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Obesity and tendinopathies 
Michele Abate
Department of Medicine and Sciences of Aging, University “G. dʼAnnunzio” Chieti, Pescara, Italy

Introduction and personal observations

Obesity is a world epidemic and an emerging risk factor for tendinopathies (1). Both load-bearing and non load-bear-
ing tendons are frequently affected. Our group has recently added new data to the knowledge of this topic, with two com-
plementary studies. 
In the first study (2) we evaluated at which extent BMI can influence Achilles Tendon (AT) and Plantar Fascia (PF) thick-
ness in type II diabetic patients. 
Fifty-one participants with type II diabetes mellitus and eighteen controls were enrolled, and four groups were then con-
sidered: a) normoglycaemic-normal weight (BMI <25); b) diabetic subjects-normal weight (BMI <25); c) diabetic sub-
jects-overweight (BMI 25 to 30); d) diabetic subjects-obese (BMI >30). By means of ultrasound evaluation, AT and PF
thickness and their echotexture alterations were evaluated.
AT and PF thickness was increased in all diabetic subjects and a good correlation between BMI and PF was observed,
while the relationship between BMI and AT was weaker. 
In the second experiment (3) we assessed the prevalence of AT abnormalities in young normal weight and overweight
amateur runners. Male runners and non-runners were recruited and, on the basis of BMI values, were divided in two
subgroups: normal weight (BMI <25) and overweight (BMI >25).
AT thickness as well as tendon sonographic abnormalities and intratendinous microvessels were evaluated. 
Overweight sedentary subjects showed AT thickness values significantly higher than normal weight sedentary subjects.
Sonographic alterations and neovessels were more frequently observed in tendons of overweight participants and, among
them, were significantly prevalent in runners.

Discussion

Our results, observed in two new experimental paradigms, confirm that overweight and obesity increase significantly
the risk linked to some well known pathogenetic factors of tendinopathies, such as diabetes mellitus and overuse.
The mechanism by which obesity favours tendon degeneration is complex and can be ascribed both to systemic and
local factors.
In obese subjects, bioactive peptides, released by adipose tissue, are provided of several activities on different mes-
enchimal cells, which may influence directly tendon structure. They can lead to a systemic state of chronic low-grade
inflammation, influencing type II nitric oxide synthase, cytokines, prostanoids and metalloproteinases production (4). The
failed tendon healing is furtherly “fed” by the migration of immune cells into adipose tissue with a decrease in their cir-
culating levels and a reduced release of profibrotic factors.
To add complexity, obese subject frequently exhibit metabolic abnormalities, especially hyperglycemia, impaired glu-
cose tolerance, and type II diabetes mellitus. In these pathological conditions, an increased cross-linking between col-
lagen fibrils, mediated by Advanced Glycosilation End Products, and a state of low grade inflammation amplify tendon
degeneration (5).
Besides the metabolic pattern, tendon overload/overuse must be taken into account. There is a threshold of loading fre-
quency and magnitude that, once overcome, reverses tendon response from beneficial towards degenerative. An aber-
ration in the proteoglycans metabolism, and an increased formation of degradation products and inflammatory mole-
cules are implicated in the disease progression (6).
In the case of overweight subjects, modest increases in weight are amplified within the tendon, and especially weight-
bearing tendons are exposed to higher load that leads to overuse tendinopathy. 

Conclusions

Obesity is a strong risk factor for developing tendon disorders. Therefore, obese subjects, particularly those submitted
to overuse, such as those practising sport activities, should be frequently monitored, being some sonographic abnor-
malities predictors of future symptomatic tendinopathy. 
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Patellofemoral instability rehabilitation
Maria Grazia Benedetti, Elisa Brunelli
SC Physical and Rehabilitation Medicine, Rizzoli Orthopaedic Institute, Bologna, Italy

Patellar instability can be a difficult condition for clinicians to treat. The non operative treatment involves different
steps (1).
Acute phase: a period of immobilization may be beneficial (2, 4). The goal of bracing is to restore proper alignment (3,5).
If the patient has difficulty in activating the muscle because of pain, electrical stimulation can be effective in reducing
swelling (1, 6).
Recurrent episodes: patella must be stabilized. Patella taping has been found to increase quadricipes muscle force (7),
increase loading knee flexion response (8) and activate VMO earlier than VL during stairs (9, 10). For this joint, there
is increasing evidence that closed chain training is more effective than open chain exercise (11, 12).
The patients need muscle training for VMO and the gluteal muscles. It is important to pay attention to the timing and
intensity of the contraction of VMO relative to VL to improve distal control; in the same way it is important to enhance
proximal control with gluteal training to improve stance phase of gait. The exercises should be done in front of a mirror
to check the alignment and self-correcting (1). Some review investigates the early rehabilitation of patients after surgi-
cal intervention for patellofemoral instability (19-21). Some studies use postoperative knee braces to immobilize patientsʼ
knee, but there was a variation in the period of time (from 3 days to 4-6 weeks) (13-18). Moreover is very difficult to com-
pare the bracing technique because the most common description is “knee immobilizer”. It is not always possible to move
joints immediately after surgery, but early motion is clearly desirable (22). An early goal of rehabilitation after surgery
is to re-establish full knee extension. Return of passive flexion can be difficult for several reasons. The goal is to ex-
ceed 90° flexion within 6 week postoperatively (20). Concerning muscle strengthening, exercise should be started im-
mediately after surgery. Studies have demonstrated that electrical stimulation alone and combined with voluntary ex-
ercise is superior to exercise alone in restoring strength and normal gait (23-26). Concerning optimal postoperative
weight-bearing status, there were no obvious differences in outcome in the studies permitting immediate full weight bear-
ing (16,18), compared to those of non weight-bearing (13-15,17), or partial weight-bearing patient (27). Fithian DC et
al. (20) say that these patients can expect to return to unrestricted activities 6 months to 1 year postoperatively. Con-
cerning outcome score, studies have shown that Lysholm, Fulkerso and Kujala scores are valid and reliable for patel-
lar instability patients, (28). Several studies have compared surgical versus non-surgical treatment of patellofemoral in-
stability, but in a recent review (29) it is concluded that there is insufficient evidence to confirm any significant difference
in outcome between surgical or non-surgical initial management of people following primary patellar dislocation, and
none examining this comparison in people with recurrent patellar dislocation.
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The tendon niche
Anna C. Berardi
Laboratory of Stem Cells, Department of Transfusion Medicine, Pescara Spirito Santo Hospital, 
Pescara, Italy

The concept of the stem cell niche was firstly proposed theoretically by Schofield exactly 30 years ago in the context
of hematopoietic stem cells (1).
The niche is defined as a specialized microenvironment surrounding stem cells that provides support and signals reg-
ulating cell number, self-renewal and cell fate of its resident stem cells. The cell outside of the niche differentiates, while
the cell that maintains contact within the niche can go on to self-renew. Intrinsic fate determinants are unequally parti-
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tioned during division and thereby regulate the choice to self-renew or to differentiate. Niches are restricted and spe-
cialized tissue microenvironments that integrate local and systemic signals for the regulation and maintenance for res-
ident stem cells (2). The stem cell niche consists of cellular components and a cellular component, an extracellular ma-
trix and molecular signals. Mis- or de-regulation of stem cell renewal and number via loss of the local niche
microenvironment can lead to cancerous growths and premature ageing. Furthermore, current findings suggest that the
age-imposed biochemical changes in the niches of tissue stem cells inhibit performance of this regenerative pool, which
leads to the decline of tissue maintenance and repair. If true, slowing down stem cell and niche aging, thereby promot-
ing tissue regeneration, could slow down the process of tissue and organismal aging (3, 4).
To date only Yanking Bi et al. showed, that human and mouse tendons harbor a unique cell population, termed tendon
stem/progenitor cells (TSPCs), that has universal stem cell characteristics such as clonogenicity, multipotency and self-
renewal capacity. The isolated TSPCs could regenerate tendon-like tissues after extended expansion in vitro and trans-
plantation in vivo. They show that TSPCs reside within a unique niche predominantly comprised of an extracellular ma-
trix (ECM), and identify biglycan (Bgn) and fibromodulin (Fmod) as two critical components that organize this niche (5).
Previous studies have already demonstrated that ECM is an essential component of normal stem cell niche. ECM plays
multiple roles in maintaining stem cell properties. ECM anchorage restricts stem cells in the niche and thus allows them
to be exposed to paracrine and cell–cell contact signals that are essential for maintaining stem cell properties. Anchor-
age is also important for orienting the mitotic spindle and makes it possible for stem cells to undergo asymmetric cell di-
vision, which is essential for stem cell self-renewal and generation of daughter cells that are destined to undergo cell dif-
ferentiation. The exact mechanism whereby ECM anchorage controls asymmetric cell division remains unclear, although
one possibility is to allow cytoplasmic cell fate determinants to be differentially distributed between the daughter cells. In
the presence of abnormal ECM or loss of ECM contact, stem cell properties fail to be maintained and undergo symmet-
ric cell division instead, leading to an overexpansion of the stem cell pool. Abnormal changes of the ECM can also dis-
rupt the cellular differentiation process, resulting in loss of differentiation and an increase of stem/progenitor cells (6).
The control and regulation of stem cells tendon and their niche are remaining challenges for cell therapy and regener-
ative medicine. These advances are important for both, the basic knowledge of stem cell tendon regulation and their
practical translational applications into clinical medicine. 
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Pre participation screening 
in athletes with myopathies 
Brancaccio Paola
Seconda Università di Napoli, Department of Experimental Medicine-Sport Medicine, Center of Excellence 
of Cardiovascular Disease, Napoli, Italy

Stiffness, muscle soreness and pain are normal features of physical training: often both athletes and coaches pay little
attention to these symptoms. However, if they are resistant to rest and massage, or recur too frequently, they should
prompt a diagnostic workup. Sometimes, these are the only signs of a silent myopathy. Kaar et al. diagnosed FSHD in
a baseball player complaining of shoulder pain (1) even though long-term data were not available, authors studied the
effect of exercise in FSHD (2). Strength training seems to be safe for these patients, even though the evidence for rou-
tine exercise prescription is still scanty (3, 4). In other athletes, biopsy-proven myopathies were the cause of unexplai-
ned exercise impairment (5). In these instances, evaluation of CK at rest and after exertion could be a simple and non
invasive method to guide diagnosis. Creatine kinase (CK) is located in the sarcolemma and mithocondrial intermem-
brane space of healthy muscle cells. It catalyzes the movement of phosphate from phosphocreatine to adenosine di-
phosphate, forming adenosine triphosphate (ATP) and creatine (6). Elevated plasma levels of CK are observed in va-
rious neuromuscular conditions as a result of muscle damage and necrosis. A sustained increase in serum CK is often
the results of myopathies, with levels depending on severity and course of the disease (7). Persistently high serum CK
levels at rest may be encountered in individuals with idiopathic hyperCKemia (8), but it is also possible that subjects
with abnormal increase in serum CK after exercise may have an unrecognised subclinical myopathy (9). Early diagno-
sis is important because it is difficult to evaluate the risks of sporting activities: it is possible that repeated intense pro-
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longed exercise may produce negative effects (10), as it does not induce the physiological muscle adaptations to physi-
cal training given the continuous loss of muscles proteins. The assessment of the serum CK levels at rest is a simple
and non invasive method to identify subjects with muscle disease without exercise intolerance in a preclinical stage of
pathology. Often, the high serum levels of CK are considered normal in asymptomatic athletes because clinicians know
that they are influenced by training, while they can be a sign of silent disease. Indeed, CK serum levels are almost al-
ways elvated even in the preclinical stages of frank myopathy (11). 

Concluding remarks 

It is probably safe to counsel athletes with suspected myopathy to continue to undertake physical activity at a lower in-
tensity, so as to prevent muscle damage from high intensity exercise, and allow ample recovery to favour adequate re-
covery. Accurate history taking and clinical examination should help to clarify whether more invasive investigations, in-
cluding muscle biopsies, should be considered. The pre participation screening aimed at the moment to mainly exclude
cardiovascular and respiratory impairment, should include clinical or laboratory examinations to determine the heathʼs
state of skeletal-muscle apparatus. 
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Physics and technology behind ESW
Domenico Caputo
Department of Information Engineering, Electronics and Telecommunications, University of Rome 
“La Sapienza”, Rome, Italy

The first observation of the effect of shock waves (SW) on human body have been observed during World War II in the
crews of tanks hit by bombs and in castaways whose lung tissue were injured due to the explosion of water bombs even
though visible damage were not detected (1). Since then the interaction between shock waves and biological tissue has
been extensively investigated leading to SW application in urology (2) and more recently in musculoskeletal disorders
using extracorporeal SW (ESW) (3).
The aim of this talk is to briefly review the physical principles and technology behind the SW and ESW. Shock waves
are acoustic waves characterized by a sudden variation of pressure that propagates in the space with a speed greater
than the speed sound in the same medium. In a fixed point of the space, the SW is described by a pressure rise up to
200 MPa in less than 10 ns, followed by a decrease to atmospheric pressure in about 1μs and to a negative pressure
around -10 MPa in about 5 μs. Therefore, each space point experiences both a compressive and a tensile stress when
the SW propagates. As a consequence of the SW time evolution, the SW frequency spectrum covers the 100 kHz-1
MHz range, with a peak around 300 kHz. At fixed time, the SW has a Gaussian-like spatial distribution and is charac-
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terized by an ellipsoidal focal zone where the pressure perturbation is concentrated. Diameter and length of this region
depend on the type and focusing mechanism of each specific SW generator. The time evolution determines also the
energy carried by the SW and together with the medium acoustic characteristics (i.e. the acoustic impedance given by
the product of the medium density and the speed of propagation) the propagation properties of the SW that in turn de-
termine the effect of SW on human body.
From a technological point of view, even though different kinds of generators are available all of them rely on the fol-
lowing physical principles:
1. transformation of electrical energy into mechanical energy;
2. generation of an abrupt pressure variation;
3. focusing of the energy into the therapeutic focal volume at a precise focal depth.

In order to achieve a good acoustic coupling shock waves are generated depositing energy in a propagation medium
whose acoustic impedance is similar to the soft tissue in the body. In this way the waves enter the human body with-
out significant energy loss. During propagation, shock waves experiment reflection, diffraction, transmission and atten-
uation at the interfaces between the different tissues.
The various SW generators are based on the following technologies (4):
a) electrohydraulic: a high voltage is applied between two electrodes, deepen in a medium, to induce an electrical dis-

charge that generates a shock wave that is focused by an ellipsoidal reflector. Therefore, the electrodes are posi-
tioned in the first focus while the focal zone will be located in the second focus of the ellipse;

b) piezoelectric: a voltage is applied to an array of piezoelectric crystals placed in an half spherical container. The crys-
tals transform the electrical energy in crystal vibrations generating an acoustic wave for each piezoelectric element.
All the acoustic waves are focused in the center of the sphere to achieve a shock wave;

c) electromagnetic: an electric coil is excited by an electric pulse, which generates an electromagnetic field which in turn
induces vibrations in a metal plate positioned closed to the coil. Depending on the relative position between the coil and
the metal plate, the acoustic waves are focused, to form a shock wave, either by a parabolic reflector or an acoustic lens.

A comparison of the different generator performances in terms of focal sizes and energy density will be provided dur-
ing the talk.
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The LHB pathology associated or not with RCTS.
Choosing the most appropriate treatment
Fabio Cautiero, Raffaele Russo 
UOC of Orthopaedics and Traumatology, Pellegrini Hospital, Naples, Italy

Tendinopathy of the long head of the biceps is a common cause of shoulder pain.
We can found the articular portion of Long Head Biceps Tendon (LHBT) in the Interval Rotator Cuff, between the ante-
rior border of supraspinatus tendon and the superior third of subscapularis.
Itʼs stabilized into bicipital groove by a capsulo-ligamentous structure called “pulley system”, created by coracohumeral
ligament, superior glenohumeral ligament and fibers of supraspinatus and subscapularis tendon.
The role of the LHBT has yet to be defined. Recent biomechanical and electromyogram studies suggested that decrease
the anterior-posterior and superior-inferior translations, limit internal and external rotations and plays an active compen-
satory role in the unstable shoulder.
Lesions of the LHBT are frequent causes of shoulder pain and disability and can be related to a different etiologic patho-
logic process, traumatic, congenital and degenerative.
The lesion of the pulley system leads to instability of the articular portion of LHBT, with pain and discomfort in some po-
sitions of the shoulder, and gives rise to various disorders of tendon from fraying, tendinitis until the complete rupture.
The injury of the pulley may be caused by trauma, repeated micro-trauma (as in the antero-superior impingement) or
degenerative factors.
Bennet and later Habermeyer have proposed a classification of pulley lesion related to location and severity of the lesion.



The instability of LHBT can be associated or not with cuff tears and may lead over time to damages of cartilage, cuff
tear or extension of existing lesions.
The LHB tendon can be also the location of tendonopathy primary due to trauma, congenital abnormalities or a degen-
erative lesion as the “hourglass hypertrophy”, commonly found in tears cuff degenerative.
Diagnosis of pulley lesion can be very difficult, we can use some clinical test and instrumental investigations as the MRI
but often the definitive diagnosis is made by arthroscopy. Greater tear with dislocation of the tendon can be easier to
identify.
The surgical treatment according to the recent Literature may range from simple debridment of the lesion (if involving
less than 25%), to repair of the pulley until the tenotomy followed or not by tenodesis.
Although reconstruction of the pulley is a anatomical procedure with the aim of leaving a mobile tendon, some authors
have reported frequent complications: persistent pain in 12-30%, failure 10% and a static tendon into the groove in 50%
of patients.
Tenotomy is a easy and quick surgical procedure, can be performed in arthroscopy and the patients can return to normal
activities very soon. Some author reported a more frequent Popey sign (3% to 70%) while conflicting data are reported
about the effect on muscle strength. In addition, although tenotomy of LHB is discouraged in pseudo-paralitic shoulder, is
not demonstrated a statistically significant difference with tenodesis in the proximal migration of the humeral head.
Tenodesis (TD) can be performed in arthroscopy or in open surgery, the tendon can be locked at the bicipital groove
(proximal TD) or at sub-pectoralis zone (distal TD), and finally we can use anchors or screws to fix tendon at the bone
(bony TD) or suturing the tendon to the interval, conjoined tendons or cuff (soft tissues TD).
In our department we perform the TT if ther is a lesion great then 25%, presence of tendinopathy, patient older than 50
y, obese, women. In the other case we prefer the tenodesis at sulcus with a absorbable anchor.
In isolated pulley lesion and in young patients with high demand and sport practice, we repair the pulley.
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Pelvic floor impairment associated 
with pregnancy and childbirth
Nicola Comi
Gynecologic Unit, BMI The London Independent Hospital, London U.K.

Pregnancy and vaginal delivery can negatively affect the pelvic floor function.
Pelvic floor disorders (PFDs) include urinary symptoms (urgency, urge and stress incontinence), fecal incontinence and
pelvic organ prolapse. 
These disorders affect one-third of adult women in the United States, with substantial impact on their quality of life. The
pelvic viscera are supported by the pelvic floor, which is composed of muscle, fascia and ligamentous support.

Urogenital symptoms occur in almost all the women during pregnancy:
- Frequency and urgency symptoms can start from 12 weeks and remain stable during the pregnancy;
- Urinary incontinence symptoms increase with gestational age;
- SUI is significantly prevalent after vaginal delivery, mainly after instrumental delivery; but the presence of SUI in

early pregnancy give an increased risk of SUI one year postpartum both in women after vaginal delivery and women
who underwent a caesarean section.

Fecal incontinence is mainly related to anal sphincter lesions.

Pelvic organ prolapse is a protrusion of a pelvic organ beyond its normal boundaries. The pelvic floor includes the le-
vator ani, internal obturator and piriform muscles and superficial and deep perineal muscles. The levator ani (which is
in two parts - pubococcygeal and ileococcygeal) is covered by pelvic fascia and arises from the pelvic surface of the
pubic bone and posteriorly from the ischial spine.
These muscles act and support for the pelvic viscera and as sphincter for the rectum and the vagina. Contraction of
the pubococcygeal muscles will also arrest the urinary stream. The pelvic floor fascia is divided into that covering the
pelvic floor muscles and the endopelvic fascia which are connections between muscles and pelvic viscera.
The endopelvic fascia is divided in the following: pubocervical ligament, pubourethral ligament, cardinal ligament and
uterosacral ligament.
The pubourethral ligament maintains elevation of the bladder neck and prevents excess posterior displacement of the
urethra. It may facilitate micturition and is important in maintaining continence. A pelvic organ or structure prolapse may
include: bladder (cystocele), urethra (urethrocele), uterus (uterine descent), bowels (enterocele - rectocele).
The aetiology of a prolapse may be congenital or acquired and childbirth with trauma and denervation is the most im-
portant acquired factor.
Both constitutional and obstetric factors are involved in impairment of pelvic floor muscle function (PFM) postpartum.
Reduced PFM strength is associated with prolapse in the postpartum period.

Management

- Conservative: Behavioural therapy - Pelvic Floor Exercises - Physiotherapy- Ring pessary insertion.
- Surgical: TVT - sacrohysteropexy - vaginal hysterectomy - anterior and posterior vaginal repair.



- Medical: Antimuscarinics (e.g. Oxybutinin, Tolterodine, Solifenacin) - Antidepressant (Imipramine hydrochloride) -
PTNS (Percutaneous tibial nerve stimulation).

Case report

Multipara with grade 2 uterine prolapse treated with ring pessary in pregnancy and laparoscopic sacrohysteropexy af-
ter delivery.
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Talalgia
Maria Conforti
Physiatrist and Sports Medicine in Bergamo, Directorate General INAIL Milan, Italy

Italian Sport Medicine can claim 35 years of experience and therefore can today express an authoritative opinion about
granting sport eligibility to patients with rheumatic ilnesses like spondyloarthritis, choosing the right sport in this state
of non perfect health and aids to play sport. The symptoms for most patients with spondyloarthritis (AS) begin in the
second to fourth decades of life, a typical age for competitive sports activity. There is a mean delay of five to eight years
between onset of symptoms and diagnosis of AS. This is due to the fact that radiographic sacroiliitis is delayed and that
the first symptom is often peripheral enthesitis with talalgia and not pain in the axial skeleton. Talalgia is defined as spon-
taneous or evoked pain at the posterior part of the heel (along the Achilles tendon and at its insertion, or in the area of
the sub-Achilles bursa) or at the insertion the plantar fascia on the calcaneus. 
Talalgia in AS caused on weight bearing, decreased slowly weightless, and it is evoked by minimal local pressure.
In each patient, the presence of valgus or varus deformities of the hindfoot or in forefoot and soft tissue swelling (Achilles
tendon, sub-Achilles bursa, or the plantar fascia) and the articular mobility of the foot joints are recorded. 
Most of the session should be dedicated to collecting history and to cataloging the aching joints. 
Higher coefficients of correlation have been found with BASDAI rather than DFI Questionnaires regarding the signs of
illness activity. BASDAI have to be filled in during the SPORT medical visit. 
Conservative medical treatment and not vigorous physical activity involving strenuous running and jumping or con-
tact are considered as an important part of treatment for AS in order to counteract musculoskeletal system atrophy,
joint dysfunction, loss of coordination and to avoid the secondary damage from immobility. Heel surgery is contra-
indicated during the inflammation phase, since it may cause local aggravation and risk of ankylosis of the talocal-
caneal articulation. 
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Ultrastructural modifications of myotendinous 
junction in hind-limb suspended rats
Davide Curzi1, Davide Lattanzi1, Stefano Ciuffoli1, Sabrina Burattini1, James G. Tidball2

, Elisabetta Falcieri1,3

1Department of Earth, Life and Environmental Sciences, University of Urbino “Carlo Bo”, Urbino, Italy
2Department of Integrative Biology and Physiology, University of California, Los Angeles, CA, USA
3Institute of Molecular Genetics and Rizzoli Orthopaedic Institute, Bologna, Italy

At ultrastructural level, myotendinous junction (MTJ) reveals several tendon interdigitations penetrating in muscle mass
(1). We recently demonstrated that MTJ changes occur as an adaptation to exercise-induced tension increase. In par-
ticular, branching of finger-like processes increases, so enlarging the whole tendon-muscle surface area and, conse-
quently, allowing a better tension resistance (2). The aim of this study is to analyze MTJ behavior in the atrophic con-
dition, generated by disuse, and after particular rehabilitation protocols. In this work we used twenty male albino
Sprague-Dawley rats assigned randomly and equally to one of five groups: 1) control, saline injected (CTRL); 2) hindlimb
suspended, saline injected (HS); 3) hindlimb suspended and exercised (HS+Ex); 4) hindlimb suspended, GH injected
(HS+GH); 5) hindlimb suspended, GH injected and exercised (HS+GH+Ex). The exercise protocol consisted of three
daily bouts of 10 repetitions to ladder climbing (85° incline) with an additional 50% animal body weight attached to their
tails. The GH, equivalent to a replacement dose in hypophysectomized rats, was supplied in two daily intraperitoneal
injections. After sacrifice, MTJs of plantaris muscle were withdrawn, fixed in 1.4% glutaraldehyde in 0.2M sodium ca-
codylate and processed as previously described (3, 4). The contact between muscle and tendon was measured using
“Image J” software that calculated the base (B) and “perimeter” (P) of tendon finger-like processes at MTJ level (5). Af-
ter 5 days of suspension, skeletal muscle highlights signs of atrophy in response to decreased mechanical loading (6).
The P/B ratio decreases from 6.39 in CTRL to 3.92 in HS. After suspension, the three different rehabilitation protocols
increase this P/B ratio to 4.18 in HS+GH, 5.25 in HS+Ex and 7.3 in HS+GH+Ex, respectively. In conclusion, along with
muscle atrophy features, evident ultrastructural changes occur at MTJ organization level, as an adaptation to muscle
unloading. The present investigation indicates that a combination of daily resistance exercise and GH treatment was
capable of maintaining muscle-tendon interface. For investigating the causes of the decrease in P/B ratio in HS, we meas-
ured the finger-like process extension. HS rats showed a significant marked decrease -from 1.84μm to 0.97μm-in the
mean of interdigitation extension respect to CTRL. So it is possible to explain the reduction of MTJ interface area in HS
rats with a decrease in the finger-like process length. Therefore, disuse, as well as exercise, not only affect muscle, but
MTJ too. 
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Other fields of clinical applications 
of extracorporeal shock waves
Cristina D’Agostino
Extracorporeal Shock Wave Unit, Istituto Clinico Humanitas, Rozzano, Italy

ESW have known in last decade a wide diffusion in the field of musculoskeletal disorders, both for soft tissuesd iseases
and bone healing disturbances.
Experimental studies and clinical trials have been clarified, in recent years, that the clinical results (through mechan-
otrasduction) are related, other than their anti - inflammatory and analgesic effects, to a general “throphic” effect. This
effect can be considered effectively as a regenerative potential, mainly due to anangiogenicaction and stimulation of
mesenchimal stem cells to mitosis and tissue - specific differentiation. 
From the clinical point of view, these recent “discoveries” have widened the field of application of ESW therapy, towards
new, interesting and promising fields of clinical application, that can be so summarized:
1) Bone Healing Disordersand Stress Fractures;
2) Vascular Bone Diseases;
3) Wounds and Scar Pathologies;
4) Spasticity;
5) Cellulitis.

Some other ones are still under studies, but they represents the near future: 
6) Implantology;
7) Tissue Engineering;
8) Cardiology.

In the field of Bone and Healing Disorders, ESW therapy can be considered, nowadays, as the first choice tool for im-
proving reparative osteogenesis, both in pseudoarthrosis and in delay healing disturbances. In these pathologies it has
been demonstrated a direct stimulatory effect both on mature osteoblasts and undifferentiated bony precursor cells. More
recently, it has been described also the positive influence of ESW on subperiosteal cells, that are well known to partic-
ipate to bone healing processes. 
On the topic of stress fractures, it is recognized that the pathogenetic mechanism is due to an imbalance in osteoblasts
and osteoclasts coupling, with a prevalent bony resorption. In this case, the reparative and trophic effect of ESW ther-
apy has tobe related, other than to the osteogenic activity, to the inhibition of osteoclastic function as well.
In all bone healing disturbances for which it is indicated (mechanical stability has to be guaranteed), ESW therapy rep-
resents a valid not invasive therapeutical option, in alternative to surgical intervention: it is repeatable, does not imply
collateral negative effects and allow, in any case, the possibility of secondary surgery.
The field of Vascular Bone Diseases includes a wide spectrum of osseuspathologies, characterized by locally altered
bone turnover, due to a vascular impairment of different origins. From the anatomo - pathological point of view, it ranges
from simple Bone Marrow Edema Syndromes to aseptic osteonecrosis. According to some of the authors, osteochon-
dropaties may be included in this chapter as well, as a particular form of osteonecrosis, localized to a more restricted
bony osteoarticular area.
While in osteonecrosis the vascular impairment is a real anatomical alteration (vascular occlusion and lack of perfusion),
in all those syndromes characterized only by subchondral bone marrow edema, the vascular impairment can be con-
sidered a functional disorder, that, if persistent, could be probably cause osteonecrosis. The functional vascular impair-
ment seems to be able to induce an altered bone turnover, with prevailing osteoclastic activity. This condition, described
as “Regional Acceleratory Phenomenon” or “RAP”, is characterized by a local up - regulation of bone remodeling. Tipi-
cally, it can be observed in the subchondral bone of osteoarthritic painful joints (other than in active osteonecrotic ar-
eas), and could be responsible for progressive degenerative changes and osteophytes formation as well. ESW ther-
apy has been described to be effective in reversing the early stages of osteonecrosis; it would be able to stop the
progression of osteonecrotic area in some cases, and it has been postulated to “reset” also an altered bone remodel-
ing, when up - regulated. From a general point of view, the mechanisms of action of ESW therapy in Vascular Bone Dis-
eases have been described to be related to an angiogenic and locally trophic effect (in osteonecrosis), other than a “re-
set” of an altered bone turnover, with a prostacyclin - mimetic effect, perhaps due to eNOS activation (bone marrow edema
syndromes).
The angiogenetic effect, coupled to the stimulus on undifferentiated mesenchimal stem cells, is the mechanism that
makes it possible to currently apply ESW therapy for improving the healing of wounds and ulcers, other than to treat
all “scar pathologies” (included the painful ones). After the original observation, during the treatment of a tibia non - union,
associated with a skin ulcer, new ESW devices, producing unfocused shock waves, allowed the treatments of many dif-
ferent skin healing problems. Originally employed only for chronic conditions, recent studies seem to indicate that the
more precociously we apply them, the faster we will obtain skin healing. Also in this interesting field of application, ESW
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therapy can be considered a valid tool, to be used in combination with some other current procedures, recommended
in wound care management. 
Closely related to these pathological conditions, it is the application of ESW in cellulitic conditions, an aestethical one,
but based on the same tissutal effects (to improve the trophism of the collagen septa in subcutaneous tissue, and cir-
culation as well, while reducing lymphedema at the same time). For optimizing clinical results, ESW therapy should be
used in combination with some nutritional reccomandations and proper physical activity.
Clinical applications of ESW therapy in spasticity have been introduced in clinical practice some years ago. Its efficacy
is nowadays widely recognized, both in childhood and in adult life, for spastic disorders of different origins, but the mech-
anism of action is still under studies. 
The results can be observed soon after application, although in most of the cases, during the following weeks, there
seems to be a return to the original condition, thus requiring further applications. In any case, due to its safety, loss of
invasivity and the absence of collateral effects, it can be considered a valid therapy, especially if applied in combina-
tion with a rehabilitation program. Moreover, a part of the clinical results, if properly associated to stretching and phys-
iotherapy, can be mainteined in the following time, allowing to the patients to improve week by week (especially if pre-
cociously applied after an acute events).
Closely related to clinical applications in the field of musculo - skeletal system, we can describe those of dental implan-
tology and tissue engineering (both still under studies). In the first case, by ESW therapy we will have the opportunity
to improve and accelerate bone healing, in all those cases characterized by bone loss and/or implant loosening (for ex-
ample in peri implantitis), that requirebone integration and augmentation.
Moreover, while applying shock waves for stimulating cell migration and replication, we will have the possibility to do,
in some ways, a “cell therapy” and to optimize the use of “loaded scaffolds” in the field of Tissue Engineering in Ortho-
biological Treatment.
One of the most representative applications of ESW therapy, in the field of regenerative medicine is surely that one on
ischemic myocardium. After originary animal studies, further confirmed by cells experiments, in some centers of the world
(still few), ESW therapy is applied in clinical practice for ischemic heart diseases, in order to obtain tissue regeneration
(from stem cells) and functional recovery, while avoiding fibrosis and reducing the risk of heart fealure and dilated car-
diomyopathies.
In summary, ESW therapy, originally introduced in daily clinical practice for urolithiasis, that is only for a pure mechan-
ical effect (to break renal stones), has revealed, some unexpected biological effects, when applied on leaving tissues.
They are mainly described as a regenerative potential, in part under studies, but already confirmed by animal and clin-
ical studies. This allow us to include ESW therapy in the field of “Orthobiological Treatment”, toward the new frontieers
of Regenerative Medicine.
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Orthokine - ACS in the post-surgical treatment 
of joints 
Nikica Darabos 
Department for Sports trauma and Orthopaedics University Clinic for Traumatology, CMC Sisters of Mercy Medical
School, University of Zagreb, Croatia

New biologically based therapeutic agents that modify the action of cytokines and growth factors have a high therapeu-
tic potential. They promise to improve the management of a variety of orthopaedic conditions as a part of a post-surgi-
cal treatment, also. Results from a different veterinary and human studies are published a years ago. Combination of
biologic Autologous Conditioned Serum – Orthokine therapy and operative treatment could influence a function recov-
ery and clinical result after operation. 
For example, the bone tunnel widening appear after knee anterior cruciate ligament (ACL) single bundle technique (SB)
reconstruction and could result in a ligament laxity or lead to increased failure rates. It could be affected on the biome-
chanical and biomolecular base. We carried out a research to establish whether a double bundle technique (DB) in a
combination with biologic regenerative treatment of intra-articular application of Autologous Conditioned Serum (ACS)
containing endogenous anti-inflammatory cytokines including IL-1Ra and several growth factors, could enhance a re-
sult of ACL surgery. In a prospective, randomized, double-blind trial with four parallel groups, 124 patients were
treated. We compared a tibial bone tunnel width measured by CT-scans in three different post-operative periods. The
clinical efficacy was assessed by patient administered outcome instruments (IKDC 2000, LYSHOLM, TEGNER) up to
two years following the ACL-reconstruction in 4 groups of patients regarding a different combination of treatment: A. SB
+ Placebo, B. SB + ACS, C. DB + Placebo, D. DB + ACS. 
Results show that postoperative tibial tunnel diameters in all groups were significantly larger than they were directly af-
ter surgery. Bone tunnel enlargement was significantly less in Group D than in the other groups (p<0.005). Clinical out-
comes were consistently better in patients treated with double boundle technique, especially in a group D, at all data
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points and for all outcome parameters, but there were no statistically significant differences, even in the IKDC 2000 Lig-
ament examination subscale after 1 year. 
Also, biologic Orthokine therapy could be successfully used in a combination with the operative treatment of ligament,
meniscus, tendon, muscle and chondral tissue injury of different joints. 
Combination of biologic Autologous Conditioned Serum – Orthokine therapy and operative treatment give have a pos-
itive influence on a function recovery and clinical result after operation. In a combination with operative DB ACL recon-
struction it gives the best postoperative knee stability and clinical result by affecting tunnel widening. 

The treatment of the instability caused by bony 
defect. A treatment algoritm
Francesco Franceschi
Department of Orthopaedic and Trauma Surgery, Campus Biomedico University of Rome, Italy

The glenohumeral joint is one of great mobility facilitated through the complex interplay of soft tissue and osseous
anatomy. Bone loss of the glenoid and/or humerus is a common consequence of traumatic anterior shoulder instabil-
ity and can be a cause of recurrent instability after a Bankart repair. Accurate characterization of the size and location
of osseous defects associated with traumatic instability is important when planning treatment. 
Clinically significant glenoid and/or humeral head defects are large enough to cause or exacerbate shoulder instabil-
ity. Bone loss can lead to very severe instability, including dislocations without raising the arm, during routine activities
of daily living or while asleep. If significant bone loss is suspected, a CT scan is needed. MRI cannot be relied upon for
to evaluate bone loss, as MRI often underestimates the degree of bone loss. If less than 20-25% of the glenoid is eroded,
the shoulder may still be treated arthroscopically with good success. However, if >20-25% of the socket has been lost,
open surgery will often be required to replace the lost bone of the socket with bone from another part of the shoulder.
This open surgery (Modified Laterjet Procedure) is still an outpatient procedure and leads to good or excellent results
in 83-95%.
When the humeral head dislocates, part of its ball shape can be smashed in by the corner of the glenoid socket that it
rests against in the dislocated position. If the humeral head is damaged, unless the bone defect is very large, this can
often be treated arthroscopically by repairing part of the rotator cuff into the bony defect (Arthroscopic Reimplissage).
Arthroscopic shoulder stabilization has become the standard of care in the surgical management of glenohumeral in-
stability. However, the management of the unstable shoulder associated with a bony defect (glenoid, humeral or com-
bined) can be challenging and preclude arthroscopic treatment. 
Biomechanical data from Itoi et al. has shown that the force required to translate the humeral head in relation to the gle-
noid with the arm in abduction and external rotation was significantly smaller in the glenoid with a defect of equal to or
greater than 21% of its length. Adequate diagnosis of bony defects is paramount to successful treatment and entails a
careful history, clinical exam, and specific radiographic imaging. In general, higher energy shoulder trauma leads to more
significant glenoid and/or humeral head defects. In addition, the severity of these defects corresponds with the num-
ber and frequency of instability episodes. Non-operative methods of treatment are not sufficient for treating these cases.
Although successful arthroscopic management of instability associated with osseous defects has been described, open
reconstruction is often indicated.
There are different indication and different technique. 
The management of the unstable shoulder with bony defects is challenging and differs depending on the individual case.
Diagnosis relies on a thorough clinical and radiographic evaluation. Of significant importance is the size and location of
the defect encountered. Treatment strategies are emerging, and our ability to create successful outcomes is improving.
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Relation between tendon biomechanic and water
Marco Franchi
Science Department for the Quality of Life, University of Bologna, Rimini, Italy

In tendon the extracellular matrix including collagen, proteoglycans, glycoproteins and elastin in a small amount, and
water support the functional mechanical roles of transmitting forces of muscle contraction and recoiling of collagen fi-
bres when muscle relaxes. Insoluble fibrillar collagen mainly consists of type I collagen which represents the 80-90%
of tissue dry weight. However the major tissue component is water representing the 55-70% of the total wet weight. Fib-
rillar collagen shows a regular arrangement in a repeated, alternated and hierarchical handedness, from a molecular
to a supra molecular level. This array increases the resistance of fibrils and fibres to tensional loads and tendon elon-
gation. In particular three polypeptide left-handed chains coil around each other to form a unique triple right handed
tropocollagen helix. Five of these tropocollagen molecules stag side-by-side and twist in a left-handed helix forming a
single microfibril. Many microfibrils array into rightward helices to form a single fibril. Then fibrils form fibres running mostly
parallel and densely packed following an almost straight course, interrupted only by periodic crimps where fibrils always
twist leftward. In tendon small proteoglycans like decorin and a small amount of biglycan fill inter fibrillar spaces, whereas
large proteoglycans like aggrecan and versican seem to be located in inter fibre spaces. Collagen fibers seems to re-
tain the main part of interstitial bound water whereas proteogly can aggregates are supposed to retain large amount of
free water. Water is a major constituent of connective tissues and altering the water content may affect the tissue elas-
tic and viscous behavior. Connective tissues are very sensitive to dehydration as they tend to get dry when exposed to
air: dehydration of the Achilles tendon due to air exposure during open surgical repair causes a low quality healing both
at the cellular and biomechanical level. Fluids move within tendon when it is stretched since it has been shown that in
humans, in vivo, there is a marked negative tissue pressure in the peritendinous space around the Achilles tendon dur-
ing exercise. In this study we investigated the morphological aspects and biomechanical behavior of collagen fibrils/fi-
bres under physiological stretching in Achilles tendon of rat. Relaxed and physiologically stretched tendons were ana-
lyzed at the polarized light microscope, TEM and SEM. Under stretching, fibre crimps straightened and disappeared.
Morphometric analysis showed that the diameter of physiologically stretched fibrils reduced. We believe that an increased
molecular packing with a fluid displacement occurs in fibrils under tension. We suggest that both small (decorin and bigly-
can) and large proteoglycans (aggrecan and versican) binding large amount of water could play a role in favoring and
regulating a fluid shift or a water flow during stretching and recoil of tendon. This hydrodynamic mechanical model is
supported by a mechanical role of muscle and tendon sheets during physical activity.
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Eccentric exercises in tendinopathies
Antonio Frizziero, Michele Barazzuol, Patrizia Poli
School of Specialization in Physical and Rehabilitation Medicine, University of Padua, Italy

The widespread practice of sports, especially those at high-level, has led clinicians to an increasing interest for
tendinopathies and to realize that the lack of recognition of the disease, as wellʻas the mistreatment of the acute event,
can affect the evolution towards chronic conditions with risk of disability and significant lengthening of recovery time.
Starting from researches published by Stanish, in order for the healing tendon to be adequately rehabilitated, the treat-
ment program must include specific eccentric strength rebuilding exercises.
A number of consequences on the tendon have been demonstrated after an eccentric exercise program: in fact the ec-
centric exercise determines active lengthening of the muscle-tendon unit and causes an increase of the tendon mass
by favouring the deposition of collagen type I fibers, thus itʼs now widely accepted that the eccentric exercise is more
effective on pain than a general exercise program.
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Alfredson was the first to propose a protocol of intensive exercises as opposed to concentric activities, but unfortunately
maybe the only one to demonstrate such good results with eccentric exercise only. However, some Authors recently
have confirmed long-term success of this protocol in patients with chronic Achilles tendinopathy treated with Alfredso-
nʼsheel-drop exercise programme, showing a constant improvement in strength and resistance to pain, up to 5 years
after completion of the programme.
Stanish et al. recommend that patients should perform the eccentric exercises with no pain, while Scandinavian authors
recommend pushing through pain; though effective in Scandinavian population, the results of eccentric exercises ob-
served from other study groups are less convincing than those reported from Scandinavia, with only around 60% of good
outcome.
On the other hand, the literature is lacking in studies comparing the eccentric exercise protocol with other rehabilita-
tion programs, while many authors evaluated the significance of the year in combination with other therapies, such as
shockwave therapy or the use of platelet-rich plasma (PRP).
The encouraging results obtained by comparative studies show that the combined approach of painful eccentric load-
ing plus repetitive low-energy shockwave therapy produced significantly better results than eccentric muscle training
alone.
In conclusion, many aspects of the relation between eccentric exercise and tendinopathy remain uncleared, and a fu-
ture goal will be to identify new specific protocols for musculo-tendinous pathologies. The clinician, and the patient as
well, must recall that the beginning of the rehabilitation treatment should be gradual, to avoid the onset of more severe
forms of tendinopathy.
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Arthroscopic treatment of basal joint arthritis
John Furia 
P. SUN Orthopedics and Sports Medicine, Lewisburg, USA

Basal joint arthritis is the second most common type of arthritis seen in females and the most common location for os-
teoarthritis in the hand. The condition afflicts approximately 44% of adult females and 28% of adult males. The condi-
tion is diagnosed clinically based on pain, tenderness and crepitance with decreased range of motion of the basal joint
and confirmed radiographically, often utilizing the Eaton classification system. 
Traditional nonoperative management includes relative rest, activity modification, splinting, anti-inflammatory medicines
and injections. Non operative management may be helpful in the early stages of the condition but is much less helpful
as the condition progresses. 
There are numerous surgical options to treat basal joint arthritis. Depending on the stage, metacarpal osteotomy, an-
terior oblique ligament reconstruction, suspensionplasty, hematoma arthroplasty, ligament reconstruction tendon into
position, total joint replacement, as well as fusion may all be helpful. There is data to support each of these procedures,
however, much of this data is level IV and the optimal procedure remains unclear. 
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Over the past decade, arthroscopic measures to treat vasal joint arthrosis have become more popular. There are
now several reports that support the use of this minimally invasive technology. The purpose of this presentation
is to review the prevalence, nonoperative, traditional operative and newer arthroscopic methods for the treatment
of basal joint arthrosis. Various “tips and tricks” can be utilized to simplify the arthroscopic approach to basal joint
arthrosis. 

Calcific process in tendon pathology
Francesco Oliva1, Alessio Giai Via1, Nicola Maffulli2

1 Department of Orthopaedics and Traumatology, University of Rome “Tor Vergata” School of Medicine, Rome, Italy
2 Centre for Sports and Exercise Medicine Queen Mary University of London, Barts and The London School of Medi-
cine and Dentistry, Mile End Hospital, London, U.K.

Abstract

In calcific tendinopathy (CT), calcium deposits in the substance of the tendon, with chronic activity-related pain, ten-
derness, localized edema and various degrees of decreased range of motion. CT is particularly common in the ro-
tator cuff tendons (RCTs), Achilles and patellar tendons. The presence of calcific deposits may worsen the clinical
manifestations of tendinopathy with an increase in rupture rate, slower recovery times and a higher frequency of post-
operative complications. CT of the rotator cuff shows a tendency toward spontaneous resorption of the deposits and
symptoms often resolve spontaneously, although some authors described persistent pain and reduction of ROM at
long time follow-up. Osteolys is of the greater tuberosity is an uncommon and distinctive form of CT of the shoulder.
The clinical course of insertional CT has been poorly investigated, although experience suggests that pain seems
to improve in older patients even if insertional calcification persists. The nomenclature of CT is confusing, perhaps
in part because of the many terms classically used to describe localized deposits of calcium in tendons, including
calcifying tendinitis, calcific tendinitis, calcified tendinitis, calcareous tendinitis, tendinosis calcarea, calcific periarthri-
tis, periarticular apatite deposit. 
The specimens of RCTs obtained during surgery consist of a gritty mass of sandy material or a toothpaste-like fluid. X-
ray diffraction and infrared spectrometry identified the material of calcific deposits as calcium carbonate apatite. Com-
puted tomography studies of patellar tendon revealed instead a three-dimensional structure of calcific deposits, which
have a porous structure throughout the tendon. But the macroscopic differences of calcific deposits seems not to re-
flect a change neither chemical composition nor in the mineralogical structure. 
The etiopathogenesis of CT is largely unknown and still controversial. Many different theories have been developed.
“Reactive calcification” is the first theory which has been proposed for CT of rotator cuff. Favorable environment per-
mits an active process of cell-mediated calcification, usually followed by spontaneous phagocytic resorption. The process
has been divided into four stages (precalcific phase, calcific phase, resorptive phase, and repair phase) which may all
occur concomitantly in the same tendon. A process resembling endochondral ossification has been proposed as a pos-
sible mechanism to explain the physiopathology Achilles and patellar tendon calcifications. Others authors confirmed
this theory suggesting that insertional CT can develop by endochondral ossification of fibrocartilage at the enthesis of
the Achilles tendon. The calcific process begins in the enthesis and grows into the tendon. Fibrocartilage cells appear
by metaplasia from tenocytes. Other authors thought that ectopic bone derives from metaplasia of tendon cells into os-
teogenic cells. Mesenchymal stem cells are present in tendon tissues and Tendon-Derived Stem Cells (TDSCs) have
been isolated from the flexor tendon and patellar tendon in animals models. 
Some predisposing factors could also influence the development of CT. Emerging data seem to indicate an associa-
tion between tendinopathies and endocrine disorders such as diabetes, hypercholesterolemia, hypertriglyceridemia, thy-
roid disorders, estrogen levels alterations. A familial predisposition and inherited genetic components have also been
postulated in some circumstances. Unfortunately the association with CT is unclear, and no physiopathological inves-
tigations have been performed. Rather than formed by precipitation of inorganic ions, CT results from an active cell-
mediated process in which resident progenitor cells with multidifferentiation potential may play a determinant role. Many
different factors such as acute injury, repetitive micro-trauma, and chemical-induced injury may cause damage to the
tendon and start the natural healing process. Tendon healing includes many sequential processes. It is possible that
the erroneous differentiation of tendon progenitor cells into chondrocytes or osteoblasts instead of tenocytes may con-
tribute to the pathogenesis of CT. The mechanism leading to the erroneous differentiation of TDSCs is not completely
understood. Probably, the expression of BMPs, biglycan, fibromodulin and an unfavorable micro-environment induced
by overuse modify the natural healing process of the tendon. 
In conclusion the aetiopathogenesis of CT is still controversial and many questions remain unanswered. We advocate
to use the terms “calcific tendinopathy” and “insertional calcific tendinopathy” to differentiate conditions that seem to be
caused by two different pathogenetic mechanisms. Better understanding of the pathogenesis is essential for develop-
ment of effective treatment modalities and for the improvement of clinical outcomes.
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Classification and treatment 
of ankle antero-lateral instability
Marco Guelfi, Alessandro Civani, Matteo Guelfi
Head of Department of Osteo-Articular Diseases Clinic Montallegro, Genoa, Italy

Introduction

The instability of the ankle has been well framed by many authors including Freeman (1964) and subsequently Pisani
(1982). We have to distinguishthe term “laxity than the instability”; laxity is defined as a failure of the capsule-ligament
structures normally appointed to maintain stable articular heads, instability is a subjective sensation which no longer
allows the ankle a stable and securely to the ground. Instability and laxity can the propose both as a stand-alone or in
combination framework. The treatment of the instability resulting in chronic lesion laxity for the ligamentous apparatus
external ankle counts sever al surgical techniques (over 50 described in the literature).

Among the most used:
Methods with the use of the tendon of the peroneus brevis:
1) Watson-Jones
2) Evans
3) Larsen
4) Chrisman-Snook
5) Pisani (with associated stabilization of the subtalar joint). 
Methods with the use of a periosteal flap fibular drawbridge:
1) Chiappara-Rettagliata
2) Priano (with arthroscopic assistance) (1994). 
Methods with direct repair of ligaments:
1) Brostrom (1966)
2) Brostrom amended by Gould (1980).

Necessarily recall some concepts of anatomy and joint kinematics underlying the treatment of ankle instability. The sta-
bility of the ankle joint is given by three groups of ligaments: the lateral ligaments, the tibiofibular syndesmosis and me-
dial ligaments. The lateral ligaments are: the anterior talofibular ligament, calcaneo fibular, posterior talofibular. The an-
terior talofibular ligament is a thickening of the intra-articular capsule anterolateral which extends from the anterior edge
of the fibula distal to the distal anterolateral neck of the talus. It is about 2 mm of thickness, 10 mm wide and 20 mm long.
Calcaneal fibular ligament is a cord-extra-capsular, which runs from the lower surface of the lateral malleolus in a distal-
to-back on a small tubercle on the lateral aspect of the calcaneus. It forms the medial wall of the sheath of the peroneal
and stabilizes the ankle and the talo-calcaneal size 3 mm thick, 5 mm wide and 20 of length. Posterior talofibular liga-
ment is the most robust of the lateral ligaments. Runs horizontally from the distal fossa of the fibula to the lateral tuber-
cle of the posterior process of the talus. Deep on average is 8 mm long and 30 mm. A cadaveric study shows that the
higher antero-lateral section of the joint capsule is responsible for about 18% of the laxity remaining after a ligament in-
jury grade II and 30% after a ligament injury grade III (Boardman, Liu 1997). A facility that is not in itself a mechanical
stabilizer of the ankle but plays an important role for execution of the surgical technique in question is the extensor reti-
naculum. Marconetto and Parino have accurately described the anatomy and function: it is composed of 2 parts top and
bottom. The lower part has a configuration Y formed by three bands or less frequently to X composed of four bands,
stretched between heel and medial edges of the tibia and foot. The formation of main interest for the execution of the
technique in question is the stem the Y (frondiforme ligament) and is the restraint system III peroneal tendon and the ex-
tensor digitorum communis, and originates from the heel taking up and medially to extend the supero-medial band. The
origin calcaneal is composed of three roots: lateral from the lateral margin of the floor of the sinus tarsi, intermediate from
the floor of the sinus tarsi and medial origin with endosenotarsica in turn composed of three beams, which run on the lat-
eral side of the talar neck until to the lower surface of the ligament frondiforme consituing the package deep. Medial ten-
dons of the extensor digitorum ligament frondiforme continued in the supero-medial oblique band that goes on the ten-
don below the EPA and the tendon of the TA to terminate the medial malleolus. Microscopically can detect a rich innervation
with free terminations and particles Pacini, who appear to function more proprioceptive and mechanical. In fact, accord-
ing to the authors, taking up some considerations Viladot in 1984, the retention of the retinaculum has a positive effect
on the stability of the ankle and subtalar also their mechanism of alerting reflex muscle pronator.

Surgical technique

Since with a certain frequency the lateral instability of the ankle is associated with intra-articular pathologies, in accor-
dance with other authors we usually use the technique of ligament reconstruction external preceded by a time arthro-
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scopic intra-articular. In our experience, intra-articular pathology that often we find that we treat in the same session and
during the time associated with arthroscopic ligament reconstruction of antero-lateral ankle impingement fibrous. Accord-
ing to the literature it is not uncommon to find a detachment of osteochondral talar dome, a lesion of the distal syndesmo-
sis tibio fibular, a osteophyte tibialis anterior, intra-articular loose bodies. As regards the part arthroscopic use a manual
traction sling that turns out to be sufficient both for the inspection for the treatment of articular lesions. Use a toolbox with
standard optical, 2.8 mm, 30° inclined, with access anteromedial and antero-lateral after distension of the joint with 20
cc of saline sol. It examines the chondral surfaces, the malleolus, the distal syndesmosis tibio fibular and soft tissues in-
cluding the joint capsule side. Synoviectomy is performed to remove scar tissue anterolateral painful intra-articular re-
active. If this is removed the osteophyte tibialis anterior. Prefer treat chondral lesions using chondroplasty with the tech-
nique of micro-fractures. Once the start time arthroscopic ligament reconstruction according to the technique of Brostrom
amended by Gould. We practice a linear incision along the anterior margin of the distal fibula starting 5 cm proximal to
the tip of the fibula and ending, after having bent downward and posteriorly, a few cm before the sheath of the peroneal,
then with an incision shorter than the classical technique, since they do not deal with this procedure patients with lesion
also of the peroneal-calcaneal ligament. We are careful to observe the superficial peroneal nerve before while the sural
nerve is in an area far enough away from our incision being rear peroneal tendons. Continue dissection up to the joint
capsule and simultaneously identify the inferior extensor retinaculum. Let inserted to the fibula a sleeve capsular of 3 mm.
Interior of the articular capsule is identified the anterior astragalar fibular ligament as a thickening of the capsule. We su-
ture the remaining distal fibular ligament anterior talar directly anchored on the fibula and sutured to the periosteum over
the previously prepared with capsular sleeve points to coat. It is then isolated the extensor retinaculum, which is above
the suture and pulled, and anchored to the fibula. We complete the repair with suture and the subcutaneous tissue of
the skin and protect the joint with a bandage soft. The next day you apply a guardian bivalve protection and allows the
load touched with two sticks. From day 15 you can ambulation with partial load is gradually increasing and started the
re-education program with exercises of flexion-extension of the ankle and knee continues with specific strengthening ex-
ercises of the peroneal and proprioception exercises. The race will be granted from the third month and the sport of jump-
ing and contact recovered gradually from the fourth to the sixth month post-operatively.

Case study

From January 2000 to January 2005 were treated with this method 18 patients, 11 males and 7 females, aged between
17 and 35 years (mean 27.5 y), the affected side was the right in 12 patients and left in 6 patients. All were suffering
from instability of the ankle. The instability persisted for at least six months to a maximum of four years. The sport was
football in 9 cases, the court in one case, a gym with bodyweight exercises in two cases while the other did not prac-
tice sports. All of them correspond to the following criteria:
1) Failure of previous conservative treatment, including use of braces, physical therapy, pharmacological and proprio-
ceptive exercises. Ten of these were treated with plaster cast, while the others had not received any treatment in acute.
2) Drawer front clinically evident compared to the healthy side at 20° of plantar flexion to evaluate the PAA and the re-
versal maneuver forced to evaluate the PC. May be documented with RX stress by Telos device. While knowing the
limits of reproducibility of this examination, we consider, in agreement with the majority of the authors, a limit of normal-
ity of 9 mm for anterior translation and 15° for the talar tilt (Karlsson J.).
3) Complete rupture of the ligament PAA and integrity of the ligament PC and PAP MRI examination performed routinely
in all cases.
4) Subjective feeling of instability often associated with pain in normal walking, especially on uneven ground or inabil-
ity to sports activities as well as recreational-amateur. All patients had one foot with the heel in line footprint and indif-
ferent, except for one patient with bilateral pes cavus, a patient with mild varus heel ipsilateral to the lesion and one pa-
tient with a small footprint with calcaneal valgus flat I can ipsilateral to lesion. In all cases we performed the first time
arthroscopic, highlighting always aimpigement by scar synovial antero-lateral, which has been treated by synovectomy
anterolateral selective. Were excluded from the study patients who had an osteochondral disease.

Results

For the evaluation of the results we refer to the scale AOFAS minimum follow-up was 1 year and up to 5 years (aver-
age F-UP = 3.2 years)
• pain:
absent in 17 patients
occasional in 1 patient
• walking without limitation all subjects
• difficulty walking on uneven ground one patient (occasional)
• abnormalities of gait in any patient
• dysmotility in flexion-extension of the Ankle in any patient
• dysmotility in inversion-eversion in two patients (moderate limitation pronosupination)
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• anteroposterior stability: the presence of a moderate anterior drawer in a patient
• varus-valgus stability: good in all patients
• changes in the axis of the support and heel: heel valgus and flat-footedness in one case, heel varus in one case,

existing intervention.

The results have been so good in 94.5% of cases and good in the remaining 5.5%. We had unsatisfactory results in
this study. All patients who were doing sports have returned to practice and two patients who previously held the trauma
sedentary life began after the procedure to practice sports at a recreational level.

Discussion and Conclusions

In agreement with the literature we have found satisfactory results with the use of this surgical technique, which has
proved simple and quick, without the sacrifice of other structures and with a post-operative course well accepted by pa-
tients. In the light of the results and findings during surgery we believe that the combination of a time arthroscopic help-
ful to identify comorbid conditions sometimes misunderstood by the methods of preoperative imaging and clinical ex-
amination to treat them simultaneously instability with a wave of technical simple to perform and less aggressive for the
patient, in the context of the intervention of base. Excellent stability obtained by the method of Brostrom-Gould in the
cases treated, the rapid recovery of joint function and return to sports comfort us in continuing this surgical technique
and encourage us to use it in calcaneal-fibular ligament injuries, as indeed suggested by the inventor of the technique.
Bell SJ et al. reported the long-term results obtained with this method also repairing the ligament PC in a group of pa-
tients used high-level military sports. For an F-UP of 26.3 years, the results were excellent and good in 91% of cases
studies performed on cadaver showed a greater mechanical stability with the intervention of Brostrom modified com-
pared to the techniques of Watson-Jones and Chrisman-Snook especially in subjects top sportsmen commitment and
encourage us in the use of this method, especially in this category of sports.
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The effect of femoral tunnel position and graft 
tension on patellar contact mechanics and patellar
kinematics following MPFL reconstruction
Deiary F Kader
Orthopaedic & Trauma Department, Newcastle upon Tyne, U.K.

Background: non-anatomic femoral tunnel position or graft over tensioning during Medial Patellofemoral Ligament
(MPFL) reconstruction may cause altered patellofemoral joint kinematics and contact mechanics, potentially resulting
in pain and joint degeneration. 
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Hypothesis: non-Anatomic positioning of the tunnel or graft over tensioning during MPFL reconstruction will have an
adverse effect on patellar tracking and patellofemoral joint contact mechanics. 

Study Design: Controlled Laboratory Study.

Methods: Eight fresh frozen cadaveric knees were placed on a customised testing rig, with a fixed femur and tibia mo-
bile through 90° of flexion. Individual quadriceps heads and the Iliotibial Band were separated and physiologically loaded
with 205N using a weighted pulley system. Patellofemoral contact pressures and patellar tracking were measured through
flexion range at 10° intervals, using Tekscan pressure sensitive film inserted between the patella and trochlea and an
Optical Tracking System. The MPFL was transected and then reconstructed using a double strand gracilis tendon graft.
Tekscan and tracking were recorded for reconstruction with the graft positioned in anatomic, proximal and distal tunnel
positions. Measurements were then repeated with an anatomic tunnel and graft tension of 2N, 10N and 30N, fixed at
3 different flexion angles of 0°, 30° and 60°. Statistical analysis was undertaken using repeated-measures ANOVA, Bon-
ferroni post hoc analysis and paired t-tests. 

Results: Anatomically placed MPFL reconstruction tensioned with 2N resulted in restoration of intact medial and
lateral joint contact pressures and patellar tracking (P >0.05), but femoral tunnels positioned proximal or distal to
the anatomic origin, resulted in significant increases in peak and mean medial pressures and medial patellar tilt
during knee flexion or extension, respectively (P < 0.05). Grafts tensioned with 10N or 30N also caused signifi-
cant increases in medial pressure and tilt. Fixation of the graft at 30° and 60° restored all measures to intact state
(P>0.05), but fixed at 0° caused significant increases in medial joint contact pressures compared to intact
(P<0.05) knees. 

Conclusions: Anatomically positioned reconstruction with 2N tension fixed at 30° or 60° restored joint contact pres-
sures and tracking. However, graft over tensioning, or femoral tunnels positioned too proximal or distal caused signifi-
cantly elevated medial joint contact pressures and increased medial patellar tilting. The importance of correct femoral
tunnel position and graft tensioning in restoring normal patellofemoral joint kinematics and articular cartilage contact
stresses is therefore evident.

Propioception in knee rehabilitation 
after ACL reconstruction
Gianfranco Lisitano
Medical Center Physical Rehabilitation Kinecenter, Messina, Italy 

The proprioceptive rehabilitation of a patient who has suffered a knee injury can be started right from the earliest
stages proposed repositioning joint exercises performed in discharge and under the control of the therapist. With
the progress of rehabilitation are proposed closed chain exercises with the use of different tools: tablets mono and
multi-axial, elastic carpet and balloons Physioball. The “Romberg test” on both feet and monopodalic, with eyes open
and closed can give important information and is itself an exercise to be included in the rehabilitation protocol. This
exercise can be complicated with a spongy pillow of medium density. And then goes to exercises of perturbation
of the balance, itʼs done with the therapist behind the patient, making unpredictable the time and the type of per-
turbation. Typically the exercises of proprioceptive are specific for the joint because they must stimulate the whole
propriocetive system. But itʼs, possible to propose specific exercises for the knee joint, for example varying the an-
gle of flexion of the joint or using technical equipment, such as, ski boots for a skier. When you plan the exercise
program, for the proprioceptive rehabilitation itʼs necessary to consider the muscular strenght of the extensor and
flexor knee muscles, including the strenght of the muscles of the upstream and downstream joints. To recover the
muscle strength is basic for the correct execution of proprioceptive exercises in load. Finally, we must not forget
the strength of the stabilizing muscles of the trunk (Core Stability), which is also a prerequisite for the correct ex-
ecution of many exercises.
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Endoscopic assisted release for CECS 
of the lower leg
Heinz Lohrer, Tanja Nauck 
Institute of Sports Medicine Frankfurt/Main, Germany

Introduction

Endoscopic treatment of intractable CECS of the lower leg in athletes is reported rarely and anecdotically. 

Methods 

We developed a minimally invasive, endoscopically assisted technique for release of CECS of the lower leg. Follow-
up 1 was performed by telephone interview 4.0±1.8 (0-7) years; [n=17] after surgery. Follow-up 2 was performed by tele-
phone interview 9.3±1.6 (5-9) years; [n=8] after surgery.

Results 

38 compartments were released in 17 athletes (19 deep posterior, 16 anterior, and 3 lateral compartments). All these
patients were available for follow-up 1analyses. No complications were seen following anterior and lateral compart-
ment decompression. Contrasting to this, two patients operated under tourniquet for deep posterior compartment syn-
drome suffered intraoperative hemorrhage and open revision surgery was required. No complications due to vascu-
lar injuries were seen in all further patients when the tourniquet was omitted. Ten patients returned to previous sport
activity. At follow-up, results were good or excellent in 10 out of 17 patients. Visual analogue pain scale improved from
7.4 (range 5 to 9) before surgery to 2.4 (range 1 to 8) at follow up (p = 0.0005). At follow-up 2 the results were not de-
teriorated.

Discussion

Our data indicate that endoscopic release for CECS of the lower leg is feasible und successful even in the long term.
The procedure is at risk for vascular complications during deep posterior compartment fasciotomy. Consequently, it is
emphasized to perform the procedure without tourniquet.

Single minimal incision fasciotomy for chronic 
exertional compartment syndrome of the lower leg
Nicola Maffulli1, Filippo Spiezia2, Mattia Loppini2, Umile Giuseppe Longo2, Gayle D. Maffulli1, Vincenzo Denaro2

1 Centre for Sports and Exercise Medicine, Barts and The London School of Medicine and Dentistry, Mile End Hospi-
tal, England
2 Department of Orthopaedic and Trauma Surgery, Campus Biomedico University, Trigoria, Rome, Italy

Chronic exertional compartment syndrome (CECS) is a pathologic condition characterized by exercise-induced pain,
swelling, and impaired muscle function (1, 2). It has been related to repetitive movements, typical of military train-
ing, or running or endurance sports, and may impair physical performances (3, 4). Any muscle harboring an envelop-
ing fascia can be affected by CECS. In the leg, it can arise in all four compartments, including anterior, lateral, su-
perficial posterior, and deep posterior compartment. The anterior and deep posterior compartments are most
frequently affected, accounting for 50% of cases (25% each) (5). Physiopathologically, CECS results from an abnor-
mal increase in muscle compartment pressure secondary to insufficient compliance of the surrounding fascia or ex-
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ercise-induced muscle hypertrophy, which leads to an increase of the muscle volume within the confined nonelas-
tic space of the compartment. The high intracompartmental pressure (ICP) affects the tissue circulation causing is-
chemia and, at times, temporary neurological deficits (6, 7). In physiological conditions, the skeletal muscle is per-
fused only during muscle relaxation, between two muscle contractions during dynamic exercise. When CECS
occurs, the high intramuscular pressure prevents the perfusion of the muscles during exercise, resulting in ischemic
pain and impaired muscle function.
The intracompartmental pressure measurement is currently considered as the gold standard diagnostic exam for
CECS. Although the measurements are obtained before, during, and after exercise (8), the post-exercise values of
ICP are the best documented parameter to confirm this condition. Some authors suggest to measure this parame-
ter at 1 minute after exercise, indicating values higher than 27.5 mm Hg as strongly suggestive of CECS in patients
with a history of leg pain during physical exercise (9). The ICP measurement is performed introducing a needle or
catheter through the skin and fascia into the muscular compartment. For this reason, it is invasive and painful, with
risks of bleeding, neuropraxia, and infection. Among noninvasive diagnostic methods, magnetic resonance imaging
(MRI) (10) seems to be a promising alternative. Near-infrared spectroscopy (NIRS) aims to measure the hemoglo-
bin saturation of tissues. Patients with typical complaints and elevated ICPs show a larger decrease in StO2 after
exercise than those without pressure elevation or healthy controls (11). However, the role of both MRI and NIRS in
clinical diagnosis has not been clarified. 
The treatment of choice for CECS is considered the faciotomy consisting in surgical decompression of the involved mus-
cular compartments to decrease the pressure. Over time, different surgical procedures have been proposed to man-
age chronic exertional compartment syndrome of the leg performed in open, endoscopically assisted and minimally in-
vasive fashion (4, 12-20). Recurrence secondary to incomplete release, and complications such as infections,
postoperative haematoma, nerve injury, cosmetically unacceptable scarring, muscle fascia adhesions, swelling, lym-
phocele or haemorrhage of the leg are reported after fasciotomy for CECS (13, 14, 17, 21).
We assessed the effectiveness and safety of the minimally invasive fasciotomy in 18 consecutive athletes (12 males
and 6 females, median age: 27 years) with unilateral or bilateral CECS. Clinical evaluation was performed with ques-
tionnaires, including SF-36 and European Quality of Life-5 Dimensions scale (EQ-5D). The ability to participate in
sport before and after surgery, and the time to return to training (RTT) and to sport (RTS) were also recorded. The
median follow up after surgery was 36 months. Both questionnaires showed a statistically significant improvement
(P<0.0001) after surgery. At the time of latest follow up, 17 of 18 patients (94%) returned to pre-injury or higher lev-
els of sport. Only one patient (6%) returned to sport at lower levels than those of pre-injury status. The median time
to RTT and RTS was 8 and 13 weeks respectively. No severe complications or recurrence of the symptoms were
recorded. 
Our results suggest that the minimally invasive fasciotomy allows to release the anterior and lateral compartments
through a single incision in patients suffering from unilateral or bilateral CECS of the leg. This procedure is safe, de-
spite it can be technically challenging. Moreover, the complete recovery and return to pre-injury sport levels are likely
in the most patients, and satisfaction and physical function remain high in the mid term. Given these findings, the min-
imally invasive fasciotomy can be considered as alternative approach to traditional open surgery for the management
of CECS.
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Hamstring injuries classification. 
Anatomical, clinical or imaging orientated?
Nikolaos G. Malliaropoulos
National Track & Field Centre, Sports Injury Clinic, Sports Medicine Clinic of S.E.G.A.S., Thessaloniki, Greece

Little information is available in the international literature about non contact acute (NCA) muscle injury classification
systems (1).
Various systems have been used to classify the severity of the non contact acute (NCA) muscle injury. Acute muscle
injuries are commonly classified as strains (Grade I), partial tears (Grade II) and complete tears (Grade III) (2, 3).
Particularly in elite athletes, where decisions regarding return to play and player availability have significant financial
or strategic consequences for the player and the team, there is an enormous interest in optimising the diagnostic, ther-
apeutic and rehabilitation process after muscle injuries, to minimise the absence from training and to reduce recurrence
rates (1, 11).

Anatomical 

Recently describe an imaging (magnetic resonance or ultrasound) nomenclature, which considers the anatomical site,
pattern and severity of the lesion in the acute stage. By site of injury, they define muscular injuries as proximal, middle
and distal. Anatomically, based on the various muscular structures involved, muscle injuries distinguish intramuscular,
myofascial, myofascial/perifascial and musculotendinous injuries (4). 
A general rule of thumb is, “the closer to the ischial tuberosity, the longer rehabilitation period”. Intramuscular or intra-
muscular haematoma should be also differentiated. 

Imaging 

Muscle injuries has been classified according to their imaging findings, and Ultrasound and MRI are used to image the
muscle lesion.
Previous grading systems based up imaging: Takebayashi et al. published in 1995 an ultrasound-based three-grade clas-
sification system ranging from a grade 1 injury with less than 5% of the muscle involved, grade 2 presenting a partial
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tear with more than 5% of the muscle involved and up to grade 3 with a complete tear (5). Peetrons has recommended
a similar grading (6).
An MRI study described findings with poor prognosis of muscle injury when the muscle rupture and retraction, haem-
orrhage, ganglion-like fluid collections, are greater than 50% cross-sectional involvement were associated with conva-
lescent periods of more than 6 weeks.
In general, MRI findings, particularly the length and cross-sectional area of injury, may be used as an estimate of time
for rehabilitation and can sometimes be predictive of the time high-performance athletes will be away from play.
The currently most widely used classification is an MRI-based graduation defining four grades: grade 0 with no patho-
logical findings, grade 1 with a muscle oedema only but without tissue damage, grade 2 as partial muscle tear and grade
3 with a complete muscle tear (7). 
In patients with an equivocal or remote history of trauma, imaging is advised, as it may help to better define a soft tis-
sue mass if a neoplastic mass is clinically suspected (4).

Clinical 

In terms of Clinical Classification time to walk pain-free, has been used to define the severity of the injury and predict
the time to recovery, 4 weeks to RTP for the time to walk (8). 
Also in muscle-tendon complex of the long head of biceps femoris, a clinical assessment of the point of highest pain
on palpation, within 3 weeks from the injury, is predictive of recovery time (9). 
During my lecture I will present Our Clinical classification for non contact Hamstring injuries, which is based on estimat-
ing the knee active range of motion deficit between the injured and the healthy side (10).
We also correlate our fining with the time needed to full return to play. Following the clinical classification we are able
to define the severity of the injury decide for the treatment, to design the rehabilitation protocol and follow them during
that period, to predict the time to full rehabilitation and to assess the reinjure rate (11).

Conclusion 

Careful combination of a Clinical Classification including medical history, mechanism of the injury, injury location, inspec-
tion, clinical examination, active range of motion deficits and choosing the appropriate imaging will most likely lead to
an accurate diagnosis on NCA Hamstring injuries.
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Pectoralis major tendon rupture. 
Acute vs chronic repair
Giovanni Merolla, Giuseppe Porcellini
Unit of Shoulder and Elbow Surgery, D. Cervesi Hospital, Cattolica, Italy

Introduction: pectoralis major (PM) muscle is the powerful dynamic stabiliser of the shoulder that acts as a flexor, ad-
ductor and internal rotator. The rupture of the PM tendon is a relatively rare injury and to date, over 200 cases have
been published. PM injuries are male dominant and occur in patients during their second to fourth decade of life; SP is
the most commonly involved, CP being hit so rarely to make these lesions sometimes misdiagnosed as a muscle sprain. 

Classification and examination: PM injuries are classified on the degree as muscle sprain (type I), partial tear (type
II), complete tear (type III); complete tear are further subdivided according to location in: type IIIA (muscle origin), type
IIIB (muscle belly), type IIIC (myotendinous junction) and type IIID (tendinous). A recent subclassification introduced a
bony avulsion from the insertion (type IIIE) and a muscle tendon substance rupture (IIIF). Type IIID is the most frequent
with a rate of 65% folllowed by the type IIIC that occurs with a frequency of 27%. PM ruptures have been described al-
most exclusively in young men weight lifters and high-performance athletes (boxing, football, water skiing, wrestling,
rugby) as results of eccentric contraction of the musculotendinous unit. Rare cases occurred when resisted forces are
applied to the extended and abducted arm. Physical examination shows loss of the anterior axillary fold and pectoralis
contour and performing the test in “prayer position” asking the patients to press the hands together with the arm ad-
ducted, the chest wall reveals to be asymmetryic, particularly evident when the chest wall moves medially. Loss of strength
is notable to internal rotation of the arm when tested at neutral. Conventional X-ray is limited as diagnostic tool while
ultrasound is effective and less expensive to identify and locate PM rupture, however, MRI remain the method of choice
to identify partial and complete tears and to assess the amount of muscle retraction.

Surgical procedures: conservative management is indicated in elderly patients, partial tendon tears and muscle belly
ruptures; furthermore, lower demands subjects could be cadidated for nonoperative treatment. Surgical approach is re-
quired in young active patients with acute ruptures, despite the chronicity does not represent a limit for tendon reattach-
ment. The deltopectoral is the most common method used for shoulder exposure, with the proximal extent of the inci-
sion slightly medial to make easier access to the retracted tendon, while the distal incision should be more lateral for
a better exposure of the pectoralis insertion. 

Acute ruptures: the clavicular fibes are usually preserved and often a connection (“cord”) between the medial brachial
and antebrachial septum is found simulating an intact tendon. In acute ruptures (< 6 weeks) the terminal end of the ten-
dons are identified and fixed with non absorbable sutures (# 5) that are used to pull on the muscle belly. The sutures
used to reattack the tendon include size of both types, absorbable and nonabsorbable. Mason-Allen and Krachow stitches
have been described to guarantee adequate strength to the knot, while a modified Kessler stitches in multiples layers
should be preferred to repair intramuscular tears. PM can be fixed to the humerus with suture anchors, bone tunnels
or bone trough. 

Chronic ruptures: in cases of chronic ruptures in which direct tendon attachment is not feasible, PM can be recon-
struct using tendon autograft or allograft. Zafra et al. described the use of a bone patellar autograft procured from the
knee, sutured to the musculotendinous junction with the bone fragment inserted into the humerus by means of a 4.5
mm cortical screw with a washer. Schachter et al. reported the use of autologus gracilis and semitendinous tendon har-
vested from the knee in a standard fashion and looped to form a standard 4-strand graft. Achilles tendon allograft has
been described in delayed repair of PM rupture including both, sternal and clavicular portion, fixed using metal suture
anchors. In our study which is still in progress we found encouraging results using the fascia lata allograft for tendon
augmentation.

Discussion: acute repair of tendon tears should be performed within 6 weeks to achieve an optimum mobilization of
the muscle belly and reattach the tendon to its anatomic origin on the humeral shaft. The mobilization of the musculo-
tendinous junction is more difficult in case of chronic ruptures due to the surface and deep adhesions of the chest wall.
Several authors reported that there were significantly more cases with an excellent outcome when surgery was performed
within 8 weeks of injury than with delayed surgery. Similarly, additional research findings showed how early surgical ap-
proach was associated with better outcome than delayed treatment. Conversely, Schepsis et al. found no significant
subjective or objective differences in the outcome between the patients treated operatively for acute or chronic injuries,
but all these patients achieved better results than patients treated nonoperatively. In conclusion, PM ruptures are rare
injuries requiring immediate diagnosis to set the most appropriate treatment which is identified with surgical reattach-
ment in case of complete tendon tears, both acute and chronic. Although some authors described similar outcomes in
acute vs chronic repair, we suggest an early repair to obtain the best clinical and functional results.
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Orthokine derived autologous conditioned serum 
in the treatment of back pain and joints
Carsten Moser
Groenemeyer Institute for Microtherapy, Bochum, Germany 

Introduction

As the purely mechanical view of orthopaedic diseases gradually yields to a more biological perspective, novel, biolog-
ically based therapeutic agents that modify the action of such cytokines have a high therapeutic potential in a variety
of orthopaedic conditions, including osteoarthritis, tendon and muscles injuries and radiculopathies. A new method based
on exposure of blood leukocytes to glass beads elicits an accumulation of anti-inflammatory cytokines, including IL-1Ra,
and several growth factors, e.g. insulin like growth factor-1 (IGF-1), platelet derived growth factor (PDGF) and trans-
forming growth factor beta (TGF-ß1). This article summarizes details about the production procedure, techniques of clin-
ical application and the status of randomized controlled trials (RCT) using this new method.

Methods 

For the ACS production, venous blood is drawn into syringes containing glass beads (Orthogen, Duesseldorf, Germany).
When the blood is incubated for six to nine hours, peripheral blood leukocytes reproducibly produce elevated amounts
of endogenous anti-inflammatory cytokines. After incubation, the blood is centrifuged and the serum is extracted and
injected locally in a series of injections. 

Results

ACS has shown to improve signs and symptoms in recently published randomized controlled trials (RCT). In patients
with knee OA ACS was superior to Hyaluronan and Saline in terms of pain reduction, patients´ satisfaction, and func-
tional outcome. This marked improvement was still present in a follow-up evaluation after 2 years. Authors from a sec-
ond RCT concluded that ACS clearly induces a biologic answer and improves function and symptoms in patients with
knee osteoarthritis. Further results of a controlled study in a horse-model (experimentally induced OA) indicated that
there were significant clinical and histological improvements in osteoarthritis-affected joints of horses following treat-
ment with ACS, compared with placebo-treatments. In view of the significant concentrations of growth factors that have
been shown to favorably affect tendon healing, an animal model evaluated the effect of ACS on the healing of the trans-
acted rat Achilles tendon and showed favorable results in contrast to placebo.
In a RCT in patients after anterior cruciate ligament reconstruction, the therapeutic use of intraarticular ACS injections
was proven in comparison to saline injections, showing statistically less bone tunnel widening as well as consistently
superior clinical outcomes in a follow up period of 12 months. 
In a RCT to study ACS for the treatment of sciatic back pain in patient suffering from lumbar radiculopathy three injec-
tions of Orthokine once a week for three consecutive weeks showed a beneficial effect on pain decrease and was su-
perior when compared to steroids.

Discussion

Injection of ACS into affected joints, muscles or spinal tissue(s) has shown clinical effectiveness and safety in animal
models and human clinical studies for treatment of OA, lumbar radiculopathies and muscle injuries. Because of the au-
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tologous nature of the treatment and the physiological levels of cytokines and growth factors that are achieved, the
risk/benefit ratio is excellent.
The feasibility and effectiveness of such injections with ACS opens a promising new therapeutic perspective and will
be examined further.
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Placental stem cells in the treatment 
of tendon disorders: experimental preclinical 
and clinical settings
Aurelio Muttini1, Luca Valbonetti1, Michele Abate2

1 Department of Comparative Biomedical Sciences, University of Teramo, Italy
2 Department of Medicine and Sciences of Aging, University “G. d ʼAnnunzio” Chieti-Pescara, Chieti Scalo (CH), Italy

Tendon injuries are very common both in humans and in horses. The Achilles and patellar tendons are most commonly
involved in humans and superficial digital flexor tendon is most often affected in horses. In both species very serious
economic impact is caused by tendinopathies. It is well known that a true regeneration of tendon tissue is only possi-
ble in fetus (Favata, 2006) and that healing of tendinopathies in adult occurs through a scar formation. The scar, in turn,
has mechanical properties inferior than healthy tissue (Woo et al. 1999), and affected subjects are predisposed to re-
injury. Several different strategies has been suggested for the treatment of tendon injuries and this large range of so-
lutions reflect the absence of a validated effective protocol enabling to induce a true regenerative process. There is con-
sensus agreement, that amnion derived cells may be a possible reserve of cells usefull for clinical application (Muttini
et al. 2012) as they are available in nearly unlimited supply, ethically problem-free and easily procured (Evangelista et
al. 2008). The cells of the fetal component of the placenta named Amniotic Epithelial Cells (AECs) and Amniotic Mes-
enchimal Stromal Cells (AMSC) are formed by the epiblast and they appear before gastrulation. Since gastrulation has
primary importance in the differentiation and specification of cell fate (cell commitment) amnion cells may retain the
pluripotent properties of early epiblast cells (Miki et al. 2005). It has been demostrated by in vitro studies that human
and ovine AECs display unique properties that can support tendon regeneration. In particular AECs display the self re-
newal and pluripotency characteristics of stem cells. Furthermore these cells show a high level of plasticity, are able to
in vitro differentiate into all three germ layers (Miki et al. 2005) and are characterized by a high immunomodulatory ac-
tivity (Parolini et al. 2009). Recent studies demostrate that AECs isolated from pregnant sheep maintain a stable ex-
pression profile during culture and are able to differentiate toward the tenogenic lineage when co-coltured with teno-
cytes (Muttini et al. 2010, Barboni et al. 2012). Our preclinical studies clearly showed that, when injected into
experimental tendon defects af sheep Achilles tendon, PKH 26 marked AECs can survive for at least 28 days. In a re-
cently published clinical study our group also demonstrated that the xenotransplantation of ovine AEC into spontaneous
teninopathy of horses survive in the tissue for long period and are able to produce collagen tipe I protein. These data
confirm the low immunogenicity and immunomodulatory properties demonstrated in the elegant studies by Magatti et
al. 2008. 
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Muscles injuries recidives. How i treat?
Gianni Nanni
Education Research Department, Isokinetic Medical Group, Bologna, Italy

A recidive is defined as a new lesion that can occur at the same point of the first lesion, or in different areas, but at the
same muscle.
Some studies consider recidive a lesion that occurs in the same muscle until two years after the primary lesion (1).
In our study we instead consider recidives that occur in a shorter period of interval between the two lesions, precisely
six months.
We believe that it is difficult to think that an athlete may compete for a period of two years from the primary lesion, with-
out complaints, if the primary lesion is not completely healed.
The early recidives, which occur after only a few days from the primary lesion, usually affecting the same area and the
scar tissue that it is forming, are caused by diagnostic errors (2) and/or by eccessive loads when the scar tissue can-
not withstand such loads.
Late recidives instead, most often affect the healthy muscle tissue, closed to the scar tissue of the primary lesion or in
a more distant areas upstream or downstream the previous injury, but in the same muscle belly. They are usually caused
by thick, irregular and inelastic fibrous scar tissue from the previous injury or, in this case too, from excessive loads for
a not completely recovered muscle.
In recent years PRPʼs (Platelet Rich plasma) infiltrations have improved the prognosis of muscle lesions and of recidives
too, although the correct rehabilitation protocol, with an adequate number of rehabilitation sessions on the field, has
proved to be of fundamental importance in muscle injuries recidives and therefore also in the prevention of further re-
cidives. Exercise seems to affect and influence the quality of the tissue being formed to fill the gap that the injury caused
(2, 3).
Our study of 1343 muscle lesions from indirect trauma, in athletes, has done a lot to make us reflect on the importance
of rehabilitation on the field after muscle injury and made us understand how the complete recovery of extensibility, es-
pecially eccentric of muscle strength, of the primary athletic parameters, characteristic of the sport practiced by the in-
jured, the specific technical movements for that sport discipline and finally the reliability to perform the specific act that
caused the injury, are key elements in order to consider an athlete suitable to return to sport activities as before the mus-
cle injury happened (2, 4-7).
In fact, this first period of full return to sport activity we call it “conditioned healing” and we still consider as still taken
over by the coach, the athletic trainer and the medical staff, in order to adopt a careful monitoring of the athlete and in
particular of the muscle involved by the lesion, after trainings and competitions.
These concepts and principles that guide rehabilitation after muscle injuries are even more important when we talk about
the treatment of recidives (2).
We must also be aware of the predisposing factors to recidives, some of which can be detected and removed before
starting the work with loads at high intensity, such as ipoestensibility of the antagonistic muscle groups and biomechan-
ical compensations that have been established as a consequence of the first injury (2, 5, 6).
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Acromion-clavicular ligament reconstruction 
with allograft
Simone Nicoletti
Orthopaedic and Traumatology Unit Pistoia Hospital, Italy

Introduction

The acromioclavicular (AC) joint is one of the most commonly injured joints of the body, with injuries to the AC Joint ac-
counting for roughly 9% of upper limb injuries seen in clinical practice (1). They are almost ten times more likely to oc-
cur in males than females and most frequently occur within the first three decades of life (1). These injuries typically
occur in contact sports athletes (American Football, Rugby, Australian rules and Soccer) (2, 3). It has also been noted
that one-fifth of shoulder injuries suffered by recreational skiers involves the AC joint (4). The treatment of AC joint in-
juries remains a controversial topic. There are many different techniques used but as of yet no technique has been shown
to have the significantly best results (5-9). A few studies address the topic and seem to confirm the biomechanical and
clinical advantages of using free tendon graft reconstruction for Coracoclavicular (CC) ligaments (10-15). The purpose
of this study was to examine the clinical outcomes for CC ligaments reconstruction with tendon allografts.

Methods

Over a two years period, eleven patients underwent CC ligament reconstruction at our institution using cadaveric ten-
don allografts having suffered AC Joint dislocation. Indications forearly surgery (< 3 months) included symptomatic Rock-
wood Type IV and V injuries (16) that prevented early return to activities and sports. Indications for delayed surgery 
(> 3 months) included symptomatic Type III, IV and V injuries. There were nine men and two women. The operations
were performed as an open procedure in 8 patients and arthroscopically assisted in three. Preparation for clavicle and
coracoid tunnels placement was performed by drilling a 3 mm hole and enlarge by increasing drill bit diameters in in-
crements of 1 mm. A semitendinosus tendon allograft was anchored to the coracoid with an endobutton. An interfer-
ence 6 mm screw was used to fix the tendon into the clavicle tunnel and a cerclage of PDS band was made as an ad-
ditional support. In five patients were used a Graftrope instead of fixation with endobutton and PDS cerclage. 
The age of the patients ranged from twenty to sixty years old, with a mean age at the time of evaluation of 39 years
old. The dominant shoulder was involved in eight patients.
Outcome measures included pre- and post-operative Constant and Oxford shoulder scores, patient satisfaction, return
to sports and activities and standardize antero-posterior and Axillary radiographs. The follow-up in this series was be-
tween 6 and 16 months post operatively.
Statistical analysis was performed using the Stats Direct 2006 software. The preoperative and post-operative scores
for the patients as a single group were compared. This was done separately for both the Oxford and Constant Scores.
The statistical significance of the changes was assessed using the Wilcoxon signed-rank test.

Results

The mean follow-up was 12.7 months with a range between six to seventeen months. One of the eleven patients was
chronic type III dislocation with unresolved pain having previously been treated conservatively for at least six months.
The remaining ten were all type IV (n =6) or V (n = 4) dislocations. Five patients were involved in collisions whilst ski-
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ing or snowboarding, four fell whilst cycling and one were rugby injuries. Each patient reported landing heavily on the
point of the shoulder.
Over all the patients showed a significant improvement following intervention. The mean pre-operative Oxford score was
42.14 (range 22-59) versus 18 (range 11-38) postoperatively (p = <0.05). The mean pre-operative Constant score was
21.71 (range 8-61) versus 85.45 (range 61-92) post operatively (p = <0.05). The mean pre-operative pain was 10.43
(5-15) and the mean post-op pain was 1.27 (range 0-6), where 15 is maximal pain and 0 is no pain. All patients were
very satisfied (n=7) or moderately satisfied (n = 4). The mean satisfaction score was 85% (range 50-100%). Six patients
returned to their pre-injury level of sports activity, three returned to a reduced leveland one returned to a significantly
reduced level.
The patients were divided into two groups depending from the time interval between the injury date and operation date.
Group A contained patients having had surgery less than three months since injury. Group B included patients oper-
ated on more than three months from the date of injury. There was no significant difference in any of the outcome meas-
ures between the post-operative outcomes between the two groups.
There were two complications. One patient was affected by post-operative frozen shoulder. This had completely resolved
by four months with rehabilitation only. The other patient complained of periscapular pain. This was a revision case.

Conclusion

Coracoclavicular ligament reconstruction using cadaveric tendon allografts is a viable technique for the treatment of AC
Joint dislocation both acutely and chronically. It offers good medium term results, with early return to previous levels of
sports and activities. There were no significant differences in between the group of patients that underwent the opera-
tion within three months of the injury and those that had the surgery more than three months from the injury date.
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Role of magnetic resonance imaging 
in the evaluation of heart muscle in athletes
Francesco Palmieri
UOC of Radiology and Diagnostic Imaging P.O. Santa Maria delle Grazie ASL Na 3, Pozzuoli, Naples

Advanced cardiac imaging, using cardiac magnetic resonance imaging (MRI), is increasingly used in the work-up of ath-
letes with suspected abnormalities on screening. This imaging modality produce highly accurate and reproducible struc-
tural and functional cardiac information. Cardiac MRI has the advantage of imaging without radiation exposure or the
use of iodine-containing contrast agents, but is sometimes not possible due to claustrophobia or other contraindications.
For patients less than 35 years of age, cardiac MRI is the first option after initial echocardiography for further assess-
ment of cardiomyopathies, myocarditis, aortic stenosis and diseases of the aorta and coronary anomalies, which are
major causes of sudden cardiac death in young athletes. In healthy individuals and endurance athletes, cardiac MRI
systematically shows larger values of ventricular and atrial dimensions and volumes compared to echocardiography,
while wall-thickness and wall-mass are smaller. 
To evaluate left ventricular myocardial mass and function as well as ostial coronary artery cross-sectional area in en-
durance athletes, an athlete group of 12 highly trained rowers and a control group of 12 sedentary healthy subjects un-
derwent MR examination. An ECG-gated breath-hold cine gradient-echo sequence was used to calculate myocardial
mass, end-diastolic and end-systolic volumes, stroke volume, and cardiac output, all related to body surface area, as
well as ejection fraction. A 3D fat-saturated ECG and respiratory-triggered navigator echo sequence was used to eval-
uate coronary arteries: left main (LM), left anterior descending (LAD), left circumflex (LCx), and right coronary artery
(RCA). Magnetic resonance imaging is a useful tool in evaluating the myocardial hypertrophy and function of athleteʼs
heart. Magnetic resonance angiography is a valuable noninvasive method to visualize the correlated cross-sectional
area increase of the left coronary artery system.
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Imaging of muscle lesions managment
Gianluigi Pasta
Traumatology Department and Angelo Bianchi Bonomi Hemophilia Center, IRCCS, Maggiore Hospital Foundation, 
Milan, Italy 

The muscle-tendon pathology is a very common problem in the general population and even more in the sport popu-
lation; a muscle-tendon injury may be very debilitating for an athlete and also if treated improperly can become chronic
and risking the season and even athleteʼs career.
It is therefore essential the correct diagnosis and timely at the same time so you can start as early as possible a cor-
rect and appropriate therapeutic procedure and thus enabling the athlete to return to sport activity in the best possible
way and as quickly as possible.
The imaging takes a direct role, it helps detect the presence of any abnormalities or muscle-tendon injury, is very im-
portant to characterize these changes and also for follow-up distance.
In this sense the imaging mainly relies on the ultrasound and magnetic resonance imaging and the development of these
imaging techniques in recent years has allowed us to make great strides in the study of muscle-tendon pathology.
These methods allow the meantime, in fact, not only to highlight even minor alterations in the muscle-tendon and to char-
acterize them in a precise manner by giving the clinician with all the information necessary to establish an appropriate
treatment protocol, but also to provide the clinician with all the information necessary for an adequate follow-up at a dis-
tance.
In this report, then give way to a series of images that will allow us to understand such as ultrasound and magnetic res-
onance imaging, clearly linked to the clinic, have become so important not only in the study of muscle-tendon pathol-
ogy but also in the follow-up distance alterations of muscle-tendon itself.

Resorbable biopolymeric scaffolds seeded 
with stem cells: evolution from bone application 
to tendon regeneration
Ernesto Reverchon, Stefano Cardea, Lucia Baldino, Iolanda De Marco
Department of Industrial Engineering, University of Salerno, Fisciano (SA), Italy

Tissue Engineering (TE) is the ensemble of techniques that have been developed to repair diseased or damaged tis-
sue or to replace and regenerate part of organs of the human body; many of them are still at the stage of research pro-
posal or have moved the first step of development. TE originates from reconstructive surgery used for the direct trans-
plantation of a donor tissue to repair damaged tissues and organs. Many difficulties arise with direct transplantation,
due to insufficient organ donors, rejection of the donor organ and pathogens transmission. An autogenic tissue engi-
neering transplant (using patient own cells) would address most limitations of the direct transplantation and avoid dif-
ficulties concerning rejection and pathogens transmission. Therefore, constructing a tissue-engineered replacement in
vitro can be an excellent alternative to the direct transplantation of donor organs (1, 2). A crucial step of the in vitro re-
placement is the scaffold fabrication. One opportunity is to use decellularized tissues and has been largely used to cre-
ate heart valves, epithelial tissue and blood vessels; however, these “natural” scaffolds suffer of several limitations, among
all infections transmission, and rejection. It is also possible to propose scaffolds obtained as 3-D synthetic constructs
which serve as temporary support to allow isolated cells to form a new tissue, before being transplanted to the host. A
resorbable biopolymeric matrix with sufficient mechanical strength, optimized architecture and suitable degradation rate,
could perform this aim.
The temporary substitution of different biological materials (bones, cartilages, nerves, tendons, vessels, cardiac valves,
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skin and tissues for the gastrointestinal system) requires different structural characteristics; but, all tissues share a se-
ries of common characteristics that have to be simultaneously obtained such as a highly regular and reproducible 3-D
structure, a very high porosity, a suitable pore size and nanostructured surface, suitable mechanical properties, etc. All
these specifications would be simultaneously required to allow the colonization of the scaffold by stem or specialized
cells and all the requirements have to be fulfilled to avoid apoptosis or necrosis of the delicate biological guests. The
techniques proposed to generated scaffolds for TE, at present, are not able to assure the obtainment of the described
characteristics. In particular, the presence of solvent residue, low mechanical resistance and difficulty in 3-D scaffolds
generations are the most common limitations of these techniques.
For these reasons, supercritical carbon dioxide (SC-CO2) assisted processes have been proposed in this field; the gen-
eral aim of SC-CO2 assisted technique is to improve the traditional TE processes, using the characteristic properties of
SC-CO2 to control scaffolds morphologies thanks to the modulability of mass transfer properties and zero surface ten-
sion. 
We successful applied supercritical drying procedures for bone TE applications: PLLA scaffolds were produced, mim-
icking the bone-like structure from macroscopic (3-D), microscopic (cellular structure) and nanometric (mimicking the
extracellular matrix) point of view, with adequate mechanical resistance (3, 4). Human mesenchymal stem cells
(hMSC) adhered, grown, migrated and differentiated during the cultivation in a perfusion reactor. They uniformly col-
onized all the structure, differentiated to osteoblasts, and some early bone formation proteins were consistently ex-
pressed (5). 
Recently, an hardest challenge has been proposed by our group, that consists of the applications of SC-CO2 processes
to the formation of scaffolds suitable for tendon TE applications (6). Indeed, this target is particularly difficult to be ob-
tained, due to the special characteristics of tendon structure; it is mainly formed by long collagen fibrils that are uniax-
ially oriented, organized in fiber bundles, according to a hierarchical structure. We are performing experiments on nat-
ural polymers, such as chitosan, elastin and collagen, with the aim of generating hierarchically organized fibrillar
structures.
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ACL deficiency and cartilage lesion
Donato Rosa
Department of Orthopaedics, Faculty of Medicine and Surgery, University of Naples Federico II, Naples, Italy

The anterior cruciate ligament (ACL) is commonly injured, with a reported injury rate of 0.38 per 100 individuals (1). ACL
injuries often cause knee joint laxity and instability, leading to pain and varying levels of disability. An ACL tear is often
associated with meniscal tears, chondral lesions and the onset of post-traumatic osteoarthritis.
Maffulli et al. (2) reported a prevalence of chondral defects in patients with ACL tear of 43% (163 of 378 knees). Time
from injury was significantly greater in these patients compared with patients with normal articular surface. The weight-
bearing portion of the medial femoral condyle showed the highest frequency of articular cartilage lesions (77 of 163)
knees. 
Porter et al. (3) asserted that all patients with acute, traumatic ACL distruption sustained a chondral injury at the time
of initial impact with sub-sequent longitudinal chondral degradation in compartments unaffected by the initial ʻʻbone
bruiseʼʼ, a process that is accelerated at 5 to 7 yearsʼ follow-up.
In a recent systematic review (4) the incidence of severe articular cartilage injury in acute ACL tears was between 16%
and 46%. Although surgical repair of damaged articular cartilage remains a significant challenge, a growing number of
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options that have shown at least some efficacy in restoring hyaline-like material to the articular surface are available,
such as microfracture, mosaicoplasty, ACI and osteochondral allograft transplantation. However results of combined ACL
reconstruction and articular cartilage repair have only been reported for microfracture, osteochondral autograft trans-
plantation and Autologous Chondrocyte Implantation showing good results at short-term follow-up. 
Many studies have evaluated the long-term onset of osteoarthritis after anterior cruciate ligament injury. Neumann et
al. (5) reported 15 per cent of radiographic tibio-femoral osteoarthritis 15 years after non-operative treatment of ACL
injuries. 
There is a great range of values in several studies for the prevalence of osteoarthritis after ACL reconstruction. In 2009
a systematic review published on the AJSM (6) reported an overall prevalence of tibio-femoral joint that varied between
1 and 100%. Differences in the prevalence of radiographic OA between individual studies can be attributed to different
lengths of follow-up, different characteristics within the patient population, and different methods used to evaluate ra-
diographic OA. Of 31 studies included in the review only two reported a differences of prevalence between surgically
treated and non-surgically treated subjects. 
Li et al. (7) described a prevalence of 39% of radiographic OA an average of 7.8 years after ACL reconstruction. For
authors the strongest predictors of OA were obesity, increased length of follow-up, grade 2 or greater medial chondro-
sis, and prior or concurrent medial meniscectomy. Significant predictors were also male sex and grade 2 or greater chon-
drosis in patella-femoral joint while the use of hamstring graft was found to be a significant protective factor.

Conclusion

ACL injuries are often associated with chondral lesions and meniscal tears. Development of post-traumatic OA is a mul-
tifactorial event. An instable knee lead to a quickly progression of the cartilage lesion until the onset of a post-traumatic
OA. Meniscectomy or meniscal tear accelerate this process. Alterated load characteristics, hematoma, subchondral bone
bruises, inflammation, synovitis, capsular damage, surgical trauma also contribute to cartilage degeneration. ACL re-
construction restores knee stability and allows the patient to resume his o her preinjury activities but does not prevent
the development of post-traumatic knee OA. More research needs to be done to determine factors that explain the de-
velopment of OA and to describe the management of chondral lesions associated with ACL tears.
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Biological mechanisms of ESWT 
Sergio Russo 
Department of Orthopaedics, University of Naples “Federico II”, Naples, Italy

The mechanisms of action of s.w. are twofold: mechanical and biological.
The first depends on a number of factors such as: number of shots, energy, focal size, gradient acoustic-impedance
and cavitation.
The direct mechanisms are based on the idea that the crystalline aggregates, present in nonunion area, undergoes di-
rect physical influence which leads to microlesions of heads of pseudoarthrosis and then formation of hematoma evolv-
ing in formation of callus.
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Cavitation would play in this case positive effect but represents an important factor of tissue damage in other therapy
on soft tissues.
The biological mechanisms instead assume an increasingly important role in tissue regeneration. In recent years,
research has been directed to identify the way in which the energy of shockwave is converted into biological re-
sponse.
The answer is in “Mechanic biology“, science that studies how cells subjected to load adapt them selves to biophysi-
cal stimuli by an active response. It represents the meeting point between classical mechanic and molecular biology.
Its critical point is to identify those molecules that transmit to the cell-nucleus the mechanic signal which is subjected
the cell-membrane. (Mechanotransduction-Meccanoresponses). The study therefore focused on mechanism by which
cells convert mechanical signals into biochemical responses, and on the identification of molecules and cellular com-
ponents mechanosensitive.
It is shown that ion channels, integrins, growth factors, filaments of the cytoskeleton, extracellular matrix and other mol-
ecules contribute to the response of the cell (mechanotransduction).
In recent years, numerous studies draw attention to the increase of VEGF and nitricoxide, substances produced in re-
sponse to sw therapy that increase blood flow in the treated area for vasodilatation and new angiogenesis. Other mol-
ecules whose increase is highlighted are TGF b1, PCNA, BMP2, and ostocalcina. All these factors, through the increase
of vascularization, stimulation of bone and tendon metabolism leading to tissue regeneration.
A new experimental studies on the effects of sw on the heart of rats shows new interesting data on stem cells.
C-kit (also known as CD117) positive cardiac cells represent a population of cardiac stem cells and progenitors/pre-
cursors of cardiac cell lineages in the developing and adult heart in contrast to control hearts, immunohistochem-
ical analysis of the rat myocardium at 3 months after SW treatment revealed the presence of c-kit–positive cell
clusters. 
So cardiac SW treatment increased the number of c-kit–positive cells 2.65-fold compared to control hearts.
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Return of sport after ligament/tendon 
surgery of foot/ankle 
Amol Saxena
Department of Sports Medicine, Palo Alto Medical Foundation, Palo Alto, CA, USA

Key words: athlete, Achilles, Peroneal, Lisfrancʼs, plantar fasciitis, anti-gravity treadmill, ESWT

Background

Patients who sustain injuries or undergo surgery wish to know their period of “down-time” and convalescence. Return
to activity (RTA) is often not cited in most musculoskeletal publications. A review of current literature that does docu-
ment RTA is reviewed in order to better help guide the medical professional and patient. Speeding up the RTA may be
possible with certain processes.

Methods

A retrospective review of several studies pertaining to common foot and ankle surgeries is presented. This includes sur-
geries for Achilles rupture and tendinopathy, Peroneal tendinopathy, plantar fasciitis and Lisfrancʼs ligament repair. Clas-
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sification of activity level is also presented and analyzed. Return to activity as defined and reported in studies on the
above topics is presented.

Results

RTA from Achilles tendon surgery ranges from 1.5 months to seven months with Peritenolysis having the fastest RTA
and delayed rupture repair being the slowest. Many studies with Achilles surgery RTA show women and those with a
higher BMI have slower RTA while athletes have a faster RTA as compared to the rest of the population. Peroneal
tendinopathy patients have an RTA ranging from 2.5 months for retinaculum repair to more than three months for ten-
don repair without osteotomy. Isolated Lisfranc ligament repair with a bioresorbable, metallic or syndesmotic suture de-
vice has an RTA of four or more months. Plantar Fasciotomy has been shown to have a RTA of 2.8 months when per-
formed endoscopically. One study on an anti-gravity treadmill utilized post-operatively for Achilles surgery patients showed
a faster RTA by two weeks. Lab studies on the utilization of ESWT post-surgery and tendinopathy also have shown faster
“healing”.

Clinical significance

When study design includes RTA parameters and activity level, definite time frames can be helpful to the clinician and
patient. More studies should include this. The information presented will help set realistic expectations for recovery and
return to sports with foot and ankle surgery. New rehabilitation items such as an anti-gravity treadmill and ESWT may
help speed up RTA, but further study is needed.
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Clinical practice guide for muscle injuries. 
FC Barcelona experience (1)
Luís Til
Sports Medicine. Futbol Club Barcelona

Muscular injuries are very frequent in sports, especially in football. The most recent epidemiological studies show that
muscular injuries represent more than 30% of all injuries (1.8-2.2/1,000 hours of exposure), which means that a pro-
fessional football team suffers an average of 12 muscular injuries per season, equivalent to more than 300 lost spor-
ting days (2). In other professional sports like basketball and handball the incidence is also high, although not reaching
the figures shown in football.
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Despite their high frequency and the interest in finding solutions, there is little scientific evidence on aspects as impor-
tant as prevention and treatment. We will outline some weak points below.
The diagnosis of muscular injuries is based on clinical medicine, fundamentally on symptomatology and especially on
the anamnesis of the injury mechanism and physical examination. Imaging studies through the musculoskeletal echo-
graphy and magnetic resonance are complementary studies, despite the fact that they could be increasingly more use-
ful when confirming a diagnosis or especially when living a prognosis. There is no sufficiently specific biochemical mar-
ker available that could help with the diagnosis of the seriousness and the definitive prognosis of each of the different
muscular injuries.
Treatment guidelines for muscular injuries do not follow a unique model, despite the fact that the different alternatives
have been modified very little. Finally, new expectations have been raised thanks to research within the field of biolo-
gical repair and regeneration.
Certain primary and secondary prevention programmes can reduce the incidence of suffering muscular injuries, but scien-
tific evidence is still limited and it has only been possible to verify them in certain groups of sportsman.
The objective of this document (1) is to record the diagnostic, therapeutic and preventative approaches that should be
taken when faced with the various muscular injuries suffered by the football players of Barcelona FC. This is not inten-
ded as an exhaustive review of muscular pathology in sport, but rather a working document that is clear, practical and
comprehensive. The protocols are based on current knowledge from recent years in the daily work of dealing with these
types of injuries. The guide also explain the sequential steps model applied in the muscle injuries treatment. Finally the
paper presents the criteria for return to play after the injury, where the decision is taken based on experience, strength
test, and ultrasound/MRI. The decisión for return to play is modulated through the factors proposed by Orchard as high
and low risk (3).
The guide is becoming obsolete and it is necessary a new version. In 2012 are appearing new proposals for the clas-
sification of muscle injuries based on the nature of the injury (4), the severity of the injury and the affected tissue (5).
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Posterolateral corner reconstruction. 
A La Prade modification
Gian Felice Trinchese, Antonio Toro
Orthopaedic and Traumatology Unit, “Villa Malta” Hospital, Sarno, Salerno, Italy

Introduction

Injuries to the posterolateral corner (PLC) of the knee produce a spectrum of pathologic states of ligamentous laxity re-
sulting in various amounts of varus, external rotation, and posterior translation of the knee. Consequently, they may re-
sult in significant functional disability. For years, posterolateral corner injuries have been a challenging diagnostic and
therapeutic problem for the orthopaedic surgeon. Various surgical techniques to treat posterolateral knee instability have
been described. The goal of this study is to determine the clinical outcome of PLC reconstruction following the La Prade
technique modified by the authors.

Materials and methods

We retrospectively studied 5 patients who underwent a PLC reconstruction with the La Prade technique modified by
the authors from september 2007 to november 2009. Three patient had a concomitant ACL rupture, one an isolated PLC
injury and one a residual posterolateral instability after a previous ACL reconstruction. In the modified technique the re-
construction of PLC was performed with a single femoral tunnel, using tibialis anterior allograft for the popliteus recon-
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struction and peroneus longus allograft for the collateral ligament and popliteofibular reconstruction. In the cases of con-
comitant ACL lesion the reconstruction was performed using a tibialis posterior allograft. Mean age was 30.2 years (range
16-40). Mean follow-up was 21.4 months (range 9-35). All patients underwent the same postoperative protocol.

Results

We evaluated varus stress, recurvatum, dial, manual Lachman and pivot shift tests, maximum anterior tibial translation
by Rolimeter, Lysholm and IKDC forms. All patients showed negative dial and recurvatum tests; one showed 1+ on varus
stress. Mean Lysholm score was 93 points (range 82-100). On IKDC evaluation 1 patient was grade A and four were
grade B.

Conclusions

Although clear limits of the study due to small number of cases, the modified La Prade technique showed good results
in terms of clinical outcome, restoring varus and rotation stability of knees in treatment of chronic PLC injury. 
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Chronic exertional compartment syndrome 
in lowerleg
Antonio Turmo
Department of Sports Physiology and Medical Services CAR FC Barcelona 

Chronic Exertional Compartment Syndrome (CECS) of thelegis well documented in the literature since it was first des-
cribed by Mavor in 1956.
CECS usually refers to myoneural ischaemia due to a reversible increase in tissue pressure with in a my of as cial com-
partment. Exercise causes anabnormal in crease in intramuscular pressure (IMP), leading to vascular occlusion and
ischemic pain in the involved muscles. 
The CECS is the leading cause of chronic pain in the leg in athletes and the second cause if it is located in the front.
Diagnosis of CECS require: 1) history of exercise-induced pain/symptoms, 2) appropriater e production of symptoms
and pain during the exercise test, 3) intramuscular pressure (ICP) at rest of > 15 mm Hg and/or intramuscular pressure
of > 30 mm Hg 1–2 min after the end of the exercise test, and/or intramuscular pressure of > 20 mm Hg 5 min after the
end of the exercise test.
We present a series of 31 patients with CECS in 69 compartments. Its distribution is bilateral in 49% of cases and is
the most frequent compartment to above (46%). The sport with the high est incidence is soccer (n = 11) and track and
field (n = 8).
Mean ICP registered in our casesis 24 ± 9,7 in rest, 39±20 after exercise test and 29±13 at 5 min.
Some of the cases were considered CECS despite not having the classic diagnostic criteria. Fur ther treatment by fas-
ciotomy confirmed the diagnosis.

Conclusions

The indication of the diagnostic test should be made from the clinical process. There is a delay in diagnosis CECS from
the time of on set of symptoms. 
The traditional criteria for the diagnosis should be reviewed for a better and earlier diagnosis.
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Evidence based physical therapy protocols 
for the treatment of muscles injuries
Alessandro Valent1
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Muscular injuries are very frequent during sport activities. For example, in soccer they represent the first cause of injury
(about 30 percent of all injuries) and time loss (1, 3). Muscular injuries could be classified in direct traumas (contusion
and laceration) and indirect traumas (cramp, contracture, delayed onset muscle soreness, elongation and tear) (2, 3). 
The most serious event is muscle tear that is a rupture of a variable number of muscular fibers, always accompanied
by edema and local bleeding. Muscle tear is generally determined by indirect trauma and can be classified in three de-
grees, depending on the severity of the injury.
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The approach to this type of injury should be based on a correct diagnosis and on a correct therapeutic strategy. Ultra-
sonography and Magnetic Resonance are essential for diagnosis (4), together with the objective examination. 
Muscle repair is a complex process that includes three phases, regulated by many molecules and cellular events (5): 
1) Degeneration phase,
2) Regeneration phase, 
3) Remodeling phase.

The current treatment principles of muscle injuries are mainly based on experimental findings, with limited scientific ev-
idence (2, 3, 5, 22). 
Physical Therapies such as Therapeutic Ultrasound, Laser Therapy, Diathermy, Electrotherapy and Hyperthermia are
frequently used in clinical practice for muscle injuries, although there is low scientific evidence of their use. 
However, the lack of scientific evidence does not mean that the Physical Therapies are ineffective, but it only means
that no randomized-controlled trials have yet been made (these kinds of trials are in fact very difficult to perform in phys-
iotherapy).
In the last years technology has actually developed new and really effective Physical Therapies.
Therapeutic Ultrasound reduces pain and swelling following muscle injury, but it does not have proven therapeutic ef-
fects on muscle regeneration (6, 7, 20, 23, 24).
Low Level Laser Therapy (LLLT) has many therapeutic effects on injured muscle: anti-inflammatory, anti-oxidative, anal-
gesic and bio-stimulating (increasing the production of ATP and the synthesis of DNA, RNA and proteins). These ther-
apeutic effects improve the quality of the healing process and reduce the time of recovery (8-11).
A Brazilian study (11) revealed that both LLLT and Ultrasound therapies have positive effects on muscle metabolism
after muscular injury in rats, but LLLT seems to produce a better response.
Moreover, Valent in his clinical trial (12) has highlighted that High Intensity Laser Therapy (Pulsed wave Nd-Yag laser)
is more effective than traditional therapy with CO2 Laser and Ultrasound in the treatment of grade I muscular tears.
Electrotherapy has an analgesic effect, in addition it promotes muscle relaxation. This second effect restores muscu-
lar function, which is very useful in tears and D.O.M.S. (13, 26).
Temperature increase (14-17) (heat therapy), induced by Capacitive-Resistive Diathermy or 434 MHz Hyperthermia,
stimulates the repair process, decreases pain and induces an active hyperemia that promotes the drainage of toxic
wastes. Moreover, hyperthermia reduces muscle stiffness.
In case of grade I muscular tear, according to our experience, we divide the rehabilitation protocol into three different
phases:
1) Acute phase (1st - 3rd day),
2) Sub acute phase (4th – 10th day),
3) Healing phase (after the 10th day).

We use the Physical Therapies in all the clinical phases as a support and as a complement to the rehabilitation tech-
niques (2, 3, 5, 18-22).
In the acute phase, in agreement with international literature, we suggest “cold” therapies according to the RICE pro-
tocol (18, 20-22). Indeed if heat is introduced too early, it can determine problematic complications such as fibrosis and
calcifications (2-4, 23). In this phase we recommend Cryoultrasound therapy, analgesic Electrotherapy and Low Inten-
sity Laser Therapy.
In the sub acute phase (4-8 days after trauma) itʼs possible to introduce heat therapies to determine hyperemia and deep
bio-stimulation. According to our experience the most recommended heat therapies are the Endogenous Thermother-
apy (Capacitive-Resistive Diathermy and 434 MHz Hyperthermia) and High Intensity Laser Therapy.
In the healing phase, that mostly takes place on the field, Physical Therapies are principally used to relax muscles and
relieve muscle fatigue. The most used Physical Therapies in clinical practice are Electrotherapy and Capacitive-Resis-
tive Diathermy.
Some possible complications of muscular tears and contusions are fibrosis, myositis ossificans, calcifications, encysted
hematoma, thrombophlebitis and re-injuries (4). 
For the treatment of fibrosis, calcification and myositis ossificans we propose Ultrasound (6, 7, 23, 24), Extracorporeal
Shock Wave Therapy (ESWT) (25) and 434 MHz Hyperthermia. Instead for encysted hematoma we prefer to use Ul-
trasound and 434 MHz Hyperthermia.
Finally, in case of functional muscle alterations (DOMS, elongation or contracture) we use especially Electrotherapy (26),
High Intensity Laser therapy and Endogenous Thermotherapy.
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Effects of ESW on tenocytes and ECM synthesis
Vincenzo Visco1, Mario Vetrano2

1 Department of Clinical and Molecular Medicine, SantʼAndrea Hospital, La Sapienza University of Rome, Italy
2 Physical Medicine and Rehabilitation Unit, SantʼAndrea Hospital, La Sapienza University of Rome, Italy

In the last two decades, focused extracorporeal shock-wave therapy (ESWT) has been used in the treatment of
tendinopathies. Despite its extensive clinical application, the biological mechanisms underlying the clinical effectiveness
of ESWT in musculoskeletal disorders have not yet been defined so far and their elucidation might hold important clues
for ameliorating tendon repair strategies.
Several authors suggest that ESWT effect can be ascribed to the transduction of the acoustic shock wave signal into
biochemical signals, and this process has been defined as “mechanotransduction” (1).
Experimental studies performed through the evaluation of histological and biomechanical parameters showed that ESWT
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induces tissue regeneration and facilitates tendon healing. Previous reports have demonstrated that ESWT can increase
the number of neovessels at the normal tendon-bone junction (2), through the release of growth factors and some other
active substances (3). More recent studies on fibroblasts in vitro and in vivo showed that shockwaves activate fibrob-
lasts proliferation rate, collagen synthesis and gene expression for growth factors and/or cytokines (4-8).
To better elucidate the therapeutical effects of ESWT on chronic tendinopathies, we analysed for the first time the ESWT-
mediated effects on primary cultured human tenocytes (9). Because several authors emphasized the fundamental role
of cell proliferation and collagen synthesis for the healing process during tendinopathies, we have measured those vari-
ables in relation to the effects of ESWT on cultured tenocytes.
We obtained primary cultures of human tenocytes from explants of semitendinosus tendons, harvested during anterior
cruciate ligament (ACL) reconstructions, because we assumed that the biological activities of such cells could be rep-
resentative to any other tendon derived cells. An energy flux density of 0.14 mJ/mm2 was applied to the cultures, pri-
marily considering that medium energies showed a clinical efficacy in vivo, and we investigated their behavior over a
12 days period following the exposure.
We observed that ESWT significantly interferes with the overall cell morphology, by impairing de-differentiation of the
cells. Furthermore, shock wave-induced growth promoting effects were analyzed by the MTT (tetrazolium) colorimet-
ric assay and by expression of the proliferation marker Ki67. Lastly we found a significant increase in collagen (mainly
type I) synthesis by ESWT-stimulated tenocytes compared to control cells.
Our findings seem to indicate that human cultured tenocytes are metabolically “activated” by ESWT and significantly
induced to proliferate. They synthesize in vitro increasing amounts of total collagen (mainly type I) compared to untreated
cells, which in contrast enter in a dedifferentiation program, characterized by heterogeneous cell morphology and lower
secretive activity.
In summary, we demonstrated that a single dose of ESWT applied on primary cultured human tenocytes induces -over
a 12 days period- a clear enhancement of cell growth and collagen synthesis. The principal findings of this work pro-
vide a possible explication of ESW-mediated therapeutical benefits in patients affected by chronic tendinopathies.
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Clinical experience of ESWT in orthopaedics 
and traumatology
Maria Chiara Vulpiani
Physical Medicine and Rehabilitation Unit, SantʼAndrea Hospital, La Sapienza University of Rome, Italy

In the last decade, focused ESWT has been used in the treatment of tendinopathies and orthopaedic pathologies. De-
spite its success in clinical application in the treatment of soft tissues and orthopaedic pathologies, the exact mecha-
nism of ESWT is not yet fully understood. Several authors suggest that its effect can be ascribed to the transduction of
the acoustic shock wave signal into a biological signal. Studies performed through the evaluation of histological and bio-
mechanical parameters on animals showed that ESWT induces tissue regeneration and facilitates tendon healing af-
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ter trauma. These experimental studies have pointed out significant increase in neovascularization, reduced adhesion
formation and increase in hydroxyproline levels on tendon tissues treated with ESWT. In addition, in the tendons treated
with ESWT, a greater force is required to damage the tendon when compared with the control group (1, 2). Biopsies
performed on canine Achilles tendons 4 and 8 weeks after treatment with ESWT showed neovascularisation growth and
blood supply improvement, a result that was not found in the control group (3). In a later study, neovascularization in
the bone-tendon junction was confirmed by the presence of such angiogenic markers as vessel endothelial growth fac-
tor, endothelial nitric oxide synthase and by endothelial cell proliferation indicated by proliferating cell nuclear antigen
(PCNA). The results showed earlier release of angiogenic growth factors and increase in neo-vessels and tissue pro-
liferation about four weeks after treatment, that persisted for up to 12 weeks (4). Recently, it has been shown that the
shock waves promoted cell growth and collagen synthesis of primary cultured human tenocytes (5, 6). The efficacy of
ESWT is strictly related to energy level and number of impulses used during treatment (7). Effects of ESWT appear, in
fact, to be dose-related. In our experience we used a medium-low energy flux density and different energy levels for
insertional tendinopathies and tendon belly pathologies (8, 9). Higher levels of energy (0.12-0.40 mJ/mm2) were used
in insertional tendinopathy, since the focal zone is the tendon-bone junction and related calcifications, if any, while in
tendon belly pathologies a lower energy level was used (0.08-0.33 mJ/mm2). While several studies are available in lit-
erature on the effects of ESWT on animal models, fewer are the clinical studies. 
Basic scientific studies have shown that application of shock waves produces a biological effect on treated bone. Using
animal models, SWT has been shown to induce healing of fracture defects, usually by creating micro-fractures and bleed-
ing in the treated bone (10-21). It has been hypothesized that the treated tissues release local growth factors such as bone
morphogenic proteins which ultimately recruit stem cells and mesenchymal progenitor cells and initiate the healing cas-
cade (22-25). That said, the precise biological mechanism of action remains only partially understood. Shock wave appli-
cation clearly has an osteogenic effect on treated bones. Maier et al. used a rabbit model to demonstrate that application
of shock waves with an energy flux density of 0.5 mJ/mm2 resulted in new periosteal bone formation in treated femurs (26). 
In another series of trials, selective destruction of osteocyctes, microfractures of trabeculae, and minor bleeding in the
medullary space were observed in rabbits treated with SWT. Approximately 3 weeks after treatment, histological and
biochemical analysis revealed thickening of the cortex, increase in the number of bony trabeculae, and a significant in-
crease in the number and activity of treated osteoblasts (14). In regards to fracture nonunions, Johannes et al. used a
canine nonunion model to study the effects of high energy SWT on cortical bone (12). All of the treated subjects reached
radiographically observable bony union 12 weeks after the shock wave treatment whereas untreated control subjects
had radiographically persistent nonunions at termination of the study.
Uncontrolled clinical trials using SWT as a method to treat fracture nonunions have been promising. Schaden et al. reported
on 115 patients with nonunions or delayed unions of various fractures treated with high energy SWT and immobilization. Fol-
low-up ranged from 3 months to 4 years. Overall, 87 patients (75.7%) were reported to have healed fractures (27).
Rompe et al. reported their experience using high energy shock wave therapy to treat 43 patients with either a tibial or femoral
diaphyseal nonunion. They noted bony consolidation in 31 of 43 cases (72%) after an average of four months post-treat-
ment (28). Wang et al. used high-energy SWT as a treatment for 72 nonunions of long bone fractures. Twelve month fol-
low-up was available for 55 patients. For the entire cohort, they noted an overall healing rate of 80% (44 of 55 patients) (29).
The results from our experience suggest that SWT can be a safe and effective treatment for stable fracture nonunions.
Like other studies, our data shows that trophic nonunions respond better to SWT than atrophic nonunions (30). Addi-
tional randomized, prospective clinical trials are needed to substantiate these conclusions.
High energy ESWT can be effective in the management of orthopaedic pathologies. Early diagnosis and staging are,
therefore, of extreme importance to obtain benefits from ESWT (31). Additionally, ESWT is non-invasive, has a low com-
plication rate, does not require hospitalization and has a relatively low cost compared to other types of conservative and
surgical approaches, with a relatively short time of application. In literature, various protocols have been used as well
as number of sessions, impulses and energy levels. In the mentioned studies, the parameters used were different, in
particular concerning the energy levels provided. In our clinical practice, we apply shock waves according to the guide-
lines of the Italian Society of Shock Wave Therapy (Società Italiana Terapia con Onde dʼUrto, SITOD) and the variabil-
ity of energy flux density can be referred to some individual parameters of a single patient that we have to consider:
degree of tendinopathy, presence of calcifications, and tolerance to pain. In this case, it is necessary that focalized ESWT
be applied by expert physicians.
Further studies are needed with larger cohorts of patients using the homogenous classification system, and standard-
ized treatment protocols to further assess the effectiveness of ESWT in the management of orthopaedic disease.
Extracorporeal Shock Wave Treatment (ESWT) improves in vitro functional activities of ruptured human tendon derived-
tenocytes.
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