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Abstract
Objective
To evaluate the short-term efficacy of muscle shortening manoeuvre (MSM), by inducing an increase in strength of the
shoulder muscles, for the treatment of shoulder impingement syndrome (SIS).

Methods
Sixty subjects (mean age: 58.6 years) with SIS were assigned to one of 3 different treatment interventions:

1) MSM: a series of fast accelerations in the upward direction was applied to the upper limb that was also submitted to
forces acting in the opposite direction (added mass); 2) traditional physiotherapeutic technique: scapulothoracic gliding;
3) simple traction: the added mass was applied to the limb without the series of fast accelerations.

Pain intensity, Neer’s impingement sign, range of motion and muscle strength were assessed. Ultrasound (US) examination
was performed before, immediately after and 30 days after each treatment to study the width of the subacromial-subdeltoid
bursa, long biceps tendon sheath and acromioclavicular joint. Impingement was evaluated by dynamic examination.

Results
After treatment with MSM, pain was significantly reduced (p<0.001), Neer’s impingement sign was negative, range of
motion and muscle strength were increased. US examination showed that the widths of the subacromial-subdeltoid bursa
(p<0.001), long biceps tendon sheath (p<0.001) and acromioclavicular joint (p<0.001) were significantly reduced;
impingement was no more detected. After 30 days, improvement in clinical and US findings was maintained.
In the two control groups, no significant changes were observed after treatment.

Conclusion
Clinical and US findings demonstrate that MSM, by inducing an increase in muscle strength, is effective in the short-term
treatment of SIS.
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Introduction

Shoulder impingement syndrome (SIS)
is a term commonly used to define a
syndrome characterised by pain and
functional impairment of the shoul-
der, caused by the impingement of the
rotator cuff tendons and subacromial-
subdeltoid bursa (SSB) against the
coracoacromial arc (1-3). It must be
noted that different types of shoulder
impingement have been described (4,
5) and, according to Braman et al. (5)
the term ‘shoulder impingement syn-
drome’ should be discontinued; how-
ever, the term is still currently used to
describe shoulder pain related to sub-
acromial impingement.

As Harrison and Flatow (6) recently
observed, SIS represents a spectrum of
pathology ranging from subacromial
bursitis to rotator cuff tendinopathy and
full-thickness rotator cuff tears. The
diagnosis of SIS is based on clinical
and instrumental findings. The several
aspects covered by the concept of im-
pingement syndrome cannot be reliably
defined by clinical signs alone. The cur-
rent availability of sonography, magnet-
ic resonance imaging, and arthroscopy
now enables these conditions to be ac-
curately differentiated, as observed by
Papadonikolakis et al. (7). The treat-
ment of SIS is still the object of discus-
sion. Surgical subacromial decompres-
sion is performed to remove the cause
of the impingement. Physiotherapy is
also widely used. In a recent study, Haar
et al. (8) observed that the arthroscopic
subacromial decompression did not ob-
tain better results than physiotherapy.

It has been suggested that SIS may be
a consequence of an unbalanced ac-
tion of shoulder muscles with loss of
central position of the humeral head
(2, 3, 6). Muscle unbalance may be re-
moved by muscle shortening manoeu-
vre (MSM) (9, 10) which is therefore a
potential therapeutic application in SIS.
The manoeuvre is a physiotherapeutic
technique which induces an increase
of muscle strength. When applied to
the shoulder, this manoeuvre mainly
increases serratus anterior muscle
strength, stabilising and balancing the
joint with pain relief. This hypothesis is
supported by the findings of Slemenda
etal. (11) who demonstrated the impor-

tance of muscle weakness with unbal-
anced muscle action as a cause of pain
in osteoarthritis of knee.

The aim of the present study was to
evaluate the short-term effect of MSM
in the treatment of SIS. Pain and other
clinical aspects of the syndrome were
considered. Ultrasound (US) exama-
tion was also performed before and af-
ter the manoeuvre (12-19).

Subjects and methods

Sixty SIS patients [36 men and 24
women, with mean age 58.6 (range 34—
86) years] were consecutively enrolled.
The study protocol was approved by
the local ethics committee and all the
patients signed an informed consent.
Patients were included in the study if
they fulfilled the following diagnostic
criteria: chronic (>6 months) shoulder
pain, pain provoked by abduction of
shoulder with painful arc, and positive
Neer’s impingement sign (1, 5, 6). Ex-
clusion criteria were: a history of acute
trauma, previous surgery or previous
rupture of tendons of supraspinatus,
subscapularis or long biceps tendon,
neck pain, shoulder instability, osteoar-
thritis of glenohumeral joint, and ten-
don calcification (8, 14, 15).

The enrolled patients were consecutive-
ly assigned to 3 treatment groups: 1)
MSM was performed in 20 subjects; 2)
other 20 subjects were included in a first
control group (traditional physio-thera-
peutic technique, i.e. scapulothoracic
gliding), 3) 20 subjects were included
in a second control group (simple trac-
tion). Pain, Neer’s impingement sign,
range of motion (ROM) and muscle
strengthwere evaluated in every subject
by an observer (MM) before the thera-
peutic cycle, immediately after treat-
ment and 30 days after treatment. Pain
intensity was assessed by a visual ana-
logue scale and was measured in range
0-10 cm. ROM was evaluated during
intra and extra rotation of the shoulder
with patient sitting. The value of ROM
was considered reduced when <45°.
Muscle strength was measured manual-
ly and graded according to the Medical
Research Council (MRC) score (range
0-5 per muscle when 4-5 is considered
normal) (20). US examination was per-
formed by a different observer (DM)



blinded to the results of clinical evalua-
tion. Both observers were also blinded
for the type of treatment used in every
patient.

Ultrasound exam

US examination was performed in all
patients with equipment Logiq 520
(General Electric with a linear probe
8.5-12 MHz). The intraobserver
(k=0.97) agreement was assessed. The
following structures were examined:
supraspinatus tendon (ST), SSB, ac-
romioclavicular joint (ACJ) and long
biceps tendon (LBT) (12). ST and
SSB were examined with the subject’s
shoulder in internal rotation to expose
ST from underneath the acromion and
to detect the width of SSB that when
normal does not contain fluid (16, 17).
LBT and ACJ were examined with the
patient seated, the arm held in neutral
position, the elbow flexed to 90°, and
the forearm in a supinated position on
the thigh. Transverse and longitudi-
nal planes from LBT were scanned. A
transverse scan of ST, SSB and ACJ
was performed. The width of SSB, in
transverse scan (normal value <2 mm)
(17), ACJ, in coronal scan, and LBT in
longitudinal scan was measured in mm.
In all patients, the contralateral shoulder
was examined to compare US findings
(17, 18). ACJ was examined because
this joint is part of the coracoacromial
arc and LBT was examined to evaluate
whether its involvement could play a
role in functional impairment.

SIS was evaluated by dynamic ex-
amination. A dynamic view of ST was
obtained by moving the subject’s arm
from a neutral position to 90° abduc-
tion to detect encroachment of the ac-
romion into the rotator cuff. Then, the
probe was moved laterally to scan the
rotator cuff. The supraspinatus and in-
fraspinatus tendons were examined
with the subject’s shoulder in hyperex-
tension and internal rotation to expose
the supraspinatus from underneath the
acromion. This position allowed the
maximal visualisation of the length of
tendons (19).

Muscle Shortening Manoeuvre (MSM)
This manoeuvre introduced by Grimal-
di et al. (9, 10) is derived from Feld-
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Fig. 1. Schematic diagram of muscle shortening manoeuvre (MSM): the subject is lying supine. The
upper limb is extended connected to an elastic system. A weight of twelve kilograms is applied on the

shoulder by an elastic belt.

man’s model of motor control (21, 22).
In MSM a series of fast accelerations is
applied to the upper limb in the upward
direction while the limb is also sub-
jected to forces acting in the opposite
direction (added mass) (9, 10, 21, 22).

The manoeuvre provokes a dynamic
lengthening associated with sudden
shortening of the muscles responsible
for protraction and retraction of the
shoulder girdle.

Each subject was lying supine and the
upper limb was lifted with the elbow
extended. Thus, the shoulder extended
slightly off the edge of the bed (Fig.
1). The subject’s hand (fist closed)
was connected to a spring (elastic ele-
ment K, Fig. 1) through a metal plate
equipped with a ring and connected to a
pulley system (Fig. 1). For all subjects
a weight of 12 kg was applied using an
elastic belt positioned around the sub-
ject’s shoulder (elastic belt K1, Fig. 1).
A physiotherapist acting on the rope
(Input, Fig. 1) induced oscillations of
the system provoking excursions of 6
cm along the main axis of the arm with
a frequency of 2 Hz. The manoeuvre
lasted ten minutes. In every subject the
manoeuvre was performed only once.
MSM is not painful.

Control groups

The findings observed before and after
MSM were compared with the find-
ings observed in the control groups.
The twenty subjects of the first control
group were treated with a traditional
physiotherapeutic technique, (i.e. scap-
ulothoracic gliding with passive mobi-
lization of the scapula). Each subject
was lying on one side; a physiotherapist
standing on the subject’s ventral side
placed one hand on the superior aspect
of the acromion, while the other hand
was placed upon the inferior angle of
the scapula. Movements of the scapula
were induced (protraction, retraction,
upward and downward rotation). Each
exercise session lasted 20 minutes and
ten sessions were performed in a period
of 4 weeks. In the twenty subjects of
the second control group a simple trac-
tion was applied. In each subject, lying
supine with the upper limb lifted and
the elbow extended, the added mass of
12 kg was applied to the limb for ten
minutes, without the series of fast ac-
celerations. This procedure was chosen
because it is similar to MSM. Every
subject was treated only once.
Systemic or topic pharmacological
therapy with analgesic or anti-inflam-
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Fig. 2. Comparison of mean values of US findings (values in mm) and of pain intensity (values in cm) at baseline, at the end of treatment and 30 days after
the end of treatment in the three groups, as shown by colour columns.
a) MSM: muscle shortening manoeuvre; SSB: subacromial-subdeltoid bursa; LBT- S: long biceps tendon sheath; LBT: long biceps tendon; ACJ: acromio-
clavicular joint; VAS: pain intensity (visual analogue scale); b) Physiotherapy; ¢) Simple traction. The asterisk (*) indicates statistical significance: p<0.001.

matory steroidal or non-steroidal drugs
had been withdrawn in all the patients
of the three groups at least 5 days before
treatment. No patient took the above
mentioned drugs until the evaluation
performed 30 days after treatment.

Statistical analysis

One way ANOVA for independent
samples was used. The probability (p)
values of less than 0.05 were consid-
ered significant. Sonographic findings,
pain intensity and MRC score values
observed before and after the manoeu-
vre were compared.

Results

In all patients, at baseline Neer’s im-
pingement sign was positive and ROM
was <45°; the mean value (m.v.) of MRC
score was 2.48 (SD = 0.57) and m.v. of
pain intensity was 8.41 (SD +0.97). The
following US findings were observed:
increased width of SSB, enlargement
of LBT sheath, increased width of ACJ
and occurrence of encroachment of the
acromion into the rotator cuff.

In the three groups, no drop-out was
observed and no side effects were re-
ported.

In patients treated by MSM, immediate-
ly after the manoeuvre Neer’s impinge-
ment sign was negative, ROM was
>45°, m.v. of MRC score was 4.3 (SD
+ 0.47) and, m.v. of pain intensity was

3.3 (SD + 1.17). The m.v. of width of
SSB, ACJ and LBT sheath evaluated by
US was significantly reduced in com-
parison with the m.v. at baseline (Fig. 2)
The encroachment of the acromion into
the rotator cuff was not detectable by
US. Thirty days later, Neer’s impinge-
ment sign was still negative, ROM,
MRC score and pain intensity were not
modified; the m.v. of width of SSB,ACJ
and LBT sheath was still reduced (Fig.
2), encroachment of acromion into the
rotator cuff was still not detectable by
Us.

At the end of treatment and 30 days
later, in patients treated with traditional
physiotherapy, Neer’s impingement
sign was still positive, ROM was still
<45°, MRC score and pain intensity
values were not changed in compari-
son with the baseline value; the m.v.
of width of SSB, ACJ and LBT sheath
evaluated by US was not significantly
different from baseline (Fig. 2), The en-
croachment of the acromion into the ro-
tator cuff was still evident in all patients
immediately after the end of treatment,
while after 30 days it was not detectable
in 7/ 20 patients only.

In patients treated with a simple trac-
tion, at the end of treatment and after
30 days, Neer’s impingement sign was
still positive, ROM was still <45°,
MRC score and pain intensity values
were not changed in comparison with

the baseline values, the m.v. of width
of SSB, ACJ and LBT sheath evaluated
by US was not significantly different
from baseline (Fig. 2), encroachment
of the acromion into the rotator cuff
was still detected.

In Fig. 2, mean values of US findings
and of pain intensity in the three groups
are reported. The statistical analysis
showed: a significant difference of SSB,
LBT sheath, ACJ and pain intensity val-
ues only in MSM group (p<0.001).

In Fig. 3, the US images of SSB and
ACIJ in patients treated by MSM are
shown.

Discussion

The treatment of SIS usually includes
surgery and physiotherapy with or
without local drug injections (23, 24).
Surgery has been claimed to be able to
solve the problem of SIS but no works
validating this approach can be found
in the literature. Haahr et al. (8) ob-
served better results in patients treated
with physiotherapy than in patients
treated with surgery. The invasiveness
of surgery and the frequent relapse of
SIS, along with better results obtained
with conservative treatment, do not al-
low to consider surgery as a first line
treatment.

MSM has been used in different neuro-
logical and orthopaedic diseases obtain-
ing a rapid recovery of muscle function
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Fig. 3. SSB (Subacromial Subdeltoid Bursa): transverse sonogram before (a) and after (b) Muscle
Shortening Manoeuvre (MSM). In (a) SSB width is increased (2,7 mm) as shown by calipers (normal
value <2 mm) as indicated in the drawing; in (b) a marked decrease of SSB width is evident (width:

1.3 mm) as shown by calipers.

ACJ (Acromioclavicular Joint): coronal sonogram before (a) and after (b) MSM (the white arrows
indicate the joint). In (a) the joint capsule is distended by fluid as indicated in the drawing. In (b) the

distension of the joint capsule is no more detectable.

(9, 10). The effect of MSM may be ex-
plained by considering that it increases
muscle strength without morphological
changes (i.e. muscle hypertrophy) but
with neural adaptations (25-27). It has
been also suggested that muscle weak-
ness with unbalanced muscle action
may be a cause of pain (11).

In fact, pain relief obtained in our pa-
tients confirms that MSM, inducing a
recovery of muscle strength, relieves
pain together with a prompt recovery
of ROM and increase of MRC score
values. The changes of US findings im-
mediately after MSM, with reduction
of SSB, LBT sheath and ACJ and with

the lack of encroachment of acromion
into rotator cuff, confirm the clinical
efficacy of MSM. This effect was still
evident 30 days after the manoeuvre.
Improvement was not seen in both con-
trol groups. As regards simple traction,
we did not expect different results. The
results of the traditional physiotherapy
were not indicative of improvement at
short time both for pain relief and for
recovery of muscle strength. The re-
sults obtained by MSM showed pain
relief and recovery of muscle strength
immediately after the manoeuvre and
after thirty days. It may be deduced that
MSM has a different action, if com-
pared with traditional physiotherapy.
MSM acts mainly on the serratus an-
terior muscle which provokes internal
rotation of the shoulder by an action
on scapulo-thoracic joint and abduc-
tion of the scapula. In the present study
all patients treated with MSM showed
ROM >45° indicating a great functional
improvement and demonstrating the ef-
ficacy of the treatment. Moreover, the
manoeuvre, inducing a fast recovery of
muscle strength, achieves pain relief
in a very short time. The neuromuscu-
lar reassessment due to the manoeuvre
induces a stabilisation of the shoulder
function.

In conclusion, our results show that
MSM is a simple, not invasive and ef-
ficient approach for mild SIS without
tendon degeneration or rupture. This
manoeuvre allows a rapid relief of pain
with a persistent functional reset and
improvement of US findings, avoiding
injections of steroids or more invasive
surgical procedures. Further studies are
however warranted to investigate the
long term efficacy of MSM.
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