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Abstract
Purpose  To evaluate the effects of muscle shortening manoeuvre (MSM) by sonography (US) in professional water polo 
players with shoulder impingement syndrome (SIS).
Methods  Twenty-four professional water polo players (mean age: 22.13 ± 3.34) with SIS were assigned to one of 2 differ-
ent treatment interventions: Group (1) MSM: a series of fast accelerations in the upward direction was applied to the upper 
limb that’s connected to a spring through a metal plate with a ring. The ring was linked to a pulley system that was submit-
ted to forces acting in the opposite direction (added mass). Group (2) Simple traction: the series of fast accelerations were 
performed without the springs. Pain intensity, Yocum and Hawkins tests for SIS, Neer’s impingement sign, range of motion, 
muscle strength and shoulder US were assessed. The examination was performed before, immediately after and 30 days 
after each treatment to study the US width of subacromial-subdeltoid bursa (SSB), thickness of supraspinatus (ST), long 
biceps tendons (LBT); hypoechoic halo of surrounding the long biceps (LBH) and subscapular tendons (STH); width of 
acromio-clavicular joint capsule (ACJ) and the distance between bone heads (ACD). Impingement sign (IS) was evaluated 
by dynamic examination.
Results  Immediately after treatment with MSM, pain was much reduced (p = 0.002); Yocum and Hawkins tests were 
decreased (p = 0.008, p = 0.031); Neer’s impingement sign was negative; range of motion and muscle strength were increased. 
US showed that the following parameters were significantly reduced: SSB (p = 0.001), LBT (p = 0.014), LBH (p = 0.014), 
SSH (p = 0.002), ACJ (p = 0.004), ACD (p = 0.001). IS was no more detected. After 30 days, the improvement of clinical 
and US findings was maintained. In the control group, after simple traction, no clinical amelioration of US parameters was 
found immediately after the procedure.
Conclusion  These data show that MSM could be significantly and rapidly effective against pain and the loss of function due 
to shoulder impingement in water polo players.
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Introduction

We know that Shoulder Impingement Syndrome (SIS), 
which is a multifactorial condition, is the most common 
cause of shoulder pain. [1]. Usually, its etiology is due 
to the modification of intrinsic and extrinsic mechanisms 
of the rotator cuff eliciting or eventually a damage of the 
shoulder structures [2, 3]. External mechanical compres-
sion of the anatomical structures within the subacromial 
space is involved in SIS generation [3]. The bone altera-
tions of the acromion and the acromio-clavicular joint 
(ACJ) and the thickness of the coracoacromial ligament 
may be considered extrinsic factors in SIS. In addition, 
the consequence of an unbalanced action of shoulder 
muscles with loss of central position of the humeral head 
may be related to SIS [4–8]. This causes a deficit in the 
muscular performance of the rotator cuff and the scapu-
lar muscles [2, 3, 9]. It is suggested that muscle unbal-
ance may be removed by muscle shortening manoeuvre 
(MSM) [10, 11] which has been shown before to be an 
effective therapeutic application in SIS [12, 13]. In fact, 
it has been evidenced that MSM is the main outcome of 
increased muscle strength. This manoeuvre increases ser-
ratus anterior muscle strength, stabilizing and balancing 
the joint with pain relief [12–15]. Various sports activities 
can cause SIS from prolonged and intense activities. Water 
polo is an “open skill” and “overhead” sport where the 
shoulder elevation is continuously above 90° with repeated 
and frequent rotational movements. These movements may 
provoke pain, injury of glenoid labrum and SIS reduc-
ing the performance during activity [16–20]. Water polo 
has cyclic movements and coordination complexes with 
frequent changes in direction, position and contraction 
intensity of the upper and the lower limb. These complex 
activities, with a specific dynamic shot, are essentially 
characterized by five functional steps (preparation/load-
ing/acceleration/deceleration/follow through). The con-
tinuous repetition of the activity progressively determines 
a chronic microtrauma of the shoulder evolving into SIS.

The aim of our work was to evaluate, in professional 
water polo players with SIS, the effects of MSM on shoul-
der pain and muscle strength and to compare the shoulder 
modifications obtained with MSM by the means of US 
parameters.

Our data clearly shows that MSM obtains rapid 
improvement in SIS and maintains its effects after a month.

Materials and methods

24 out of 68 professional players of the Florence water 
polo team (“Firenze Pallanuoto”) [14 male and 10 female; 
mean age: 22.13 ± 3.34 (range 17–30)], with SIS, were 
enrolled in the study. Patients were included in the study 
if they fulfilled the following diagnostic criteria: players 
with chronic shoulder pain, pain provoked by abduction 
of shoulder with painful arc, positive Neer’s impingement 
sign [6, 21] and positive Yocum and Hawkins tests [22, 
23]. Exclusion criteria were: ex-players for at least 1 year, 
recent acute trauma (< 2 months), physiotherapy treatment 
for at least 1 month and NSAIDs intake two days before 
inclusion in this study. The study was approved by the 
local ethic committee (CEA 14900_spe) and all players 
signed the informed consent.

Enrolled players were randomly assigned to one of 2 
different treatment interventions. The first group of 14 
players was treated with MSM: a series of fast accelera-
tions in the upward direction was applied to the upper limb 
that’s connected to a spring through a metal plate with 
a ring. The ring was linked to a pulley system that was 
submitted to forces acting in the opposite direction (added 
mass). The second control group of 10 players was treated 
with a simple traction only: the series of fast accelera-
tions were performed without the springs. Pain intensity, 
Yocum and Hawkins tests, Neer’s impingement sign, range 
of motion and muscle strength (Jtech Company dynamom-
eter) were evaluated. The examination was performed 
before, immediately after and 30 days after each treatment. 
Pain intensity was assessed by a numerical rating scale 
(NRS) in a range of 0–10 points; range of motion (ROM) 
was evaluated in passive (PROM) and active (AROM) 
manner during intra and extra rotation (IR, ER), flexion 
and abduction of the shoulder (FS, AS) with the patient 
lying by a digital goniometer (Jtech Commander Echo). 
The value of ROM was considered reduced when < 90° 
during intra ed extra rotation; < 180° during flexion and 
abduction. Muscle strength was measured in the movement 
of flexion (MS FS), abduction (MS AS) with sitting sub-
ject, intra and extra rotation (MS IR, MS ER) with prone 
subject, by digital dynamometer (Jtech Commander Echo). 
The mean values were expressed in Newton. Sonography 
(US) was performed by a sonographer (DM) blinded to the 
results of clinical evaluation.

Sonographic exam

US was performed, as reported in earlier studies [13, 
14, 24, 25] in all players before, immediately after and 
30 days after each treatment with equipment ESAOTE 
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MyLab 70 X-Vision with linear probe 8–16 MHz. The 
interobserver (κ= 0.88) and intraobserver (κ= 0.98) agree-
ment was assessed. The following sonographic features 
were evaluated: (1) width of the subacromial-subdeltoid 
bursa (SSB); (2) thickness of supraspinatus (ST) and long 
biceps tendons (LBT); (3) hypoechoic halo surrounding 
the long biceps (LBH) and subscapularis tendons (STH); 
(4) width of acromioclavicular joint (ACJ) capsule and the 
distance between bone heads (ACD). Impingement (IS) 
was studied by dynamic examination with evaluation of 
coracoacromial ligament position. The glenoid labrum was 
also examined [26, 27].

Muscle shortening manoeuvre

This manoeuvre, introduced by Grimaldi [10–13, 15], causes 
dynamic stretching. It is associated with a sudden shorten-
ing of the muscles responsible for shoulder protraction and 
retraction. MSM was performed on each player of the first 
group.

Participants were positioned in a supine position with the 
shoulder joint flexed to 90°, the elbow in extension and with 
a clenched fist.

A first bandage was applied to a patient to protect the skin 
(using simple absorbent paper) starting from the proximal 
third of the shoulder, covering the hand. An eyelet plate 
was then placed on the proximal phalanges (second to fifth 
finger). The plate was anchored through a carabiner hook to 
the elastic elements, from one to three springs, depending on 
the weight of the limb. The springs, 50 cm long and 2 cm in 
diameter, were in turn connected to a pulley through a rope. 
The whole set was fixed with adhesive tape. In correspond-
ence of the gleno-humeral joint, a spring with a parallelepi-
ped weight (of 4 kg) was positioned, to increase the elastic 
return of the spring.

The physiotherapist, acting on the rope, applied manually 
stresses by moving the scapula in the direction of protrac-
tion, in a rhythmic way, with a frequency of about 2 Hz for 
a duration of 10 min. In each subject, the manoeuvre was 
performed only once.

Simple traction

The simple traction was performed on each player of the 
second group.

It consisted of a simulation of MSM, offering all its char-
acteristics, excluding the presence of the elastic elements 
(springs). In this way, the experimenters set out to perform 
a solicitation quite comparable to passive mobilization of 
the shoulder in protraction. As with MSM, the treatment 
duration was set at 10 min and each participant was treated 
only once.

Statistical analysis

IBM SPSS Statistics version 26 software was used for the 
statistical analysis.

In order to verify the normality of the data distribution, a 
Kolmogorov–Smirnov test was adopted.

The paired samples t-test was used to check the statis-
tical significance of the differences within the groups for 
normally distributed variables. The independent samples 
t-test was adopted to verify the statistical significance of the 
differences between groups for the same kind of variables.

The Wilcoxon test and the Mann–Whitney test were used 
for the same purposes, for variables not distributed accord-
ing to the normal.

For dichotomous variables, the Chi-squared test was used 
for differences within the groups while the McNemar test for 
those between groups.

Results

Results are shown in Table 1, 2 and 3.
In group 1 MSM induced an improvement of the pain 

at T1 (p = 0.006) and T2 (p = 0.02), of the Yocum test at 
T1 (p = 0.063) and T2 (p = 0.008), of the Hawkins test at 
T1 (p = 0.125) and T2 (p = 0.031), of the passive ROM at 
T1 (flexion p = 0.030; abduction p = 0.013, internal rota-
tion p = 0.463) and T2 (flexion p 0.001; abduction p 0.035, 
internal rotation 0.002), of the active ROM at T1 (flexion 
p = 0.085, abduction p = 0.028, internal rotation p = 0.925) 
and T2 (flexion p 0.002; abduction p 0.016, internal rota-
tion 0.001) (Table 2). US findings showed in group 1, after 
MSM, a decrease of thickness of SSB at T1 (p = 0.01), and 
T2 (p = 0.001), of LBT at T1 (p = 0.635) and T2 (p = 0.014); 
a decrease of LBH at T1 (p = 0.008) and T2 (p = 0.014), of 
STH at T1 (p = 0.08) and T2 (p = 0.002); a decrease in width 
of ACJ at T1 (p = 0.005) and T2 (p = 0.004); a reduction of 
bone heads ACD at T1 (p = 0.002) and T2 (p = 0.001). IS 
was absent in 12 out of 14 subjects, (Table 3).

In group 2 the simple traction did not show a significant 
change in all subjects.

Table 1   Characteristics of the patients

Group 1 Group 2

Age 21.71 ± 2.99 22.7 ± 3.86
Female 6 4
Male 8 6
Shoulder R 13 10
Shoulder L 1 0
IS 14 10
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Comparison between the groups shows better efficacy 
of MSM than simulated traction of NRS at T2 (p = 0.001), 
the Yocum test at T1 (p = 0.040) and T2 (p = 0.003), the 
Hawkins test at T2 (p = 0.013), passive ROM at T2 (flexion 
p = 0.002; abduction p = 0.036; internal rotation p = 0.004), 
active ROM at T2 (flexion p = 0.006; internal rotation 
p 0.002) and strength muscle at T2 (flexion p = 0.038) 
(Table 4).

Comparison of US results between groups also showed 
some statistically significant differences about SSB thick-
ness at T1 (p = 0.000) and T2 (p = 0.000), LBT thick-
ness at T2 (p = 0.046), LBH at T2 (p = 0.000), SSH at T1 Ta
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Table 4   Groups Comparison p values of mean/median comparison of 
pain severity, clinical tests scores, passive and active range of motion 
(ROM), muscle strength scores before (T0), after the treatment (T1) 
and at the follow up (T2) between groups

p < 0.05

Group 1/Group 2 Baseline (T0) Post- treat-
ment (T1)

Follow-up (T2)

NRS 0.690 0.572 0.001
Neer’s T 0.831 0.058 0.058
Yokum T 0.212 0.040 0.003
Hawkins T 0.633 0.069 0.013
PROM FS 0.277 0.618 0.002
PROM AS 0.482 0.558 0.036
PROM ER 0.659 0.680 0.212
PROM IR 0.100 0.860 0.004
AROM FS 0.216 0.977 0.006
AROM AS 0.363 0.240 0.054
AROM ER 0.638 0.791 0.512
AROM IR 0.617 0.481 0.002
MS FS 0.517 0.725 0.038
MS AS 0.998 0.525 0.137
MS ER 0.596 0.618 0.274
MS IR 0.753 0.895 0.647

Table 5   Groups Comparison p values of ultrasound report 
data,before (T0), after the treatment (T1) and at the follow up (T2) 
between groups

p < 0.05

Group 1/Group 2 Baseline (T0) Post- treat-
ment (T1)

Follow-up (T2)

SSB 0.680 0.000 0.000
ST 0.883 0.660 0.301
LBT 0.792 0.702 0.046
LBH 0.906 0.079 0.000
STH 0.596 0.003 0.000
ACJ 0.639 0.017 0.005
ACD 0.538 0.747 0.067
IS 0.388 0.000 0.000
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(p = 0.003) and T2 (p = 0.000) and IS at T1 (p = 0.000) and 
T2 (p = 0.000) (Table 5).

Discussion

The main difficulty in the sport of water polo is finding 
the ideal position to make an effective shot. Therefore, 
the importance of a stable shoulder is obvious. In fact, 
during the preparation phase, the shoulder is maintained 
in an abducted position due to the activation of the medial 
and anterior part of the deltoid, of the supraspinatus and 
of the clavicular part of the pectoralis major. In the load-
ing phase, an excessive articular excursion is determined, 
which involves an over distension of the capsular-ligamen-
tous component and a consequent relative instability of the 
glenohumeral joint [28]. MSM plays, as demonstrated in 
earlier studies, an important function in shoulder stabiliza-
tion, as it results, in rapid self-centering of the head of the 
humerus [12, 13]. Our results showed that MSM is able 
to remove impingement, even in water polo players, as 
confirmed by US measurements (Table 3). Moreover, the 
data of this study showed other improvements in group 1: 
a significant difference of pain both at T1 (p = 0.006) and 
at T2 (p = 0.02) and of the passive and the active ROM at 
T1 and at T2 as reported in Table 2. These results were 
also confirmed by the comparison between the two groups 
(Table 4). No athlete had symptoms consistent with a gle-
noid labrum injury and this was confirmed with US at 
time T0. In all athletes in group 1, US detected a marked 
improvement in the considered ultrasound parameters with 
a significant difference in both T1 and T2, as reported in 
Table 3. In SIS, the thickness of SSB appears increased. 
US findings confirm this at T0 (Fig. 1). It is important 

to point out that in water polo players of the first group, 
US, immediately after MSM, showed reduction of the 
bursa with a significant difference at T1 (p = 0.01) and 
at T2 (p = 0.001) (Table 3). A similar result was obtained 
when comparing the two groups (Table 5). In our results, 
we found an unexpected finding related to the distance 
between the bony heads of the ACD (Fig. 1). In fact, this 
distance appeared markedly and significantly reduced at 
T1 (p = 0.002) and T2 (p = 0.001) if compared to T0 in 
water polo players in group 1. In conclusion, our results 
showed the efficacy of MSM with a persistent amelioration 
at T2 and the improvement of water polo players perfor-
mance during the follow-up period. It should be noted that 
the effectiveness of MSM is improved when comparing the 
two groups with simple traction.

PERSPECTIVE: There are many data in the literature 
regarding the Grimaldi manoeuvre in the treatment of SIS 
[12, 13]. This manoeuvre has the particularity of being 
able to be performed in a single session with immediate 
and persistent recovery of the functionality of the shoulder 
with improvement of pain symptoms [10–13]. The use of 
the ultrasound examination allows you to be able to appro-
priately detect shoulder disorders and perform follow-up 
in overhead athletes [24, 25]. In the present study, it was 
shown that water polo players could benefit from physi-
otherapy manoeuvre to improve sports performance. In 
the follow up of these athletes, the ultrasound examina-
tion was useful. In future studies, the manoeuvre could be 
applied to a wider casistic, including athletes from other 
overhead disciplines.
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Fig. 1   a SSB thickness before 
MSM (T0); b SSB thickness 
after MSM (T1); c the distance 
between the bony heads of the 
ACD before MSM; d the dis-
tance between the bony heads of 
the ACD after MSM
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