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Tendinopathy: From Basic Science 
to Return to Play
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L. Lempainen, A. Jiménez-García, G. Stelitano, 
G. Firatli, and R. D’Ambrosi

34.1	 �Basic Science and Diagnosis 
of Tendinopathy

Tendinopathy is a common clinical problem 
which affects a substantial portion of recreational 
and professional athletes and those in many occu-
pations involving repetitive work [1].

Tendon injuries, which represent approxi-
mately 50% of all sports injuries, can occur in 
any tendon. It is often at the level of or near its 
insertion where there is the area of major mechan-
ical stress concentration [2]. The most commonly 
involved tendons are the rotator cuff (particularly 
supraspinatus) tendons in the shoulder, the fore-
arm extensor and flexor tendons in the forearm, 
the patella tendon in the knee, and the Achilles 
tendon in the ankle as they are more exposed to 
repeated loads, shear and compressive forces [3].

The term “tendinopathy” describes the clini-
cal features in and around tendons which include 
activity-related pain, swelling, focal tendon ten-
derness, decreased strength and movement in the 
affected area associated with decreased exercise 
tolerance and function of the limb, up to total 
rupture [4].

The histologically descriptive terms “tendino-
sis” (a degenerative pathological condition with a 
lack of inflammatory change) and “tendonitis” or 
“tendinitis” (implying an inflammatory process 
associated to degenerative injury) should be used 
only after histopathological confirmation. The 
pathogenic mechanisms underlying the onset of 
tendinopathies are still unclear [5].

Historically, inflammation has been thought of 
as the central pathological process in tendon dis-
orders, but histological studies of surgical 

F. Abat (*) 
Department of Orthopaedic Sports Medicine, ReSport 
Clinic, Blanquerna Faculty of Health Science, Ramon 
Llull University, Barcelona, Spain
e-mail: abat@resportclinic.com 

U. G. Longo · G. Stelitano 
Department of Orthopaedic and Trauma Surgery, 
Campus Bio-Medico University, Rome, Italy 

Centro Integrato di Ricerca (CIR), Campus Bio-
Medico University, Rome, Italy 

B. Kocaoglu 
Department of Orthopedics and Traumatology, 
Faculty of Medicine, Acibadem University,  
Istanbul, Turkey 

F. G. Usuelli 
IRCCS Istituto Ortopedico Galeazzi, Milan, Italy 

L. Lempainen 
Sports Trauma Research Unit, Mehiläinen NEO 
Sports Hospital, Turku, Finland 

A. Jiménez-García 
Department of Strength and Conditioning, ReSport 
Clinic, Blanquerna Faculty of Health Science, Ramon 
Llull University, Barcelona, Spain 

G. Firatli 
Faculty of Medicine, Acibadem University,  
Istanbul, Turkey 

R. D’Ambrosi 
Humanitas San Pio X, Milan, Italy

34

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61264-4_34&domain=pdf
mailto:abat@resportclinic.com


302

specimens have consistently shown the presence 
of degenerative lesions, either absent of or with a 
minimal inflammatory component [6].

The most widely shared hypothesis sees 
inflammation’s contribution only in the early 
phases of disease. Currently, mechanical over-
load and excessive mechanical stress on the mus-
cle–tendon unit seem to play a key role in the 
onset and perpetuation of tendon degeneration 
even though a full understanding of the biome-
chanical basis for tendinopathy is still lacking 
and needs to evolve [3].

Histological changes in tendinopathies have 
been widely described [7]. Macroscopically nor-
mal tendon is white, brilliant and has a fibroelas-
tic consistency. Affected tendons lose their 
normal sparkling white appearance and become 
gray or brown, amorphous, thinner and softer [8]. 
The typical thickening in the degenerated regions 
can be diffuse, fusiform, or nodular [9]. 
Microscopic histopathological changes include 
loss of the parallel orientation of collagen fibers 
along with a decrease in collagen fiber diameter 
and in the overall density collagen. There is also 
increased overall cellularity, increased deposition 
of mucoid ground substance and proteoglycans 
as well as the proliferation of new randomly ori-
ented blood vessels. Moreover, an increase in 
type III (reparative) collagen fibers is usually 
described [10]. All these reflect a failure of the 
native tendon healing process.

Depending on the histopathological altera-
tions, different theories on tendinopathy etio-
pathogenesis have been hypothesized.

The mechanical theory places overuse injury 
at the center of the pathologic process. The exces-
sive load to which the tendon is exposed may 
cause repeated microinjuries that lead to biologi-
cal alterations of ground substance and tenocytes 
with subsequent mechanical breakdown of the 
loaded tendon. The increase in E2 prostaglandin 
and B4 leukotriene production seems to be 
mainly responsible for degenerative process. The 
affected tendons lose their mechanical properties, 
resulting in a reduction of the tendon cross-
sectional area over which muscular forces are 
transmitted thereby making them more suscepti-
ble to failure [11].

The vascular theory would explain the onset 
of tendinopathy as a consequence of an inade-
quate vascular supply during mechanical activi-
ties due to the presence of intratendinous 
avascular areas as occurs in the Achilles tendon 
or extensors tendon of the elbow [12]. In con-
trast to the vascular theory, a new pathogenic 
hypothesis is being put forth. It postulates that 
physical training could create a localized hyper-
thermia condition, causing a decrease in teno-
cyte survival [13].

The neuronal response to repetitive tendon 
microtrauma seems to be involved. In degener-
ated tendons, a high level of nervous mediators 
(such as glutamate, calcitonin, P-peptide) and 
small nerve ingrowth are widely noticed [14]. 
Finally, disuse has also been identified as tending 
to alter tendon properties. Denervation and 
immobilization have both been found to decrease 
tendon stiffness and reduce final tissue strength 
and, at the same time, inactivity and unloading 
could have an effect on tendon collagen homeo-
stasis dysregulation [13–15].

Some individuals are more susceptible to 
developing tendinopathy than others who have 
similar levels of physical activity [16]. This pre-
disposition derives from the interaction between 
several risk factors identified in two large catego-
ries, extrinsic and intrinsic factors. Among the 
intrinsic factors, individual’s genetic characteris-
tics must be considered. The ABO blood group 
and tendon molecular structure were suggested 
as possible predisposing factors. Gender is 
another genetic expression key. Women seem to 
have less tendinopathy than men, thanks to the 
protective role of estrogens. Estrogenic protec-
tion is supported by the evidence that tendon rup-
tures are almost exclusively described after the 
onset of menopause [16, 17]. Increased age is 
another important intrinsic risk factor and cer-
tainly the prevalence of tendinopathy seems to 
increase with age. Age-related intratendinous 
changes such as the reduction in proteoglycans 
and an increase in cross-links between collagen 
fibers make tendons stiffer and less capable of 
tolerating load [18]. Body composition has 
recently been linked to tendinopathy. A greater 
waist circumference and high levels of adipose 
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tissue suggest increased risk to the onset of tendi-
nopathy. Ligamentous laxity, articular hypermo-
bility, muscular stiffness or weakness, 
malalignment of the lower extremity, and limita-
tion of joint mobility also has to be mentioned. 
Finally, the association between tendinopathy 
and several pathological conditions has been 
demonstrated [19]. Endocrine-metabolic diseases 
such as obesity, diabetes mellitus, hypertension, 
increased serum lipids, and hyperuricemia seem 
to have a positive association with the pathology 
[20]. Other diseases that have been found to be 
associated with tendinopathy include systemic 
diseases, neurological conditions, infectious dis-
eases, chronic renal failure, psoriasis, systemic 
lupus erythematosus, hyperparathyroidism, and 
hyperthyroidism [21].

The main important extrinsic risks factors 
include mechanical overuse linked to sports activi-
ties like training errors (excessive distance, inten-
sity, hill work, erroneous running technique, 
fatigue) and the use of several drugs (fluroquino-
lone antibiotics, statins, oral contraceptives, and 
locally injected corticosteroids) [22, 23]. 
Environmental conditions such as cold weather 
during outdoor training, faulty footwear and equip-
ment, inadequate training surfaces or frequent 
changes in playing surface have been found to 
increase the prevalence of tendinopathy [19–23].

The clinical history and a physical examina-
tion are essential to making a diagnosis of tendi-
nopathy. Clinically, tendinopathy is characterized 
by pain, swelling (diffuse or localized), and 
impaired physical performance. Pain is the cardi-
nal symptom that usually occurs at the beginning 
of the training session or a short while afterwards. 
In advanced cases, it may interfere with the activ-
ities of daily living. Clinical examination is the 
best diagnostic tool and presupposes a careful 
valuation of the overall anatomical structures 
involved, and the use of specific tests to elicit 
pain and tenderness. Radiological imaging has a 
secondary role and it is used as diagnostic sup-
port. Ultrasound is considered the most appropri-
ate and advantageous imaging modality for 
routine clinical evaluation despite it being opera-
tor dependent. MRI studies should be performed 
only if the ultrasound scan remains unclear.

34.1.1	 �Achilles Tendinopathy

Achilles tendinopathy is a clinical syndrome 
characterized by pain and swelling in and around 
the Achilles tendon associated with impaired 
physical performance [24]. The typical patient 
affected by Achilles tendinopathy is the so-called 
“middle-age weekend warrior,” a recreational 
athlete who practices sports, like running, with 
explosive accelerations and eccentric loads 
located on the lower limb [25]. The etiology of 
Achilles tendinopathy remains debatable and is 
likely caused by the interaction of intrinsic and 
extrinsic factors. In addition to the ones analyzed 
for tendinopathy etiopathogenesis in general, 
there are other specific factors responsible for the 
onset of the Achilles tendon disease. Intrinsic 
factors include an anatomical foot alteration like 
hypo-hyperpronation. It is often associated with 
ankle misalignment, varus or valgus hindfoot and 
forefoot, pes cavus or flat foot, tendon vascular-
ity, weakness of as well as the lack of flexibility 
of the gastrocnemius–soleus complex and lateral 
ankle instability [26]. Excessive loading of the 
tendon is considered the major extrinsic caus-
ative factor for Achilles tendinopathy. Free radi-
cal damage occurring on reperfusion after 
ischemia, hypoxia, hyperthermia, and impaired 
tenocyte apoptosis has been linked to tendinopa-
thy [27]. In a case-control study, subjects with 
painful Achilles tendinopathy had a lipid profile 
characteristic of dyslipidemia [28]. The use of 
local corticosteroid injections and of systemic 
antibiotics (in particular fluoroquinolones) has 
shown an increase in the development of the dis-
ease [29]. Achilles tendon pathology can be sub-
divided into acute and chronic tendinopathy, 
including the simple forms of tendinosis up to 
total rupture of the tendon.

Chronic tendinopathies are painful clinical 
conditions commonly found in athletes, often 
middle-aged male runners even though they can 
also affect sedentary subjects. They are typically 
associated with overuse damage and this would 
explain their greater incidence in athletes. 
However, 30% of patients with chronic tendinop-
athy do not participate in sports activities. Other 
pathogenetic mechanisms responsible of the 
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chronic damage have to be found. Metabolic and 
vascular imbalances seem to play a crucial role in 
the onset of the disease.

Chronic Achilles tendinopathy can be catego-
rized as insertional or non-insertional. They are 
two distinct disorders with different underlying 
pathophysiologies and options.

Non-insertional tendinopathies (also known 
as “tendinopathy of the main body of the Achilles 
tendon” or “midportion Achilles tendinopathy”) 
are caused by an inflammatory cellular response 
that occurs inside the tendon structure. They are 
associated with microcirculatory alterations and 
edema that can progress, in the chronic phase of 
the pathology, toward the formation of fibrosis 
and exudate [30].

Pain is the most common clinical symptom. 
In athletes, pain typically occurs at the beginning 
and end of a training session, with a period of 
diminished discomfort in between. As the condi-
tion progresses, pain may occur with even minor 
exertion, and may interfere with activities of 
daily living. Clinical examination is the best 
diagnostic tool. The patient is examined while 
standing and prone with both legs exposed from 
above the knees. The tendon appears diffusely 
swollen and edematous, and tenderness is usu-
ally greatest 2–6  cm proximal to the tendon 
insertion [31]. The most widely used diagnostic 
tests for non-insertional Achilles tendinopathies 
are the Royal London Hospital Test and the 
Painful Arc test. In the first one, once the tester 
has elicited local tenderness by palpating the 
tendon with the ankle in neutral position, the 
patient is asked to actively dorsiflex and plan-
tarflex the ankle. With the ankle in maximum 
dorsiflexion and in maximum plantarflexion, the 

portion of the tendon originally found to be ten-
der is palpated again. The Painful arc test, 
instead, helps the surgeon to distinguish between 
tendon and paratenon lesions. In paratendinopa-
thy, the area of maximum thickening and tender-
ness remains fixed in relation to dorsi- to 
plantarflexion [32]. Again, the Victorian Institute 
of Sports Assessment—Achilles (VISA-A) ques-
tionnaire can be used to evaluate the severity of 
Achilles Tendinopathy. It covers the domains of 
pain, function, and activity and has a total score 
of 100. An asymptomatic patient would score 
100 [33]. Ultrasonography (Fig.  34.1), though 
operator dependent, represents the primary 
imaging method to make the final diagnosis 
thanks to its interactive capability. Grey scale 
ultrasonography is associated with color or 
power Doppler to detect neovascularity [34].

Only if ultrasonography remains unclear, 
should magnetic resonance imaging (MRI) be 
performed. MRI gives more detailed information 
about the internal morphology of the tendon, sur-
rounding bone, and soft tissues. Because of its 
high sensitivity in detecting incomplete tendon 
ruptures, the MRI data should be interpreted with 
caution and correlated to the patient symptoms 
before starting any treatments. However, both US 
and MRI show damaged tissue as focal or diffuse 
thickening of the Achilles tendon with focal 
hypoechoic areas.

34.1.2	 �Patellar Tendinopathy

Patellar tendinopathy is a painful condition of 
the knee caused by small tears on the patellar 
tendon, usually localized in its proximal region. 

Fig. 34.1  Ultrasound 
image of the Achilles 
tendon in longitudinal 
view. Note the 
hypoechogenic area of 
the tendon (black zone 
inside the tendon), 
calcification (arrow) as 
well as a thickened 
tendon (double arrow)

F. Abat et al.
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It mainly occurs in sports which require strenu-
ous jumping such as volleyball, track (long and 
high jump), and basketball. For this reason, 
patellar tendinopathy is also known as “Jumper’s 
knee.” This condition is a knee extensor mecha-
nism overuse injury caused by repetitive 
mechanical stress to which the tendon is primar-
ily exposed during knee extension [35]. The 
inferior pole of the patella, in correspondence of 
patellar tendon insertion, is the component of 
the knee extensor mechanism mostly involved. 
Less frequently, the injury is localized at the 
level of the quadriceps tendon insertion to the 
superior pole of patella and where the patellar 
tendon inserts into the tibial tuberosity. However, 
considering that most cases of Jumper’s knee 
are due to problems on the patellar tendon inser-
tion in the inferior pole of patella, the term 
patellar tendinopathy is used interchangeably. 
Patellar tendinopathy has a male predominance 
and usually affects adolescent athletes to those 
in their third decade and up [35]. The patho-
genic mechanism underlying the disease 
includes the coexistence of several extrinsic and 
intrinsic factors. Overload on the knee extensor 
is the most important extrinsic factor which pre-
disposes to the onset of patellar tendinopathy. 
Repetitive activities such as jumping, landing, 
acceleration, deceleration, and cutting cause 
microscopic changes within the tendon at high 
loads that causes progressive weakness and 
eventually leads to failure. Other extrinsic fac-
tors are the excessive frequency of training, the 
hardness of the ground on which sport is prac-
ticed, and the athletes’ level of performance. On 
the other hand, intrinsic factors include joint 
misalignment, ligamentous laxity, abnormal 
patella height, quadriceps muscle weakness, 
and extreme hamstring muscles stiffness [36].

The diagnosis of patellar tendinopathy is 
mainly made through a patient’s clinical history 
and physical examination. Anterior knee pain is 
the main symptom. Patients usually refer to well-
localized pain on the inferior pole of the patella 
that is exacerbated by prolonged sitting, squat-
ting, and stair climbing. Sudden tendon pain 
occurs with loading and usually stops almost 
immediately when the load is removed. 

Sometimes, patients even feel pain at rest. 
Physical examination presupposes a thorough 
evaluation of the entire lower extremity in order 
to identify the relevant abnormalities in the hip, 
knee, and ankle/foot region. Atrophy or reduced 
strength in antigravity muscles, including the 
gluteus maximus, quadriceps, and calf is often 
observed. Pain is elicited through palpation of the 
proximal portion of the tendon or by the com-
plete extension of the leg. A positive decline 
squat test allows the surgeon to make a diagnosis 
of patellar tendinopathy. To do one, the patient 
performs a squat with a single leg, flexing the 
knee up to 30° and keeping the contralateral leg 
extended. In this way, the mechanical load is pri-
marily exerted on the patellar tendon exacerbat-
ing the onset of symptoms [37].

The Victorian Institute of Sports Assessment 
—Patella (VISA-P) questionnaire specifically 
measures the severity of patellar tendinopathy. It 
covers the domains of pain, function, and activ-
ity. Scores are summed to give a total out of 100. 
An asymptomatic person would score 100. 
VISA-P can be used to assess the severity of 
symptoms as well as to monitor outcomes [38].

Currently, patellar tendinopathy is classified 
into five different stages according to the onset of 
pain in relation to physical activity: Stage 0: 
absence of painful symptoms; stage I: rare pain 
without performance limitation; stage II: moder-
ate pain during sport without performance limita-
tion (normal performance); stage III: pain with 
initial qualitative or quantitative limitation of 
performance (reduced training intensity); stage 
IV: pain with significant changes in sports perfor-
mance; stage V: pain in everyday life with the 
impossibility of practicing sport. Ultrasound 
(Fig.  34.2) and magnetic resonance imaging 
(MRI) are widely accepted as first choice diag-
nostic techniques. Both can be used to detect 
abnormalities in the patellar tendon itself. 
Ultrasound is noninvasive, repeatable, accurate, 
and provides a dynamic image of the knee struc-
ture. Ultrasound images show the loss of tendon 
normal echogenicity, tendon thickening and 
irregularity, intratendinous calcifications and ero-
sions localized primarily in the inferior pole of 
the patella. The use of the color Doppler makes 
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for visualization of the vascular neoformations in 
proximity to Hoffa’s fat pad (also called the 
infrapatellar adipose body) [39]. Tardive changes 
such as elongation of the involved pole of the 
patella, calcification and increased density within 
the patellar tendon matrix are usually viewable 
after 6 months of symptoms.

The MRI shows, preferentially in sagittal sec-
tions, thickening of the patellar tendon along 
with foci of increased signal intensity in the 
affected region. A CT and bone scan may also be 
used in the initial stages of the disease even 
though they are not usually indicated. It is impor-
tant to highlight that the radiological assessment 
must be considered only as a diagnostic support 
since the diagnosis of patellar tendinopathy can-
not ignore the patient’s clinical history and physi-
cal examination.

34.2	 �Traditional Conservative 
Treatment for Achilles 
and Patellar Tendinopathy

34.2.1	 �Achilles Tendinopathy

34.2.1.1	 �Noninvasive Methods
Noninvasive methods such as relative rest or a 
modification of activity, orthotics, heel lifts, mas-
sage, hot and cold compresses, strengthening 
exercises, ultrasound, and nonsteroidal anti-
inflammatory drugs (NSAID) or oral corticoste-
roids can be applied as a first line treatment. The 
use of NSAIDs has been questioned as to their 

effectiveness because of the prostaglandin 
inflammatory mediator absence in Achilles tendi-
nopathy (AT) [40].

34.2.1.2	 �Corticosteroid Injections
Corticosteroids are a group of medications that 
contain cortisone. They relieve pain by reducing 
the inflammation that occurs in a diseased ten-
don. There is controversy around the use of these 
injections in Achilles tendinosis since there is no 
inflammatory process. In some studies, cortisone 
injections bring about short-term pain relief. 
However, there is no pain relief after the injection 
according to some studies.

34.2.1.3	 �Eccentric Training
The eccentric training program designed by 
Alfredson et al. [41] improves tendon healing by 
enhancing the tendon’s volume and the signal 
intensity that is thought to be a response to 
trauma. But after a 12-week program, the size 
and appearance of the tendon returns to normal in 
ultrasound and magnetic resonance imaging 
(MRI). With an extended eccentric loading pro-
gram of the Achilles tendon, muscle–tendon unit 
length will be increased and the resistance of ten-
don to load will be increased overtime. Repetitive 
eccentric exercise could be the mechanism to 
eliminate pain in the tendon due to abnormal 
blood vessels and the nerves with the 12-week 
program as concluded by Alfredson et al. [42]. It 
has produced 90% good results with the midpor-
tion and 30% good results in insertional Achilles 
tendinosis.

Fig. 34.2  High 
definition ultrasound 
image of the patellar 
tendon in longitudinal 
view. Observe the 
hypoechogenic area of 
the tendon (arrow) with 
hypervascular ingrowth 
(∗) as well as a 
thickened tendon 
(double arrow) and with 
involvement of the Hoffa 
fad pad

F. Abat et al.
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34.2.1.4	 �Extracorporeal Shock Wave 
Therapy

Extracorporeal shock wave therapy (ESWT) is 
another treatment option for Achilles tendinosis 
(Fig.  34.3). There are two treatment strategies. 
The first one is the low-energy treatment strategy. 
It consists of three weekly sessions without local 
anesthesia or intravenous anesthesia. The second 
one is the high-energy treatment of one session 
but with local or intravenous anesthesia. Repeated 
shock waves to the affected area cause micro-
trauma that is then followed by neovasculariza-
tion. Emerging blood flow stimulates tissue 
healing that results in relief of pain. It can also 
block afferent pain receptor functioning and 
increase nitric oxide synthase. This treatment 
strategy seems to be beneficial and may have a 
place in the treatment of Achilles tendinosis [43].

34.2.1.5	 �Low-Level Laser Therapy
Low-level laser therapy produces effects in a dis-
eased tendon-like enhanced adenosine triphos-
phate production, enhanced cell function, and 

increased protein synthesis. It also reduces 
inflammation, increases collagen synthesis, and 
promotes angiogenesis. In a study by Stergioulas 
et al. [44], it was established that Achilles tendi-
nosis patients who underwent eccentric exercises 
together with low-level laser therapy demon-
strated decreased pain intensity, morning stiff-
ness, tenderness to palpation, active dorsiflexion, 
and crepitus with no side effects in comparison to 
the patients who took up eccentric exercises 
exclusively. However, the data to confirm the 
efficacy of low-level laser therapy is still inade-
quate for the treatment of Achilles tendinosis.

34.2.1.6	 �Other Additional Methods
There are other methods that increase blood circu-
lation. One of them is the Graston method. It is 
carried out with a metal rod (Fig.  34.4). It is 
mostly useful for tendon and soft tissue mobiliza-
tion. The Tecar therapy is another method. It is 
endogenous thermotherapy based on the principle 
of capacitive and resistive energy transfer having 
an effect within the tendon, activating the body’s 
natural repair and anti-inflammatory processes 
(Fig.  34.5). During those therapies, athletes 
should work at maintaining their cardiovascular 
form. In this situation, the antigravity treadmill 
helps patients with that maintenance.

34.2.1.7	 �Rehabilitation
Rehabilitation for an Achilles tendon rupture aids 
in regaining strength and flexibility in the tendon 
and leg. It can be done at home or in a gym.

Fig. 34.3  Extracorporeal shock wave therapy (ESWT) 
for Achilles tendinosis Fig. 34.4  Graston method in Achilles tendinopathy

34  Tendinopathy: From Basic Science to Return to Play
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The rehabilitation program may include:

•	 Stretching and flexibility exercises
•	 Strengthening exercises
•	 Endurance activities, such as riding a station-

ary bicycle
•	 Coordination and/or agility training

Recovery varies among people. It depends on 
how severe the tendon injury is and whether they 
complete your program. Giving time and energy 
to a rehab program will speed recovery and help 
prevent future injury.

34.2.2	 �Patellar Tendinopathy

34.2.2.1	 �Correction of Intrinsic 
and Extrinsic Risk Factors

Training Errors
Training conditions like ground selection, inten-
sity, style, and frequency are extremely important 
and well-studied in the literature.

Flexibility
Mobility limitations are one of the most impor-
tant reasons behind tendinopathies, and the flex-
ibility of the muscles is very important for the 
mobility of a joint. Witvrouw et  al. [45] found 
that the lack of flexibility of the quadriceps and 
hamstring muscles may be the reason for this 
injury. Therefore, the correction for the limited 
flexibility of the responsible muscles with correc-
tive exercises is a very logical option.

Biomechanical Abnormality
It has been hypothesized that intrinsic risk factors 
like foot hyperpronation, pes planus or cavus, 
forefoot varus or valgus, hindfoot varus or val-
gus, tibia vara, genu valgum or varum, patello-
femoral malalignment, femoral neck anteversion, 
and leg length discrepancies play a role in biome-
chanical derangement in patellar tendinopathy. 
Unfortunately, there is no evidence in the litera-
ture which proves this theory. But of course, if an 
apparent biomechanical abnormality exists in a 
patient with patellar tendinopathy, correction of 
this could be logical.

34.2.2.2	 �Symptomatic Approach

Relative Rest
Tendinopathy results from mechanical overload. 
Therefore, decreasing the overload relieve the pain. 
That does not mean complete immobilization. 
Moreover, complete immobilization causes thinner 
and disoriented collagen fibers, and decreased 
blood volume that result in tendon atrophy.

Nonsteroidal Anti-inflammatory Drugs 
(NSAID)
The administration of anti-inflammatory medica-
tion for a degenerative injury (noninflammatory 
causes) should be questioned. There is no evi-
dence on the supportive effect of NSAIDs in 
chronic tendinopathy. There is an isolated study 
on acute tendon pain. Currently, the histopathol-
ogy of acute tendon pain remains unclear. 
NSAIDs can also have additional effects other 
than simply anti-inflammatory or analgesic 
effects [46]. Some studies have proven the poten-
tial favorable effects of NSAIDs in tendon heal-
ing while others have reported on deleterious 

Fig. 34.5  Application of Tecar therapy in Achilles 
tendon

F. Abat et al.
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mechanisms of NSAIDs in tendons. Still, in the 
clinical management of chronic tendinopathy, the 
use of an NSAID can hide symptoms due to its 
analgesic effect and consequently prevent opti-
mum therapeutic management. Therefore, until 
further evidence of exact effects of NSAIDs in 
tendinopathy is revealed, their use in patellar ten-
dinopathy is not evidence based.

Corticosteroids
Corticosteroid use in tendinopathy treatment is a 
topical issue [47]. There are a lot of studies of 
this topic. Some of them say that they provide 
short-term pain relief, but others say there is no 
positive effect. The increased risk of tendon rup-
ture is a fact to be considered. Nevertheless, due 
to patellar tendinopathy being a noninflammatory 
condition and as corticosteroids can impair col-
lagen synthesis and tendon strength, the use of 
corticosteroids needs to be rethought.

Ice Application
Cryotherapy causes vasoconstriction and neovas-
cularization within the tendinosis. Consequently, 
it decreases blood and protein leakage. Still, there 
is no precise protocol that includes parameters 
like duration, frequency, and repetition. Due to 
the masking of the pain effect caused by icing, 
avoiding using it before sport participation would 
be logical.

34.2.2.3	 �Local Physiotherapeutic 
Modalities

There are many studies on the beneficial effects 
of the different physical therapy strategies for the 
treatment of patellar tendinopathy. They include 
fine needling, electrotherapy, electromagnetic 
fields, ultrasound, and laser therapy. An increase 
in collagen synthesis and the tensile strength of 
the tendon has been described in some studies. 
As such, the local application of physical modali-
ties is still debatable.

Ultrasound-Guided Galvanic Electrolysis 
Technique (USGET)
In recent years, the ultrasound-guided galvanic 
electrolysis technique (USGET) has been 
described in the scientific literature as giving the 
good results as seen yielded in the treatment of 

refractory tendon injuries in comparison to other 
previous conservative treatments (Fig. 34.6) [48].

USGET is a nonthermal electrochemical abla-
tion with a cathodic flow to the clinical focus of 
tendon degeneration. This treatment produces a 
dissociation of water, salts, and amino acids in 
the extracellular matrix that creates new mole-
cules through ionic instability. The organic reac-
tion, which occurs in the tissue around the 
cathodic needle causes a localized inflammation 
in the region dealt with. It produces an immediate 
activation of an inflammatory response and over-
expression of the activated gamma receptor for 
peroxisome proliferation (PPAR-gamma). 
Furthermore, it acts to inhibit the action of IL-1, 
TNF, and COX-2, mechanisms of tendon degen-
eration through the direct inhibitory action of fac-
tor NFKB that facilitates phagocytosis and 
tendon regeneration [49].

Extracorporeal Shock Wave Therapy
An ESWT session consists of the application of 
shock waves, which are sonic pulses generating 
high stress forces in tissue. This modality is bet-
ter known as a successful treatment method for 
urolithiasis. The analgesic process, the dissolu-
tion of calcific deposits and the stimulation of a 

Fig. 34.6  Ultrasound-guided galvanic electrolysis tech-
nique (USGET) on patellar tendon. Use of ultrasound is 
mandatory to ensure the correct application
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tissue regeneration process are the known mecha-
nisms of action of this therapy and positive results 
with its use in patellar tendinopathy is supported 
by some studies [50]. The efficacy of ESWT was 
recently demonstrated in a randomized, double-
blind, placebo-controlled trial of the short-term 
management of chronic patellar tendinopathy 
[50]. Further studies seem justified to clarify the 
contradictory results in other insertional tendi-
nopathies and evaluate the long-term effects and 
the relative effectiveness of ESWT for patellar 
tendinopathy compared with other therapeutic 
approaches.

Rehabilitation
Due to heterogeneity in every single step of the 
diagnosis, therapy, patient selection, program 
design, and the results relative to the success rate 
are varied [51]. There is no strong evidence that 
one precise physical therapy program is superior 
to others. Still, it is true that rehabilitation of the 
afflicted muscle tendon is the cornerstone of ten-
dinopathy management. Mostly strength train-
ing, especially eccentric exercise training, is 
becoming the key element in the treatment of 
chronic tendinopathy. Unfortunately, most of the 
studies are of Achilles tendinopathy.

The mechanisms through which eccentric 
exercise can alter pain in chronic tendinopathy 
remain still unclear. There are some in vivo stud-
ies that show increased metabolic activity and the 
increased formation of collagen type I in response 
to acute exercise of peritendinous tissue [52]. 
Therefore, it is scientifically impossible to say 
that one exercise program is superior to another 
in the treatment of patellar tendinopathy.

34.3	 �Orthobiologics 
in Management of Achilles 
and Patellar Tendinopathy

34.3.1	 �Achilles Tendinopathy

34.3.1.1	 �Growth Factors
Growth factors like the transforming growth 
factor-β (TGF-β), vascular endothelial growth 
factor (VEGF), platelet-derived growth factor 
(PDGF), and insulin-like growth factor (IGF-I) 

are signal molecules involved in the process of 
proliferation, differentiation, cell chemotaxis, 
and synthesis of the extracellular matrix. These 
factors are produced by tenocytes and white 
blood cells and are released by platelets during 
the process of degranulation. In the case of a ten-
don injury, numerous growth factors are involved 
in the activation and regulation of the cellular 
responses [53].

34.3.1.2	 �Transforming Growth 
Factor–β

TGF-β1 regulates cellular migration and prolifera-
tion and can increase the synthesis of collagen type 
I and III in tendon-derived cells. Moreover, TGF- 
β1 is overexpressed in tendon in the early postin-
jury period. Promising results have been obtained 
using TGF- β1 complementary DNA-transduced 
BMSCs grafts, injections of TGF-β, and delivery of 
TGF-β by adenovirus-modified muscle grafts in rat 
Achilles tendon models [54, 55].

Maeda et  al. in 2011 [56] showed that the 
interruption of tendon continuity in an acute 
injury can cause a loss of tensile loading, result-
ing in the destabilization of the extracellular 
matrix and releasing excessively high levels of 
active TGF-β that lead to tenocyte death. 
Jorgenses and Katzel demonstrated, in an Achilles 
tendon model, that mannose-6-phosphate can 
reduce latent TGF-β activation, which results in 
an increase in elastin production and increased 
strain and peak stress failure [57, 58]. Recently, 
Potter et al. evaluated the role of TGF-β1 in regu-
lating tendon extracellular matrix after acute 
exercise in rats. That work showed that TGF-β1 
signaling is necessary for the regulation of ten-
don cross-link formation as well as collagen and 
lysyl oxidase gene transcription in an exercise-
dependent manner. Target therapy with TGF-β 
can increase the mechanical strength of the heal-
ing Achilles tendon through the regulation of col-
lagen synthesis, upregulation of cross-link 
formation, and enhanced matrix remodeling [59].

34.3.1.3	 �Vascular Endothelial Growth 
Factor

VEGF-mRNA plays a key role in neovasculariza-
tion around the repair site. In fact, in vitro studies 
showed an increased peak at days 7–10 but 
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returned to baseline by day 14 [59]. In an Achilles 
tendon model, VEGF gene therapy increased 
TGF-β gene expression, and exogenous VEGF 
appears to increase tensile strength [60].

Recently, Tempfer et  al. stopped VEGF-A 
signaling using a local injection of Bevacizumab 
in a rat model with a complete Achilles tendon 
rupture. After the treatment, angiogenesis was 
found to be significantly reduced in the 
Bevacizumab-treated repair tissue. It was accom-
panied by significantly a reduced cross-sectional 
area, improved matrix organization, increased 
stiffness and in Young’s modulus, and maximum 
load and stress [61, 62].

34.3.1.4	 �Platelet-Derived Growth 
Factor

PDGF is a basic protein composed of two sub-
units, an A and a B chain, that exist in three dif-
ferent isoforms (PDGF-AA, PDGF-BB, and 
PDGF-AB). Each isoform acts as a chemotactic 
agent during inflammation and helps to increase 
type I collagen synthesis and induce TGF-β1 
expression and IGF-I [63]. An in vitro study dem-
onstrated that the addition of exogenous PDGF 
increases the expression of type I collagen of the 
tenocytes.

Thomopoulos showed, in  vivo, that a sus-
tained delivery of PDGF-BB via a fibrin matrix 
led to an increase in cell density, cell prolifera-
tion, and type I collagen mRNA expression. 
Additionally, a fibrin/heparin delivery system 
demonstrated that PDGF-BB improved tendon 
function but not tendon structure [64, 65].

34.3.1.5	 �Insulin-Like Growth Factor
IGF-I is one of the three single-chain polypep-
tides belonging to the IGF family (IGF-I, IGF-II, 
and insulin). The expression of this molecule 
increases during wound healing, and its absence 
is thought to impair dermal repair [66]. Kurtz 
reported promising results using IGF-I to increase 
the rate of healing in the transected rat Achilles 
tendon [67]. Following transection, each tendon 
was treated with 25 mg of a recombinant variant 
form of IGF-I.  It showed a positive effect on 
healing within 24 h after the transection and addi-
tion of IGF-I. This effect continued up until the 
tenth and last measurement on day 15.

34.3.1.6	 �Platelet-Rich Plasma
Platelet-rich plasma (PRP) is the plasma fraction 
of blood containing concentrated platelets and 
white blood cells. Due to its autologous nature, 
PRP is inherent, safe, and provides a natural con-
ductive scaffold containing several growth fac-
tors [53].

A new classification regarding the contents 
and the role of different PRP was published in 
2009 [68]. The classification separates the prod-
ucts in accordance with the cell’s content (mostly 
leukocytes) and the fibrin architecture.

PRP was divided into four main families:

•	 Pure platelet-rich plasma, or leukocyte-poor 
platelet-rich plasma, is a preparation without 
leukocytes and with a low-density fibrin net-
work after activation. It can be used as a liquid 
solution or in an activated gel form. The gel 
form is often used during surgery and can be 
injected. Many methods of preparation exist, 
particularly using cell separators (continuous 
flow plasmapheresis) even though this method 
is too involved to be used easily in daily 
practice.

•	 Leukocyte and platelet-rich plasma is a prepa-
ration with leukocytes and with a low-density 
fibrin network after activation. It can be used 
as a liquid solution or in an activated gel form. 
Most commercial systems belong to this fam-
ily, and several protocols have been developed 
in the last few years. It requires the use of spe-
cific kits that allow for minimum handling of 
the blood samples and maximum standardiza-
tion of the preparations.

•	 Pure platelet-rich fibrin, or leukocyte-poor 
platelet-rich fibrin, is a preparation without 
leukocytes and with a high-density fibrin net-
work. This product only exists in a strongly 
activated gel form and cannot be injected or 
used like traditional fibrin glues. However, it 
can be handled like a real solid material for 
other applications because of its strong fibrin 
matrix. Its main inconvenience remains its 
cost and relative complexity in comparison to 
the other forms of platelet-rich fibrin.

•	 Leukocyte and platelet-rich fibrin products are 
preparations with leukocytes and with a high-
density fibrin network. These products only 
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exist in a strongly activated gel form and can-
not be injected or used like traditional fibrin 
glues. However, because of their strong fibrin 
matrix, they can be handled like a real solid 
material for other applications.

The clinical use of PRP in Achilles tendinopa-
thies is still debated and the current literature is 
conflicting. A review published in 2018 by Lin 
et  al. compared the effectiveness of autologous 
blood-derived product (ABP) injection with that 
of a placebo (sham injection or no injection or 
physiotherapy alone) in patients with Achilles 
tendinopathy [69]. A total of seven articles were 
included. The ABP injection and placebo revealed 
equal effectiveness in the Victorian Institute of 
Sports Assessment-Achilles questionnaire 
(VISA-A) improvement score at 4–6, 12, 24, and 
48  weeks. In a meta-regression, there was no 
association between the change in the VISA-A 
score and duration of symptoms at 4–6  weeks 
(short term), 12  weeks (medium term), and 
24 weeks (long term). The authors concluded that 
ABP injection was not more effective than a pla-
cebo in Achilles tendinopathy and that no asso-
ciation was found between the therapeutic effects 
and duration of symptoms [69].

Filardo et al. [70] analyzed four papers deal-
ing with the use of PRP for Achilles tendon rup-
tures that highlighted that no beneficial effects of 
PRP administration during and/or immediately 
after tendon suturing were reported. It is worth 
noting that Schepull [71] hypothesized that PRP 
addition could even be detrimental in tissue heal-
ing because no biomechanical advantages and 
lower performance were reported in PRP patients 
with respect to the “suture-alone” group.

34.3.1.7	 �Adipose-Derived Stem Cells
In recent years, adipose-derived stem cells 
(ADSCs) have been the focus of several clinical 
and preclinical studies on tendon regeneration. 
The growing interest in them is mainly due to 
their high numbers in the human body (ADSCs 
are 5% of the nucleated cells in adipose tissue), 
the simplicity of harvesting and their rapid expan-
sion and high proliferative potential [72, 73]. 
These cells can differentiate into different lines, 

such as adipocytes, chondrocytes, osteoblasts, 
hepatocytes, pancreatic cells, muscle cells, and 
neuron-like cells both in vitro and in vivo [72].

In tendon tissue, ADSCs can enhance the gene 
expression profile of the cartilage oligomeric 
matrix protein (COMP), an extracellular matrix 
protein. It is present primarily in cartilage. COMP 
is crucial to the binding and organization of col-
lagen fibrils [72]. The use of ADSCs for the treat-
ment of pathologic tendon conditions has been 
widely investigated in experimental animal mod-
els. The results have been encouraging. ADSCs 
can induce tenocyte differentiation, overexpress-
ing the bone morphogenetic protein 12 gene [73].

Usuelli et al. first described the use of ADSCs 
to treat human non-insertional Achilles tendinop-
athy in comparison to PRP injections (28 patients 
in ADSCs group and 28 in PRP group). At final 
follow-up, there were no clinical (Visual Analog 
Scale pain, the VISA-A, the American Orthopaedic 
Foot and Ankle Society Ankle-Hindfoot Score, 
and the Short Form-36 [SF-36]) or imaging (MRI 
and ultrasonography -US) differences between 
the two groups. Neither were any serious side 
effects nor adverse events observed during the 
follow-up period. Both treatments were effective, 
but patients treated with ADSCs obtained faster 
results and they should be taken into consider-
ation for patients who require an earlier return to 
daily activities [74].

Moreover, a significant increase in tendon 
thickness, measured using magnetic resonance 
(P  =  0.013) and ultrasound (P  =  0.012) and a 
power Doppler signal (P  =  0.027), was seen. 
There was no significant difference between the 
pre- and posttreatment cross-sectional area, sig-
nal intensity, and echotexture (P > 0.217). None 
of the pretreatment parameters was a predictor of 
treatment outcome (P > 0.104). There was excel-
lent agreement for tendon thickness measure-
ments between magnetic resonance and 
ultrasound (intraclass correlation coeffi-
cient = 0.986) [75].

34.3.1.8	 �Peripheral Blood 
Mononuclear Cells

Recently, several studies highlighted peripheral 
blood mononuclear cells (PBMNCs) (mono-
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cytes/macrophages and lymphocytes) as a new 
generation of regenerative autologous cell con-
centrates as monocytes and macrophages pro-
mote tissue repair and regeneration [76].

In fact, monocytes and macrophages have a 
degree of plasticity comparable to that of mar-
row stem cells. They also have multiple action 
mechanisms [28], an angiogenic action thanks to 
the release of VEGF [77], a regenerative action 
through the release of growth factors, cytokines, 
and messenger molecules [78]. Furthermore, a 
recent study affirmed that osteo-inductive action 
is characteristic of monocyte populations rather 
than stem cells populations. They can activate 
resident MSCs through a paracrine effect and the 
release of exosomes [79]. They also have an 
anti-inflammatory and immune-modulatory 
action through the polarization of macrophages 
M1 in M2 [32] in injured tissues with a healing 
delay. Most of the macrophages are activated in 
the M1 state (degenerative inflammatory), 
whereas polarization in M2 (macrophages acti-
vated in anti-inflammatory regenerative state) 
allows for the regeneration of the injured or 
inflamed tissues.

Sugg et  al. [80] performed a tenotomy and 
repair of the Achilles tendons of adult rats and 
evaluated changes in the macrophage phenotype 
(M1/M2) and related genes of both the extracel-
lular matrix and the epithelial-mesenchymal tran-
sition pathways for a period of 4  weeks. The 
results suggest that changes in the phenotype of 
macrophages and the activation of epithelial-
mesenchymal transition-related programs proba-
bly contribute first to the degradation of the 
injured tissue and then to the subsequent repair of 
the tendon tissue. The results also confirmed that 
the sequential transition between the M1 and M2 
phenotypes supports the dual function of macro-
phages in the degradation and repair of damaged 
tendon tissue.

To date, no clinical studies have been 
reported in the literature. However, autologous 
cell therapy with injection monocytes could 
represent new perspectives. Moreover, it is not 
very invasive and has a solid scientific rationale 
in the treatment of tendinopathy. Moreover, the 
use of PBMNCs could be used as a complement 

during surgical procedures as biological aug-
mentation to enhance the healing process, 
improve surgical outcomes, and reduce compli-
cation rates.

34.3.1.9	 �Bone Marrow Aspirate 
Concentrate

BMAC is the result of different density gradient 
centrifugations of bone marrow aspirated from 
the iliac crest [81]. This aspirate has a concentra-
tion of nucleated cells of less than 0.01%, and its 
role is to deliver MSCs to the injured tendon [82]. 
This procedure concentrates the mononucleated 
cells, hematopoietic stem cells, and platelets in 
one layer and the red blood cells in another. The 
efficacy of cells contained in BMAC is to modu-
late the healing response of the pathologic tendon 
by controlling inflammation, reducing fibrosis, 
and recruiting other cells, including tenocytes 
and MSCs [83].

Broese demonstrated, in vitro, an increase in 
cell proliferation in Achilles tendon scaffolds 
seeded with bone marrow aspirate [84]. Stein 
first reported outcomes in patients with sport-
related Achilles tendon ruptures treated via open 
repair augmented with BMAC injection. A total 
of 27 patients treated with open repair and BMAC 
injection were reevaluated at a mean follow-up of 
29.7 months and no re-ruptures were noted. Of 
those patients, 92% returned to their sport at 
5.9 months. No soft tissue masses, bone forma-
tion, or tumors were observed in the operated 
extremity [85].

34.3.1.10	 �Scaffolds
Several natural and synthetic materials have 
recently been analyzed with the aim to promote 
cellular growth and provide mechanical support 
for tendon repair. The ideal scaffold for the 
Achilles tendon should allow a natural and fast 
bridging of tendinous defects as well as orga-
nized collagen-rich tissue with complete incorpo-
ration of the material within 8 weeks, returning 
functionality to the same. Moreover, the scaffold 
should release chemotactic factors to promote the 
recruitment of progenitor cells [53, 86].

Polyhydroxyalkanoates is a material that pos-
sesses several of the above qualities. It is part of 
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the family of biopolymers consisting of polyes-
ters produced in nature by microorganisms to 
store energy and carbon. These materials, poly-3-
hydroxybutyrate-co-3-hydroxyhexanoate 
(PHBHHx) in particular, are compatible with 
many mesenchyme-derived cell types and have 
adaptable mechanical properties along with 
delayed biodegradability [87]. A study by Webb 
and colleagues reported how tendon repair using 
a PHBHHx scaffold was mechanically and histo-
logically superior in comparison to controls [87].

Another type of scaffold involves the use of 
decellularized tendon tissue, which maintains the 
native characteristics and preserves more than 
90% of the proteoglycans and growth factors. In 
vitro, the decellularized tendon slices were able 
to facilitate repopulation and the attachment of 
fibroblasts. Farnebo et al. [88], analyzing the use 
of decellularized grafts in rats, demonstrated an 
enhancement of the mechanical properties and a 
reduced immune response.

Decellularized porcine tendon can also be 
recellularized with human tenocytes [89]. An 
acellular human dermal allograft (GraftJacket; 
Wright Medical Technology, Inc., Arlington, 
TN, USA) reported significant improvement in 
mechanical strength and stiffness in biomechan-
ical tests. In in  vivo studies, patients treated 
with GraftJacket showed a desirable return-to-
activity time without complications [90]. 
Recently, interest has also increased around 
xenografts. They seem to improve tendon 
strength if compared with isolated repair. The 
most used tissue is porcine small intestinal sub-
mucosa (SIS) [91]. Preclinical studies reported 
on the ability of SIS to remodel the tendon. SIS 

retains several growth factors, including VEGF, 
TGF- β, and fibroblast growth factors. They 
likely contribute to the behavior and migration 
of cells into the scaffold [48, 49]. Moreover, SIS 
is subject to a rapid degradation, with 60% of 
the mass lost after 30 days and complete degra-
dation within 90 days. After complete degrada-
tion, the extracellular matrix looks very similar 
to native tissue in terms of vascularity and orga-
nization. A strength of SIS is its ability to recruit 
marrow-derived cells involved in the remodel-
ing and repair process [92].

34.3.1.11	 �FARG (Foot and Ankle 
Reconstruction Group) 
Algorithm for Use 
of Biologics for Achilles 
Tendinopathy

We created an algorithm for the use of biologics 
for Achilles tendinopathy based on our clinical 
experience. In developing the FARG (foot and 
ankle reconstruction group) algorithm for 
Achilles tendinopathy [53], we were inspired by 
the MRI-based classification of tendinopathy 
described by Oloff et al. [93], and we categorized 
symptomatic patients according to their level of 
sporting activity:

•	 sport-active patients (sports activity at least 2 
times a week)

•	 nonathletic patients (sports activity <2 times a 
week)

The treatment scheme is shown in Table 34.1. 
It is noteworthy that the major differences con-
cern grades 1 and 2 tendinopathy in which, 

Table 34.1  Treatement options in achilles tendinopathy

Achilles tendinopathy grade Sport-active patients Nonathletic patients
Grade 0: Hypertrophy, with homogeneous signal Conservative treatment Conservative treatment
Grade 1: Hypertrophy, with isolated signal changes 
in <25% of tendon

Biologic treatmentb Conservative treatment

Grade 2: Hypertrophy, with signal changes in >1 
area, or diffuse changes in >25% of tendon

Strippinga + biologic 
treatmentb

Biologic treatment

Grade 3: Severe hypertrophy, <50% tendon signal 
changes, with interstitial tear

Strippinga + biologic 
treatmentb

Stripping + biologic treatment

Grade 4: Severe thickening, >50% of tendon with 
abnormal signal, partial tendon tear

FHL transfer ± biologic 
treatmentb

FHL transfer ± biologic 
treatment

aStripping technique as described by Maffulli and colleagues [94]
bAuthors’ preferred biologic treatments are ADSCs and PBMNCs injections
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considering the lower functional request, the 
nonathletic patient can probably benefit more 
from less-invasive treatments.

To get satisfactory results in the treatment of 
Achilles tendinopathy with biological treatments, 
three goals need to be achieved [53]:

	1.	 Identify the most appropriate biological tools
	2.	 Achieve a strong level of evidence
	3.	 Create evidence-based and personalized treat-

ment protocols

In fact, Achilles tendinopathies are a chal-
lenge for orthopedic surgeons, particularly so 
considering the scarce tendency to healing and 
that patients are often young with a high-
functional demand. In recent years, several stud-
ies have focused on biologics for the treatment 
of Achilles tendinopathy with preliminary good 
to excellent results [53]. Despite the encourag-
ing results, there is still a huge variability in bio-
logical treatments and a wide spectrum of 
techniques and technologies available with no 
standardized protocols. Combining imaging 
with clinical features might be the key to arriv-
ing at a protocol for the use of biologics for the 
treatment of Achilles tendinopathy. Considering 
this, we have described our recently published 
protocol [53].

34.3.2	 �Patellar Tendinopathy

34.3.2.1	 �Platelet-Rich Plasma
The use of PRP for patellar tendinopathy has 
been reported in 19 papers as reported in the 
review published by Filardo et  al. [70]. All but 
two PRP were used as a conservative injective 
treatment for the management of tendinopathy 
not responsive to other previous therapeutic 
attempts. All papers performing a surgical proce-
dure were randomized controlled trials (RCTs), 
whereas only 4 out of 17 papers dealing with 
conservative management were RCTs.

The studies describing the intraoperative PRP 
application were authored by De Almeida et al. 
[95] and Seijas et al. [96], who injected PRP in 
the patellar tendon gap site after ACL reconstruc-
tion. In both trials, the results were in favor of the 

PRP group. Better pain control was documented 
in the initial post-op phases [95, 96] and, at the 
6-month follow-up. The MRI evaluation also 
showed better tissue healing at the harvest site 
after PRP administration [95]. Looking at conser-
vative treatment, the literature showed overall 
good results, but the heterogeneous therapeutic 
protocols differ in terms of number of injections 
performed and time interval between administra-
tions. Some authors performed a single injection. 
It was followed by a second one in some cases 
only when a poor clinical outcome was reported, 
whereas other authors opted for a multiple injec-
tion regimen (2 or even 3 injections) ab initio. In 
most of the published studies, the injection treat-
ment was followed by a rehabilitation program. 
Two RCTs [95, 96] investigated the correlation 
between clinical results and the number of PRP 
administrations, with controversial conclusions. 
In both studies, 40 patients were included and 
randomized to receive one or two PRP injection 
at two-week intervals. Kaux et al. [97] failed to 
show any significant beneficial effect related to 
the 2-injection protocol, whereas Zayni et al. [98] 
documented superior clinical outcome in patients 
treated with multiple PRP injections. Up to now, 
the low number of patients evaluated in these tri-
als does not allow for drawing any reliable con-
clusions on the usefulness of multiple- vs. 
single-injection protocols. The other published 
RCTs compared PRP injections versus external 
shock wave therapy (ESWT) [99] and dry nee-
dling [100]. In the study authored by Vetrano 
et al. [99], 46 patients were randomized to receive 
either two PRP injections (at 2-week interval) or 
three weekly sessions of ESWT.  The overall 
results were positive, but the best outcome was 
obtained in the PRP group. Those in the PRP 
group experienced more significant pain reduc-
tion and greater functional recovery at 6 and 
12 months after treatment. In the trial by Dragoo 
et  al. [100], 23 patients were included and ran-
domized to receive a single PRP injection or dry 
needling alone. The authors documented that, at 
12 weeks of follow-up, only the PRP group pre-
sented with a statistically significant improve-
ment in pain and functional scores. These 
differences were not maintained at the final 
26-week evaluation when the clinical outcomes 
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were comparable between groups. However, it 
was significantly better in both cases than at the 
basal evaluation. The positive results described in 
said RCTs were confirmed by lower-quality stud-
ies. They reported encouraging results for PRP 
therapy in all cases.

34.3.2.2	 �Bone Marrow Aspirate 
Concentrate

Pascual-Garrido et al. [101] reported on the clin-
ical results of a case series of ultrasound-guided 
BMAC injection for refractory patella tendinitis 
unresponsive to nonoperative treatment. Their 
report included eight patients (four males and 
four females) aged between 14 and 35 years. The 
study reported a significant improvement in 
pain, daily living activity scores, knee-related 
quality of life, and functional knee scores 
(International Knee Documentation Committee 
(IKDC) and the Knee Injury and Osteoarthritis 
Outcome Score (KOOS)) in seven out of eight 
patients treated with ultrasound-guided BMAC 
injection. Seven out of eight patients stated they 
would have the procedure again and categorized 
the outcome of their treatment as excellent. In 
this study, the number of nucleated cells in the 
BMA was 37 × 103 and it reached to 45 × 103 
after concentration.

34.3.2.3	 �Hyaluronic Acid
High molecular weight hyaluronic acid has been 
reported to have an anti-inflammatory effect in 
addition to promoting tendon healing at the 
bone–tendon interface as well as tissue regenera-
tion [102]. The current literature reports only a 
level IV study of 50 patients with patellar tendi-
nopathy with no improvement after a minimum 
2-month course of nonsurgical treatment. Patients 
were treated with a mean of two injections of 
hyaluronic acid and reported positive effects on 
recovery. High-quality evidence regarding this 
treatment is still lacking. More studies are needed 
to determine the efficacy of this treatment option, 
which remains at an investigational stage.

34.3.2.4	 �Sclerosing Agents
Neovascularization is a phenomenon that plays a 
key role in the pathophysiology of patellar tendi-

nopathy. It is present in 60–80% of patients with 
pain [36]. The aim of sclerosing agents is to 
inhibit vessel formation and vessel collapse that 
have already formed and destroy the accompany-
ing vasa nervorum, which has a denervating 
effect.

Alfredson [103] reported a considerable 
reduction in pain during activity following an 
ultrasound-guided injection of a sclerosing agent 
(5  mg/mL polidocanol) to the paratenon in his 
study. It indicates that sclerosing agents can 
reduce pain.

Additionally, Hoksrud et  al. [104] adminis-
tered an ultrasound-guided injection of polidoca-
nol (10  mg/mL) into the paratenon in patients 
with painful chronic patellar tendinopathy and 
found a substantial difference in the Victorian 
Institute of Sport Assessment-P score in the 
group treated with a sclerosing agent versus a 
placebo. However, more than one-third of the 
group treated with sclerosing agents underwent 
surgery for pain in a subsequent study of the 
same group with a longer follow-up (44 months) 
[105]. Therefore, the usefulness of sclerosing 
agents remains unclear, and the agents still are at 
an experimental stage.

34.3.2.5	 �Additional Treatments
Various other treatments have been examined in 
level I studies. Glyceryl trinitrate delivers nitric 
oxide, which has exhibited a role in fibroblast 
proliferation, collagen synthesis, and the contrac-
tion of collagen lattices. Macrophage angiogenic 
activity, which is important for wound healing 
also depends on nitric oxide synthase, and nitric 
oxide synthase activity is upregulated in tendi-
nopathy [36].

Steunebrink in 2013 [105] assessed whether 
continuous topical glyceryl trinitrate treatment 
(GTN) improved outcomes in patients with 
chronic patellar tendinopathy when compared to 
eccentric training alone. Randomized double-
blind, placebo-controlled clinical trial comparing 
a 12-week program of using a GTN or placebo 
patch in combination with eccentric squats on a 
decline board. Measurements were performed at 
baseline, 6, 12, and 24 weeks. The primary out-
come measure was the Victorian Institute of Sports 
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Assessment-Patella (VISA-P) questionnaire. 
VISA-P scores for both groups improved over the 
study period to 75.0  ±  16.2 and 80.7  ±  22.1 at 
24 weeks. The results showed a significant effect 
for time (p < 0.01) but no effect for treatment × time 
(p = 0.80). The mean visual analogue scores for 
pain during sports for both groups increased over 
the study period to 6.6 ± 3 and 7.8 ± 3.1. Those 
results showed a significant effect for time 
(p  <  0.01) but no effect for treatment  ×  time 
(p = 0.38). Patient satisfaction showed no differ-
ence between the GTN and placebo groups 
(p = 0.25) after 24 weeks but did show a significant 
difference over time (p = 0.01). Three patients in 
the GTN group reported some rash.

Stasinopoulos and Warden [106, 107] each 
conducted a randomized study on the effective-
ness of low-intensity pulsed ultrasonography and 
found that this modality provided no benefit com-
pared with eccentric exercises for the manage-
ment of patellar tendinopathy. These findings are 
supported by an earlier study by Giombini et al. 
[108] that showed that hyperthermia was more 
effective than low-intensity pulsed ultrasonogra-
phy for the treatment of patellar tendinopathy. All 
these modalities remain at an investigational 
stage and are not recommended for patellar ten-
dinopathy management.

34.4	 �Surgical Treatments 
of Achilles and Patellar 
Tendinopathy

34.4.1	 �Achilles Tendinopathy

34.4.1.1	 �Indications for Surgery
There are no absolute indications for surgical 
treatment in Achilles tendinopathy. Often the 
pain comes gradually and is first tolerated pretty 
well. If Achilles tendinopathy makes training 
impossible or symptoms reoccur after rest, 
proper conservative treatment surgery can be the 
last treatment option [109]. If surgery is consid-
ered, the decision to operate must be done indi-
vidually and the operation scheduled for when 
best suited for the athlete. Often enough, the 
symptoms have lasted more than 6  months 

before the operation is performed. It is important 
to know that conservative management is unsuc-
cessful even in 24–45.5% of patients with 
Achilles tendinopathy [110, 111].

34.4.1.2	 �Non-insertional Achilles 
Tendinopathy

In Achilles tendinopathy, the aim of the surgery is 
to relieve the pain and stimulate tendon healing. 
The pain in non-insertional Achilles tendinopa-
thy can have several reasons. For example, peri-
tendinous edema, thickened crural fascia, 
adhesions, tendinosis, partial tearing, and adher-
ent plantaris tendon can be the reason for non-
insertional Achilles tendinopathy. Sometimes 
there is only one reason for chronic pain and 
sometimes the pain is developed because of a 
combination of these factors.

All these reasons may be an indication for 
operation. Using an open surgical technique, the 
crural fascia covering the Achilles tendon is 
opened longitudinally. Kager’s triangle is freed 
on both sides and fibrotic adhesions are removed. 
A fascial incision is continued proximally. Good 
hemostasis is very important. Excessive patho-
logical blood neovessels locating ventrally to the 
Achilles tendon can be cut and cauterized. In ten-
dinosis, longitudinal tenotomies may be needed 
to remove soft degenerative nodules. Sometimes 
in tendinosis, the so-called microtenotomy tech-
nique with Topaz radiofrequency may be needed 
as well. In partial Achilles tears, suturing or fas-
cia augmentation may be used to repair the rup-
tured and scarred area. Pain because of an 
adherent plantaris tendon is often resolved by 
doing liberation and a simple resection of part of 
the plantaris tendon.

34.4.1.3	 �Insertional Achilles 
Tendinopathy

Insertional Achilles tendinopathy is a frequent 
cause of chronic heel pain in athletes [112]. 
Chronic and disabling symptoms can be a result 
of the prominence of the posterosuperior corner 
of the calcaneus and an irritated retrocalcaneal 
bursa [113]. Sometimes, intratendinous calcifica-
tions and a partial insertional tear can also aggra-
vate symptoms [114].
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In the operation, the posterosuperior corner of 
the calcaneus is resected as well as the inflamed 
retrocalcaneal bursa. Intratendious calcifications 
are removed. If the insertional tear is large, the 
tendon may also need suture anchor fixation or 
even graft reinforcement. The endoscopic tech-
nique is increasingly used nowadays for the exci-
sion of a prominent calcaneus corner [115].

Postoperative rehabilitation after common Achilles tendi-
nopathy operations

Sutures 10–12 days
First 1–2 weeks limited weightbearing, crutches, elastic 
bandage allowing light ankle movements
Then gradually increasing weight with help of crutches, 
important to increase stress for the Achilles tendon and 
calcaneus using a step-by-step rehabilitation protocol
Aqua training after 3 weeks
Stationary cycling, spinning, and cross trainer after 
4–6 weeks
After pain-free cycling, proceed to Alter-G treadmill 
running and walking
Progressive return to sports-specific exercise without 
pain, usually 3–6 months

The patients are often encouraged to weight-
bear soon after surgery. If there is a big partial 
tear or augmentation and suturing or suture 
anchor fixation is needed, then early protection 
with a cast or orthoses is often required. Then, 
more careful postoperative rehabilitation is 
followed.

34.4.1.4	 �Results of Surgery
The end results following Achilles tendinopathy 
operations are usually good in general. According 
to Khan et al. and Traina et al., the overall success 
rates after surgery were 83.5% in non-insertional 
tendinopathy and 89.6% in insertional tendinopa-
thy [116, 117]. It is important to note that careful 
patient selection is an essential factor relating to 
good surgical results. Moreover, the experience 
of orthopedic surgeons has its own effect on the 
result. One needs to see and examine many ath-
letes and tendon problems to be able to determine 
which disorders require surgery and which ones 
heal with conservative means.

34.4.1.5	 �Complications
Using proper surgical techniques and taking 
potential risk factors (good planning, patient 

selection, tissue handling, postoperative wound 
control) into consideration, the number of 
operative-related complications (infection, hema-
toma) can be reduced [118]. However, severe 
complications may also occur like skin necrosis. 
They call for significant plastic surgery repair to 
cover skin defects using vascularized graft.

34.4.2	 �Patellar Tendinopathy

34.4.2.1	 �Indications for Surgery
Like in Achilles tendinopathy, there are no abso-
lute indications for surgery in patellar tendinopa-
thy. If high-quality conservative treatment has 
failed and MRI or ultrasound reveals a partial 
patellar tendon rupture/large tendinosis area 
(tendinotic nodule) and scar, surgery can be 
considered.

34.4.2.2	 �Surgical Technique
There is no consensus as to the optimal surgical 
technique to use. Surgery can be done using an 
open procedure via vertical or horizontal incision 
or by using the arthroscopic technique.

In open surgery, the paratenon is excised and 
the tendon structure is opened longitudinally so 
that the tendinotic area can be removed from 
the posterior side of the proximal patellar ten-
don. The lower edge of the bony patella is also 
removed and then flattened [119]. The 
arthroscopic procedure is also possible in this 
Jumper’s knee operation [119, 120]. 
Debridement and excision of the pathological 
tissue is done by shaving and vaporization. The 
microtenotomy technique with Topaz radiofre-
quency can also be used.

Sometimes the tendinotic area is more distally 
located [121]. Intratendinous calcifications can 
be a reason for the patellar tendinopathy, too.

34.4.2.3	 �Postoperative Rehabilitation
Very similar postoperative guidelines can be used 
after patellar tendinopathy surgery like in the 
Achilles surgery. The patient is encouraged to do 
light early mobilizations and practice full range-
of-motion. It is very important is to achieve vastus 
medialis activation during early rehabilitation.
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34.4.2.4	 �Results of Surgery
Surgery is not a “quick fix” for patellar tendinop-
athy. If after failed conservative treatment and the 
decision to operate has been taken, the surgeon 
must advise the patient about the possibly long 
rehabilitation process and told not to be too opti-
mistic about the result [122–124]. Even though 
the symptomatic benefit is very likely to occur 
after surgery, the return to sport cannot always be 
guaranteed. If the previous sport level is achieved, 
it can take several months and even 1  year in 
some cases.

34.5	 �Return to Play After Achilles 
and Patellar Tendon Injury

In the process of tendon lesion treatment, the 
diagnostic phase [51] is as important as the thera-
peutic phase [48]. Of course, making for opti-
mum Return to Play [125] and the subsequent 
Return to Performance are equally critical.

With the establishment of the Ardent et al. in 
Return to Play consensus as of 2016 [125], differ-
ent levels are stratified according to the individ-
ual objective of each person in terms of 
rehabilitation. The goal is common regardless of 
whether we are talking about a professional ath-
lete, an amateur athlete or just an active person. 
The aim is to return to the initial levels prior to 
the injury [126].

At the end of the last century, Alfredson 
et al. [41] had already proposed a rehabilitation 
program based on high-load eccentric exercise. 
In an antithesis to this proposal, heavy-slow 
resistance training (HSRT) arose [127] and was 
subsequently advocated for in a relatively 
review [128]. With a combination of different 
exercises with eccentric and concentric compo-
nents along with a progression proposal, the 
last program proposed by Silbernagel & 
Crossley was defined [129].

As a result of these programs, a multitude of 
studies arose that attempted to validate the most 
appropriate program for a correct rehabilitation. 
Thus, we find those that compare the Alfredson 
Program vs the Silberganel Protocol, from 
which no definitive data was obtained [130]. On 

the other hand, there are studies in which the 
Alfredson Program vs HSRT were compared 
and no conclusive data was obtained from either 
[131]. Some studies have also been conducted 
to analyze the differences between concentric 
and eccentric exercises in the rehabilitation pro-
cess, but no global consensus was arrived at in it 
either [132].

Finally, the main idea is defined by the impos-
sibility of determining a unique and effective pro-
gram. Therefore, the design of a program based 
on the individual characteristics of each individ-
ual (injury, progression, treatment, functional 
requirements, and expectations) must take 
precedence.

There is no doubt that eccentric work is not for 
everyone [133] even though it has been shown to 
be beneficial in many cases [134]. Similarly, it is 
worth noting the known beneficial effect of iso-
metric work in the management of pain caused 
by the injury [135]. Therefore, opting for one or 
another method would lead to eliminating the 
possibility, right from the start, of using countless 
different stimuli in pursuit of a correct recovery. 
This is even more so the case when we are talking 
about a process that lasts no less than 12 weeks, 
thus demonstrating the need to provide constant 
stimuli.

The readjustment process must have an ade-
quate progression in which the tendon assimi-
lates the different loads gradually. The patient 
needs demanding situations in which the tendon 
needs to perform actions similar to the activity to 
be readapted to in a final phase of the process 
[136]. In this way, very high force peaks have 
been seen in actions such as the jump that are also 
generated in a very short time. Thus, in the final 
stages, the objective in patellar or Achilles tendi-
nopathies should be to look for actions such as 
those described.

In addition to the stretching-shortening and 
velocity cycle, one of the elements that causes the 
tendon the most stress is the work with eccentric 
overload. Since its implementation in a NASA 
program [137], the use of flywheels and conical 
pulleys has moved to the training field. Although 
not without reluctance, given the difficulty of its 
use both from the execution technique and from 
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the load management, this factor can be easily 
solved with qualified personnel (Fig. 34.7). The 
benefits of eccentric work have been demon-
strated relative to the improvement in strength 
and hypertrophy [51, 138]. These two are neces-
sary in tendinopathies when muscular atrophy is 
a factor [136]. There have been improvements in 
the implications that it may have on actions in 
team sports [139] as well as in direction changes 
[140]. This type of exercise has also proven ben-
eficial for older people, in achieving an improve-
ment in balance and mobility [141], more 
specifically, in patellar tendinopathies [142] and 
in terms of injury reduction [143].

All this will not come to fruition without 
proper planning of the process. For this, it is vital 
that the tendon regeneration processes as well as 
the individual characteristics of the case be taken 
into account. For this, the recording methods of 
both load management and the rating of per-
ceived exertion (RPE) [144] should be used. In 
addition, it is fundamental to implement constant 
pain monitoring.

In conclusion, the importance of designing a 
program adapted to the individual characteristics 
of each case is stressed. This will not be possible 
without a coordinated work team and different 
competencies in medicine, physiotherapy, psy-
chology, nutrition, and sports sciences.
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