological tendons to SW expo-
sure, reporting no statistical differences between 
the biological tissue response to SW in healthy 
and pathological tendons. In addition, the bio-
logical response to this treatment could be dif-
ferentiated between possible responders and 
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nonresponders based on a minimum fivefold 
increase in any inflammatory marker or MMP 
from pre- to post-ESWT. Based on their research, 
they suggested that the mechanical stimulus pro-
vided by ESWT might aid tendon remodeling in 
tendinopathy, by promoting the inflammatory 
and catabolic processes that are associated with 
removing damaged matrix constituents. The 
failed response of some individuals may help to 
explain why ESWT does not improve symptoms 
in all patients and provides a potential focus for 
future research (Waugh et al. 2015).

Again, more recently, Leone et al. showed that 
ESWT is able in vitro to accelerate the differen-
tiation of human primary-cultured tendon stem/
progenitor cells, describing how cultures of teno-
cytes, derived from ruptured tendons, were more 
susceptible to SW mediated activation, thus sug-
gesting a possible recruitment of undifferentiated 
progenitors at the site of injury. They were able to 
demonstrate that SW induce cell proliferation, 
although in different stages of differentiation and 
presenting a heterogeneous natural differentia-
tion potential, probably initiated by tendon inju-
ries. Therefore, the authors concluded that 
aligned with some other reports, the clinical ben-
efits of ESWT can be attributed to the mechanical 
stress, promoting the in vivo regenerative capac-
ity of the tissue. Moreover, they showed for the 
first time that ESWT significantly enhances 
hTSPCs-induced differentiation, as indicated by 
cytochemical and molecular findings. Taken 
together, previous reports and the present obser-
vations seem to corroborate the long-held idea 
that ESWT may enhance recruitment, prolifera-
tion, and differentiation of tissue-derived stem 
cells. Leone et al. propose that such treatment, 
applied on injured tendons, is able to accelerate 
stem cell differentiation—probably through the 
release of different cytokines and growth fac-
tors—mainly toward tenocytic lineage, contribut-
ing to tendon repair. Further investigations will 
certainly help to better clarify that ESWT clinical 
benefits are amenable to mechanisms triggering 
tendon healing promoted by resident stem cells 
recruitment (Leone et al. 2016).

In addition to all these tissue-specific trophic 
actions of SW, it is interesting to remember that 

from a general point of view, ESWT may influ-
ence the regulation and modulation of both overt 
and covert inflammatory markers, including 
TLRs, macrophages, cytokines, and tumor necro-
sis factor-alpha (TNFα), thus helping to restore 
homeostatic return of tendon turnover (Holfeld 
et al. 2014b, 2016; Tepekoylu et al. 2013, 2015; 
Davis et al. 2009; Mariotto et al. 2009; Kuo et al. 
2009; Shao et al. 2010; Sukubo et al. 2015; 
Lowbenwein et al. 2015).

40.7  Brief Overview of ESWT 
in Tendinopathies

Plantar heel pain syndrome. Ogden et al. (2002) 
conducted a meta-analysis of 20 studies ranging 
from 1990 to 2000, with a sample size totaling 
1655 patients (Ogden et al. 2002). Briefly, one 
study utilized ballistic RPT, and the others uti-
lized fSW. 18 studies reported success rate rang-
ing from 61 to 88%, all with minimal to no 
adverse effects. Always Ogden and coauthors, in 
2004, published a double-phased double-blind 
placebo-randomized controlled trial, with a total 
of 285 patients, where n = 144 were allocated 
ESWT, (n = 141) and placebo at follow-up 
(3 months), 67% (ESWT) recorded complete 
healing compared to 42% some improvement 
(control). No adverse effects were noted (Ogden 
2004; Ogden et al. 2004). Since that time until 
recent years, many articles were published in the 
literature on this topic; some of them reporting 
controversial results about the efficacy of SW in 
clinical practice. Finally, in 2015, Gollwitzer and 
coauthors published a randomized, controlled, 
multicenter study whose objective was to test 
whether focused extracorporeal shock wave ther-
apy is effective in relieving chronic heel pain 
diagnosed as plantar fasciitis. The results pro-
vided proof of the clinically relevant effect size 
of focused extracorporeal shock wave therapy 
without local anesthesia in the treatment of recal-
citrant plantar fasciitis, with success rate between 
50 and 65% (Gollwitzer et al. 2015).

Achilles tendinopathy (AT). Gerdesmeyer 
et al. (2015), published a review of six separate 
studies on chronic Achilles tendinopathy (AT) 
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carried out between 2005 and 2008. Four stud-
ies utilized fSW, and two other ones utilized 
RPT. The authors concluded that both of them 
were effective for the treatment of AT. There 
were two reports of mild adverse effect out of a 
total sample size of 347 across all six studies. 
There was a consensus that treatments should be 
carried out without local anesthesia in order to 
obtain optimal results (Gerdesmeyer et al. 
2015).

Patellar tendinopathy. Leal et al. recently 
reviewed 15 studies from 2000 to 2015, where 
both fSW and radial waves were utilized for the 
treatment of chronic patellar tendinopathy (CPT). 
The author’s conclusions were that ESWT pro-
vided good results for the treatment of CPT, 
where pathological pain scores reduced with 
functional improvement. They found that there 
were insufficient grounds to recommend RPT for 
treating CPT. The authors recommended that 
ESWT was unsuitable in acute cases of patellar 
tendinopathy. No significant adverse effects were 
reported (Leal et al. 2015b).

Lateral epicondylitis. Thiele et al. (2015) 
reviewed two set of studies allocated into two 
groups: Group 1 negative results reporting and 
Group 2 positive results reporting. The studies 
that described negative results were seven in 
total, with a total sample size of 700 patients, 
with a date ranging from 2002 to 2008. The stud-
ies that reported positive outcomes were ten in 
total, with a total sample size of 758 patients, 
with a date ranging from 1996 to 2012. The 
authors’ comments were as follows: where nega-
tive or inconclusive reporting was the conclusion 
of each of the study, it was noted that recom-
mended treatment guidelines and protocols of the 
ISMST were not followed. Some of the flaws 
noted in these instances were the use of incorrect 
SW energy levels, inclusion of acute conditions, 
and control groups receiving ESWT. This high-
lights the necessity for clinicians to obtain ade-
quate training for the use of ESWT. The overall 
conclusion was that there was adequate evidence 
to support the use of ESWT for chronic later epi-
condylitis. The note to clinicians assessing clini-
cal evidence is to ensure that recommended 
treatment parameters were being correctly uti-

lized and not to just focus on the general study 
design. ESWT is effective for lateral epicondyli-
tis where recommended guidelines are applied 
(Thiele et al. 2015).

Shoulder tendinopathies. Moya et al. (2015) 
reviewed 17 studies ranging from 1999 to 2013, 
assessing both calcific (n = 11) and noncalcific 
shoulder (n = 6) pathologies utilizing both fSW 
(n = 15) and radial waves (n = 2) (Moya et al. 
2015). Some studies compared ESWT to surgical 
intervention, where investigators found no differ-
ence in the outcome between surgical interven-
tion and ESWT. In the studies investigating 
efficacy of SW for calcific shoulder pathology, 
all investigators (n = 10) reported significant 
improvement of pathology after ESWT. The one 
investigator utilizing rWT similarly reported pos-
itive outcomes as well. In the studies investigat-
ing efficacy of SW on noncalcific shoulder 
pathology, one  investigator found some short-
term benefit, while all other investigators reported 
no significant change to report. From a general 
point of view, the authors concluded that (Moya 
et al. 2015):

• SW can be considered an efficacious and effi-
cient alternative to surgery for calcific rotator 
cuff (RC) tendinopathy, thus a treatment of 
choice for this pathology, as well as an effec-
tive treatment modality when other conserva-
tive methods have failed.

• Clinical efficacy of SW in noncalcific shoul-
der tendinopathy is still controversial but with 
promising perspectives.

• Although the available evidence does not 
allow conclusions of the effectiveness in fro-
zen shoulder, preliminary studies encourage 
to continue with larger series of patients.

• Promising results on other shoulder diseases 
have been reported, but it lacks solid 
evidence.

• Although the persistence of calcification may 
be associated with good clinical outcome, 
complete resorption has better results than 
partial disappearance or persistence.

• Both high- and low-energy SW result effec-
tive, although more sessions in the second 
case are required.
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• RPT would seem to be effective in calcium 
deposit resolution as well.

• The absence of dense calcification rim around 
the RC is a good predictor of treatment out-
come with SW.

• The mechanism of calcium absorption has not 
yet been elucidated, although some authors 
proposed neo-lymphangiogenesis as a possi-
ble biological substrate (Moya et al. 2015).

Moreover, in calcium deposit dissolution after 
SW exposure, a possible beneficial interference 
with some inflammatory pathways could not be 
excluded and would imply further investigations. 
This is particularly evident, when considering the 
influence of SW in the mechanism of innate 
immunity and self-healing processes, that regu-
late pro-resolving and pro-regenerative reactions 
to pathogens and some other noxae (d’Agostino 
et al. 2015; Holfeld et al. 2014b; Sukubo et al. 
2015). In fact, as it has been recently demon-
strated for the first time in human histological 
samples, in calcific tendinitis lesions of the shoul-
der, there seems to be a significant increase in 
neovascularization and neoinnervation, along 
with an eightfold increase in mast cells and mac-
rophages. The findings are consistent with the 
hypothesis that in calcific tendinitis, the calcific 
material is inducing a vigorous inflammatory 
response within the tendon with formation of 
new blood vessels and nerves (Hackett et al. 
2016), and these data surely provide a glimpse on 
future therapeutic perspectives in calcific 
tendinopathies.

40.8  Comparison of ESWT 
with Some Other Therapies

When comparing some alternative therapeutic 
procedures with ESWT, the greater efficacy of 
the bio-mechanotransductive properties of 
ESWT is clearly more evident. Ozturan et al. 
(2010) compared the short-, medium-, and long- 
term effects of corticosteroid injection, autolo-
gous blood injection, and ESWT in epicondylitis 
for example. Corticosteroid (CS) injection 
showed a higher success rate in the short term, 

while autologous blood injection and ESWT 
were more efficacious over the long term; there 
was a higher percentage of recurrence after CS 
injection. These authors reported a success rate 
of 50% relative to CS therapy, 83.3% to autolo-
gous blood injection, and 89.9% to ESWT 
(Ozturan et al. 2010). It is pertinent to mention 
that in another study for the treatment of tendi-
nopathies, ESWT proved to be an effective and 
noninvasive therapeutic intervention that reduced 
the need for surgery (Radwan et al. 2008); it was 
shown to be similarly a treatment of choice for 
patients where local steroid injections are inef-
fective or contraindicated (Lee et al. 2012). 
Rebuzzi and coauthors reported, in a retrospec-
tive study comparing arthroscopy and ESWT 
after a 2 year follow-up, that ESWT was the bet-
ter treatment option for calcifying tendonitis of 
the shoulder (Rebuzzi et al. 2008). We found in 
more recent scientific literature for various tendi-
nopathies that certain agents such as hyaluronic 
acid injection have been already compared to SW 
efficacy rates for Achilles tendinopathy (Lynen 
et al. 2016) and painful noncalcific rotator cuff 
tendinopathy (Frizziero et al. 2016). Moreover, 
according to some of the authors, the use of ultra-
sound-guided percutaneous lavage (UGPL) for 
calcific shoulder tendinopathies would seem sim-
ilarly less effective than previously considered 
(Arirachakaran et al. 2016).

From a general point of view, it is quite plau-
sible to suggest that, where ESWT is noted to be 
ineffective or less effective, the common reason 
is due more to incorrect methodology and pathol-
ogy selection, rather than its real inefficacy 
(Rompe and Maffulli 2007; Thiele et al. 2015; 
Moya et al. 2016). In other words, it seems that 
the reason of controversial results in the litera-
ture, regarding the success of ESWT in tendinop-
athies could be not a “biological” matter, but 
rather a “methodological” criticism (Rompe and 
Maffulli 2007).

In clinical practice, as well as in designing 
clinical studies and comparing methodologies, 
always according to the ISMST Recommendations, 
it is important to consider that the clinical results 
can be strongly affected by the following factors 
(ISMST-website, www.shockwavetherapy.org):
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• Degree of experience of the SW operator 
(physician or physiotherapist or other allied 
health professionals)

• Type of equipment utilized for applying SW
• Adequate therapeutic approach, in the context 

of a so-called integrated personalized pro-
gram, where SW are combined, for example, 
with therapeutic exercise (especially in tendi-
nopathies). Nevertheless, we must consider 
that ESWT efficacy can be negatively influ-
enced in clinical practice by the following 
factors:

 – If inclusion/exclusion criteria for SW 
application have not been met or when 
there is no consensus on them

 – When the disease we are going to treat with 
SW is the secondary manifestation of a 
general or primary disease

 – When some concurrent not orthopedics 
diseases are present

• Based on the level of chronicity. In the specific 
field of tendinopathies, it has been described 
that effectiveness of ESWT may depend also 
on the stage of tendinopathy. A recent model 
of tendinopathy differentiates between a reac-
tive tendinopathy/early tendon disrepair phase 
and a late tendon disrepair/degeneration 
phase. ESWT would seem most appropriate in 
the latter, when the tendinopathy is mostly 
degenerative and when conservative treatment 
has no effect (Rees et al. 2009).This is also 
supported by some studies that showed no 
effect of ESWT in the early stage of tendinop-
athy (Rompe et al. 2010; Zwerver et al. 2011). 
Until now, studies have not differentiated 
between subjects in the study based on these 
different stages; therefore, different studies 
may have used populations that are not com-
parable (van der Worp et al. 2013). Again, if 
we consider the different treatment parame-
ters, as van der Worp et al. described, many 
instrumental settings that can be varied during 
ESWT must be taken into account. The pre-
cise relationship between these settings and 
the effectiveness of the treatment are often 
unclear, although for some settings there is 
some indication as to how they may influence 
effectiveness (van der Worp et al. 2013). For 

example, according to some authors, energy 
flux densities above 0.50 mJ/mm2 should be 
avoided (Maier et al. 2002; Rompe et al. 
1998), while Bosch et al. in an animal study 
demonstrated that EH-generated shock waves 
already have a major impact on healthy tendon 
tissue at an intensity of 0.14 mJ/mm2 (Bosch 
et al. 2009).

Furthermore, some of the authors provide 
some suggestions for the use of ESWT in clinical 
practice. When SW are applied for treating tendi-
nopathies, it seems best to apply it in a later stage 
(van der Worp et al. 2013), in combination with 
tendon load management (Kountouris and Cook 
2007), after other conservative options have been 
tried and before more radical options like surgery 
are considered (van der Worp et al. 2013).

40.9  SW and Sports Activities

Nowadays, ESWT turns out to be a valid tool 
also for improving recovery and healing in ten-
dinopathies also related to sports activities. It is 
well recognized that treating and relieving this 
kind of tendinopathies can represent a great 
challenge, both due to biomechanical overload 
and almost always for the inability to stay away 
from training and racing, which could affect the 
biological pathways of recovery, independently 
of the kind of treatment applied. It derives that 
while applying ESWT for these specific cases, 
its effectiveness could be invalidated (or 
reduced)—as a biological therapeutic tool—by 
the same factors abovementioned, as well as the 
final results, if below expectations. About it, the 
TOPGAME Study (randomized controlled trial, 
level of evidence, 1) was designed by Zwerver 
et al. for determining the effectiveness of ESWT 
on pain, symptoms, and function in athletes 
with early symptomatic patellar tendinopathy, 
who are still in training and competition. Patellar 
tendinopathy is a common overuse injury among 
jumping athletes, for which no evidence-based 
treatment guidelines exist. ESWT appears to be 
a promising treatment but its effectiveness had 
to be studied in athletes with patellar tendinopa-
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thy, having symptoms for 3–12 months and who 
are still playing. In this study, the authors were 
able to demonstrate that ESWT, as a unique 
treatment during the competitive season, does 
not show benefit over a placebo treatment, in the 
management of actively competing jumping 
athletes with patellar tendinopathy, who have 
symptoms for less than 12 months (Zwerver 
et al. 2011). Obviously, this study does not 
affect the validity of ESWT as a good choice of 
treatment for tendinopathies (patellar one and 
so on) from a general point of view, also in 
sports. Rather it shifts attention on the necessity 
to a “proper” application, not only in terms of a 
correct diagnosis and practical technique (ade-
quate device and professional competence of 
the operator) but also of a “strategic” timing of 
intervention and expectation of results, espe-
cially while considering that biological reac-
tions induced by SW mechanotransduction take 
time to appear and act (from a few weeks up to 
2–3 months) (d’Agostino et al. 2015).

 Conclusions

From a general point of view, after its original 
introduction in medicine for urological appli-
cations, ESWT, already surpassed the rela-
tively long pioneristic phase, progressively 
has now gained a recognized therapeutic dig-
nity in orthopedics and rehabilitation, thus 
representing a valid, noninvasive therapeutic 
tool for tendinopathies, especially for all 
those conditions where other therapies 
(included surgery) have failed. Moreover, it 
presents, at the same time, the characteristics 
of safety and effectiveness, together with the 
advantage of repeatability and compatibility, 
if indicated to combine SW with some other 
conservative treatments (physical, biophysi-
cal, or medical ones) (d’Agostino et al. 2016).

As Zwerver et al. correctly wrote, SW are 
commonly applied in the management of ten-
don injuries, and, nowadays, pain relief and 
mechanotransduction- induced tissue regener-
ation and remodeling of the tendons, together 
with dissolution of calcifications, are consid-
ered to be the most important working mecha-
nisms. The heterogeneity of the systems (fSW 

and radial waves), treatment protocols, and 
study populations and the fact that there seem 
to be a heterogeneity in the population 
(“responders” and “nonresponders”) continue 
to make it difficult, at the moment, to give firm 
recommendations with regard to the most 
optimal ESWT approach. Moreover, specific 
knowledge with regard to the effects of SW in 
patients affected by  tendinopathies related to 
metabolic disorders is not yet available. 
Further fundamental and clinical researches 
are required to determine the value of ESWT 
in the management of tendinopathies (Zwerver 
et al. 2016) and its therapeutic dignity, not 
only in “standard” conditions but also in all 
more complicated situations, where SW could 
act as a real biological tool in restoring physi-
ological tendon tissue tropism and metabo-
lism, as “biosurgery” (or “noninvasive 
surgery”) (d’Agostino et al. 2015, 2016).

As Lohrer et al. pointed out, an increasing 
number of excellent SW studies for musculo-
skeletal diseases were published in the litera-
ture, and perhaps, without being exaggerated, 
ESWT can be considered the best analyzed 
treatment modality in orthopedics. Almost all 
systematic musculoskeletal ESWT reviews 
regarding this argument conclude that high-
level studies are requested; nevertheless, 
Lohrer underlines that “the question to be 
answered in future is not if ESWT works, but 
rather which treatment protocol and parame-
ters are the best for specific and well described 
conditions.” Research finally has to follow 
clinical practice, where treatment protocols 
have to be individualized (Lohrer et al. 2016), 
especially in orthopedics and rehabilitation.

Until now, always in agreement with 
Lohrer, main or exclusive goal of clinical SW 
research seems to be detecting the success of 
ESWT applied, following a standardized 
protocol. The question, however, if ESWT is 
likewise effective in each stage of a given 
musculoskeletal indication, is still com-
pletely unanswered at the moment (Lohrer 
et al. 2016).

Moreover, as a “tendon pathology contin-
uum model” has been described (Cook and 
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Purdam 2009) and tendinopathy is “no longer 
a ‘one size fits all’ diagnosis” (Cook 2011), it 
is reasonable to expect that different stages of 
a given pathology may respond differently to 
SW, especially in consideration of the fact that 
SW acts as a biological tool on the tendon 
homeostasis. Again, also considering that 
“monotherapies” are rarely used in clinical 
practice, especially for tendinopathies, it 
would be desirable that future randomized 
controlled work should focus on assessing and 
comparing more realistic treatment protocols 
(Lohrer et al. 2016).

In 1997, Haupt wrote “…in patients in 
whom conservative treatment has failed, sur-
gery used to be the only choice, but its success 
rate barely exceeds that of SW therapy, and 
surgery can still be done if SW therapy fails. 
Extracorporeal Shock Waves will have an 
impact on orthopedics comparable to its effect 
in urology. Scientific evaluations, professional 
certifications, quality assurance and reim-
bursement issues present great challenges…” 
(Haupt 1997; d’Agostino et al. 2015, 2016).

Much progress has been made since SW 
were initially applied in urology and soon after 
in the musculoskeletal field: nowadays, based 
on SW Science and clinical evidences, it seems 
that the “prophetic” thought of Haupt became 
reality, and perhaps we have exceeded also 
expectations. We can declare the “SW pioneer-
ing phase” as closed while opening the innova-
tive and revolutionary era of the “biophysical” 
stimulation and tissue regeneration in muscu-
loskeletal diseases, with important clinical and 
therapeutic implications also in the field of that 
one we can define as “regenerative rehabilita-
tion” (d’Agostino et al. 2015, 2016).
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functional anatomy, 346
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non-insertional Achilles tendinopathy,  
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terminology, 345–346

Achilles tendon, 345
anatomy, 9
blood supply, 346
dynamic magnetic resonance imaging, 92
factors impacts, 106–107
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plantar fascia tension, 387
rupture, 336
tendinopathy sites and factors, 31, 33
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Adductor tendinopathy, inguinal hernia vs., 279
Adductor tendon, 31
Angiogenesis, 46
Anisotrophy, 16
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accessory soleus, 395–396
clinical and diagnostic features, 394
etiology, 393
flexor digitorum accessorius longus muscle, 395
functional anatomy, 392–393
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musculotendinous structures, 394–396
peroneocalcaneus internus, 396
peroneus quartus muscle, 395
posterior impingement, 391
surgical procedure, 396–398

Anterior cruciate ligament (ACL) injuries, 325
Anterior tibial tendon (ATT)
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clinical presentations, 366–367
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principles for treatment, 367–368

Anterosuperior rotator cuff ruptures
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definition, 205
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relevant anatomy and pathology, 206–207
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Antifibrotic agents, 152
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Biceps, 5
Biceps brachii, anatomy, 232
Biceps tendon, distal. See Distal biceps tendon
Biodegradation, 137
Biomechanics, tendon. See Tendon, biomechanics
Blood supply, tendons, 25–26, 134
B-mode scanning, 75–76
Bone calcification, 91
Bone-patellar tendon-bone (BTB) grafts complications, 325

patellar fracture, 326
patellar tendinitis, 327
patellar tendon ruptures, 326–327
secondary complications, 327
surgical tips to minimize, 328
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distal injury, 334–335
injury mechanism and epidemiology, 334
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plantaris
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injuries, 335

soleus
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system, 407
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causes, 401
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Compression injury lesions, 67–68
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Corticosteroids, 113
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tendinopathy, conservative treatments, 169
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Curcumin, 177

D
Decision-making approach, muscle injuries, 183
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Degenerative tendinopathy, 29, 72
Delayed-onset muscle soreness (DOMS), 77, 78
de Quervain’s disease, 248–249
Dermal fibroblasts, 139–140
Diffusion magnetic resonance imaging, 64
Distal biceps tendon

classification, 233
clinical assessment

classification, 235
history, 232
imaging, 234
physical examination, 232–234

complications, 239
hook test, clinical assessment and interpretation, 233
indication for endoscopy, 235
outcomes, 239
rupture, 231
surgical techniques

chronic biceps tendon rupture, 239
endoscopic-assisted repair, 236–239
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two-incision technique, 235

Doppler sonography, 76, 100
Dynamic magnetic resonance imaging, 65

Achilles tendon, 92
bone calcification, 91
contraction phases, 90
dynamic investigation, 88
examination settings, 87
flexor and extensor tendons, 92–93
fusion method, 89
gastrocnemius muscles, 91
lower limb contraction and extension, 89
muscle injuries with hematomas, 88, 89
myotendinous junction, 90
osteotendon junction, 90
quadriceps flexion/extension and contractio, 90
rotator cuff, 92
survey, 88
tendon, 91
traumatic avulsion, 90
triceps, 91

Dynamic ultrasound, 100
Dyslipidaemia, 34

E
Eccentric muscle movements, 96
Echo-guided plantar fasciotomy, 386–387
Elastin, 11, 134
Elastography, 76–77
Endobutton technique, 235–236
Endomysium, 2
Endoscopic plantar fasciotomy (EPF), 386
Endotendon, 25
Endotenon, 9
Endothelial growth factor (EGF), 124
Enthesis organ, 26
Enthesopathy, 83–84, 119, 120

Index



443

Epicondylitis, 226
lateral

physical examination, 226
surgical technique, 227–228
treatment, 226–227

medial
causes, 223
physical examination, 224–225
surgical technique, 225–226
treatment, 225

Epimysium, 2
Epitenon, 9, 24
Epitrochleitis. See Medial epicondylitis
Exercise-induced muscle damage (EIMD), 104
Exercises therapy, tendinopathy, 107

comprehensive model, 161–163
interaction torque, 159
loading program importance, 157–158
pain and psychological variables, 160
rehabilitation program, 163–167
SSMP, 159
stabilization, 159

Extensor, 5, 6
Extensor carpi ulnaris (ECU) subluxation, 248
Extensor tendons

dynamic MRI, 92–93
subluxation, 245–247

Extracellular matrix (ECM), 15, 24–25, 45–46, 
133–134

Extracorporeal shock wave therapy (ESWT)
Achilles tendinopathy, conservative treatment, 350
applications, 421
biocellular responses, 422
characteristics, shock waves, 423–425
history, 422–423
plantar fasciitis, 384–385
radial/pressure waves, 425–426
for tendinopathies

Achilles tendinopathy, 429–430
bio-mechanotransductive properties, 431
vs. corticosteroid injection, 431
ISMST Consensus Statement, 428
ISMST Recommendations, 431–432
lateral epicondylitis, 430
patellar tendinopathy, 430
plantar heel pain syndrome, 429
radial pulse therapy, 427
shoulder tendinopathies, 430
SW equipments, 428
tissue-specific trophic actions, 429
ultrasound-guided percutaneous lavage, 431

Extrasynovial tendon, 47–48

F
Fascicle arrangement

in muscles, 4–5
in tendons, 10, 11

Fast-twitch glycolytic (FTG) fibres, 6, 7

Fast-twitch oxidative glycolytic fibre, 7
Fatigue testing, 20
Fibrils, 15, 24
Fibroblast growth factor (FGF), in tendon, 124
Fibrocartilaginous entheses, 26
Fibronectin, 134
Fibrosis, 68–69, 81
Fibrous sheath, 120
Fisiochinesiterapic treatment, 149
Flexor, 5, 6
Flexor digitorum accessorius longus muscle, 395
Flexor digitorum profundus (FDP) tendon  

avulsion, 241–243
Flexor hallucis longus (FHL) tendon, 391
Flexor tendons

adhesions, 250–251
dynamic magnetic resonance imaging, 92–93

Fluoroquinolones, 33
Fusiform muscles, 4

G
Gastrocnemius muscles

dynamic magnetic resonance imaging, 91
resection, for plantar fasciitis, 387
return to play in sports, 341

Genetics, tendinopathy due to, 32
Gliding tendons, 70, 83
Glucocorticoids, 33
Glucosamine, 176
Gluteal tendinopathy, 105
Gluteal tendon, 31
Glyceryl trinitrate patches, 170
Glycosaminoglycans (GAGs), 11, 15, 25
GOLDIC® procedure

advantages, 412
biological effects, cellular level, 412–413
clinical results after

growth factors, 416
in horses, 413–414
in humans, 414–416
mesenchymal stromal cells, 416

granulocyte colony-stimulating factor, 417
plasma-gelsolin, 417
protein analyses, 413

Gold-induced autologous cytokine treatment. See 
GOLDIC® procedure

Golfer’s elbow. See Medial epicondylitis
Golgi tendon organ, 9
Goose foot tendinitis

anatomy, 322
pathogenesis, 322
treatment, 322

GPS. See Groin pain syndrome (GPS)
Grade I muscle injury/strain, 98, 99
Grade II muscle injury/partial tear, 98, 99
Grade III muscle injury/complete tear, 98, 99
Greater trochanteric pain syndrome (GTPS), 261
Groin pain, 255
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Groin pain syndrome (GPS)
causes

articular, 274
in athletes, 276
bone, 274
developmental, 275
genitourinary disease-related, 275
musculotendineous, 274–275
neoplastic, 275
neurological, 275
pubic symphysis-related, 275
systemic, 276
visceral, 274

inguinal hernia
vs. adductor tendinopathy, 279
vs. cam-FAI syndrome, 279–280
surgical repair complications, 278–279

long-standing GPS, 276–278
symptomis, defined, 273
types, 276

Groin Pain Syndrome Italian Consensus Conference 
(GPSICC), 273

Growth/differentiation factor 5 (GDF-5), 32
Growth factors (GF)

insulin-like growth factor-1, 149
platelet-rich fibrin matrix, 151
platelet-rich plasma, 150
roles, 150
stages, 149
vascular endothelial growth factor, 150

H
Haematomas, 66
Haglund’s syndrome, 397
Hamstring autografts

complications
incomplete tendon harvest, 328
MCL injury, 328
secondary, 328
surgical tips to minimize, 328

Hamstrings tendinopathies, 119
conservative treatment, 266
conventional treatment, 267
MRI, 266
nonoperative treatment, 266
peritendinous corticosteroid injection, 267
proximal, 264–265
stretching, 266
ultrasound, 266

Hamstring tears
chronic injuries, 286
surgery

absolute indications, 284–285
relative indications, 285–286

terminology, 283–284
Hamstring tendons, 105
Hand tendinopathies

acute conditions

extensor tendon subluxation, 245–247
flexor digitorum profundus tendon avulsion, 

241–243
mallet finger, 243–244

chronic conditions
de Quervain’s disease, 248–249
extensor carpi ulnaris subluxation, 248
flexor tendon adhesions, 250–251
trigger finger, 250

Hatchet strike defect, 122
Hawkins–Kennedy impingement test, 196, 197
Healing, after tendon injury. See Tendon, healing
Heel pain causes. See Plantar fasciitis (PF)
Hepatocyte growth factor (HGF), in tendon, 124
Hernias, muscle, 70
Hip tendinopathies

anterior area
iliopsoas, 257–259
rectus femoris, 259–261

lateral area
double-row technique, 264
FABER test, 262
greater trochanteric pain syndrome, 261
medius gluteus tendonitis, 262
Ober test, 262
physical examination, 262
platelets reach plasma, 263
shock wave therapy, 263
surgery, 263

medial area
adductor longus, 256
hip adductor muscles, 256
treatment options, 256

posterior area
hamstrings, 264–267
piriformis, 267–269

Hook test, 233
Hydrolyzed type 1 collagen, 176
Hypercholesterolaemia, 34
Hyperparathyroidism (HP), 112
Hysteresis, 18
H-zone, 3

I
Iliopsoas tendinopathies

bursitis and tendonitis, 258
iliacus, 257
impingement, 258
internal extra-articular snapping hip, 257–258
physical examination, 258–259
psoas major, 257
psoas minor, 257
treatment, 259

Iliotibial band (ITB) syndrome
iliotibial band anatomy, 317–318
pathogenesis and clinical presentation, 318–319
treatment, 319

Impingement syndrome, 194
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Inguinal hernia, GPS
vs. adductor tendinopathy, 279
vs. cam-FAI syndrome, 279–280
surgical repair complications, 278–279

Injection therapy
plantar fasciitis, 385
tibial tendon, 368–369

Innervation
muscles, 8–9
ratio, 8
tendons, 13

Insertional Achilles tendinopathy, 351–353
Insertional plantar fasciitis. See Plantar fasciitis (PF)
Insertional tendinopathy, 83–84
Insulin-like growth factor (IGF), 124
Insulin-like growth factor-1 (IGF-I), 149
International Association of Athletics Federations 

(IAAF) study, 181
Intrasynovial tendon, 47–48
Involuntary muscle. See Smooth muscle

J
Jumper’s knee. See Patellar tendonitis (PT)

K
Kinetic chain function, 165–167

L
Lacerations, 97, 186
L-arginine alfa-ketoglutarate, 176–177
Lateral epicondylitis

extracorporeal shock wave therapy, 430
physical examination, 226
surgical technique, 227–228
treatment, 226–227

Lithotripsy. See Extracorporeal shock wave therapy 
(ESWT)

Load management, 163–164
Long head of the biceps (LHB) tendon

anatomy, 215–216
diagnosis, 218
differential diagnosis, 217
function, 215
history, 216–217
pathology, 216
physical exam, 216–217
treatment, 218–220

Long-standing groin pain syndrome (LSGPS), 276–278
Low dye taping, plantar fasciitis, 384

M
Magnetic resonance angiography (MRA), 62
Magnetic resonance elastography, 64
Magnetic resonance imaging (MRI)

advantages, 61

contrast-enhanced MRI, 62, 63
diffusion MRI, 64
disadvantages, 61
dynamic MRI, 65
fusion technology, 63
MRA, 62
MR elastography, 64
muscle injury, 100, 101
muscles

compartmental syndromes, 69–70
compression injury lesions, 67–68
myofascial disinsertion, 67
myotendinous avulsion, 67
post-traumatic degenerative conditions, 68–69
traumas, 65–67

tendons
complete tears, 72
degenerative tendinopathy, 72
partial tears, 72
peritendinitis, 71
tenorrhaphy, 73
tenosynovitis, 72–73

upright MRI, 64–65
Mallet finger, 243–244
Medial epicondylitis

causes, 223
physical examination, 224–225
surgical technique, 225–226
treatment, 225

Mesenchymal stem cells (MSCs), 136
Mesenchymal stromal cells, 140
Metaplastic ossification, 69, 81
Methylsulfonylmethane (MSM), 177
M-line, 3
Mode of action, muscles, 5–6
Motor unit, 8
Muscle

contractures, 65
contusions, 65
elongations, 65
fibres, 2
healing process, 146–147

degeneration and necrosis, 146
inflammation and cellular response, 146
regeneration and repair, 146
remodeling and fibrosis, 146–147

hernias, ultrasound, 82
innervation, 8–9
mode of action, 5–6
motor units, 8
muscle plasticity, 9
organisation, 2
origins, 5
vascularisation, 8–9

Muscle injuries (MI), 182, 183
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anatomy, 96–97
British Athletics Muscle Injury Classification, 183
in children, 96
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Muscle injuries (MI) (cont.)
classifications, 145, 182, 183

based on site of injury, 99–100
grade I injury (strain), 98, 99
grade II injury/partial tear, 98, 99
grade III injury/complete tear, 98, 99

epidemiology, 96
healing process, 146–147

phases, 147, 148
imaging, 100–101
mechanism

direct trauma, 97
indirect trauma, 97–98

Munich grading system, 183
surgical treatment options

acute muscle belly injuries, 185–187
acute muscle insertional injuries, 183–185
chronic muscles injuries, 187–188

treatment
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