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Abstract
Background: The shoulder is one of the most frequently injured joints in rugby. Improving muscle
strength can increase glenohumeral joint stability, thus preventing injuries to this joint.
Purpose: Evaluating the effectiveness of a plyometric, proprioceptive and strength exercise program
in promoting shoulder stability in rugby players.
Study design: Randomized single blind clinical trial, with follow up. Level of evidence, 2.
Methods: Thirty federated rugby players were included in the study and randomized to the two study
groups. The experimental group performed an exercise program including plyometric exercises using
a fitness ball, proprioceptive exercises with BodyBlade® and strength training with elastic bands.
The intervention lasted four weeks, with two weekly sessions lasting 15 minutes each. The control
group continued with their usual routine. The study variable was glenohumeral stability, measured
with the Closed Kinetic Chain Upper Extremity Stability test and the Y-Balance test. Three evaluations
(pre-treatment, post-treatment and follow-up) were carried out. Changes were calculated after each
evaluation and repeated measures analysis was performed.
Results: Stability improved after the intervention and when comparing pre-treatment and follow-up
assessments (P < 0.05) in the experimental group. There were differences between the two groups (P
< 0.05) and between the different study evaluations (P < 0.001).
Conclusion: A protocol based on plyometric, proprioceptive and strength exercises improves
glenohumeral stability. This improvement can be maintained for four weeks.
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1. Introduction

Rugby is one of the most popular sports worldwide, played
in more than 150 countries [1]. The injury rate in this sport
is 91 per 1000 player hours, this figure being higher than in
sports such as soccer and ice hockey [2].

Shoulder injuries are common in contact sports such as
rugby with a high recurrence rate [3]. The pathology of
the glenohumeral joint causes the athlete’s prolonged absence
from competition, mainly due to anterior dislocation of the
shoulder and instability [4]. As much as 67% of anterior
shoulder dislocations occur in tackling due to poor technique
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and unsuitable postures adopted in a tackle [5]. The incidence
of injury in connectionwith these two shoulder pathologies is
1.25 per 1000 hours of training and competition, while both
pathologies present a high injury recurrence rate. In players
under the age of 25 suffering a traumatic anterior shoulder
dislocation for the first time, the risk of recurrence is 90-95%
when no surgical treatment is carried out [6].
Shoulder stability depends on the relationship between the

muscles, which offer dynamic stabilization, and the ligament
structures and static stabilization structures [7]. The senso-
rimotor system plays a mediating role between the muscle
structures and the other joint components, thanks to the
afferent information from the mechanoreceptors (present in
the capsuloligamentous and musculotendinous tissue) that
reaches the central nervous system and triggers neuromus-
cular control. This control enables shoulder stability and co-
ordinated movement patterns [8]. The glenohumeral joint is
inherently unstable due to a reduced congruency that enables
greater mobility. The stabilizing components maintain the
humeral head in position. Such instability may increase due
to alterations in the capsule-ligament or soft tissues of the
muscles, or as a result of a dysfunctional sensorimotor system
[9].
Although the deltoid and pectoralis major muscles are also

potential destabilizers of the glenohumeral joint, their stabi-
lizing function depends on the orientation of structures such
as the scapula and humerus. Improving the strength of the
rotator cuff and the large periarticularmuscles of the shoulder
can decrease the incidence of shoulder joint injuries in rugby
players [10]. Myers and Lephart [11] reported that the
deltoid and pectoralismajormuscle strength is able to provide
stability to the glenohumeral joint. On the other hand,Myers
and Oyama [12] verified how the development of closed
kinetic chain exercises generates a greater co-contraction of
the scapula and rotator cuff stabilizing muscles, this being
essential for glenohumeral joint stability.
TheBodyblade® device (MadDoggAthletics®, Inc, Venice

CA) is an exercise instrument based on oscillatory/vibration
motions. It is based on the rapid change of direction, with
a low frequency rate of 4.5 Hz (cycles per second). In this
way, the body reacts up to 270 times per minute in order to
counter the destabilizing forces that can vary depending on
the size and the oscillatory speed [13, 14].
The main aim of this study is to evaluate the effectiveness

of a physiotherapy intervention in improving shoulder stabil-
ity in rugby players through an exercise program implement-
ing plyometric exercises using a fitness ball, proprioceptive
trainingwith BodyBlade® and strength exercises using elastic
bands.

2. Methods

2.1 Study design
Single-blind randomized clinical trial with follow-up, carried
out on athletes recruited at the Rugby Club of Majadahonda
(Madrid, Spain). The study period was from January to
May 2019. The study compared the clinical outcome after

applying a plyometric, proprioceptive and strength training
program in 30 rugby players randomly allocated to the study
groups.

2.2 Study population
A representative sample of the sample under study has been
calculated. The magnitude of this difference was consid-
ered by calculating the effect size (d = 0.76) [15] in order
to measure glenohumeral joint stability in healthy subjects
with shoulder pain. With an alpha level (type I error) of
0.05, a statistical power of 80% (1-β = 0.80), and a non-
sphericity correction of 1, a sample size of 46 rugby players
was estimated. As a non-multicenter randomized clinical
trial, 30 rugby players were recruited. The calculation was
performed using G*Power software, version 3.1.9.4.
The inclusion criteria for participating in the study were:

males: federated rugby players; over 18 years of age; and par-
ticipation in regional competitions at the time of the study.
By contrast, subjects excluded were those who: had received
treatment with anti-inflammatory drugs in the month prior
to the study; had glenohumeral injuries; had a diagnosis of
cardiovascular or metabolic disease; and failed to sign the
Informed Consent Document.

2.3 Randomization
Initially, 32 rugby players were invited to participate in the
study. Selection criteria were met by 30 who were included
in the study. Subjects were randomly assigned to the two
study groups: experimental and control. Randomization was
carried out by someone unrelated to the study objectives, who
was not involved in data collection or any other phase of
the study. Randomization was performed using an opaque
envelope system. The subjects included in the experimental
group (n = 15) underwent intervention based on a program
implementing plyometric exercises with a fitness ball, pro-
prioceptive exercises with BodyBlade® and strength training
with elastic bands. Subjects included in the control group (n =
15) received no intervention whatsoever and continued with
their usual routine and sports practice.

2.4 Outcome evaluation
The primary study variable was stability. This variable
was measured using two measuring instruments: Closed
Kinetic Chain Upper Extremity Stability Test and Upper Quarter
Y-Balance Test.
The Closed Kinetic Chain Upper Extremity Stability Test (CK-

CUEST) was designed by Lee et al. [16] and assesses shoul-
der stability, with scores ranging from 0 to infinite points
(where 0 denotes no stability). This test has shown excellent
interobserver reliability (ICC: 0.86; 95% CI: 0.11-0.96) [17].
The initial position in the test is a push-up position with
arms perpendicular to the floor. Two 3.80-cm strips were
taped to the floor with a 91.44-cm separation between strips.
Players placed their hands on each strip of tape with their
third finger on the strip, moving one hand over the body
in the transverse plane until touching the other strip and
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then returning to the starting position. Players then had to
perform the same movement with the other hand. Touches
are counted every time either strip is touched in 15 seconds.
Each subject performed warm-up movements, followed by 3
attempts with a 45-second rest between attempts.
The Upper Quarter Y-Balance Test (YBT-UQ) was validated

byWestrick et al. [18] for the evaluation of shoulder stability.
This test has shown excellent interobserver reliability (ICC:
1.00; 95% CI: 0.80-0.99) [19]. This tool allows the quantita-
tive analysis of an athlete’s ability to reach a distance with his
free hand while maintaining weight on the contralateral arm.
In order to perform the YBT-UQ, the player is asked to reach
themaximum range possiblewith the free hand (medial, infe-
rior lateral and superior lateral range), while maintaining the
load on the supporting hand that is placed in a standardized
location. This scale consists of three items (medial, superior
lateral and inferior lateral range) with scores ranging from
0 to an infinite number of points (0 denotes no stability),
obtained by calculating the average of the three items.
At the beginning of the study, themain sociodemographic,

anthropometric and clinical variables of the participating
subjects were evaluated.
Three evaluations were performed in this study: pre-

treatment (T0), post-treatment (T1) and at four weeks
follow-up (T2). The physiotherapist who carried out the
various study evaluations, with years of experience in
musculoskeletal assessment, was blinded to the subjects’
allocation to the different study groups. All evaluations were
conducted under the same conditions and following the
same measurement protocol.

2.5 Intervention
The interventionwas carried out over a period of fourweeks,
with two weekly sessions, lasting 15 minutes each. The
exercise program proposed for the intervention in the ex-
perimental group consisted of four exercises, each lasting
one minute, on both shoulders, and with one-minute rest
between exercises. All exercises were performed bilaterally.
The exercises were carried out with the aim of improving the
stability and control of the shoulder, as well as the stabilizing
muscle strength of the glenohumeral joint. All sessions were
supervised by a physiotherapist specializing in Sports Phys-
iotherapy.
A fitness ball was used for the first exercise, whereby the

player, in two-legged stance with 90◦ shoulder abduction
and 90◦ elbow flexion, should catch the ball and perform an
external rotationmovement, returning the ball using internal
rotation [20]. For the second exercise, while holding an
elastic band in a standing position, the player was asked
to stand on the elastic band with one foot and with the
contralateral limb to perform shoulder flexion to exercise
the flexor muscles of the shoulder [21]. The third exercise
required no type of material and rugby players were asked
to perform scapular approximation and separation without
changing their initial position, from a push-up position with
their hands on the floor, while shoulders, elbows and wrists
remained aligned [22]. For the last exercise, a Bodyblade

device© was used; the athletes, in a standing position with
90◦ shoulder abduction and 90◦ elbow flexion, were asked to
push in an anteroposterior direction, causing an oscillation
effect, in order towork on proprioception by anteroposterior
stabilization of glenohumeral joint [23]. The first three
exercises were repeated 15 times, while the last exercise was
performed over a period of 30 seconds.
During the experimental phase, control group subjects did

not receive any type of intervention. All athletes included in
the two study groups were asked not to take part in any other
interventions or training sessions during the experimental
phase and follow-up other than those being carried out prior
to the study. In this way, it was possible to control that no
other parallel intervention might impair the reliability of the
results.

2.6 Statistics
A descriptive analysis was performed using the statistical
software SPSS, version 19.0, for Windows. A descriptive
analysis was used to calculate the main statistics (mean and
standard deviation) of the independent quantitative vari-
ables. Sample distribution analysis was carried out using the
Kolmogorov-Smirnov test [24].
The difference in means between the various evaluations

in each group was calculated using the paired samples t-test.
The within-subject effect and group interaction were ob-
tained using the repeated measures ANOVA. The error rate
of the significance level was controlled using the Bonferroni
correction. When Mauchly’s sphericity test was significant,
theGreenhouse-Geisser correction coefficient was used. The
partial Eta-squared value was calculated as an indicator of the
effect size (classified as small 0.01, medium 0.06 and large
0.14) [25]. An intent-to-treat analysis has been performed in
this study. The significance level of the study was α < 0.05.

3. Results

3.1 Patient characteristics
Of the 30 rugby players taking part in the study, one from the
control group dropped out prior to the post-treatment assess-
ment due to injury. None of the athletes in the experimental
group abandoned the study. Fig. 1 shows the flow diagram of
the study.
Themean age of the 30 subjectswas 25.13 years (DT: 8.10),

with a mean height of 1.79 meters (DT: 13.09), and a mean
body mass index of 26.62 kg/m2 (DT: 3.48). Most of the
subjects (63%) trained 3 days a week and 76% of the sample
performed gym sessions. With regard to sample distribution
at baseline, there were only differences (P < 0.001) in the
age variable. Table 1 shows the main central trend statistics
(mean and standard deviation) of the independent variables
measured during the pretreatment assessment.

3.2 Functional clinical outcome
Changes were observed in the experimental group athletes
for all measuring instruments. The stability measured with
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F IG . 1. CONSORT 2010 FlowDiagram.

TABLE 1. Descriptive analysis, median (and standard deviation) of the sample.
Variables Experimental group Control group Sig.

Age (years)* 24.53 (9.51) 25.73 (6.69) 0.00 a

Height (cm) 1.80 (0.08) 1.78 (0.04) 0.09 a

Weight (kg) 85.60 (13.9) 86.27 (12.71) 0.20 a

Body mass index (Kg/m2) 26.06 (2.73) 27.17 (4.11) 0.12 a

Close Kinetic Chain Upper Extremity Stability test 24.23 (3.55) 23.93 (3.59) 0.19 a

Y-Balance test (right) 91.74 (12.30) 92.54 (8.63) 0.18 a

Y-Balance test (left) 90.74 (10.48) 91.57 (9.31) 0.19 a

n % n %
Weekly sessions (2 / 3) 5 / 10 33.3 / 66.6 6 / 9 40.0 / 60.0 0.07 b

Gym session (Yes / No) 12 / 3 80.0 / 20.0 11 / 4 73.3 / 26.6 0.07 b

n, number of subjects; %, percentage; Sig., significance.
a Kolmogórov-Smirnov test.
b Fisher exact test.
* Significant difference (P < 0.05).

the CKCUEST scale showed changes (P < 0.001) following
the intervention period and when comparing T0-T2 (P =
0.005). Evaluation of stability using the Y-Balance test found
differences in the stability of the right arm (P< 0.001) and left
arm (P = 0.001) subsequent to intervention and at follow-up
(P < 0.01). The control group exhibited decreased stability
of the right upper limb, measured with the Y-Balance test
after intervention (P = 0.03) and at follow-up (P = 0.009).

Table 2 and 3 show the calculation of the main central trend
descriptors and the difference in means between the various
assessments, respectively.

3.3 Repeated measures analysis

Therewere significant differences (P< 0.001) in the repeated
measures factor and in group interaction for all measure-
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TABLE 2. Statistical analysis, median (and standard deviation), of the dependent variables of the study at baseline,
posttreatment and follow-up assessment.

Measuring instruments
Experimental group Control group

T1 T2 T1 T2

Close Kinetic Chain Upper Extremity Stability test 29.00 (3.60) 28.00 (3.70) 24.20 (3.78) 23.67 (3.47)
Y-Balance test (right) 103.59 (8.49) 101.68 (9.00) 91.44 (8.61) 90.86 (8.38)
Y-Balance test (left) 104.26 (9.39) 102.44 (9.39) 90.22 (9.97) 89.35 (9.45)

Outcome measures at the baseline (T0), after the four-weeks period of experimental and control interventions (T1) and after
further four-weeks as follow-up (T2).

TABLE 3. Means difference [and 95% confidence interval] after posttreatment and follow-up period of the dependent
variables of the study.

Measuring instruments
Experimental group Control group

T0-T1 T0-T2 T0-T1 T0-T2

Close Kinetic Chain Upper Extremity Stability test -5.16** -4.1* -0.23 0.5
[-7.62, -2,71] [-6.71, -1.48] [-0.81, 0.34] [-0.36, 1.36]

Y-Balance test (right) -13.44** -10.97* 1.06* 1.91*
[-18.81, -8.07] [-16.77, -5.18] [0.11, 2.01] [0.56, 3.25]

Y-Balance test (left) -12.93* -11.51* 0.76 2.03
[-19.49, -6.37] [-18.12, -4.89] [-1.42, 2.95] [-0.04, 4.11]

Outcome measures at the baseline (T0), after the four-week period of treatment and control interventions (T1) and after further four-
weeks as follow-up (T2).
*Significant difference between improvements of the study groups (P < 0.01).
**Significant difference between improvements of the study groups (P < 0.001).

TABLE 4. Intra-subject and interactionwith group results in each one of the dependent variables of the study, among the
study groups.

Variables
Mauchly sphericity test Intra-subject effect Interaction

W Sig. F Sig. η2p F Sig. η2p
Close Kinetic Chain Upper Extremity Stability test a 0.46 0.00 13.56 0.00** 0.32 13.63 0.00** 0.32
Y-Balance test (right) a 0.12 0.00 16.99 0.00** 0.37 26.15 0.00** 0.48
Y-Balance test (left) a 0.05 0.00 11.63 0.00** 0.29 17.61 0.00** 0.38

W, Mauchly Sphericity Test; Sig., significance. η2p: partial squared eta.
a The df corresponds to Greenhouse-Geisser test.
**Interaction with the group (P < 0.001).

ments of glenohumeral stability. When using the CKCUEST
test we observed how stability changed depending on the
time when evaluated (F (1.3, 36.47) = 13.56; P < 0.001; η2p =
0.32), moreover the difference between the two groups was
not the same at the three times of assessment (F = 13.63;
P < 0.001 η2p = 0.32). When measuring shoulder stability
with the Y-Balance test on the right shoulder changes were
found depending on the time when evaluated (F (1.06, 29.83)
= 16.99; P < 0.001; η2p = 0.37), and differences between the
three times of assessment (f = 26.15; P < 0.001; η2p = 0.48).
When assessing left shoulder stability with the Y-Balance
test, there were differences depending on the time when
evaluated (F (1.02, 28.81) = 11.63; P < 0.001; η2p = 0.29),
and differences between the three times of assessment (F =
17.61; P < 0.001; η2p = 0.38). When calculating the partial
Eta-squared, we found high effect size values in all measured
variables η2p > 0.14). Table 4 shows the repeated measures
analysis and group interaction.

3.4 Pairwise comparison analysis

In the pairwise comparison analysis relative to the
glenohumeral stability evaluation based on the CKCUEST
test, there were significant differences between the pre-and
post-treatment evaluations (P < 0.001) and between pre-
treatment and follow-up evaluations (P < 0.02). When
analyzing the stability with the Y-Balance test we found
differences in the stability of the right (T0-T1, P < 0.001;
T0-T2, P < 0.01) and left upper limb (T0-T1, P < 0.01;
T0-T2, P < 0.01). Table 5 shows the pairwise comparison
analysis.

4. Discussion

The purpose of this study was to evaluate the effectiveness of
a plyometric, proprioceptive and strength exercise protocol
in improving glenohumeral stability in rugby players. The
implementation of this exercise program has shown to im-
prove shoulder stability, measured with two different mea-
suring instruments (Closed Kinetic Chain Upper Extremity
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TABLE 5. Pairwise comparison analysis, means difference and (significance), between the three evaluations carried out in
each study group.

Variables T0-T1 T1-T2 T0-T2

Close Kinetic Chain Upper Extremity Stability test -2.70 (0.00)** 0.90 (0.10) -1.80 (0.02)*
Y-Balance test (right) -6.19 (0.00)** 1.65 (0.00)** -4.53 (0.00)*
Y-Balance test (left) -6.08 (0.00)* 1.34 (0.00)** -4.73 (0.02)*

T0-T1: outcomemeasures between baseline to posttreatment assessments; T1-T2: outcomemeasures between
posttreatment to follow-up assessments: T0-T2: outcomemeasures between baseline to follow-up assessments
(T0).
* Significant difference between improvements of the study groups (P < 0.05).
** Significant difference between improvements of the study groups (P < 0.001).

Stability Test and Upper Quarter Y-Balance test).
Shoulder injuries in rugby players are common due to

the physical demands this sport involves. Horsley et al. [26]
noted the high incidence of rugby-related shoulder joint
pathologies. However, there is little evidence regarding
programs addressing the prevention of such pathologies
in athletes. Similarly, few studies have evaluated the
relationship of improved stability after the development of
a strength training focused on the stabilizing muscles of the
shoulder.
Cho et al. [27] performed an intervention based on

strength training using elastic bands and double oscillation
exercises in healthy young subjects. After four weeks of
intervention, with five weekly sessions, improvements
were observed in the strength of the shoulder muscles. Our
study applied a protocol of only 8 sessions of plyometric,
proprioceptive and strength exercises on the shoulder
stabilizing muscles, resulting in an improved glenohumeral
stability. This improvement was maintained after a
four-week follow-up period.
Our findings coincide with evidence reporting a relation-

ship between increased stabilizing muscle strength and en-
hanced shoulder stability. This relationship has been noted
after applying a scapular muscle strength program, which
resulted in increased glenohumeral stability [7].
The application of plyometric exercises to improve neu-

romuscular adaptations has already been developed. Swanik
et al. [20] combined strength and plyometric exercises to
improve muscle strength by applying 24 sessions over an
8-week period, finding improvements in shoulder stability
and strength. Although our results are consistent in terms
of improved stability, the protocol developed used a lower
frequency, with a total of 8 intervention sessions.
Weakness of the rotator cuff shoulder muscles has been

associated with relapsing anterior instability of the gleno-
humeral joint [9]. An improved shoulder stability observed
in athletes who underwent the intervention based on plyo-
metric, proprioceptive and strength exercises, can likewise
reduce shoulder injury rates. The training protocol applied
over 8 sessions, andwhose effects aremaintained after a four-
week follow-up period, may be an effective preventive tool
for rugby playerswith the aimof avoiding glenohumeral joint
injuries.
Plyometric exercises for the upper limbs and strength

training have been shown to be effective in reducing risk

factors for upper limb injury, improving performance [20].
When comparing the results obtained in the two groups,
we found significant differences that show the effectiveness
of the protocol used in the study despite the short period of
intervention.
Estimates of effect size are useful in determining the practi-

cal or theoretical importance of an effect, the relative contri-
butions of the various factors, and the power of an analysis
[25]. The most important statistical value of this study is
the high effect size recorded for the intra- and intergroup
analysis. Regardless of the sample size and significance, the
effect size allows us to establish the power of the intervention,
eliminating type I errors. Our study produced high values
(η2p > 0.14) for all the variables studied between the various
evaluations and based on the group. Accordingly, we are
able to report the high power of the results related to the
intervention for the improvement of shoulder stability in
rugby players.
Future lines of work should include a larger sample size,

maintaining the structure of this randomized clinical study.
Maintaining all methodological quality characteristics, other
variables such as muscle strength (muscle isometric force,
kinematics) and shoulder range of motion should be evalu-
ated, together with an analysis of medium-term prevalence
of shoulder injury.
One of the main limitations of the study is the small sam-

ple size. To compensate for the low sample size the main
methodological quality characteristics (e.g. blinding of the
evaluator, calculation of the effect size, intent-to-treat anal-
ysis, etc.) have been adjusted. Similarly, the evaluation of
muscle strength together with stability would have increased
the power and size of the study results. Other authors such
as Hibberd et al. [28] assessed the effectiveness of an inter-
vention using elastic bands on shoulder strength and range
of movement using an instrument. Similarly, the use of
an objective measuring instrument, such as a dynamometer,
would have simplified the study design and the collection and
interpretation of the data.
The exercise program described in this study can be put

into normal clinical practice for any sports team, with the aim
of improving glenohumeral stability in athletes. For sports
with high involvement of the shoulder joint, these exercises
can become a working tool to improve joint stability. Simi-
larly, this exercise program is easy to apply, economical and
is carried out in a short time (5-10 minutes).
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5. Conclusions

A plyometric, proprioceptive and strength exercise program
improves shoulder stability in rugby players. The effec-
tiveness of this exercise protocol in glenohumeral stability
is maintained after a four-week follow-up period. Future
research should confirm the findings observed in the present
study, comparing stability improvements and strength of the
stabilizing muscles of the shoulder.
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