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ABSTRACT

Objectives: This study aims to evaluate the effect of core stabilization exercises and to explore the immediate effect of core muscles-activated
posture on shoulder maximal voluntary isometric contraction (MVIC) strength.
Patients and methods: Between November 2016 and January 2015, a total of 75 healthy female volunteers (mean age 25.36 years;
range, 18 to 30 years) were included. Of these, 42 consecutive volunteers were assigned as the study group, while the remaining 33 volunteers
were assigned as the control group. The study group completed a six-week core stabilization home-based exercise program. Two measurements
were performed with six-week interval. A set of three repetitions for each shoulder side was performed by an electronic dynamometer under
two conditions: core muscles relaxed and activated. Measurements were monitored real-time with a connected computer and recorded in
Newton.
Results: The activation of core muscles during the measurement significantly decreased the MVIC values in both groups (p<0.05). The MVIC
values significantly increased after home-based exercise program in both conditions (p<0.05).
Conclusion: Our study showed that six-week core stabilization exercise program had a significant positive effect on the shoulder MVIC
strength. This result may support the use of core stabilization exercises in the early periods of shoulder rehabilitation when the shoulder
muscle strengthening exercises are painful.
Keywords: Muscle strength dynamometer; rotator cuff; shoulder.

Improvement of the shoulder muscle strength is
one of the major goals of shoulder rehabilitation.[1]
The appropriate mode of exercises for strengthening
shoulder musculature are isometric, concentric,
eccentric training, or open/closed chain activities.
Upper extremity kinetic chain exercises have been
integrated into the course of shoulder rehabilitation
process in recent years. These exercises use functional
movement patterns to facilitate scapular motion
and, then, to strengthen scapular and rotator cuff
musculature.[2]
The mechanical linkages of body segments which
allow for the sequential transfer of forces and motions
when performing dynamic tasks, such as throwing or
hitting, are referred as the kinetic chains.[3,4] By being

located in the middle of the kinetic chain system as
a box, with the abdominals in the front, paraspinals
and gluteals in the back, the diaphragm as the roof,
and the pelvic floor and hip girdle musculature at
the bottom, the core region functions as a muscular
corset where forces are generated and transferred
to the extremities.[4-6] Optimal functioning of the
core, leading to optimal functioning of the kinetic
chain system is required for the production of strong,
functional movements of the extremities.[7]
The aim of core stabilization training is to
ensure appropriate muscular balance around the
lumbo-pelvic-hip complex, creating a rigid cylinder
against body perturbations, while allowing a stable
base for accurate movement control.[7,8] These exercises
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are known as neuromuscular retraining exercises
which primarily focus on enhancing the recruitment
of the local stabilizer (transversus abdominis and
multifidus), global stabilizer (internal and external
obliques), global mobilizer (rectus abdominus and
iliocostalis), and load transfer (i.e., gluteus maximus,
gluteus medius, hip adductors, rectus femoris, iliopsoas,
trapezius, latissimus dorsi, deltoid, pectoralis major)
muscles.[9] A typical core stabilization program starts
with abdominal drawing-in (abdominal hollowing)
or abdominal bracing (co-contraction) exercises to
improve neuromuscular control of the local stabilizers,
moves to closed-chain segmental control exercises
to further improve neuromuscular control and joint
stabilization, and progresses to open kinetic chain
exercises which promote distal mobility.[9]
The relationship between shoulder and core has
been shown by the activation of core musculature
during upper extremity movements in previous
studies.[10-13] Although the inclusion of core stabilization
exercises into rehabilitation program for shoulder
injury has been advocated,[14,15] the evidence to show
direct effect of core stabilization on shoulder muscle
strength is still lacking. Therefore, the primary aim
of the present study was to evaluate the effect of core
stabilization exercise program on shoulder maximal
voluntary isometric contraction (MVIC) strength.
The secondary aim was to explore the immediate
effect of core muscles’ activation on the shoulder
MVIC strength. Our primary hypothesis was that
core stabilization exercises would positively affect
the shoulder MVIC strength in both relaxed and core
muscles activated conditions and, secondarily, the
shoulder MVIC strength values would increase by
voluntarily contraction of core musculature.

PATIENTS AND METHODS
This prospective, longitudinal study with a matched
control group was to investigate the effect of core
stabilization on shoulder muscle strength. A written
informed consent was obtained from each participant.
The study protocol was approved by the Koç University
School of Medicine Ethics Committee. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.
Between November 2016 and January 2015, a total
of 75 consecutive healthy female volunteers (mean age
25.36 years; range, 18 to 30 years) who responded to
our institutional study announcement and fulfilled
the inclusion criteria were included. The inclusion
criteria were as follows: female sex between the ages of
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18 and 30 years, a Body Mass Index (BMI) lower than
30 kg/m 2 , a negative upper extremity and/or spinal
history of pain and/or surgery and a negative regular
exercise history. The volunteers who experienced pain
during the measurements or did not complete the
regimen or received additional exercise interventions
during the trial were excluded from the study. Of
these, 42 consecutive volunteers were assigned as
the study group, while the remaining 33 age- and
BMI-matched volunteers were assigned as the control
group. The sample sizes were determined according to
the statistical calculation.
Demographic data and medical history were
obtained from all participants prior to measurements.
Two measurements were performed on both groups
with six-week interval. Each measurement was
performed by an electronic dynamometer as a set of
three repetitions for each shoulder side (dominant
and non-dominant) in the same position under
two different conditions: core muscles relaxed and
activated.
The participants were instructed how to contract
their abdominals and gluteals simultaneously to
achieve core muscle activation prior to measurements.
The physician checked the efficacy of the contractions
by palpating the abdominal and gluteal muscles.
During the core muscles activated measurements,
the participants were asked to start contracting their
muscles two-sec before and maintain the contracted
condition, until the end of each pushing.
After the first measurement, both groups were
instructed to do their routine activities and not to
be involved in a sports program. Those who received
an exercise intervention or started to a new sports
program in six-week period were not included in the
second measurements.
Participants of the study group underwent a
face-to-face training session for core stabilization
exercises by a physiatrist after the baseline measurement.
During the training session, the physiatrist checked the
efficacy of each exercise by palpating the contraction
of the transversus abdominis and lumbar multifidus.
Exercise instruction sheets containing the illustrations
with detailed descriptions of the exercises and exercise
checklist sheets to be filled daily by the participants
after completing their daily program was also given.
Furthermore, the attendance to the exercises was
checked on phone at the end of every week by the
researchers. The participants were asked to attend
their scheduled exercise program for at least four
days in a week for at least six weeks to be considered
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compliant with the exercise schedule. Those who
completed the six week core stabilization home-based
exercise program successfully were preceded to the
second measurement. At the second measurement, the
physicians did not have access to the data from the first
measurements.
Testing procedures
An electronic dynamometer (Mecmesin Myometer,
West Sussex, UK) with an adjustable strap was utilized
for the shoulder muscle strength measurements. Strap
of the device was positioned at the wrist during the
test. The MVIC applied during the test was recorded in
real-time with a connected computer in Newton.
All measurements were performed by the same two
physicians in a standardized protocol. The standardized
test position was standing with the arm in 90° of
abduction in the scapular plane, the elbow extended
and the forearm pronated (Figure 1). Volunteers were
barefoot on a hard surface, both ankles touching each
other during the test. Pushing maximally upward
for five-sec, three times consecutively with one-min
intervals for each shoulder side were instructed.
The timings of the pushing, relaxation periods and
activation of core muscles were provided by a visual
timer placed in front of the participants. A loud verbal
encouragement (ready 5-4-3-2-1, push, push, push)
was also given throughout the measurements. Within
each test series of three repetitions, the participants
were instructed to rest their arm at the side between

Figure 1. The participants were barefoot, both ankles
touching each other. The measurements were performed in
standing position with the arm in 90° of abduction in the
scapular plane, the elbow extended and the forearm pronated.

each repetition for one-min while maintaining the
feet position. Right and left shoulders were alternated
between relaxed and core muscles activated conditions
to prevent early fatigue.
Exercise procedures
The exercise program consisted of basic core
stabilization exercises; abdominal drawing-in,
abdominal drawing-in with alternating upper
extremity movement, abdominal drawing-in with
alternating lower extremity movement, abdominal
drawing-in with alternating upper and lower extremity
movement, opposite arm leg raises in prone position,
pelvic tilt while standing and forward lunge (Figure 2).
Exercises instructions were as follows:
1.

Abdominal drawing-in: The participants
were asked to pull their navel deeply to the
lumbar region and maintain the contraction
for five-sec while keeping breathing lightly in
supine hook-lying position. Ten repetitions
with a five-sec rest between the repetitions was
the target dose for this exercise.

Figure 2. Basic core stabilization exercises: (1) abdominal
drawing-in, (2) abdominal drawing-in with alternating
upper extremity movement, (3) abdominal drawing-in
with alternating lower extremity movement, (4) abdominal
drawing-in with alternating upper and lower extremity
movement, (5) opposite arm leg raises in prone position, (6)
pelvic tilt while standing, (7) forward lunge.
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2.

Abdominal drawing-in with alternating upper
extremity movement: The participants were
asked to flex their shoulders in forearms
pronated position and return to neutral position
alternatingly for five times while maintaining
the abdominal contraction. The target dose for
this exercise was 10 sets of five repetitions with
a five-sec rest between the sets.

3.

Abdominal drawing-in with alternating lower
extremity movement: The participants were
asked to flex the hip joint and return to
neutral position alternatingly for five times
while maintaining the knee joint flexion at
90 degrees and abdominal contraction. The
target dose for this exercise was 10 sets of five
repetitions with a five-sec rest between the sets.

4.

Abdominal drawing-in with alternating upper
and lower extremity movement: The participants
were asked to flex their contralateral upper and
lower extremities and return to neutral position
alternatingly for five times while maintaining
the abdominal contraction in supine position.
The target dose for this exercise was 10 sets of
five repetitions with a five-sec rest between the
sets.

5.

Opposite arm leg raises in prone position:
The participants were asked to lift their
contralateral upper and lower extremities to
the horizontal plane alternatingly for five times
while maintaining the abdominal contraction
in supine position. The target dose for this
exercise was 10 sets of five repetitions with a
five-sec rest between the sets.

6.

Pelvic tilt while standing: The participants were
asked to contract their gluteal and abdominal
muscles to rotate their hips in a posterior
direction and maintain the contraction for
five-sec while keeping breathing lightly in
standing position. Ten repetitions with a fivesec rest between the repetitions was the target
dose for this exercise.
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7.

Forward lunge: The participants were asked
to step forward, flex the hip as far as the
contralateral knee touches slightly to the floor
and, then, push off the front leg and return
to the starting position. Emphasis was placed
on maintaining a neutral spinal posture,
contracting the abdominal muscles, and
breathing normally throughout the exercise.
Tens sets of five repetitions for each side with
a five-sec rest between the sets was the target
dose for this exercise.

Statistical analysis
Statistical analysis was performed with the
Number Cruncher Statistical System (NCSS) 2007
statistical software (NCSS LLC, Kaysville, Utah,
USA) and MedCalc Statistical Software Version 12.5
(MedCalc Software, Ostend, Belgium). In addition
to descriptive statistical methods (mean, standard
deviation [SD]), unpaired and paired Student t-tests
were used. The Shapiro-Wilk test was used to assess
normal distribution. Intraclass correlation was used to
assess test reliability. Intraclass correlation coefficient
(ICC) level of greater than 0.700 was accepted as
reliable. A p value of <0.05 was considered statistically
significant with 95% confidence interval (CI).
Due to missing data in the literature regarding the
effect of core stabilization exercises on the shoulder
MVIC strength, we were unable to perform a power
analysis prior to the study. Therefore, a post-hoc
analysis was performed.[16]

RESULTS
The number of eligible volunteers included in the
baseline measurements was 42 in the study group
and 33 in the control group. As the adherence of nine
participants to the exercise program was considered
low and three participants from the control group
refused to take place in the second measurements,
statistical analysis was performed on the remaining
33 participants from the study and 30 participants
from the control group.

Table 1. Demographic characteristics of the participants
Characteristics
Age (year)
Height (meters)
Weight (kilograms)
Body Mass Index (kg/m2)

Study group (n=33)

Control group (n=30)

Mean±SD

Mean±SD

p

25.97±2.65
1.62±0.06
58.45±10.44
22.1±3.39

24.87±3.87
1.64±0.06
56.92±8.39
21.22±2.77

0.19
0.43
0.52
0.26

SD: Standard deviation; Student’s t-test was used to compare age, height, weight and Body Mass Index; p<0.05.
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Table 2. Intraclass Correlation Coefficients of all the measurements
95% Confidence interval
Dominancy
Dominant side
Non-dominant side

Position

ICC*

Lower limit

Upper limit

Relaxed
Core muscles activated
Relaxed
Core muscles activated

0.954
0.976
0.973
0.978

0.938
0.968
0.964
0.971

0.966
0.983
0.981
0.984

ICC: Intraclass Correlation Coefficient; Intraclass correlation was used to assess test reliability; * Accepted level of ICC >0.700.

Demographic data of both groups including age,
height, weight, and BMI are given in Table 1. There was
no significant difference between the groups in terms
of these parameters. Intraclass correlation coefficients
of all the measurements were above the accepted
level of 0.700 (Table 2). All data sets were distributed
normally.
The shoulder MVIC strength of both groups at
baseline and six weeks in relaxed and core muscles
contracted conditions for the dominant and nondominant sides are given in Table 3. There was no
statistically significant difference in the MVIC
strength values between two groups at baseline for
both sides and conditions. However, a statistically
significant difference existed between the groups at
six week measurements. The MVIC strength values at
six weeks were significantly higher in the study group.
To investigate the effect of core muscles’ activation
on shoulder muscle strength, we compared the MVIC
strength of dominant and non-dominant sides in
relaxed conditions with the strengths in core muscles
activated conditions in both groups. The MVIC
strengths in core muscles activated condition were

significantly lower than strengths in relaxed conditions
for both groups at baseline and six-week measurements
(Table 3).
The effect of core muscle stabilization exercise
program on shoulder muscle strength was investigated
by comparing the measurement values of the study
group at baseline and six weeks. These comparisons
were carried out for dominant and non-dominant
sides, relaxed and core muscles activated conditions.
The MVIC strength values after a six-week core
stabilization program were significantly higher in
all aforementioned conditions. On the other hand,
there was a significant decrease in all MVIC strength
values of the control group at six-week measurements
(Figure 3).
The post-hoc power values of the tests at six weeks
were above 80%, which was the adequate limit for
statistical significance. These values were 96.5% for
the dominant side in relaxed position; 85.2% for the
dominant side in core muscles activated position;
93.2% for the non-dominant side in relaxed position,
and 92.5% for the non-dominant side in core muscles
activated position.

Table 3. Mean shoulder muscle strength values between the groups according to dominancy and position at baseline and
six-week measurements
Study group

Control group

Mean±SD

Mean±SD

p

Relaxed
Core muscles activated
p

60.75±13.07
56.98±11.51
0.0013*†

62.95±11.28
59.84±10.67
<0.001*†

0.47e
0.31e

Non-dominant side

Relaxed
Core muscles activated
p

57.69±11.41
55.47±11.45
0.01*†

59.47±11.44
56.20±9.51
<0.001*†

0.53e
0.78e

Dominant side

Relaxed
Core muscles activated
p

68.67±11.06
64.10±10.54
<0.001*†

56.96±13.36
54.90±13.43
0.02*†

<0.001*e
0.003*e

Non-dominant side

Relaxed
Core muscles activated
p

65.38±9.84
61.65±9.32
<0.001*†

55.55±12.45
52.45±11.85
<0.001*†

<0.001*e
0.0011*e

Measurement

Dominancy

Position

Baseline

Dominant side

6th week

SD: Standard deviation; Student’s t-test was used for comparisons; † Indicates paired; e Indicates unpaired t-test; * P<0.05 indicates statistically significant difference.
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p<0.001

Study baseline, 55.47

Control 6th week, 54.9

p<0.001
Control baseline, 59.84

Study 6th week, 64.1

Study baseline, 56.98

Control 6th week, 55.55

Control baseline, 59.47

Study 6th week, 65.38

Study baseline, 57.69

30

p<0.001

Control 6th week, 52.45

p=0.001

p<0.001

Control 6th week, 56.96

40

Study 6th week, 68.67

50

Study baseline, 60.75

Percent

60

p<0.001

Control baseline, 56.2

p<0.001

Study 6th week, 61.65

p<0.001

70

Control baseline, 62.95

80
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Figure 3. Bar graph showing mean shoulder strength values according to dominancy and position at baseline and six-week
measurements.

DISCUSSION
A proximal stability approach, also named as
kinetic chain approach to shoulder rehabilitation,
was commonly mentioned in the literature by Kibler
and McMullen.[2,17,18] This protocol mainly focuses on
using distal segments, such as trunk and legs to drive
the scapula and shoulder during the rehabilitation
process. The scapula stabilization via kinetic chain
exercises has been proposed to achieve an effective
and efficient rotator cuff strengthening.[2] To promote
a properly functioning kinetic chain system, a properly
functioning core musculature has been advocated.[7,14,19]
Based on these hypotheses, we evaluated the effect of
core stabilization on the shoulder muscle strength.
Shoulder strength testing method used in this
study was performed according to the test protocol
described by Constant et al.[20] The maximum strength
value of three repetitions, each separated by at least
one-min and performed at 90° of shoulder abduction
in the scapular plane with the elbow in pronation were
found to reflect best function in real terms, previously.
Therefore, we preferred using a maximum value rather
than a mean value as advocated by Constant et al.[20]
In this study, all MVIC measurements performed were
considered as reliable (ICC>0.90).
The results of the current study suggested that
a six-week core stabilization home-based exercise
program might cause a significant increase in the
shoulder MVIC strength in healthy individuals. This
finding is also supported by previous studies reporting
a significant relationship between core stability and

shoulder. The influence of shoulder exercises on core
stability was well-documented in literature.[21-23] It
was shown that upper limb movements in different
directions performed in the standing or sitting position
produced varying degrees of activities in abdominal
and back muscles.[21,22] In a study by Tarnanen,[10] of all
the isometric shoulder exercises, unilateral horizontal
shoulder abduction and bilateral shoulder extension
while standing were found to be associated with
the highest activation of core musculature, namely
multifidus-longissimus, and external oblique-rectus
abdominis muscles, respectively. In addition, it was
shown that shoulder resistance exercises could increase
the endurance and strength of core stability muscles,
when the pelvis was supported.[10,24] On the other
hand, the number of studies investigating the effects
of core stability on the upper extremity is limited.
Most of these studies examined the effects of core
strength/stability on sport-specific performance such
as swimming, rowing, running, throwing and were
unable to establish a consistent relationship.[25-28]
Several core stability training programs aimed at
reducing back pain and preventing injury have been
proposed in the literature. The exercises which we
selected in this study constituted simple, beginning
core exercises with low load and high repetitions, or
holding time. The main goal of our exercise selection
was based on the concept of neuromuscular retraining
of the core rather than its pure strengthening.[5,29,30]
Our aim was to improve core stability by improving
the ability of the participant’s control over the core
region.[19] As in all other core stability training
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programs, the first exercise was abdominal drawingin, which was known to recruit both the oblique and
transversus abdominis muscles.[31] The other exercises
aimed to provide proper lumbopelvic control, while
adding dynamic upper and lower extremity movements
to improve muscle recruitment and distal stability.
Since core stability is a complex interaction
among local, global, and load transfer muscles,
accurate assessment of core stability is also complex
and challenging. Although many tests to measure
core stability have been described, these tests often
measure one aspect of core stability, such as muscle
recruitment, muscle strength and endurance, postural
control, balance, and movement patterns.[7,32-36] Due
to the lack of consensus on how to measure core
stability, the effectiveness of our exercise program in
the study group was unable to be assessed. However,
the ability of the participant’s control over the core
region was checked at the time of exercise training by
the palpation method. Previous studies also showed
that only low-level activation, <10% of the MVIC, of
transversus abdominis was required for the drawing-in
maneuver.[30,37,38]
A secondary finding of interest in this study was
the significant decrease in shoulder MVIC strength
values by activation of core muscles by self-contracting
abdominals and gluteals actively. This result was
inconsistent with our hypothesis and existing
literature, demonstrating the positive relation between
shoulder and core muscles.[39,40] In a study by Cacolice
et al.,[39] the effect of volitional isometric contraction of
the abdominals on isometric shoulder flexion torque
on healthy individuals was studied. It was found that
isometric shoulder flexion torque values at 90 degrees
of flexion were greater, when an individual volitionally
superimposed a contraction of the abdominals
compared to torque values, when the abdominals
were solely recruited in a subconscious fashion. The
difference in results between this study and ours
may be attributed to the difference in the strength
measurement techniques (isokinetic versus isometric),
the planes of the shoulder strengths measured (flexion
versus scapular abduction), and the extent of core
muscle activations (abdominals versus abdominals
and gluteals). In another study, Rosemeyer et al.[40]
investigated the effect of core musculature fatigue on
maximum shoulder strength. They conducted a corefatiguing protocol which included endurance-hold
core-fatigue tests performed in flexion and extension
postures. The MVIC strength measurements were
performed by a handheld dynamometer immediately
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before and after the protocol. The results indicated
a significant decrease in shoulder MVIC strength
values in the frontal and transvers planes, and a
significant decrease in the first and second strength
test measurements regardless of the strength test
measured. Although there seems to be an inverse
relationship between the results of this study and ours
at first glance, two studies are totally different. In the
aforementioned study, it is unclear if the fatiguing
protocol makes the core region weaker, instable or
just dysfunctional. Besides, by contracting the core
musculature volitionally, it is unclear whether we are
creating a more stable core. Therefore, the results of
these studies should be discussed separately.
On the other hand, our result may resemble in some
way the study done by Sato et al.[41] They investigated the
effects of teeth clenching on shoulder abduction. It was
observed that voluntary teeth clenching suppressed
motor unit recruitment during isometric muscle
contractions of arm abduction. Presumably, via not the
same mechanism with the mentioned study, our results
suggest that self-activation of core muscles during the
shoulder strength measurement have an inhibitory
effect on the MVIC strength. However, further studies
are needed to elucidate the physiological mechanism
underlying this possible inhibitory effect.
At the six-week measurements, while there was
a significant improvement in all MVIC strength
values in the study group, a significant decrease
was conversely observed in the measurements of the
control group. This result seems a bit conflicting, as
the control group was instructed to continue their
daily routine activities during the six-week study
interval and change in shoulder muscle strength
was not an expected finding. However, it is often
accepted that a six-week period is long enough for a
muscle to gain or lose strength.[42] Therefore, studies
about test-retest reliability of muscle strength tests
commonly prefer using shorter time gaps between
the measurements. There is no information in the
literature regarding change in muscle strength of
healthy individuals with this long interval. In the
present study, we investigated whether there was a
change in the shoulder MVIC strength after receiving
a core stabilization exercise program. Our results
supported the positive effect of core stabilization
exercise program on the shoulder MVIC strength.
However, the significant change in the shoulder
strength of the control group highlights the need for
further studies on change in the muscle strength of
healthy individuals with long intervals.
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Nonetheless, there are some limitations to this
study. First, this study was carried out on a limited
population of young healthy female individuals.
Therefore, further studies are needed to analyze
whether core stabilization exercises are effective on
shoulder muscle strength in the elderly and/or male
sex and in patients with shoulder pathologies. Second,
our study and control groups were matched, but
non-randomized. Finally, our hypothesis that our
exercise program was effective in increasing core
stability was based on previous studies.[3,21,22,32,43] Since
the main target of core stabilization exercises are
neuromuscular retraining of the core rather than its
pure strengthening[5,19] and there is no direct method
to evaluate core stability, we were unable to determine
the effectiveness of our exercises on core stability in
the study group.
The main findings of our study were as follows:
1.

The activation of core muscles by selfcontracting abdominals and gluteals actively
during the shoulder strength measurement
significantly decreased the MVIC strength
values, regardless of hand dominancy and time
of the measurement (before or after six-week
core stabilization exercise program)

2.

The MVIC strength values significantly
increased after six-week core stabilization
home-based exercise program on both shoulder
sides and in both conditions (i.e., relaxed or
core muscle activated).

In conclusion, our results support the use of
core stabilization exercises in the early periods of
shoulder rehabilitation, when the shoulder muscle
strengthening exercises are painful and/or shoulder
immobilization is necessary. In addition, to the best of
our knowledge, this is the first study to investigate the
effect of core muscles activated posture on shoulder
abduction strength measurement. Inconsistent with
our hypothesis, the activation of core muscles by selfcontracting abdominals and gluteals actively during the
shoulder abduction strength measurement significantly
decreased the maximum shoulder abduction strength
values. This finding suggests us the importance of
standardization of core muscles activated or relaxed
posture during the shoulder strength measurements.
Additional studies should investigate the effect of core
stabilization on shoulder muscle strength in patients
with different shoulder pathologies.
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