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ABSTRACT

It is already known that the core plays an important role in the kinetic chain, since it is the centre of all
functional movements. Previous researches have proved that isometric shoulder exercises elicit greatest level
of activation of trunk musculature. But there are no studies stating that, core strengthening can have an effect
on shoulder strength in young obese individuals. Hence, the purpose of this study was to evaluate the effect of
5 week core strengthening protocol on shoulder strength and core in young obese individuals. Twenty four
young obese individuals having BMI > 30 kg/m® and waist circumference > 94 cm for men and >80 cm
for women participated in a 5 week core strengthening protocol. Outcome measures were a Hand held
Dynamometer to evaluate the shoulder strength and a pressure biofeedback unit for core strength. The 5 week
core strengthening protocol had a significant improvement in dominant and non-dominant shoulder strength
for all six shoulder movements (p<0.001) and core strength (p<0.001). It was concluded that five week core
strengthening protocol has a significant impact on bilateral shoulder strength in young obese individuals.
Keywords: Overweight, obesity, core, kinetic chain, muscle strength, core strengthening.

INTRODUCTION

Overweight and obesity are defined as abnormal
or excessive fat accumulation that presents a risk
to health. Worldwide there are over 1.5 billion
adults with a body mass index (BMI) > 25kg/m?,
who are classified as overweight. ¥) Findings on
prevalence of obesity in India which was
conducted in the states of Tamil Nadu,
Maharashtra and Jharkhand and one Union
Territory was shown to be 135, 153 and 107

million individuals with general obesity, abdom-
inal obesity and central obesity, respectively. )

Waist circumference and BMI are widely used for
assessment of obesity. © BMI a clinical indicator
of total adiposity whereas waist circumference is
an indicator of central adiposity.Y A crude
population measure of obesity is the body mass
index (BMI), a person’s weight (in kilograms)
divided by the square of his height (in meters).®
A person with a BMI of >/= 30 kg/m? and waist
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circumference >/= 94 cm for men and >/= 80 cm
for women is generally considered as obese.®™®
The problem with the rising level of obesity is the
associated risk of developing a variety of systemic
problems. Adult obesity has been associated with
a higher prevalence of musculoskeletal problems.
Obesity is associated with physiological changes
at the muscle level, including a decrease in
capillary density and blood flow thereby limiting
the supply of oxygen and energy sources. When
performing sustained contractions these physiol-
ogical changes reduce recovery efficiency and
may thereby lead to a faster onset of muscle
fatigue. @ This can further lead to loss of muscle
function and performance.

Increase in the amount of adipose tissue has been
proposed as a risk factor for sarcopenia and this
relationship is receiving increased critical
attention. Fatty infiltration of muscle is associated
with reduced strength. Further, increasing central
adiposity could also influence muscle function
through increased levels of insulin resistance.
Studies have proved that the obese individuals
with central obesity have weak muscle strength as
compared to lean individuals.® A cohort study
was conducted to find cross-sectional associations
between different measures of obesity and muscle
strength in men and women in a British
population. The study concluded that high waist
circumference was associated with lower grip
strength and in contrast, higher BMI was
associated with stronger grip strength.”) Obesity
and aging can also modify job demands and affect
worker capacity in terms of muscular function. In
obese individuals, studies have assessed upper
limb task at workplace in comparison with non-
obese people, the study involved two experimental
sessions which concluded that performance
declines with higher BMI.)

In people with abdominal or central obesity which
is measured by higher waist circumference, the
core muscles are strengthened to reduce regional
fat and improve core stability. “* The core muscle
strengthening is an important aspect of training
protocol in obese individuals with predominant

abdominal obesity. The “core” is defined 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 as
the bottom.”

Core stability is important for efficient biomech-
anical function to maximise force generation and
minimise joint loads in all types of activities
ranging from running to throwing.®) Core has
been linked through a kinetic chain formed with
lower and upper extremities. Hence, the core is
centre to all forms of functions and performance
tasks. The stronger core will help to maximize
upper and lower extremity function.®

Various studies have proved a positive correlation
between core stability and lower extremity
functions and injuries in normal @, athletic ¢V
and patient population. (" Studies have also shown
the positive relation between core strength and
upper extremity functional performance in golfers
@2 tennis players @ and cricket bowlers® in
parameters like drive distance, serve velocity and
throwing respectively.

Furthermore, in a study on normal individuals,
isometric shoulder strengthening exercises have
shown to recruit core muscles which were shown
through Electromyographic findings previously.
19 There have been studies which have assessed
the effect ofcore strengthening on abdominal
obesity ! but there is lacuna in literature where
studiesare done to assess the effect of core
strengthening on shoulder strength in young obese
population. Hence, the present study intended to
assess the effect of core strengthening on shoulder
strength in young obese population.

MATERIALS AND METHODS

Study Design and Setting

This research study was a single group pre post
study design with a sample of convenience.
Ethical clearance for the study was obtained by
the Institutional Ethical Review Committee
following which the study participants were
screened for inclusion and exclusion criteria. All
participants gave written informed consent prior to
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commencement of the study. The rights of the
participants were protected throughout the trial.

Participants

33 young obese individuals who volunteered were
assessed for eligibility for inclusion and exclusion
criteria and out of which 24 subjects were
enrolled.[Refer CONSORT flowchart] The
inclusion criteria were 1) Young obese individuals
having BMI > 25 kg/m? and waist circumference
>94 cm in males and > 80 cm in females.2)
Individuals with level 1, 2 and 3 by Sahrmann
testing protocol for core strength. Participants
were excluded if they had 1) Any recent injuries
to the upper extremities and spine in the last
12 months.2) History of surgery done on
spine, upper limb and abdomen. 3) Individual
under any type of physical training.4) Any
known systemic illnesses and 5) Any
Neurological disorders.

Intervention
The core training program consisted of 5 - week
series of one hour core strengthening exercise for
three days per week. Exercises were performed on
a mat. Each exercise session began with warm up
exercises(10mins) and ended with cool down
exercises (5mins) (refer table: 1). The intensity of
core training protocol was determined by using
the Karvonen method to calculate the Target Heart
Rate. The intensity of exercises was progressively
increased with increase in the number of
repetitions. The target heart rate during the first
week was 40% of Maximal Heart Rate which was
increased by 10% every week, reaching 80%MHR
by 5™ week. ©
Target Heart Rate = HRest + 60 —40-80% ( HRmax
—HR rest )
Max. Heart Rate = 220 — Age
1. During the first week, the subjects
performed 3 repetitions of each exercise.
2. During the second week, the subjects
performed 4 repetitions of each exercise.
3. During the third week, the subjects
performed 5 repetitions of each exercise.

4. During the fourth week, the subjects
performed 6 repetitions of each exercise
for one session followed by 7 repetitions
of each exercise for second and third
session.

5. During the fifth week, the subjects
performed 8 repetitions of each exercise.

The protocol consisted of 23 exercises “® which
followed the principles of core strengthening and
all exercises were done under the supervision of
certified physiotherapist.[Refer Tablel& Image 3]

Outcome Assessment:

Core Strength- Was measured using a Pressure
Biofeedback (Chattanooga group, USA), as it is
simple and feasible equipment and is known to
have moderate to good reproducibility and
acceptable construct. " [Refer image 4] Here, the
individual was made to lie in supine/ crook lying
position. The pressure biofeedback was placed in
the lumbar lordosis (centered about L3). The pad
was inflated to a base pressure of 40 mmHog.
Keeping the knees bent and the lumbar spine
neutral (no pressure change), the individual was
instructed to slowly lift both feet off the floor until
both hips are flexed to 90° and readings were
measured in mmHg.[Refer Image 1]

Shoulder strength- Was measured using a Hand
held dynamometer (Baseline hydraulic dynamo-
meter, manufactured by white plains, NY, 10602
USA), as it an evaluation tool which is simple to
assess and measure and is highly sensitive,
reproducible and contributes to a valuable data.
(8.9 [Refer image 4]in which; the subject
applied maximal force that was resisted by the
examiner. A total of 6 shoulder movements were
assessed i.e. flexion, extension, adduction,
abduction, horizontal adduction and horizontal
abduction [Refer Image 2] for dominant and non-
dominant side shoulders. The readings were noted
in units of kilograms.

Data Collection
Demographic data for age, gender, height, weight,
BMI, hand dominance, Sahrmann level and waist
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circumference were collected from all the
participants. The core strengthening program
consisted of 3 sessions per week for 5 consecutive
weeks i.e. 15sessions in total. The outcome
measures were assessed twice i.e. before comme-
ncement of exercises and at the end of 5" week.
Statistical analysis

A sample size of 24 participants was calculated
using the formula N =2( Z .+ Z 3)* xS ?/ d°
where Z value for a error is 1.96, for § with 80%
power =0.84 .S and D being the average standard
deviation and mean difference from reference
article respectively. Statistical analysis was done
using SPSS software of 20™version. For different
quantitative parameters, mean and SD were
calculated. Data was computed and analysed using
paired t test. Probability values less than 0.001
were considered statistically significant.

RESULTS
Age of the participants in the study was between
18 to 25 years with a mean age being 21.17 +

1.43. The mean BMI of the participants was
32.49+2.50 and mean waist circumference
being105.08+£10.06. Sahrmann level of all the
participants was 3.0ut of 24 subjects 21 were
right dominant and 3 were left dominant. There
was female predominance in the study group
where 90% subjects were females and 10%
subjects were males. Incidentally it was found that
non dominant side was stronger than the dominant
side, but the results were not analysed

When shoulder strength scores were compared for
pre and post intervention, statistically significant
improvement was noted in all the 6 movements of
shoulder that were assessed (p-value <0.001)after
5 weeks of core strengthening which indicates that
there is a positive effect of core strengthening on
overall shoulder strength. The findings were
similar for both dominant and non-dominant sides.
The results also showed significant improvement
in core strength when pre post scores were
compared. [Refer table 2,3& 4]

Table 1: List of Core Strengthening Exercises Prescribed.

Warm up Exercises

Breathing The hundred Pelvic curl

Imprint and release The shoulder bridge Side bend

Spinal rotation Single leg circle Side kick front

Cat stretch One leg stretch Side kick back

Hip rolls Double leg stretch The saw

Scapula isolation Rolling like a ball Roll-up

Arm circles Leg pull down Spine Stretch forward
Leg pull up Push-up

Table 2 : Depicting Pre Post Differences of Dominant Side Shoulder Strength.

Variables Time Mean + SD Paired t P-value
Flexion Pretest 12.71+3.71

Posttest 14.46 £ 3.79 -16.1269 0.0001*
Extension Pretest 12.83 +2.97

Posttest 16.04 £ 3.13 -18.8693 0.0001*
Abduction Pretest 12.13+3.10

Posttest 13.33+2.60 -3.6067 0.0015*
Adduction Pretest 12.88 £ 3.15

Posttest 15.25 + 3.59 -5.4294 0.0001*
Horizontal Abduction Pretest 12.08 £ 2.69

Post test 14.17 £ 2.79 -10.4753 0.0001*
Horizontal Adduction Pretest 11.83+£2.90

Posttest 13.75+3.01 -12.1075 0.0001*

*statistically significant p<0.001
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Table 3: Depicting Pre Post Differences of Non-Dominant Side Shoulder Strength.

Variables Time Mean + SD t-value p-value
Flexion Pretest 12.29 + 3.01
Posttest 14.29 + 2.99 -12.58 0.0001*
Extension Pretest 13.17 + 3.36
Posttest 16.67 £ 3.70 -13.3397 0.0001*
Abduction Pretest 12.13+3.23
Posttest 14.00 £ 3.22 -8.5374 0.0001*
Adduction Pretest 13.67 £3.41
Posttest 15.75 + 3.63 -14.2290 0.0001*
Horizontal Abduction Pretest 11.21 +1.96
Post test 1400+ 211 -11.9832 | 0.0001*
Horizontal Pretest 11.50 + 2.27
Adduction Posttest 13.67 +2.48 -8.5639 0.0001*
*statistically significant p<0.001
Table 4: Depicting Pre Post Differences of Core Strength.
Time Mean + SD Mean Diff. + SD % of change Paired t P-value
Pretest 65.25 +21.70
Posttest 90.94 + 19.85 -25.69 +£5.82 -39.37 -21.6108 0.0001*
*p<0.001

Consort Flowchart

Assessed for eligibility (n=33)

9 participants were
excluded as they did not fit
into the inclusion criteria.

Enrolled (n=24)

Allocated to intervention (n=24)

Received five week Pilates core
strengthening protocol (n=24)

L ost to follow up (n=0)

Analyzed (n=24)

ANALYSIS FOLLOW UP [ ALLOCATION ENROLLMENT
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Image 1: Depicting Core Strength Assessment Using a Pressure Biofeedback Unit.
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DISCUSSION

The present clinical trial was done with an
objective to evaluate the effect of five week core
strengthening protocol on core and shoulder
strength of both the dominant and non- dominant
sides in young obese individuals. The results from
statistical analysis of the present study support the
alternate hypothesis that core strengthening has a
significant effect on the improvement of shoulder
strength of both dominant and non-dominant sides
following the five week core strengthening
protocol.

In the present study, young obese individuals
between the age group of 18 to 25 years were
included. World Health Organization had
conducted a study to evaluate the prevalence of
obesity which concludes that obesity has become
a major health challenge in the young individuals
and it also states that the prevalence of obesity is
more in women as compared to men. ®® The
present study accords with the above study as it
includes more obese females than obese males.
Obesity impairs functional performance reflected
by higher rates of strength loss. Obese individuals
also have shorter endurance as compared to non-
obese.! They are also known to have a higher
fatigue level, as in obese individuals added body
mass with obesity includes some additional
muscle mass. @V Hence, in the present study core
strengthening exercises were given to help in
increasing the muscle strength, endurance and
flexibility #2®3@4 which in turn may help obese
function effectively.

The present study demonstrated significant
improvement of core strength after 5 week
training. The improvement in the strength can be
attributed to various physiological changes like
activation of core muscles which further result in
increased tone of the abdominal muscles and
thereby mobilizing the fat leading to reduction in
the fat. @@ Thus, these exercises help in
strengthening of the abdominal muscles. Mat
exercises have proven their efficacy in abdominal
muscle activation during these exercises.*
Studies have also shown that core strengthening

exercises performed are not only significant for
strengthening abdominal and lower back muscles,
but also improve the endurance of abdominal
muscles.®

The present study intended to assess the effect of
core exercises on bilateral shoulder strength by
assessing the strength of shoulder muscles and the
results demonstrated that core strengthening
improved overall shoulder strength significantly.
@) This increase in shoulder strength following
core strengthening could be due to the link
between core and upper extremity. The core is
anatomically and physiologically connected to the
shoulders as it has a major muscle link with the
shoulder muscles which include Latissimus
Dorsiand middle and lower fibres of Trapezius.
These muscles also are part of minor core
muscles. The core muscles can be major ones and
minor muscles. The major core muscles included
in core are Pelvic Floor Muscles, Transversus
Abdominis, Multifidus, Internal and External
Obliques, Rectus Abdominis, Erector Spinae
(Sacrospinalis)  especially the  LongismusT
horacis, and the Diaphragm and minor muscles
like the Latissimus Dorsi, Gluteus Maximus, and
Trapezius. © This connection has been proved in
the study where EMG analysis was done to
monitor recruitment pattern of core muscles
during resisted isometric exercises of shoulders.
The study demonstrated that all the shoulder
exercises which were done with resistance had
positive activity of core muscles. ©*® Hence, the
shoulder exercises elicit great level of trunk
muscle activation @ which justifies the
connection between the core and upper extremity
particularly shoulder. Furthermore, previous
studies reveal that core strength has a positive and
good correlation with upper extremity functions in
tennis players @ golfers % and cricketers © in
which parameters such as serve velocity, drive
distance and bowling speed were assessed. In a
study done by Chow, Shim and Lim (2003), the
EMG activity of core muscles were assessed
during all the phases of tennis serve. The authors
concluded that the core muscles were active
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through all the phases of service. Therefore, the
core strength and stability training protocol are
important in the sports training and rehabilitation
programs. 2@t is an agreeable fact that core
stability is important for all types of activities
ranging from running to throwing ® which prove
that core is the centre of all functional movements
of upper as well as lower extremities.

Yet another explanation as to how core strength
training might have led to improvement in
shoulder strengths is that the exercises that are
included in the protocol do not only include a
single body segment but it involves the body as a
whole. For example the exercises like push ups,
arm circles, the saw, spine stretch forward etc.
incorporatethe  activation of upper body
segments.®

The present study had a few limitations. Firstly,
there was no control group. The presence of
control group (non-obese subjects) would have
given a better picture about the effectiveness.
Secondly, due to time constraint, shoulder
strength alone was considered for assessment with
no consideration of assessment of endurance, hand
strength and upper extremity function. Hence,
future studies should incorporate the assessment
of shoulder endurance, hand strength assessment
along with functional assessment of upper
extremity. Lastly, EMG analysis to study
individual shoulder muscle recruitment was not
performed due to unavailability of equipment.

CONCLUSION AND CLINICAL IMPLICA-
TION

From the present study we can conclude that five
week core strengthening protocol has a significant
impact on the shoulder strength, irrespective of
dominant or non-dominant side. The result of the
present study, also gives a clue about the relation
between core and shoulder. Therefore, as a part of
rehabilitation program, core strengthening has to
be included in patients with shoulder injuries.

Conflict of Interest: None declared.
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