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Abstract—A marked neovascularity has been demonstrated in tendinopathies, due to the inflammatory-
degenerative process. The aim of this study was to assess the effect of extracorporeal shock wave therapy
(ESWT) on tissue perfusion in the treatment of tendinopathy. An observational clinical study was made of 30
patients undergoing ESWT for tendinopathy of the rotator cuff. A clinical improvement was obtained in 65.6%
of patients at 2 and 6 months. This was associated with a statistically significant reduction in the oxygen tissue
saturation, measured by oxymetry that was apparent already during treatment, as well as at subsequent follow-
up visits. The reduced perfusion achieved with ESWT supports the hypothesis that this treatment can regulate
the inflammatory process and offset increased vascularization, restoring physiologic tendon conditions. (E-mail:
angelanotarnicola@yahoo.it) � 2011 World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

The treatment of tendinopathy is still a challenge because
the etiopathogenic mechanism triggering this painful
disorder is still not entirely clear, although an inflamma-
tory, degenerative pathogenic model has been proposed
(Cook et al. 2009). In fact, considerablevolume of research
has shown that in tendinopathy conditions there are high
concentrations of substance P, interleukin 1,metalloprotei-
nases and vascular endothelial growth factor (VEGF)
(Fan et al. 1993; Sakai et al. 2001; Voloshin et al. 2005).
The neovascularization process thus induced, character-
ized by the formation of a rich vascular microcirculation
in the tendon tissue, is thought to provoke irritation of
the surrounding nerve tissue, triggering local painful
reaction (Alfredson et al. 2003a). Some authors have
recently demonstrated the prevalence of angiogenesis in
the shoulder affected by rotator cuff tendinosis compared
with the contralateral unaffected shoulder (Lewis et al.

2009). In view of this finding, Alfredson and Ohberg
(2005) suggested treating tendinosis by sclerosing proce-
dures, reporting a significant regression of the clinical
and anatomopathologic picture after such treatment.

There is currently great interest in the literature in the
use of extracorporeal shock wave therapy (ESWT) to treat
tendinosis, and in ascertaining themechanism of action of
this treatment bearing in mind the good results reported,
featuring success rates ranging from 50% to 70%
(Rebuzzi et al. 2008). ESWTwas first applied in a patient
in 1980 to disintegrate kidney stones (Chaussy et al.
1980). The method has since been extended to the treat-
ment of musculoskeletal diseases like calcific tendinosis,
to induce lithotripsy of the calcified metaplasia (Loew
et al. 1995). Shockwaves are defined as transient pressure
oscillations that propagate in three dimensions and typi-
cally bring about a clear increase in pressure within few
nanoseconds (Hundt 1974). There are very rapidly rising
positive pressure impulses from 5 to 120 MPa in around
5 ns, followed by a decrease to negative pressure values
of –20 MPa (Staudenraus 1995).

When a shock wave bombards a tissue, we must
consider the presence of two effects: the stress-related
phenomenon induced by the ultra-short rise time around
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5 ns and the cavitation bubbles produced at the interface
between the solid and the surrounding liquid. These two
physical effects work synergically to produce shock
wave (SW) action. In urology lithotripsy, the former stress
effect of SW, is important to disintegrate the kidney stones
but the successive cavitation effect is able to produce fine
passable fragments, which are most critical for clinical
success. The cavitation is widely documented in soft
tissue to result in vessel rupture and angiogenesis. In
vitro studies of human umbilical venous endothelial cells
treated with energy density flux (EDF) , 0.09 mJ/mm2,
corresponding to just 10% of the energy used for renal
lithotripsy, have demonstrated an increased expression
of VEGF and its receptor Flt-1 (Nishida et al. 2004),
causing migration and proliferation of the endothelial
cells in situ (a neoangiogenic effect). In osteoblast
cultures, the formation of capillary vessels has been
observed (a vasculogenic effect) due to the recruitment
of bone marrow-derived endothelial progenitor cells
(Wang et al. 2004). Moreover, in skin tissue a stimulated
secretion of angiogenic factors have been observed
(a paracrine effect) (Huemer et al. 2005). This neovascu-
larization effect is, therefore, useful in the treatment of
refractory ulcers and wounds, skin flaps (Huemer et al.
2005), osteonecrosis (Ma et al. 2007), delayed fracture
consolidation (Wang 2003) and myocardial ischemia
(Nishida et al. 2004).

However, in calcific tendinosis apart from disaggre-
gating the calcifications, immediate analgesic and
anti-inflammatory effects were obtained, as well as
long-term (1–4 months) regenerative stimuli (Wang
et al. 2003). This efficacy has been mainly correlated to
an increased synthesis of nitric oxide, an important
mediator of anti-inflammatory, angiogenic and vaso-
dilation actions (Mariotto et al. 2005). To exploit the
anti-inflammatory and regenerative effects of this
treatment, it has since been applied to treat noncalcific
tendinopathies, such as rotator cuff tendinosis, epicondy-
litis, plantar fascitis, Achilles and knee-cap tendinopathy.

Experimental research studies of tendinosis have
demonstrated a SW neoangiogenic effect (Wang et al.
2002, 2003) that raises some doubts about how the
success is obtained, in the sense that if neovascularization
is responsible for the pathogenic mechanism and painful
reaction, why should ESWT, which induces a local
neoangiogenic reaction, be able to relieve the clinical
picture? Would it not seem more reasonable that
neoangiogenic stimuli should further aggravate the
condition?

We designed an observational clinical study of
patients affected by unilateral tendinosis of the rotator
cuff undergoing ESWT, monitoring the tissue oxymetry
values during the treatment cycle and follow-up. In
fact, in this clinical model, oxymetry can indirectly reveal

even modest increases in the local microcirculation that
are not detectable by power-Doppler (Voelckel et al.
1998). Indeed, in a previous preliminary experience,
we had monitored patients undergoing ESWT by
power-Doppler but were unable to demonstrate evident
differences either during treatment or at follow-up.
Power-Doppler can assess high velocity flows, especially
in the large vessels, but is less efficient in the study of low
velocity flows in the microcirculation and the relative
regional perfusion (Newman et al. 1994; Eriksson et al.
1991). As Erikson and colleagues (1991) point out,
Doppler examinations are designed to assess the mean
or maximal velocity in a vessel rather than ‘‘inflow’’ to
a tissue. For this reason, therefore, we adopted
oxymetry as the assessment method since it may be
more sensitive to alterations in the microcirculation
(Fassiadis et al. 2006; Spencer et al. 2007).

MATERIALS AND METHODS

The study was conducted at the Operative Units of
Orthopedics and Traumatology of Bari University
Hospital from February to September 2009. Having
obtained prior approval from the local ethics committee,
30 patients were recruited for the study after giving
written informed consent to participate.

Inclusion criteria were: (1) a clinical and ultrasound
(US) diagnosis of unilateral noncalcific tendinosis
of the supraspinal shoulder tendon; (2) age between 45
and 75 years; (3) a clinical history of tendinosis lasting at
least 6 months and not more than 18 months; (4) US
findings of thickening and nonhomogeneity of the
supraspinatus (SS) tendon insertion using a linear 7.5 Hz
probe (MyLab 50, Esaote, Italy) (the conventional US
reports include the following findings: shape, normal or
spindle; echogenicity: homogeneous or nonhomogeneous)
(Zanetti et al. 2003); and (5) indications for ESWT.

Exclusion criteria included: (1) previous trauma or
instability of the shoulder; (2) US findings of thinning
or lesions of the supraspinatus tendon insertion; (3)
comorbidities (diabetes mellitus, renal failure, collagen
disorders, rheumatic disease, etc); (4) the administration
of cortisone infiltrating therapy in the previous 6 months;
(5) previous shoulder surgery; and (6) contraindications
for ESWT (cancer or infections of the affected field,
clotting diseases, a history of epilepsy, the presence of
a pacemaker, pregnancy, anticoagulation therapy).

The study included 30 patients, 17 males and 13
females, mean age 62.37 years (range, 45–78; SD 5
9.2), with a clinical history of intense pain in one shoulder
lasting a mean of 9.43 months (range, 7–14; SD 5 1.9).
Patients were clinically assessed with the visual analog
scale (VAS) pain scale (0 5 no pain and 10 5 the worst
possible pain) and constant score (,115 an ‘‘excellent’’
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clinical picture, 11–20 5 ‘‘good’’, 21–30 5 ‘‘fair’’,
31–100 5 ‘‘poor’’), as well as US (three possible situa-
tions: nonhomogeneity and thickening of the supraspina-
tus tendon, improvements of the nonhomogeneity and
thickening compared with the previous assessment, reso-
lution) at the time of enrolment and at follow-up (FU) at 2
and 6 months after the last of the three SW treatment
administrations (Table 1). Before each session, and at
each FU, we recorded the tissue oxymetry values of the
symptomatic and contralateral shoulders, using the cere-
bral and somatic/peripheral oxymeter INVOS 5100C
(Somanetics Corporation, Troy, MI, USA). This device
is approved by the Food and Drug Administration (FDA)
for use to monitor adult and pediatric patients, newborns
and premature infants, when their clinical conditions
pose a risk of brain or body hypoperfusion or ischemia,
as in cardiosurgery, vascular surgery, cardiac catheteriza-
tion procedures, postoperative intensive care, and neonatal
and pediatric intensive care. The system exploits the prin-
ciple of near-infrared spectroscopy (NIRS) and is equip-
ped with the SomaSensor and NIRSensor (Somanetics
Corporation) LED phototherapy device that emits a light
source with a wavelength of 650 nm to 1100 nm and
a dual photosensor that records different hemoglobin
absorption levels according to the degree of oxygenation.
This bloodless, noninvasive technique provides informa-
tion on the oxygen tissue saturation levels (cerebral or
somatic) and indirect data on regional perfusion. We posi-
tioned the sensor under US-guidance at the level of the
supraspinal insertion of the humerus with the shoulder in
extra-rotation and adduction.

ESWTwas administered with a Minilith SL1 (Storz,
Swiss) electromagnetic generator equipped with in-line
US-guidance, during three sessions, at 3–4 day intervals,
emitting 2000 impulses with an energy flux density
(EFD) ranging from 0.04 to 0.07 mJ/mm2. The three
dimensions of focal volume that characterized this shock
wave are 5.5 mm, 5.5 mm and 35.3 mm and the section is
95 mm. When minimal energy is generated, DIGEST
(2000) calculated that at –6 dB of the focal area, the posi-
tive energy and the total energy are respectively 1.23 mJ
and 2.59 mJ. At 5MPa, they are 1.77 mJ and 4.03 mJ and,
at 5 mm from the focal area, they are 0.91mJ and 1.91mJ.

No local anesthesia was needed, in accordance with
the ISMST guidelines (Tiele 2009). ESWT, clinical
monitoring and oxymetry using the NIRS system were
all performed by the same operator, a physiatrist at our
Unit, and US monitoring was always done by the same
radiologist at the RadiologyOperativeUnit of our Univer-
sity Hospital, using a linear 7.5 MHz probe (MyLab 50).

Statistical analysis
Continuous variables are expressed as means, stan-

dard deviation (SD) and range. Categorical variables

are shown as proportions. The Kruskal-Wallis test for
independent samples was used to compare continuous
variables. A value of p , 0.05 was taken as statistically
significant. The VAS, constant score and percent
oxymetry values were compared with those recorded at
enrolment; we also studied the oxymetric differences
between the values for the affected and the healthy
shoulder. A linear regression model was designed to
calculate the coefficient of linear determination for the
valuation of the correlation between the values of the
pain scale (VAS) and the values of oxygen tissue satura-
tion in the pathologic shoulder. Data processing was done
with Epi-Info 6.00 software (public domain software-
CDC Atlanta, GA; WHO, Geneva, Switzerland).

RESULTS

At entry to the study, patients had a mean VAS score
of 8.3 (range, 6–10, SD 5 1.1), a mean constant score of
46.9 (range, 35–60, SD5 7.3) and these conditions were
classified as ‘‘poor’’. In all cases, US showed a thickened,
nonhomogeneous supraspinal tendon. The mean tissue
oxymetry value was 80.1% (range, 67–89, SD 5 6.9) at
the affected shoulder vs. 45.7% (range, 40–52, SD 5
3.6) at the contralateral normal shoulder, this difference
being statistically significant (p , 0.0001) (Table 2). At
the second ESWT session, the oxymetry value at the
affected shoulder (mean 62.7%, range, 45–79, SD 5
9.4%) had significantly declined (p , 0.0001) while the
values were unchanged in the contralateral shoulder
(mean 45.8%, range, 40–51, SD 5 2.9; p . 0.05). At
the third session, the oxymetry values had dropped still
further (mean 57.4%, range, 42–80, SD 5 12.2), again
statistically significantly compared with the baseline
values of the same shoulder (p , 0.001). We did not
find any significant changes in the unaffected shoulder
(mean 45.7%, range, 41–54 SD 5 3.2) compared with
its own value at the baseline (p . 0.05).

At the 2-month FU, the VAS (4.2, range, 1–8, SD5
2.2) (p , 0.001) and constant scores (23, range, 7–50,
SD 5 14.2) had significantly reduced (p , 0.001) and
the conditions were classified as ‘‘excellent’’ in eight
patients (26.66%), ‘‘good’’ in eight (26.66%), ‘‘fair’’ in
four (13.33%), while the remaining 10 patients
(33.33%) were still in ‘‘poor’’ conditions. US revealed
complete resolution of the condition in six patients
(20%), an improvement in 17 (56.66%) vs. persistence
in 6 (20%). The oxymetry values were significantly lower
in the affected shoulder (53.2%, range, 40–76, SD 5 12)
(p , 0.001), with no particular changes in the contralat-
eral joint (44.9%, range, 40–49, SD 5 2.4) (p . 0.05).

At the 6-month FU, the improved conditions
persisted, VAS (2.9, range, 1–7, SD 5 2.2) (p , 0.001)
and constant scores (20.3, range, 8–50 SD 5 15.4)
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(p , 0.001) yielding the following classification of the
patient sample: 12 patients (40%) ‘‘excellent’’, seven
(23.33%) ‘‘good’’, one (3.33%) ‘‘fair’’ and the remaining
nine (30%) still in ‘‘poor’’ conditions. US demonstrated
complete resolution of the initial picture in eight patients
(26.66%), an improvement in 17 (56.66%) and persis-
tence in five (16.67%). There was a statistically signifi-
cant reduction in the oxymetry values in the affected
shoulder compared with baseline (mean 51.5%, range,
40–72, SD 5 11.2) (p , 0.001), and a nonsignificant
decline in the healthy shoulder (mean 43.4%, range,
40–48; SD 5 2.9) (p 5 0.06) (Figs. 1 and 2).

We found a correlation between the values of VAS
and oxygen tissue saturation in the pathologic shoulder
(r2 5 0.165; p, 0.0001; Fig. 3). There was a statistically
significant difference at ultrasound findings for values
of oxymetry of the pathologic shoulder in patients with
resolution (mean 5 45.4; SD 5 6.1), improvement

(mean 5 50; SD 5 9.9) and nonhomogeneity and
thickening of the supraspinatus tendon (mean 5 76.9;
SD 5 8.4; H 5 59.4; p , 0.0001).

DISCUSSION

In this work, we found that 2 months after SW treat-
ment for shoulder tendinopathy, there was a clinical
improvement in 65.6% of patients. It was associated to
the US change and to a significant reduction in the perfu-
sion valued by oxygen tissue saturation. This condition
was persistent at the revaluation at the sixth month. We
marked a discrepancy between six patients with an
unchanged US images and 10 poor clinical conditions
at the second month and between five patients with an
unchanged US images and nine poor clinical conditions
at the sixth month. These results are in agreement with
those found by other authors on the lack of correlation

Table 1. Age, gender, pain scores (VAS), constant score and US tendon valuation of the patients in the study at the fist session of
SW treatment and after 2 and 6 months

Patient Age Sex

At 1st session of SW

VAS
Constant
score US exam

After 2 months

Constant
score

US
exam

After 6 months

Constant
score

US
exam

Time from
the beginning
tendinopathy
(months) VAS VAS

1 45 m 12 8 51 3 4 14 2 3 10 1
2 56 f 7 9 45 3 5 16 1 3 12 1
3 73 f 8 10 50 3 4 18 2 2 10 2
4 67 f 9 8 39 3 5 22 2 2 10 2
5 65 m 11 7 42 3 3 32 2 2 25 2
6 48 m 14 8 55 3 4 24 2 1 8 2
7 65 f 12 8 45 3 2 29 2 1 8 2
8 64 m 10 9 56 3 3 25 2 2 21 2
9 57 m 9 7 54 3 3 10 2 2 10 2
10 48 f 8 6 52 3 2 14 1 1 11 1
11 68 f 7 8 39 3 2 10 1 1 8 1
12 76 m 8 9 45 3 4 8 2 2 8 2
13 78 f 9 10 49 3 2 8 1 1 8 1
14 70 m 10 8 58 3 1 10 1 1 8 1
15 64 m 12 9 41 3 3 7 2 1 8 2
16 65 f 13 8 39 3 1 10 1 1 10 1
17 76 f 14 10 35 3 4 8 2 2 8 1
18 54 m 10 8 36 3 3 14 2 1 12 2
19 58 m 8 7 42 3 2 12 2 1 12 2
20 78 f 8 8 45 3 3 11 2 1 11 2
21 63 f 9 8 35 3 2 13 2 2 12 2
22 54 f 7 9 50 3 7 35 2 5 40 2
23 58 m 8 10 60 3 8 40 3 7 35 3
24 71 m 9 10 45 3 8 40 2 7 35 2
25 65 m 8 7 50 3 6 40 3 5 40 3
26 64 f 8 6 40 3 6 36 2 5 35 2
27 64 m 9 8 60 3 7 50 3 6 50 2
28 48 m 8 9 55 3 8 50 3 7 50 3
29 55 m 9 8 50 3 7 45 3 6 50 3
30 54 m 9 8 45 3 7 40 3 6 45 3

mean 62 9.4 8.3 46.9 3 4.2 23 2 2.9 20.3 1.9
SD 9.3 2 1.1 7.3 0 2.2 14.2 0.6 2.2 15.4 0.7

At US examination: 3 5 nonhomogeneity and thickening of the supraspinatus tendon; 2 5 improvement; 15 resolution.
VAS 5 visual analog scale; US 5 ultrasound; SW 5 shock waves.
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between the parameters of subjective and clinical func-
tional evaluation and diagnostic examinations, and may
be explained by a the different, subjective perception of
the resolution of the patients’ symtomatology (Benazzo
et al. 2008; Agletti et al. 2004).

In no patient, the oxygen saturation decreases but
pain condition remains poor or oxygen saturation remains
unchanged but pain condition improves. In fact we found
a correlation between pain scores and oxygen saturation.
We also identified a relationship between tendon thick-
nesses deduced by ultrasound and oxygen saturation.

The histologic picture of tendinopathies is defined
as ‘‘angiofibroblastic tendinosis’’ (Nirschl 1990) on the
basis of power-Doppler US that invariably reveals
vascular hyperplasia (Zanetti et al. 2003; Rees et al.
2006) and biopsy, which show an increased microcircul-
ation density, associated with the proliferation of
endothelial cells, smooth muscle cells and perivascular
inflammatory cells as well as fibroblasts and nociceptive
fibers (Lian et al. 2007; Scott et al. 2008a, 2008b). Many
immunohistochemical studies have also demonstrated
high glutamine levels (a potent pain modulator in

the central nervous system) and receptors on the nerve
fibers surrounding the tendon in patients with painful
tendinopathies (Alfredson et al. 2001, 2003a, 2003b).
These findings indicate that in tendon disorders the
nociceptive nerve fibers are accompanied by the
formation of new vessels. This hypothesis is supported
by the success obtained with sclerosing treatment of
neovessels in tendinosis (Ohberg et al. 2002, 2003; Tasto
et al. 2005).

The term tendinosis is used to refer to a thickened,
slightly nonhomogeneous tendon (Ashman et al. 2001).
Tenocyte hyperplasia, prominent neovascularization
with endothelial hyperplasia, loss of longitudinal collag-
enous architecture and microtears with collagen fiber
separation have been found in histologic specimens in
patients with patellar tendinosis (Yu et al. 1995). Similar
abnormalities with alterations in fiber structure, focal
variations in cellularity and neovascularization have
also been histologically demonstrated in thickened,
nonhomogeneous Achilles tendons (Rolf et al. 1997).
Movin and colleagues (1997) found neovascularization
in 26 of 40 tendon specimens obtained during

Table 2. Oxygen saturation (52%) of both shoulders of the patients during the study at each one of three SW sessions and at the
follow-ups after 2 and 6 months

Patient

1st session of SW

O2%
healthy
shoulder

2nd session of SW

O2%
healthy
shoulder

3rd session of SW

O2%
healthy
shoulder

After 2 months

O2%
healthy
shoulder

After 6 months

O2%
healthy
shoulder

O2%
pathologic
shoulder

O2%
pathologic
shoulder

O2%
pathologic
shoulder

O2%
pathologic
shoulder

O2%
pathologic
shoulder

1 71 45 55 44 50 46 48 45 47 42
2 85 40 72 50 73 43 60 46 55 44
3 84 43 60 45 65 42 60 46 52 42
4 75 41 55 42 50 43 45 45 48 42
5 83 47 66 50 55 42 50 40 45 40
6 72 50 65 46 50 50 45 43 40 42
7 77 42 60 43 52 45 46 41 42 44
8 83 46 65 50 50 45 45 43 43 41
9 67 50 48 51 43 49 42 49 42 43
10 88 52 69 48 55 46 49 47 47 46
11 85 40 65 42 50 44 40 41 42 40
12 87 47 62 48 47 44 46 45 44 48
13 68 42 45 40 42 41 40 44 40 40
14 85 50 59 45 47 45 44 46 44 40
15 88 45 47 46 50 42 43 42 42 40
16 89 50 55 45 45 45 41 43 40 40
17 78 43 60 47 50 45 48 45 47 45
18 79 41 50 43 45 44 44 46 43 40
19 76 42 60 43 45 46 42 42 42 40
20 69 45 52 44 50 45 45 45 46 45
21 78 48 54 48 49 47 47 45 48 45
22 88 46 70 42 72 43 69 44 68 43
23 87 43 75 46 75 45 76 45 72 47
24 79 50 77 48 74 49 69 48 72 46
25 68 43 65 44 67 54 62 49 59 48
26 76 47 70 43 68 45 65 44 63 45
27 86 50 79 51 72 54 70 49 71 43
28 79 43 74 44 72 44 69 46 65 42
29 87 50 71 48 78 49 70 47 65 48
30 85 49 75 47 80 48 76 47 70 50

mean 80.1 45.7 62.7 45.8 57.4 45.7 53.2 44.9 51.5 43.4
SD 6.9 3.6 9.4 2.9 12.2 3.2 12 2.4 11.2 2.9
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semiquantitative histologic analysis of painful Achilles
tendons. A 55% prevalence of neovascularization has
been reported in such patients (Zanetti et al. 2003).

Recent clinical and experimental research has
indicated a possible pathogenic role of angiogenesis in
inducing and maintaining tendinosis (Pufe et al. 2005;
Rees et al. 2006). VEGF, a potent angiogenic cytokine,
plays a main role in pathologic soft tissue processes by
regulating the response to hypoxia and inflammation
(Yamazaki et al. 2006). In fact, VEGF expression is
increased in response to mechanical loads and trauma,
promoting the proliferation, migration and survival of
endothelial cells and modulating the permeability of the
capillaries in response to local edema (Abraham et al.
2002).

Some authors (Lewis et al. 2009; Newman et al.
1994) have demonstrated a greater perfusion in painful

shoulder tendinosis, with pictures ranging from
a moderate neovascularization (where the presence of
neovessel formation is undetectable at power-Doppler)
to increases exceeding 50% of the extension of the vessels
in the tendon tissue.

It has been hypothesized, on the basis of results in
experimental studies, that shock waves applied to the
tendon tissue increase VEGF synthesis, inducing new
vessel formation (Wang et al. 2002, 2003), increased
transforming growth factor-b1 and insulin-like growth
factor-I expression and fibroblasts (Chen et al. 2004),
stimulating the tenocyte metabolism and extracellular
matrix deposits (Bosch et al. 2007), as well as inhibiting
the synthesis of interleukin-1 and metalloproteinases,
thus, limiting the inflammatory process (Han et al.
2009). Overall, this action could restore the tissue meta-
bolic balance in which the cell proliferation stimuli and
recovery of the extracellular matrix condition and are,
in turn, modulated by the local vascular response. This
depends on the clinical phase of the disease: in the overtly
inflammatory phase, there is a restrictive effect and, in the
cold phase, a neoangiogenic effect, with a largely degen-
erative action, preventing the possible evolution to
a tendon lesion (Riley et al. 1994).

We can support that when the pathologic process is
characterized by a prevalence of flogosis (phlogosis), as
in the tendinitis and bursitis, the SW wash out the inflam-
matory mediators, turning off the associated angiogenesis
process (Mariotto et al. 2009). In ischemic conditions,
however, as tendinosis in the critical area of bone inser-
tion, skin ulcers, delayed union and complex regional
pain syndrome (Wang et al. 2003; Moretti et al. 2009;
Bara et al. 2000; Notarnicola et al. 2010), when the
tissue is damaged by a reduced blood perfusion, the
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Fig. 1. Graph shows the mean percentage tissue saturation
oxymetry values of the affected shoulder (blue line) and contra-
lateral shoulder (pink line) during ESWT sessions and at 2- and

6-month follow-up.

Fig. 2. US image of the rotator cuff tendon in a patient. The arrow indicates the thickness of the supraspinal tendon. (a)
Image at baseline, showing thickening and nonhomogeneity of the tendon. (b) Image at 2 months after ESWT, showing

a normal thickness and homogeneity of the supraspinal insertion.
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SW (shock waves) should be able to induce
a revascularisation stimulus. We suppose ESWT resets
angiogenesis, flogosis and degeneration processes to
normal healthy functioning.

In this scenario, we carried out this clinical study to
verify the effects of ESWT, applied to treat tendinosis, on
regional perfusion. Regional oxymetry using the NIRS
system (Fassiadis et al. 2006; Spencer et al. 2007) can
identify local hyperemia with reliability comparable to
that of power-Doppler, providing an indirect measure of
tissue O2 saturation and the tissue O2 utilization index
(Towse et al. 2005; Muellner et al. 1999; France et al.
2006; van Lieshout et al. 2001). Moreover, it has the
advantage of being able to detect perfusion in vessels
with a diameter ,0.2 mm, that is the limit of sensitivity
of power-Doppler (Voelckel et al. 1998).

Owing to the lack of data in literature on the reference
range of saturation for normal tendon tissue, we used the
contralateral shoulder values as reference physiologic oxy-
metry values. This demonstrated that the shoulder affected
by supraspinal tendinosis had statistically higher perfusion
values, due to the ongoing neoangiogenic and inflamma-
tory processes, as already reported in previous experiences
with echo-power-Doppler. These values were reduced
already by the second ESWT session and gradually re-
turned to values similar to those in the contralateral
shoulder over the subsequent follow-up visits.

When the SW are applied on tendon, they induce
membrane hyperpolarization, activation of the Ras
proteins, nonenzymatic synthesis of nitric oxide and the
creation of stress fibers and cellular gaps. This can modu-
late the expression of cytokines and matrix metalloprotei-
nases, inducing an anti-inflammatory effect (Ciampa et al.
2005; Mariotto et al. 2005; Gotte et al. 2002; Mariotto
et al. 2009; Seidl et al. 1994; Stojadinovic et al. 2008).
The progressive resolution of the inflammation process
then limits and reduces the primary local angiogenic
response and, thus, modulates the disease process and

restores the metabolic and functional balance of the
various tendon structures.

In view of our results, we hypothesized that in an
inflamed tendon (even in a degenerative process) where
the angiogenic process is active, ESWT induces an inte-
grated anti-inflammatory and regenerative action on the
different tissue components. However, before this work,
none supported the hypothesis that SW could reduce
the angiogenesis induced by pathologic degeneration
in the tendon. Until nowadays it was hypotesized that
cavitation effect should be able only to induce vessel
rupture and angiogenesis. Han and colleagues demon-
strated that ESWT cause a decrease of the expression
of high levels of inflammatory mediators as matrix met-
alloproteinases (MMPs) and interleukins (ILs) in
human tendinopathy-affected tenocytes (2009). Other
researchers verified that ESW bring on a mitogenic
response of tendons (Chen et al. 2004) and that they
stimulate tenocyte proliferation and collagen synthesis,
mediated by early up-regulation of proliferating cell
nuclear antigen (PCNA) and transforming growth
factor-b1 (TGF-b1) gene expression, endogenous nitric
oxide (NO) release and synthesis and TGF-beta1
protein and then collagen synthesis (Chao et al.
2008). Previous works also verified that SW causes
a transient stimulation of metabolism in tendinous
structures accelerating the initiation of the healing
process in injured tendons (Bosch et al. 2007). An inter-
esting field of research should be the valuation of the
possible induction of endogenous angiogenesis inhibi-
tors after a SW tendon treatment, justifying results of
our clinical valuation.

The discordance we observed in our work of the
effects of ESWT between the clinical result, which
demonstrated a suppression of local perfusion, and what
was previously observed in experimental studies, which
showed neoangiogenic stimuli, could be justified by the
difference between experimental models and the clinical
picture. In fact, in experimental studies, the effects of
ESWT were studied in a tendon tissue model with phys-
iologic histocellular characteristics, or in which the path-
ologic process had been induced only a few hours or days
before (Bosch et al. 2007; Chao et al. 2008). Moreover,
the tissue samples were frequently animal tissues
(Bosch et al. 2007) and only in a few cases were human
tenocytes studied (Han et al. 2009).

The many studies probing the effects of ESWT to
treat tendinosis have demonstrated in vitro and in animal
models that multiple enzymatic pathways underlying
anti-inflammatory and regenerative actions are activated.
In view of our findings, we can state that ESWT used to
treat tendinosis acts mainly by modulating the inflamma-
tory process, restoring the balance of the tendon structure
in toto, limiting the neoangiogenic process and inducing

Fig. 3. Graph shows the correlation between the VAS value and
the percentage of oxymetry in pathologic shoulder in the

patients of the study.
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a trophic metabolic response in the different tissue
components.

A notable point is the finding of a reduced perfusion
of the microcirculation, measured on quantitative param-
eters, in the injured tendon after ESWT. Instead, a weak
point of this study is the fact that it is not possible to
ascertain, by oxymetric monitoring alone, whether this
reduced perfusion is caused by vasoconstriction or by
inhibiting neoangiogenesis. The phenomenon could be
further be studied by integrating other assessment
methods, such as laser Doppler flowmetry that can eval-
uate the endothelial function at the microcirculation
level, as well as histologic and immunohistochemical
examinations.
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