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LONG-TERM RESULTS OF REHABILITATIVE MANAGEMENT WITH
EXTRACORPOREAL SHOCKWAVE THERAPY IN ROTATOR CUFF DISEASE WITH
PARTIAL TEARS
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The purpose of this study is to evaluate the effects of rehabilitative approach using MJS and dynamic
antigravity postural system (SPAD) with extracorporeal shockwave therapy (ESWT) on rotator cuff
syndrome associated tendon supraspinatus and infraspinatus medium tear (1-3 cm) of the tendons. In the
last few years, ESWT has been proposed as an elective treatment in somatic diseases with encouraging
short-term results. For this study the authors enrolled 108 patients who underwent 3 treatments with
ESWT associated with 24 rehabilitation sessions over 3 weeks. Qutcome measures were the VAS for pain
and the Constant Murley Scale. The outcomes were measured pre-training, post-training and at 2, 4, 6
month follow-ups. Additional follow-up evaluation sessions were performed every year for S years by a
telephone interview to evaluate changes in pain and function and the efficacy of treatment. Our study
shows that the therapeutic efficacy of rehabilitative approach with ESWT in the rotator cuff syndrome
with medium tears persists over time and significantly improves the patient’s quality of life. The results
obtained are certainly to be attributed to the biological mechanisms that ESWT are able to engage in
tissues of the rotator cuff. The results seen at the conclusion of the treatment were maintained over
the following years, thanks to the use of MJS and SPAD. In our opinion a conservative treatment with
extracorporeal shock-wave (ESW), dynamic antigravity postural system (SPAD) and multi joint system
(MJS) should be considered as an alternative and effective treatment for rotator cuff syndromes with
medium tears.

At present, shock wave therapy is widely applied
in the treatment of musculoskeletal disorders, such

Clinical use of shock waves was first applied
in therapy for renal stones, where it was casually

noted to have an effect on the iliac bone with
primary osteocyte damage, followed by osteoblastic
stimulation (1). Consequently, extracorporeal shock
wave therapy (ESWT) was introduced for the
treatment of the nonunion of bones with positive
results documented by several papers (2).

as the nonunion of long bone fractures, calcifying
tendonitis of the shoulder, lateral epicondylitis of the
elbow and proximal plantar fasciitis; in addition, the
success rate of the application ranges from 65% to
91% (3).

Shock waves could promote growth and
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differentiation of bone marrow stromal cells toward
osteoprogenitors (4). Moreover, ESW induces
positive effects on proliferation in primary human
cancellous osteoblasts (5) and in collagen type 1
expression in osteoblast-like cells (6).

Tamma et al. (7). demonstrated activation of the
cyclin E2/ CDK2 complex, which is essential for cell
proliferation, because it regulates the G1-S transition
and found an increase of RUNX2 RNA expression
24 h after ESW stimulation, indicating that ESW
positively affects osteoblast activity and extracellular
matrix secretion. Osteocalcin, a late marker of
osteoblast differentiation, was also increased 72 h
after ESW treatment.

Extracorporeal shock waves cause stimulation
of tissue healing, reduction of calcification and
inhibition of pain receptors or denervation to achieve
pain relief (8, 9).

Researchers have shown that the local delivery of
shock wave therapy stimulates the early expression
of angiogenesis-related growth factors, including
endothelial nitric oxide synthase, vascular endothelial
growth factor and proliferating cell nuclear antigen.
As such, it results in new vessel in-growth that
improves blood supply, increases cell proliferation
and accelerates tissue regeneration and healing (3,
10).

Moretti et al. found that ESW application
downregulate the intracellular levels of TNF-
alpha and IL-10 by chondrocytes (11). Mariotto
et al. describe the possible molecular mechanism
that triggers the anti-inflammatory action of ESW,
focusing on the possibility that ESW may modulate
endogenous nitric oxide (NO) production either
under normal or inflammatory conditions. Data on
the rapid enhancement of endothelial NO synthase
(eNOS) activity in ESW-treated cells suggest that
increased NO levels and the subsequent suppression
of NF-kB activation may account, at least in part, for
the clinically beneficial action on tissue inflammation
(12).

In the last few years, extracorporeal shockwave
therapy (ESWT) has been proposed as an elective
somatic disease treatment with encouraging short-
term results in reducing pain and improving function
in patients,

The upper limbs have various functions relative
to daily and work activities, that can be carried out

thanks to a considerable range of movements of the
shoulder joints, at a cost to their intrinsic stability
(13).

Shoulder complaints are among the most
common peripheral complications. Incidences of
shoulder problems vary between 7 and 25 cases per
thousand visits to the general practitioner (13, 14).
The prevalence in adults under 70 varies between
7 and 27%, while in over 70’s the prevalence is
between 13.2 and 26% (15).

Shoulder pain syndrome is caused by the
functional impairment of the rotator cuff, long head
of the biceps and bursa. The impact of the tendon
sheath and subacromial bursa, when the shoulder
is raised, increases pain and contributes towards
making these long-term conditions (16).

Rotator cuff syndrome is classified by our group
in three stages (Neer modified classification) (16):

- the 1* stage is characterized by an edema
and tendonitis;

- the 2™ stage is characterized by fibrosis
and tendonitis with tears less than 3 cm: episodes
of inflammation, fibrotization and thickening of the
bursa;

- the 3" stage is characterized by total or
partial tears larger than 3 cm of the rotator cuff and
the brachial biceps.

Diagnosis is made through a clinical examination
and the use of such tools as X-rays, echography and
NMR.

In the literature, the success rate described of
non-operative management varies from 33% to 92%
(17, 18) and especially in 75% of 53 patients at an
average follow up longer than 7 years. Particularly,
those with less than 6 months of pain and in 62%
of 60 patients with documented rotator cuff tears at
2-year follow up (19) and 70% of 136 patients at an
average 1.5 year follow up have good results (20).

The treatment for rotator cuff syndrome with
symptoms less than 1 year and tears less than 1 cm
is fundamentally conservative: FANS, cortisone-
based infiltration and ice to alleviate the pain,
electroanalgesia (TENS), kinesitherapy to restore
the compromised mobility of the joint and strengthen
the musculature, therapies using energy such as
ultrasound, lasers, hyperthermia and shock waves.
In the case of lack of response to the conservative
therapy, arthroscopic surgery is proposed (21, 22).
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In a previous study we demonstrated that
treatment with shock waves can bring a significant
improvement to the algic picture and the functionality
of the shoulder, always in association with a correct
and constant physiotherapy (23-26).

The aim of this study is to evaluate changes in pain
and function at long-term (follow up 5 years) after a
rehabilitation program consisting of focused ESWT,
associated with the increase of R.O.M. articulate
and a postural rebalancing in patients suffering from
rotator cuff disease with partial tears (stage 1 or 2).

MATERIALS AND METHODS

In this study 108 patients were enrolled (64 males,
44 females; mean age 55 years) affected by rotator cuff
disease (I and II stage), diagnosed by clinical examination
and instrumental investigations (108 patients underwent
radiography and ultrasound, 96 patients MRI), as shown
in Fig. 1.

Inclusion criteria included patients with pain from

6 weeks to 24 months (13 medium time) and with VAS
score greater than 4 at the first evaluation, aged between
18 and 70, a two out of three kinesiologic test such as
Jobe, Lift-off and the Neer positive test, unwillingness to
undergo surgery and recalcitrant to medical treatment and
physical therapy for over 60 days.

Patients treated with 3 sessions (1/week) of
extracorporeal shock waves, associated with the increase
of R.O.M. articulate with a postural rebalancing (24
sessions, 3/week).

All the subjects were appraised before the treatment, at
the end of the shock wave therapy (three weeks), and at 2
months, 4 months and 6 months after the end of treatment
by a clinical examination with VAS (Visual Analogue
Scale) and Constant — Murley Scale (the CMS is a
standardized simple clinical method of assessing shoulder
function and has a maximum score of 100 points). Before
the treatment and at the end of each year, from 2005 to
2009, we interviewed the patients by telephone to evaluate
changes in pain and function and the efficacy of treatment.

We carried out a telephone interview with a sample
of 108 patients who completed the rehabilitation program

Chieti.

147 patients affected by the rotator cuff syndrome
recruited from Department of Physical Therapy of

26 patients excluded because not respect
kinesiology tests

121 patients with all the inclusion criteria

7 patients excluded

4 Absence of written consent
3 Acquired muscular diseases

114 patients
3 weeks therapy

3 sessions [1/week} of extracorporeal shock

waves therapy.

24 sessions, 3/week MIS and SPAD therapys

6 patients withdrawal {lack of
protocol compliance}

108 patients
with full data

Fig. 1. Flowchart of study.
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Table 1. The interview questions.

INTERVIEW QUESTIONS

(level 10: the inability to move)?

Pain level: What was the level of your pain from 1 to 10 before therapy and today

Do you think therapy ESWT has been effective?

Do you feel pain today?

How long did the total well-being after therapy last before the recurrence of pain?

lifestyle, etc ...)?

Do you think that the reappearance of pain is linked to an obvious cause (work, sports,

Have you undergone other medical therapies over time, after ESWT?

Have you undergone other physical therapies over time, after ESWT?

with ESWT during 2005 and were controlled until 2009
through interview questions.

An Electrohydraulic Spark Gap device was used for
the shockwaves with therapeutic waves at 5 mm focal
depth, medium strength power was used at 0.132 mJ/mm?2
and 600 waves were administered per sitting. In no case
was a local anaesthetic used (25, 26).

The Multi Joint System valuational-rehabilitative
system of the shoulder formed of a multi-joint
anthropomorphic arm that, guided by the patient, can
move freely in a three-dimensional space. It is used to
obtain a good motor control in all the joint zone of the
shoulder with an optimization of scapular positioning and
contemporarily developing ever-increasing strength of the
anterior serratus, rhomboid, latissimus dorsi, trapezius
and deltoid with different movement schemes (27).

A dynamic antigravity postural system (SPAD) is made
by a conveyor belt, surmounted by a lifting structure, which
forces the patient to walk in a straight line on a treadmill;
the patient is suspended through a mechanical antigravity
vertical traction system; a pneumatic suspension system,
including a self-leveling system, which allows to follow the
patient center of gravity during its vertical excursions and
a second mechanical lateral traction system which allows
to stabilize the pelvis. The SPAD includes four anterior
mobile arms which act on the rotation components of
scapulohumeral and pelvic girdles and on antero-superior
iliac spines; and two posterior blocking systems located
on the back of the patient at the vertebral level T3-T4 and
on sacral apex. It is used to obtain an optimization of the
global body posture, particularly for the shoulder complex

and in particular for the scapular position (28).

The rehabilitative approach is an integral and
necessary part of the conservative treatment, which has
the following aims:

. To reduce to a minimum pain and swelling

. To reduce inflammation

. To increase cellularity on the biological healing
time

. To regain shoulder and muscle function and to
increase the dynamic control of scapulohumeral girdles
related to the body’s posture.

All the patients followed rehabilitation treatment in
four phases. The first phase (0-2 weeks) aimed at avoiding
stiffness, reduction of pain, and restoring a correct
scapula-thoracic and glenohumeral relationship. Initially,
passive exercises were carried out in anteposition, not
exceeding 80° and of abduction on the scapula of 30°-
70°, external rotation in anteposition of 30° and ROM
between 0° and 60°; internal rotation and adduction were
avoided; 2 sessions of shockwaves are performed.

In the second phase (3-4 weeks) the patients were
involved more in their own recovery, with a cautious
beginning of internal rotation, abduction up to 90° and
activities using dynamic antigravity postural system
(SPAD); 1 session of shockwaves was performed.

In the third phase (4-6 weeks) a progressive increase of
the work load was carried out with complete strengthening
of the shoulder muscles and proprioceptive re-education,
and a therapy with the proprioceptive Multi Joint System
to recuperate the mobility and muscle strength of the
shoulder and to increase the body and shoulder posture
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with SPAD.

The fourth phase (6-8 weeks) of advanced recovery
had as aims: functional recovery of normal daily activities,
and mobility of joint equal to the controlateral; active
muscle strengthening of the rotator cuff and deltoid; sport
specific exercises or practical work; complete functional
recovery of the body using SPAD and the force of the
shoulder reaches at least 80% of the controlateral using
MIJS.

The processing of the reported data was carried out
by the Student’s r-test. A value of p<0.05 was considered
statistically significant.

RESULTS

The results of the VAS show a reduction in pain
at the end of treatment and at follow-up of 4 and 6
months and the value of Constant-Murley Scale
demonstrates a significant increase of shoulder
function. The score increases from 42 (T0) to 88 at
the end of the treatment protocol (T2).

No clinically significant adverse effects (including
neurologic disorders, tendon rupture, infection, bone
edema, or muscle hematoma) were observed in any

Table L. VAS and Constant Murley Results.

487

of the patients during the early 6 months of clinical
control.

Patients dissatisfied with treatment of the final
follow-up at 5 years were 15% of the total group.

DISCUSSION

Shoulder pain is a common problem, for which
conservative therapy is sometimes ineffective (29,
30). The disorder of the shoulder leads to pain,
particularly nocturnal discomfort, in about 50% of
patients and frequently to a considerable restriction
of range of motion and to a limitation of function.
Frequently, initial treatment modalities for the
disease are aimed primarily at symptoms, focusing
on adequate analgesia with nonsteroidal anti-
inflammatory drugs (NSAIDs) or local infiltration of
crystalline steroidal suspensions, biding time until
the symptoms are alleviated. When conservative
therapy has not been effective in relieving pain and
other symptoms, extracorporeal shock-wave therapy
(ESWT) has been used, yielding results such as relief
of pain and improved function (2, 31). Many authors

TO

T1 (3 weeks)

T2 (2 months)

T3 (4 months)

T4 (6 months)

VAS

7

1.8

1.4

1.4

1.5

CONSTANT
MURLEY
SCALE (score)

42

78

88

92

92

Table 111. Pain level, trend of pain and drugs reduction consumption.

TO

TS5 (1 year,
2005)

T6 (2 year,
2006)

2007)

T7 (3 year,

T8 (4 year, | T9 (5 year,
2008) 2009)

PAIN LEVEL

2 2

2

3 3

TREND
PAIN

(percentage of
patients with

pain)

OF

7%

11%

14%

16% 20%

DRUGS
REDUCTION
CONSUMPTION
(percentage  of
patients)

60.1%

45.3%

30.5%

10.1% 8.3%
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have reported good results in calcifying tendinitis of
the shoulder with low and high energy (32). Excellent
results have also been reported by Rompe et al. in
the treatment of epicondylitis (33), and good results
were obtained by Cosentino et al. in the treatment
of calcaneal enthesophytosis (34). Only in resistant
cases are further, more invasive steps considered,
with surgery being the ultimate step (31).

Currently, the exact mechanisms of the
therapeutic effects of shock wave therapy on shoulder
calcification remain uncertain. The hypothesis
is that increasing pressure within the therapeutic
focus causes fragmentation and cavitation inside the
amorphic calcification, leading to disorganization
and disintegration of the deposits (35). Steinbach
et al. confirm the hypothesis that resorption of
the calcific deposits is normally induced by a
cellular mechanism and not through direct physical
disintegration (36).

Berta et al. (37) confirm that ESWT treatment
promotes and improves the repair process through
accelerated timing of RNA expression for TGF-1,
collagen 1 and collagen III (relative to untreated
fibroblasts). The results, in line with previous reports
using a rat model (38) and a rabbit model (39) and
also on human tendon ailments (40) support the
efficacy of clinical application of ESW in different
types of tendonopathies and tendon injuries.

Our study shows that the therapeutic efficacy of
rehabilitative approach using ESWT in the rotator
cuff syndrome persists over time and significantly
improves patients’ quality of life, in fact in the
literature at 3 year follow-up 30% of patients treated
with rehabilitative approach undergo surgery.

The results obtained are certainly to be attributed
to the biological mechanisms that ESWT are able to
engage in tissues of the rotator cuff. The results seen
at the conclusion of the treatment were maintained
over the following years, thanks to the use of MJS
and SPAD.

MIJS helps to obtain a better control of motor
movements with an increase in proprioception and
improved sensitivity. The structure of the system is
equipped with a dense network of electronic sensors
interfaced to an electronic processor and allows the
real-time detection of all movements of the shoulder,
thus permitting an increase of shoulder joint motion
in a multi-dimensional axial-type range.

The Dynamic Antigravitational Postural System
is a system of relief of the body weight. It is composed
of a conveyor belt, surmounted by a lifting structure,
which forces the patient to walk in a straight line on a
treadmill, able to work at very low speed (0.01 Km/h)
and allowing small speed increases. The patient is
suspended through a mechanical antigravity vertical
traction system, a pneumatic suspension system,
including a self-leveling system, which allows to
follow the patient center of gravity during its vertical
excursions and a second mechanical lateral traction
system which allows to stabilize the pelvis. The
SPAD includes four anterior mobile arms which act
on the rotation components of scapula-homeral and
pelvic girdles and on antero-superior iliac spines;
and two posterior blocking systems located on the
back of the patient at the T3-T4 vertebral level
and on sacral apex. The system works with a dual
action: mechanical, allowing neuromotor retraining
with cortico-subcortical forms of learning to acquire
new body pattern in a balance that minimizes the
energy consumption needed to maintain posture, and
proprioceptive, acting maintaining the adaptations
induced in time relative to walking. The SPAD
treatment corrected the asymmetry of the two
hemisomata and modified asymmetric adaptations
of gait, using a vertical movement of the center of
gravity of the subject.

In our opinion a conservative and integrated
treatment with Extracorporeal Shock Wave (ESW),
(physical energy to address regenerative tissue),
Dynamic Antigravity Postural System (SPAD) and
Multi Joint System (MJS) should be considered as
an alternative and effective treatment for rotator cuff
syndromes with medium tears.
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