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Abstract

Background: Abdominal exercises (AE) are one of the most popular exercises used in fitness and
training programs. Exercising on an unstable surface as opposed to exercising directly on a hard flat
surface may enhance the body respond to the instability. To remain balanced the muscle recruitment
patterns may change and enhanced muscle response may be required. Methods: Thirty three normal
healthy male and female subjects with age between 18-25 years were included in the study. Subjects were
asked to perform abdominal crunches on four different surfaces (plinth, Swiss ball, 2-dimensional wobble
board and 3-dimensional wobble board) and electromyographic activity of the upper and lower rectus
abdominis was noted. Results and Conclusion: Average as well as the peak activity of upper and lower
rectus abdominis muscle was found to increase as subject performed on progressively more unstable
surface.

Key words: Abdominal exercises; Swiss ball; 2-Dimensional wobble board; 3-Dimensional wobble
board.

Introduction

In recent years, health and fitness
practitioners have given greater and greater
emphasis to core stability for injury prevention,
rehabilitation and performance enhancement.
The concept of developing strong muscles in
the trunk is believed to reduce the risk of both
acute and chronic injury.[1]

The “core musculature” can be defined
generally as the 29 pairs of muscles that
support the lumbo-pelvic-hip complex in order
to stabilize the spine, pelvis, and kinetic chain
during functional movements.[2] The core is
also commonly referred to as the
“powerhouse”or the foundation of all limb
movement.[3] To ensure stability of the spine

in order to produce force and to prevent
injury, trunk muscles must have sufficient
strength, endurance, and recruitment
patterns.[4]

A well developed muscle of the abdominal
is an essential ingredient to the type of
complete physique for any sports
performance.  The anatomical and
kinesiological studies have revealed that
abdominal muscles are the stabilizer of the
pelvis, the lumber spine and the thorax and
are prime mover for the trunk flexion and
rotation.[5]

The most well known and prominent
abdominal muscle is rectus abdominis. It is a
long flat muscle that extends vertically
between the pubis and the fifth, sixth and
seventh ribs.[6] It helps to flex the spinal
column, narrowing the space between the
pelvis and the ribs. It is also active during side
bending motions and helps stabilize the trunk
during movements involving the extrimities
and head.[7]

Core stability exercise can be defined as “any
exercise that channels motor patterns to ensure
a stable spine through repetition.[8] However,
the current trend toward core stability training
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in commercial fitness centers may have
originated from physical therapy
methodology. When performed in this setting,
core stability exercises are different from the a
fore mentioned free weight lifts in that the
emphasis is on isometric muscle actions (e.g.
prone or supine bridging) performed with
body mass or relatively light loads .
Furthermore,  these exercises are often
performed while lying, seated, or standing on
unstable equipment such as a Swiss ball,
wobble board, low density mat, or air-filled
disc.

Abdominal exercises (AE) are one of the
most popular exercises used in fitness and
training programs. The main goal of AE is to
strengths the thoraco-lumbar flexor muscles.
Research shows that weakness of the rectus
abdominis (or any anterior abdominal muscle:
pyramidalis, transversus abdominis external
or internal oblique abdominal) can cause
chronic instability of the pelvis due to
abnormal pelvic rotation and movement.[9]

The use of unstable equipment has increased
in popularity among healthy athletes. Various
forms of unstable equipment have been
claimed effective training tools for improving
strength and power.[10] Surface instability is
a common addition to traditional
rehabilitation and strength exercise with the
aim of increasing muscle activity and
increasing exercise difficulty.[11]

The swiss ball exercises are believed to
activate the trunk musculature to a greater
extent than more traditional resistance
execises. The unstable surface of ball is thought
to provide a greater challenge to the core
muscles than a solid bench or standing on a
stable surface. The swiss ball stability and
balance exercises increases the torso balance
and electromyographic activity compared to
conventional floor exercises.[12]

A primary benefit with an exercise ball as
opposed to exercising directly on a hard flat
surface is that the body responds to the
instability of the ball to remain balanced.[13]
Swiss balls are unstable surface which may
result in an increased need for force output
from trunk muscles to provide adequate spinal

stability or balance. They increase the muscle
isolation, improved balance, greater dexterity
and enhanced strength.[14] Swiss ball
exercises are the key to effective improvements
in trunk strength, as actions performed on the
ball involve greater stimulation of the
neuromuscular system.[15]

The correct alignment required to stabilize
and accommodate movements of the pelvic
girdle depends on adequate strength and
endurance of abdominal musculature.[16]
Swiss balls have been incorporated into
strength training regimes and touted as a
means to train musculoskeletal system
effectively.[13]

The other most commonly used unstable
surface is the wobble board. It is however
possible to use the wobble board in a wide
variety of exercises, such as balanced push
ups and sit-ups or to improve balance on one
leg. Balance board training can help to build
core strength and stability, increase the range
of motion in lower extremities, and improve
posture. All these physical benefits can
engender greater body awareness and
confidence that will positively affect our
athletic performance.[17]

The use of electromyography has been an
important tool in understanding the muscles
activity. Experimental research uses
electromyographic (EMG) methods to
characterize the activation of muscles.[18]

Methodology

Thirty three normal healthy male and
female subjects with age between 18-25 years
were included in the study. The group had a
mean age of 22.18 yrs and a mean weight of
55 kgs, and a mean height of 162.01 cms. The
subjects were excluded if there was any history
of low back pain in last 3 months[17], any
balance impairment, history of abdominal
surgery, spinal surgery and hernia, orthopedic
disorder of back, hip or knee, back and lower
extremity malignancies, were pregnant, had
hypertension, any neurological disorders
affecting back and lower extremities, were

Chaya Garg & Ritu Sharma / Rectus Abdominis Muscle Activity on Different Surfaces
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under medication (muscle relaxants), had
unhealed scar or wound on the trunk, metal
implants in back and lower leg.

Potential subjects were apprised of the
procedure and its potential risks and benefits
and the evaluation was done. Subjects who
fulfilled the inclusion and exclusion criteria
and gave their informed consent were included
in the study. Subjects were asked to perform
abdominal crunches on four different surfaces
(plinth, swiss ball, 2-dimensional wobble board
and 3-dimensional wobble board) and
electromyographic activity of the upper and
lower rectus abdominis was noted. A rest
period of two minutes was allowed in between
each task. Two practice trials on each surface
were given prior to data collection.

Testing procedure

Self adhesive electromyographic electrodes
were placed approx 3 cm lateral and 5 cm
superior to the umbilicus for upper rectus
abdominis and approx. 3 cm lateral and 5 cm
inferior to umbilicus for lower rectus
abdominis.[17]  The subject was made to lie
supine with both feet flat on the plinth and
hips and knees flexed. The resting muscle
activity of the upper and lower rectus
abdominis was noted.

The subjects then performed the abdominal
crunch on 4 different surfaces. Subjects were
instructed to lift their upper body till the
inferior angle of scapula was off the
supporting surface but not to flex the neck.
Subjects were then asked to maintain this
position for 6 seconds and electromyographic
activity of the upper and lower rectus
abdominis was noted. On the plinth subject
was positioned with both feet flat on the plinth
and hips and knees flexed. On gym ball the
subjects were positioned with lower lumbar
region supported on a gym ball & feet placed
flat on the floor. The inflation of the Swiss ball
was checked between subjects to ensure that
the diameter remained at 60 cms prior to each
test. On a 2 and 3-dimensional wobble board
the subject were made to lie with board under
his lower lumbar region and both hips and
knees flexed and feet flat on the ground.

Results

Activity of upper and lower rectus
abdominis muscle on different surfaces is
shown in table 2 and table 3.

Chaya Garg & Ritu Sharma / Rectus Abdominis Muscle Activity on Different Surfaces

Fig 1: Abdominal crunch on plinth

Fig 2: Abdominal crunch on swiss ball

Fig 3: Abdominal crunch on 2-dimensional
wobble board

Fig 4: Abdominal crunch on 3-dimensional
wobble board
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M USCLE PLIN TH  2-D W B  SW ISS BALL 3-DW B  

UPPER RECT US 

ABD OM INI S 
Mean (SD) 

54.81 

(26.41) 

57 .8  

(33.5) 

61.65 

(35.05) 

67 .87 

(49 .74) 

LOWER  REC TU S 

ABD OM INI S 
M EAN  (SD ) 

 

43 .69 

(26.41) 

53.83 

(54.37) 

56.86 

(52 .87:) 

60 .33 

(54 .81) 

Table 1: Comparison of average activity of upper and lower rectus abdominis muscle on
various surfaces

Table 2: Comparison of peak activity of upper and lower rectus abdominis muscle on
various surfaces

MU SCLE PLINTH  2-DW B SWISS B ALL 3 -DW B 

U PPER RECT U S 
A B DO MIN IS 

M ean (SD ) 

1 23.81 

(1 14.86) 

1 26 .59  

(92.70) 

116 .78 

(19.14)  

139.95  

(103.4) 

LO WER RECTU S 
A B DO MIN IS 

M ean (SD ) 

91.75 

(54.25) 

1 10 .74  

(1 01 .63) 

114 .83 

(111 .59)  

 

1 36 .93) 

(114.0) 

 

 

Graph 1: Comparison of average upper
and lower rectus abdominis muscle

activity on different surfaces.

Graph 2: Comparison of average upper
and lower rectus abdominis muscle

activity on different surfaces

Graph 3: Comparison of peak upper and
lower rectus abdominis activity on

different surfaces

Graph 4: Comparison of peak upper and
lower rectus  abdominis muscle  activity

on different surfaces
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Average activity of upper and lower rectus
abdominis muscle

Average activity of upper and lower rectus
abdominis muscle was found to increase as
subject performed on progressively more
unstable surface. The amount of rise in lower
rectus abdominis muscle was more as
compared to upper rectus abdominis muscle,
though the level of activity of upper rectus
abdominis muscles was greater on all the
surfaces.

Peak activity of upper and lower rectus
abdominis muscle

Peak activity of upper and lower rectus
abdominis were found to increase as subject
performed on progressively more unstable
surface. But the amount of rise in lower rectus
activity was more as compared to upper rectus
abdominis on Swiss ball due to extended hip
position . The upper rectus abdominis activity
is more on other surfaces.

Discussion

The hypothesis proposed in the current
study was supported by the positive result of
increased rectus abdominis muscle activity as
the unstability of the surface is increased. The
result indicated that the muscle activity was
highest on 3-dimensional wobble board.

The activity of the upper rectus andominis
muscle is more than that of the lower rectus
abdominis muscle while performing crunch
on all the surfaces. Performing crunch
exercises on labile surfaces appears to increase
abdominal muscle activity. This increase in
muscle activity is probably due to increased
requirement to enhance spine stability and
whole body stability to reduce the threat of
falling off the labile surface. The use of labile
surfaces appears to increase muscle activity
levels and co activation, further challenging
endurance capabilities. Axler and McGill noted
that generally curl-ups (at least on stable
surfaces) were the safest of those chosen from
a wide variety of abdominal muscle exercises.

It’s also claimed that Swiss ball training
improves nervous-system function that results
in functional strength gains. The neural
component of strength is well established, and
maximum strength development requires the
development of this component along with
that in contractile tissue.[19] A study has
proposed taxonomy of tasks based on task
function and the environmental context in
which the task is carried out. The simplest
tasks are closed tasks in which the regulatory
stimuli (the pertinent sensory information) are
stable and no variability exists between trials
to trial. Practicing closed tasks results in
fixation, a type of learning that narrows the
range of performance. The most complex tasks
are open tasks in which the regulatory stimuli
are unstable and there is variability between
trials to trial. Practicing open tasks results in
diversification, the acquisition of a more
flexible motor strategy, adaptable to changing
environmental conditions.[20] Swiss ball
training has been used by physical therapists
to challenge their patients toward
diversification [13]. If Swiss ball training with
weights results in a similar motor strategy
diversification in athletes, the strength gains
may be more functional to performance.[21]

The result of this study differed from the
study done which proposed that the unstable
surface does not cause an increase in muscle
activity. Different individuals respond
differently to unstability.[22] But there are
many studies that support the result of the
current study which states that[23] there is a
significant increase in rectus abdominis muscle
activity while performing single leg holds on
Swiss ball. Also a study[24] done concluded
that the rectus abdominis muscle activity
becomes double on a Swiss ball.

Studies have already shown that
introduction of an unstable surface increases
the muscle activity while performing crunches
on an unstable surface. The inflatable disc,
perhaps due to a combination of higher
instability and a smaller base of support,
elicited greater activation of the rectus
abdominis than when compared to levels of
activation during the stable curl up. A similar

Chaya Garg & Ritu Sharma / Rectus Abdominis Muscle Activity on Different Surfaces
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study[25] done concluded that the rectus
abdominis muscle activity was maximum on
a 3-dimensional wobble board while
performing abdominal crunches as compared
to crunches performed on Swiss ball and 2-
dimensional wobble board.

In this study the hold time for a crunch is of
6 seconds[17] and a rest of 2 minutes is
provided in between each task.[17] The 6
seconds time is taken because McGill
suggested that there is some seconds needed
by all the nuscle fibfres to be recruited. And
hence to get the peak activity of the muscle.[17]

Although it appeared that the unstability
of the surface increases the rectus abdominis
muscle activity while performing the
crunches, many questions remain unanswered
regarding the muscle contraction that whether
the subjects were able to recruit the upper
rectus abdominis properly while performing
crunch.

The limitations of this study were that only
young normal adults were included, number
of subjects is less due to limited sample of
subjects and time constrains, the abdominal
muscle strength is not tested for inclusion as it
can vary from person to person. Surface
electrodes were used instead of needle
electrodes.

Future investigations may include persons
with different age groups, spinal conditions,
measuring muscle activity of other abdominal
muscles along with rectus abdominis.

Conclusion

The result of this study showed that the
upper rectus abdominis muscle activity is more
as compared to lower rectus abdominis
muscle while performing crunch on stable and
unstable surfaces. The maximum increase in
muscle is on 3-dimensional wobble board and
least increase on plinth as compared to Swiss
ball and 2- dimensional wobble board. Among
Swiss ball and 2-dimensional wobble board
the upper rectus abdominis muscle activity is
more on Swiss ball.

Hence this study concluded by accepting the
suggested hypothesis that the rectus
abdominis muscle activity increases on
unstable surfaces. Therefore, it is suggested
that the 3-dimensional wobble board is most
challenging in training the upper rectus
abdominis muscle followed by Swiss ball, 2-
dimensional wobble board and plinth.
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Introduction

Attention is a process of selection and
selective processing, required because the brain
has a limited information processing capacity
[1] and the attentional focus is defined as the
influence of instructions to consciously attend
to specific information during the production
of action.[2]

Attentional focus is defined as the influence
of instructions to consciously attend to specific
information during the production of action.
[3]

Attentional focus is either directed
internally or externally. Recent research has
demonstrated that the emphasis of verbal
instructions can have a significant impact on
an individual’s attentional focus and the
quality of their movements Instructions that
influence an individual’s attentional focus can
have a significant influence on both the
accuracy and efficiency of their movements.[4]

Instructions emphasizing an external focus
have been shown to be more beneficial than
internally focused instructions in guiding
performance and learning a variety of sporting
tasks and skills, such as standing balance[5],
golf[2,6], basketball, soccer kicks[7,8] and dart
throwing.[9] There are two modes of
attentional focusing strategies; intrinsic and
extrinsic. Operationalised along the dimension
of direction an internal focus is induced when
a performer’s attention is directed towards the
actual bodily movements being produced
during a movement and an external focus of

Abstract

Introduction: Attention is a process of selection and selective processing . Attentional focus is either
directed internally or externally.  The emphasis of verbal instructions can have a significant impact on an
individual’s attentional focus and the quality of their movements Instructions that influence an individual’s
attentional focus can have a significant influence on both the accuracy and efficiency of their movements.
A sample consisting total of 30 individuals was selected for the study using randomized sampling. It
consisted of all the male participants . Chosen subjects were randomly allocated to the three groups, each
having 10 subjects where group A (CG) and group B (PIAFG) performed plyometrics with internal attentional
focussing strategy and  Group C (PEAFG) external attentional focusing strategy . The data was analysed
with SPSS software. Conclusion: After providing 6 weeks of plyometrics training to the recreational collegiate
athletes ,results showed maximum improvement of power in group 2 i.e. the group performing the plyometric
training utilizing the internal attentional focus instructions, followed by group 3 i.e. the group performing
the plyometric training with external attentional focus instructions and minimum improvement was seen
in group 1 i.e. the group performing the plyometric training with no instructions . The  internal focusing
strategy , may will be beneficial in  specific circumstances .it is there by possible that using internally
focused instructions to increase muscular activity may aid muscular resistance training and the
rehabilitation of injured muscles through increased stimulation.

Keywords: Plyometrics internal attentional focusing(PIAFG); Plyometrics external attentional focusing
strategy(PEAFG); Plyometrics.
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attention has been defined as when a
performer’s attention is directed towards an
outcome of, or the effects of, the movement
being produced (e.g., a goal, target, intended
effect).[10] In the past few years,  the
effectiveness of instructions in the motor skill
learning has been found to depend largely on
the focus of attention they induce.[10] A lot
of work has been conducted spanning over a
year on the beneficial effects of extrinsic
focusing strategy in if executing a new
unlearnt motor skill and EMG has recently
been recognized as an effective tool in the
assessment of the focusing strategies and their
benefits. It has been seen through the EMG
analysis that an external focus of attention is
adopted then the motor control system
responds by recruiting less number of motor
units per movement performed and if an
internal focus is adopted then more motor
units are recruited per movement
performed.[11] l focus on postural and
suprapostural task performance.

An increase in force could be accomplished
with an increase in motor unit recruitment or
firing rate of th e motor units in the agonists
and a decrease in the motor unit recruitment
or firing rate of the motor units in the
antagonists.

Scientist also found an increase in the EMG
activity of biceps muscle while performing
biceps curls when an intrinsic attentional
focusing strategy is utilized.[4,11]

Although an external focus of attention has
been shown to have beneficial implications for
specific sporting performance. However,
applications such as strength training and
physical So in the present study, intrinsic and
extrinsic attentional focusing strategies have
been incorporated into a progressive
plyometric training program and would wish
to see whether intrinsic or extrinsic strategy
proves to be more fruitful in bringing about
more power gains in upper limb. Power is an
essential component for successful
performance in many sports. Power represents
the amount of work a muscle can produce per
unit of time. An increase in power gives the
athlete the possibility of improved

performance in sports in which the
improvement of the speed-strength
relationship is sought . Power is an essential
component for successful performance in
throwing and overhead activities

 Plyometrics consists of exercises commonly
used to enhance explosive power via the
stretch-shortening cycle (SSC). This is
accomplished by optimizing the SSC refers to
eccentric muscle action, whereas the
shortening refers to the concentric muscle
action.[12] The implementation of SSC
programme begins initially with the
development of an adequate strength and
physical condition base. The development of
a greater strength base results in greater force
generation as a result of both the increased
cross-sectional area of the muscle and the
resultant elastic component. Plyometric
training for the lower body nearly always the
form of various jumping movements, such as
hopping, bounding and drop jumps, while
upper body plyometrics often uses medicine
ball throwing movements. Both of these types
of movements have been well documented.

Methodology

A sample consisting total of 30 individuals
was selected for the study using randomized
sampling. It  consisted of all the male
participants. Subjects were recruited on the
basis of voluntary participation through
informed consent. Subjects were recruited
from Faculty of Allied Health Sciences, Jamia
Hamdard University and Students pursuing
D Pharmacy, Jamia Hamdard University. In
group A with no instruction (CG) 10
physically active male (age=24.30±0.82 yrs,
weight = 66.7±5.65 kg, height = 1.74±4.02 m),
in Group B, internal attentional focusing
(IAFG) 10 physically active male (age =
24.10±0.87 yrs, weight = 67.20±6.17  kg, height
= 1.76±3.65 m) and in Group C that is external
attentional focusing group (EAFG) 10
physically active male (age = 24.30±1.05 yrs,
weight = 68.70±8.38 kg, height = 1.75±5.97
m) were recruited according to inclusion and

Saruabh Sharma et al / Comparison of Internal and External Attentional Focussing Strategy on Power Gain
with Plyometric on Upper Limb
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exclusion criteria. A informed consent was
obtained from those volunteers.

Inclusion criteria

Healthy young male, age group 18-
25,normal BMI value.

Exclusion criteria

Any upper extremity injury in the past 6
months, any cardiac or metabolic condition,
Subjects involved in any form of physical

exercises for upper extremity for atleast 3
months and any neurological or cognitive
disorder.

Samples were assigned to control group
internal attentional focusing and external
attentional focusing strategy randomly based
on lottery method.

Chosen subjects were randomly allocated
to the three groups, each having 10 subjects
where group A (CG) and group B (PIAFG)

Saruabh Sharma et al / Comparison of Internal and External Attentional Focussing Strategy on Power Gain
with Plyometric on Upper Limb

Figure 1: Pre –post PGIAF for group 3

Figure 2: Pre-post PGIAF for group 1

Figure 3: Pre-post PGIAF for group 2

Figure 4: Difference in power between
group 1 and 3

Figure 5: Difference in power between
group 2 and 3

Figure 6: Difference in power between
group 1 and 2
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performed plyometrics with internal
attentional focussing strategy Group C
(PEAFG).

Each subject in group A and group B
underwent plyometric training according to
their group for 6 weeks for 3 days per week
with 2 days rest between the sessions.

Pre test measurement included measuring
weight, height, computing BMI values from
respective weight height data and all the
dependent variables.

BMI = Body Mass (kg) ÷ Stature (m2)

Measurement of upper limb power

Medicine ball put test

Result

A total of 30 subjects participated in the A
total of 30 subjects participated in the study
out of which 10 participated in (group 1) i.e
no focus group with only plyometrics
training(conventional training group), another
10 subjects participated in (group 2) i.e.
plyometrics with internal attentional focusing
strategy i.e experimental group (IAFG). Then
(group 3) involved another 10 subjects with
external attentional focusing strategy their
demographic data was analysed by
comparing means of descriptives. They have
their mean age to be 24±0.66 years, 24.30±0.67

years and 24.30±.67 years. They have their
mean height 1.75±6.00 m, 1.75±3.88 m and
1.76±2.41 m. There mean weight was
68.10±8.79 kg, 66.40±5.71 kg and 68.10±5.98
kg, 68.70 ± 8.38 kg respectively. The p value
for each age, height and weight was found
out to be Age(p value=0.523,Height (p
value=0.728 ) Weight p value=0.822. Each of
this indicates there is insignificant difference
between these Groups. The p value for each
age, height and weight was found out to be
Age (p value=0.523) within group results.

The comparison for within group
significance was done using Paired sample ‘t’
test for group 1, group 2 and group 3
respectively. Pre- post measurements were
compared for each outcome measure of power
of subject

In within group analysis, on comparing pre
and post power, power was improved
significantly in all the three groups with (p
value = 0.000,p=0.001 and 0-023 respectively.

When all the three groups were compared
using ANOVA, it was found that there was
statistically significant difference (‘p’ value
=0.021 ) in power gain values. The mean
improvement was highest in the internal
attentional focusing group (427.96±86.48)
followed by external focus i.e training group
(3). The p value and F value were found to be
significant (‘p’ value =0.021, F value =4.448 ).

After doing ANOVA, post hoc analysis was
done to do comparisons between different
groups. When multiple comparisons done for
difference in power gains in different groups.

Group 1 is compared to group 2 .group 1 is
compared with group 3,and group 2 is
compared with group 3.

When (group 1) was compared with ( group
3), it was found by post hoc analysis, that there

 
Group 1 

Mean ± SD 

Group 3 

Mean ± SD 

‘p’ 

value 

Pre-Post difference 

power- 
26.527±7.737 27.0340 ± 31.171 0.999 

 

Table 1: Comparison between group 1 and
3 i.e. difference in power gains

Significance level  0.05

Table 2: Comparison between group 1 and
2 i.e. difference in power gains

Significance level  0.05

Table 3: Comparison between group 2 and
3 i.e. difference in power gains

Significance level  0.05
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Group 2 

Mean ± SD 

Group 3 

Mean ± SD 

‘p’ 

value 

Pre-Post 

difference 

power gain 

62.624 ± 43.094 27.034 ± 31.171 0.042 

 

 
Group 1 

Mean ± SD 

Group 2 

Mean ± SD 

‘p’ 

value 

Pre-Post 

difference 

power 

26.5270±7.7372 62.624± 43.094 0.038 
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was statistically insignificant difference (‘p’
=0.999)

However, mean improvement in group 1
(26.527 ± 7.737) was less than mean
improvement of group 3 (027.0340 ± 31.171).
Thus plyometric training with external
attentional focusing strategy improved upper
limb power gain more than the plyometrics
training with no focus group. The p value (‘p’
value = 0.999) was found to be insignificant
(‘p’ value =0 .001).

When (Group 1) was compared with (group
2), there was statistically significant difference
(‘p’ =0.038) in power gain values. The p value
was found to be significant.

When (Group 2) was compared with (group
3), it was found by post hoc analysis that there
was statistically significant difference.

In the analysis, that there was no statistical
significant difference (‘p’ =0 .489)  in agility
performance values. However, mean
improvement in group 2(0.475 ± 0.362sec) was
more than mean improvement of group
1(0.312 ± 0.357sec). The p value was not
significant (‘p’ value =0 .489).

Discussion

After providing 6 weeks of plyometrics
training to the recreational collegiate athletes
,results showed maximum improvement of
power in group 2 i.e. the group performing
the plyometric training utilizing the internal
attentional focus instructions, followed by
group 3 i.e. the group performing the
plyometric training with external attentional
focus instructions and minimum improvement
was seen in group 1 i.e. the group performing
the plyometric training with no instructions.

When the group 1 (no attentional focus) was
compared to group 3 (external attentional
focus) it was seen that though group 3
performed better than group 1, but the results
were not statistically significant here are many
possible reasons why there were more strength
gains with internal attentional focus when
compared with external attentional focus or

no attentional focus.

Instructions which increase muscular
activity (internal focus) might have practical
relevance in rehabilitation and strength
training settings. Weight training or
rehabilitative excercises often isolate the
contribution of a single muscle group, for
example to promote muscle growth or
strength gains.As such, the increased
muscular activity observed in the internal
focus conditions, may will be beneficial in such
specific circumstances if increased muscular
activity is the aim ,it is possible there by using
internally focused instructions to increase
muscular activity may aid muscular resistance
training and the rehabilitation of injured
muscles through increased stimulation.

Emanuel et al conducted a study in which
adults and children were made to perform a
dart throwing task  they found that though
the adults performed better with the internal
external focus instructions. They reasoned out
that children may use body movement
guidance (instructions on internal focus of
attention) to improve their motor
learning,unlike adults for whom these
instructions seem to compromise automatic
motor control.[9]

Recently, EMG activity of the target muscles
has been utilized as an objective measure to
judge the performance under various
attentional foci. It has been seen that there is
an increased EMG activity when an internal
focus of attention is adopted and a deacrease
in EMG activity when an external focus of
attention is adopted.[13,4,11] This increase in
EMG activity seen with the internal focus can
lead to attentional strength/power gains in
that group because physiologically it has been
seen that only those motor units that are
recruited in the exercise are subject to
adaptations with weight training. Adaptations
with resistance training enable greater force
generation so if more motor units are recruited
per contraction in the internal focus conditions
then more motor units will adapt with weight
training as compared to other groups and
would thus produce greater force with
internal attentional focus strategy. Attentional

Saruabh Sharma et al / Comparison of Internal and External Attentional Focussing Strategy on Power Gain
with Plyometric on Upper Limb
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styles have also been classified into association
and dissociation. Association is a cognitive
strategy in which the individual attends to the
bodies internal related cues such as muscle
tension and breathing. This strategy allows
individuals to alter their movement pattern
according to body awareness racing strategies
and muscular tension. The athlete with an aim
of performance improvement as the primary
goal may be best served by an associative
strategy. Dissociation ,on the other hand is a
cognitive strategy in which the performer
focuses on external cues,day freaming
,admiring the views, and problem/task solving
ther by restricting influence of sensory
information from the body.[14]

During conditions of low effort, attention
can be easily and voluntarily shiftedfrom
internal to external,and from wide to narrow
widths.

However, when effort level become high or
maximal attention cannot be voluntarily
shifted or controlled but is forced to remain
internal and narrow. Due to those constraints,
dissociative strategies no longer become
effective during exercise of high intensity and
long duration.[14,15]

Findings of Scott et al[16] study confirmed
that an associative strategy is allied with
superior endurance performance. Their results
also suggested that novice athletes can benefit
from an associate coping strategy and should
be encouragedto adopt associative strategy.
They also stated that associative can effectively
assist the novice athletes’s skill acquisition.

The present study incorporated a high
resistance training type of task. so according
to the ab The above discussion explains why
internal focus is performing better than
external focus in achieving power gain, but
what wud be the reason for external focus
group although not statistically significant but
still performing slight better than the control
group.in some previous study external focus
has performed quite well in enhancing
performance in context of skill this could bethe
reason for external performing better than
control although insignificant difference is
present.

 Wulf su’s[17] research stated that external
focus improved the performance of novice and
skilled players in skillfully hitting the target
,more efficiently and accurately i.e external
focus improving movement efficiency more
than more muscular output.

Through mounting evidence it can be
assumed that during an intense task such as
plyometrics training in the present study
association would be utilizedto provide better
results and association is nothing but focusing
all the attention internally (in this study
focusing all the attention on the arms
movement ). Also novices perform better
under associative (or internal) conditions
because in this they can concentrate on their
basic body movement and muscle contractions
which may help in greatert force and
simultaneously power production.

This may be another explanation which
supports the results of the present study i.e.the
group with internal attentional focus
performing betterthan the othr group.

This could also be the reason for external
focus showing more power than control that
all participants were utilizing the dissociative
strategy(external focus)[14,15] which is less
effective in high intensity tasks hence external
could not perform better but slightly better
than control as control group had no
instructions to follow hence attention might
have moved from internal to external at times
Hence external and controlled showed better
results but not better than internal attentional
focus.

Results for power gain in within group
subjects demonstrated a significant
improvement because plyometric training
drills are believed to develop explosiveness and
ability to use strength as quickly as possible.

The results from enhancing motor unit
recruitment and improving muscles ability to
store kinetic energy within the elastic
components of the muscle this enhances power
of the muscle groups involved in plyometrics
(physiological considerations of strength and
power training drills).

Physiotherapists, sports trainers, coaches,

Saruabh Sharma et al / Comparison of Internal and External Attentional Focussing Strategy on Power Gain
with Plyometric on Upper Limb
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and others in situations where verbal
instructions guide movements for power
training should be aware of the impact that
differently emphasized instructions can have
on power gains clearly based on current
evidence, it can be concluded that for healthy
subjects and athletes internal focus attentional
instructions can help in achieving better
power gains for upper limb. As per previously
known facts, the improvement in power can
perform better in sports like volley ball
basketball etc. and reduces the risk of injuries
during sports participation. Therefore, the
young population can get immense benefit
from this attention with plyometrics protocol

Limitations

There were some limitations like the
generelization of the result on subjects with
any pathology is not possible as it was
conducted on normal subjects lack of adequate
financial support and non-availability of
isokinetic machine to measure power as power
was measured using only medicine ball test,
sample size was small.

The subjects to this study were all male so
gender comparisons was possible to determine
if the results were same or different in males
and females.

Future scope

Future studies can take the use of proper
laboratory set up and instruments like
isokinetic machines. Future research can be
warranted to determine the effect of
plyometrics and attentional focusing on age
groups other than the young adults used in
the present study, to determine if similar results
are obtained for middle aged and elderly
adults. Gender specific studies should be
designed to evaluate difference in patterns
between men and women. Further studies
should be done to find the effect of attentional
focusing on other activities to make this
training beneficial for athletes.

Saruabh Sharma et al / Comparison of Internal and External Attentional Focussing Strategy on Power Gain
with Plyometric on Upper Limb
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Abstract

Introduction

Postural control or balance can be defined
statically as ability to maintain a base of
support with minimal movement and
dynamically as the ability to perform a task
while maintaining a stable position.[1] Control
and maintenance of balance in upright posture
is essential requirement for excelling in sports
like soccer, basketball and gymnastics, as well
as prevention from musculoskeletal injuries.[2]

The ability to rapidly modulate the timing and
recruitment of muscles in response to
unexpected or expected postural perturbation
is considered paramount in maintaining
balance and posture.[3]

The central nervous system deals with
stabilization of spine by contraction of
abdominals and multifidus muscle in an
anticipation of reactive forces produced by
limb movements.[4] Anticipatory postural
adjustments, determined by pre-programmed
muscle activation, are involuntary and
automatic adjustment to posture, occurring
prior to focal muscle activity during limb
movement. It is well accepted that CNS
initiates sequence of muscle activity involving
the limb and trunk muscles in advance of limb
movements to prepare the body for predictable
disturbance to stability from reactive forces
caused by movement. This sequence of

Introduction: Stabilizing the core is  a dynamic process of maintaining  balance. The Transverse
abdominis (TrA) muscle is the first muscle activated during lower extremity movements indicating  that
it is primary muscle linked to core stability during lower limb movements. The literature in recent years
has consistently linked the changes of the activity onset of the TrA as a marker of motor control dysfunction
that directly reflects an impairment resulting in less than optimal mechanical stability of the lumbar spine
This study evaluated the  correlation between core stability and dynamic balance based on three objectives
namely   the myoelectrical activity of transverse abdominis and direction specific muscles of stance
extremity (Vastus medialis ,Vastus lateralis and Biceps femoris) ,  the latency period of transverse abdominis
and direction -specific muscles of stance extremity in respective directions of modified star excursion
balance test  and the  Star Excursion Balance test (SEBT) score.  The Research design is Experimental.  30
Healthy collegiate male from university were included in study based on inclusion criteria.  The EMG
electrodes  were placed on Transverse abdominis, Vastus medialis obliques  , Vastus lateralis  , Biceps
femoris   muscles . The   Ground electrode   was placed on iliac crest . The Measurement was done through
modified star excursion balance test score. The   SEBT testing  was done in anterior, posteromedial,
posterolateral  directions .  the   SPSS 19.0 was used for statistical analysis. The level of significance
p<0.05  was taken for all tests .  the results showed Statistically significant, strong negative correlation
between measure of core stability (latency period) and components of modified SEBT was found (p<0.001).
Conclusion:   The study   found that latencies between transverse abdominis and direction specific muscle
of SEBT to be highly correlated with each other,  So it can be used as an objective assessment tool of core
stability along with the modified SEBT score analysis.

Key words: SEBT; EMG; Transversus  abdominis.
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responses is called feed-forward, and occurs
in advance of the limb movement.[4]

The control of spine equilibrium and
mechanical stability requires appropriate
muscle recruitment and timing.[5] One
indicator of motor control for the lower back
is timing or onset of abdominal muscle
activation. The transverses abdominis (Tr.A)
is the first muscle activated during lower
extremity movements, indicating that it is the
primary muscle linked to core stability during
lower limb movements.[6]

Core muscle development is believed to be
important in many functional and athletic
activities, because core muscle recruitment
should enhance core stability and help provide
proximal stability to facilitate distal mobility.
For optimal core stability, both the smaller,
deeper core muscles and the larger, superficial
core muscles must contract in sequence with
appropriate timing and tension.[7]

Hodges and Richardson found the
Transverse abdominis (TrA) to have delayed
activation time in people with low back pain
compared to healthy individuals, who had
TrA activation before lower and upper limb
movement. The activation of the TrA preceded
the movements of the arms by 30 milliseconds,
and the legs by 100 milliseconds, within the
healthy individuals

While much of the literature has focused on
differences in muscle activation level, timing
and pattern of recruitment also play an
important role in spine stability and movement
control. Various relationships have been
demonstrated between core stability, balance
performance and activation characteristics of
the trunk muscles. Most importantly, a
significant correlation was found between
poor balance performance in a sitting balance
task and delayed firing of the trunk muscles
during sudden perturbation. The Star
Excursion Balance Test (SEBT) has been
reported to train and assess dynamic balance
and challenge athletes sufficiently.[8] The SEBT
offers a simple, low-cost alternative to more
sophisticated laboratory assessments for use
in clinical settings.

The SEBT is a closed-kinetic chain exercise
which  mimics the single-leg squat exercise and
therefore the stance leg requires strength,
proprioception, neuromuscular control and
adequate range of motion at the hip, knee and
ankle joints.[8,9]

Earl and Hertel indicated that EMG
activation of lower extremity muscles during
the Star Excursion balance test was direction
dependent[10], while others researchers have
identified specific kinematic patterns that
dictate performance of this task therefore
providing clinicians with knowledge as to
which directions are best suited for isolating
particular muscles recruitment patterns in
rehabilitation.

Present study is addressing motor control
component of core stability and correlating it
to dynamic balance.There has been dearth of
literature studies correlating early onset muscle
activation of transverse abdominis as a marker
of core stability and dynamic balance at motor
unit level.

Objective

The objectives of the study involve
analyzing the myoelectrical activity of
transverse abdominis and direction specific
muscles of stance extremity (Vastus
medialis,Vastus lateralis and Biceps femoris)
and also to find out the latency period of
transverse abdominis and direction-specific
muscles of stance extremity in respective
directions of modified star excursion balance
test.The secondary objectives involve objective
correlation of latency period and excursion in
SEBT.

Methodology

The design of the study is corelational in
nature. The sample population will be healthy
collegiate male population. The Sample size
was calculated based on previous researches,
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with level of significance = 0.05, and 80%
power. The sample size came out to be 30.

Inclusion criteria

a) Healthy collegiate male population

b) Age: 18-26 Years

c) BMI: 18.5 - 24.9

d) Normal AROM (unrestricted) of upper/
lower limb joints.

e) Single –leg stance ability >15 seconds

Exclusion criteria

a) Neurological symptoms in upper/lower
quadrant

b) History/existence of fracture/dislocation
in upper/lower quadrant

c) History/existence of any surgical
procedures (ORIF/arthroscopy etc.) on
extremity/spinal joints

d) History/presence of pathological
condition in the back, shoulder, elbow,
wrist etc.

e) History/presence of joint pain

f) History of abdominal surgery since last 2
years

g) Symptomatic low back pain

h) Presence of any vestibular, cerebellar or
visual dysfunction that can affect
balance.

Instrumentation

The instruments include:
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Figure1: Electrodes placement (a) Vastus
medialis (b) Vastus lateralis (c) Biceps

Femoris (d) Transverse abdominis

Figure 2:  Modified Dynamic Balance test
(a) Anterior reach (b) Posterolateral (c)

Posteromedial reaches
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a) Modified SEBT instrument

b) AD instrument

c) Surface electrodes

d) Digital Stop watch

e) Digital Weighing scale

f) Stadiometer

g) Measuring tapes

h) Goniometer

i) Alcohol

j) Sand paper

k) Micro- pore tape

Procedure

Thirty subjects with no history of back and
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Figure 3: EMG showing latency between transverse abdominis and vastus medialis
during anterior reach of modified SEBT

Figure 4: EMG showing latency between transverse abdominis and biceps femoris
during posterolateral reach of modified SEBT
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shoulder pathology were included in the study.
Each subject signed an informed consent after
all the risks and benefits of the study were
explained. Ethical approval for this study was
obtained from Institutional Human Ethical
Committee of Jamia Millia Islamia. A single
subject’s session would include the
measurement of myo-electric activity (Surface
EMG) and measurement of reach distance on
Modified SEBT.

All EMG onsets were checked visually to
ensure that they were valid and not
interrupted by artifact from movement or the
ECG. Pair of AgCl surface electrodes were
used to record activity of transverse abdominis
and direction specific muscles of stance 23
extremity i.e. vastus medialis oblique, vastus
lateralis, and biceps femoris while performing
modified star excursion balance test in anterior,
postero-lateral and postero-medial directions
respectively.

Electrodes placement

The electrodes were positioned parallel to
the muscle fibers with an inter electrode
distance of 20 mm following careful skin
preparation to reduce the skin impedance.

Electrodes placement for muscles will vary.
[11]

Transverse abdominis: The electrodes for
Transverse abdominis was placed 2 cm infero-
medial to the ASIS, during performance of
SEBT.

Vastus medialis obliques: Electrode for Vastus
medialis oblique was placed on the muscle
belly, 55O at an oblique angle, 2 cm medial
from superior rim of patella, during
performance of anterior excursion of modified
SEBT.

Vastus lateralis: The electrodes for Vastus
lateralis were placed 3-5 cm above patella at
an oblique angle lateral to the midline during
performance of posteromedial excursion of
modified SEBT.

Biceps femoris: The electrode for biceps
femoris was placed 2 cm apart parallel to
muscle fibre on lateral aspect of thigh ,tho-
third of distance between greater trochanter
and back of the knee during performance of
posterolateral excursion of modified SEBT.

Ground electrode: The ground electrode was
placed on iliac crest.

EMG setting: EMG data were sampled at

Figure 5:  EMG showing latency between transverse abdominis and vastus lateralis
during posteromedial reach of modified SEBT

Arti Kaushik & Saruabh Sharma / A Correlation between Latency Period of Transverse Abdominis and
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1,000 Hz, band pass filtered between 20 and
1,000 Hz, and stored on computer for analysis
(AD Instrument, Australia). Following data
processing, the onsets of EMGs were identified
visually as the point where the EMG activity
exceeded the background level of activity.
EMG onsets identified in this manner earlier
have been compared with onsets using Matlab
software values and found to be accurate.[12]

Measurement of modified star excursion balance
test score: Modified star excursion balance test
instrument was designed based on Hertel et
al.[13] recommendations by placing 3 tapes in
anterior, posteromedial and posterolateral
directions on a nonslip surface. Angle between
anterior and posteromedial/posterolateral
lines was 1350, and angle between
posteromedial and posterolateral line was 90o

(3600 full circle).Length of tape in each
direction was kept 120 cm which can measure
up to least millimeters. The subjects viewed
an instructional video which demonstrated
the test and testing procedure as explained by
Plisky et al. which likely to increase efficiency
of testing protocol and standardizes
instruction.[14] Hertel et al found a significant
learning effect with the SEBT where the
longest reach distances occurred after six trials
followed by a plateau.[15] Therefore, the
subjects practiced six trials on each leg in each
of the three reach directions followed by 5
minutes of rest prior to formal testing. The

subjects were tested within 20 minutes of
practicing. All the subjects were off shoes
during the performance of the test as
individuals attend testing in a variety of
footwear so it is difficult to standardize. The
subject stood on one leg on the center grid with
the most distal aspect of the toe at the starting
line. The trial was discarded and repeated if
the participant lifted the heel of the stance leg
off the ground, lost balance, came to rest at
maximal reach distance, or could not return
to the beginning position,  reached the
maximum balance time of 30 seconds.
Distances were marked with chalk on the floor
immediately next to the athletic tape that
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 N  Minim um  Maximum Me an Std.  Deviation 

Ag e (years ) 3 0 18 25  21.46  2.22 
Wt  (kg) 3 0 46 .3 7 5.0 59.41  7.09 

Ht (metre) 3 0 1.50 1 .80 1.68 0.070 
BMI (kg /m 2) 3 0 17.86 25 .78 21.16  2.29 

 

Table 1: Descriptive analysis of entire group

Table 2: Correlation between latency
period (LP) of transverse abdominis and

vastus medialis with normalized anterior
reach distance (NRA) of modified SEBT

Figure  6:  Scatter plot between latency
period (LP) of transverse abdominis and

vastus medialis with normalized anterior
reach distance (NRA) of modified SEBT

Table 3: Correlation between latency
period (LP) of transverse abdominis and

vastus lateralis with normalized
posteromedial reach distance (NRPM) of

modified   SEBT
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corresponds to the site of touchdown.

The distance from center of grid to the point
of touchdown was measured with a
measuring tape and recorded to the nearest
millimeter and chalk mark was removed after
each reach to reduce visual cues. In order to
improve the reproducibility of the test and
establish a consistent testing protocol, a
standard testing order was utilized. The testing
order were three trials standing on the right
foot reaching in the anterior direction. This
procedure was repeated for the posteromedial
and the posterolateral reach directions. The
specific testing order was right anterior, left
anterior, right posteromedial, left
posteromedial, right posterolateral, and left
posterolateral.

Lower Limb Length - To measure leg length,
participant lied on the plinth; a mark was
placed with a fine tipped marker on the
participant s most inferior aspect of each
anterior superior iliac spine and on the most
distal portion of medial malleolus. The subject
lift hips off the plinth and returned them to
starting position. The examiner passively
straightened the legs to equalize the pelvis. The
subject’s limb length was measured in
centimeters from the anterior superior iliac
spine to the most distal portion of the medial
malleolus with a cloth tape measure.

The greatest successful reach for each
direction was normalized by dividing reach
distance with limb length multiplied by 100

Figure 7: Plot chart between latency period
(LP) of transverse abdominis and vastus
lateralis with normalized posteromedial

reach distance (NRPM) of modified SEBT

and was used for comparison of latencies
between direction specific muscle of SEBT and
transverse abdominis of ipsilateral side.

Data analysis

All data were entered into SPSS 19.0 for
statistical analysis. Descriptive statistics,
including age, height (m.), weight (kg.), BMI
were calculated.

A two tailed correlation tests was used in
order to determine whether relationships exist
between core stability (latency period) of
transverse and direction specific muscles of
modified SEBT test and reach score in that
direction. Mean normalized anterior,
posteromedial and posterolateral reach
distance of modified SEBT was used for
correlation analysis. The level of significance
for the statistical tests was set at p=0.05.

Discussion

The participating collegiate recreational
athlete (n=30) in this study had means height
(168 cm ± 7 cm), mean weight (59.41±7.01 kg),
mean age (21.46 ± 2.219) and mean BMI (21.16
± 2.29). Statistically significant, strong negative
correlation between measure of core stability
(latency period) and components of modified
SEBT was found (p<0.001). Muscles of core
are the structure that provide strong base of
support for extremity function and force
transfer. Sports are dynamic event which
requires optimal dynamic balance and early
recruitment of core muscles especially
transverse abdominis, as this muscle is mainly
linked with core stability. Hence an objective
assessment of core stability along with various
destabilizing situations is very important.
Balance exercises can be considered a type of
core stability training in that these exercises
activate the core musculature.[16] Sudden
perturbations applied to the body during
competition can potentially move the center
of gravity outside the base of support. To avoid
losing balance and falling, postural
adjustments are made to move the center of
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gravity back inside the base of support. These
postural adjustments require activation of the
core musculature to stabilize the lumbar spine.
Because sports skills are oftentimes performed
off balance, greater core stability provides a
foundation for greater force production in the
upper and lower extremities. Furthermore, the
sensitivity of afferent feedback pathways can
be improved with balance and motorskill
training[17] resulting in quicker onset times
of stabilizing muscles.[18]

Core stabilization relies on instantaneous
integration among passive, active, and neural
control subsystems Neuromuscular control is
critical in coordinating this complex system
for dynamic stabilization.

Dynamic balance is a key component of
injury prevention and rehabilitation in sports.
Training the core muscles has been
hypothesized as an intervention for improving
balance. However, there is a lack of current
scientific evidence to support this claim.
Effects of core stability programme on
dynamic balance as measured by star
excursion balance test were compared.
Maximum excursion distances improved for
the exercise group, compared with the control
group. This result justifies the hypothesis that
core strengthening can improve dynamic
postural control.[19] There are studies
reporting improvement in dynamic balance
through neuromuscular training.[20,21]
Hodges and Richardson examined the
sequence of muscle activation during whole
body movements and found that some of the
core stabilizers (i.e., transverses abdominis,
multifidus, rectus abdominis, and oblique
abdominals) were consistently activated before
any limb movements.[4] As stated by Kibler et
al the larger muscles of the core create a rigid
cylinder and a greater moment of inertia
against body perturbation while allowing a
stable base for mobility.[22] When the
transverse abdominus contracts, the intra-
abdominal pressure increases and tenses the
thoracolumbar fascia. These contractions
occur before initiation of limb movement
allowing the limbs to have a stable base for
motion and muscle activation.

Literature in recent year has consistently
linked the changes of activity onset of TrA as
a marker of motor dysfunction (a component
of core stability).It signifies that early the firing
of TrA , better the core stability.[23] Core
stability comprised of components such as core
strength, endurance, power, balance, as well
as the coordination of the spine, abdominal,
and hip musculatures.[24] Therefore, it is
necessary to describe the multifaceted
components of core stability.

Researchers suggest that strong and
endurable core muscles stabilize the spine
favorably by providing greater passive support
with effective mechanical integrity and
enhanced neurological recruitment patterns;
including timely activation of these muscles
when exposed to forces and loads.[25] Above
mentioned research studies strongly support
our finding because core stability is directly
linked with early recruitment of core
musculature especially transverse abdominis
before any limb movement as well as stronger
the core stability better the dynamic balance,
so it signifies that latency of transverse
abdominis with direction specific prime mover
of modified SEBT will be correlated.

Conclusion

In our study we found that latencies
between transverse abdominis and direction
specific muscle of SEBT to be highly correlated
with each other, so it can be used as an
objective assessment tool of core stability along
with the modified SEBT score analysis. Present
study has added a new dimension to core
motor control and its relation to balancing
abilities so; it can be used as a screening tool
of various performance components in
different variety of sports on the basis of EMG.

It could be inferred through this study that
a component of balance is involved while
training core muscles through neuromuscular
training

Arti Kaushik & Saruabh Sharma / A Correlation between Latency Period of Transverse Abdominis and
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Limitations of study

A larger sample size would have been better
as it would help in generalizing the results.
Our study focused only on transverse
abdominis muscle of core stabilizing system,
but this muscle does not alone represent the
whole core stability .

Future perspectives

Future researchers should attempt to include
larger samples, a greater variety of sports (as
there may be other activities that require
greater core control), elite athletes, and a more
demographically diverse sample.

The significance of this research could be
enhanced by including low back pain
population.
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Abstract

Objective: To determine the effects of slow kegels and fast kegels in the treatment of primary
dysmenorrhea. Design-experimental design,comparative in nature. Setting: The study was conducted at
mata gujri hostel, SBSPGI, dehradun, uttrakhand. Population and Sample: 550 female hostlers of mata
gujri girls hostel, Sardar Bhagwan Singh Post Graduate Institute of Biomedical Sciences and Research,
Balawala, Dehradun. 24 female  subjects (mean age of 21.16 ± 1.2) of SBSPGI, Dehradun, Uttrakhand.
Methods: Subjects were randomly divided into three groups, Group A - slow kegels  (21.1±99),Group
B(20.7±1.49)- - fast kegels, Group C(21.5±1.5)-control group. Subjects practiced the pelvic floor muscle
exercises every alternate day till a period of 8 weeks. The treatment intervention was measured using two
different variables i.e. visual analogue scale and Mentural distress questionnaire. data analysed by 1 way
annova and krushkal wallis test. main outcome measure-independent various. Result: The mean results
of before treatment and after treatment are significant. Conclusion: The group b fast kegels was found to be
more effective after the treatment protocol of 8 weeks.

Keywords: Ddysmenorrhea; Pelvic floor muscle exercise; Fast and slow kegels.
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Introduction

Dysmenorrhea is a painful syndrome that
accompanies the menstrual cycles.
Dysmenorrhea (or dysmenorrhoea) is a
medical condition characterized by severe
uterine pain during menstruation.[1]

The prevalence of dysmenorrhoea was
lower at 24 years of age than at 19 years of
age. At 24 years of age, 67% of the women
still experienced dysmenorrhoea;  10%
reported dysmenorrhoea which limited daily
activity. The severity of dysmenorrhoea (linear
analogue scale) was lower at 24 years of age
than at 19 years.[2]

Dysmenorrhea can be classified into three

groups on the basis of pathophysiology-
congestive Dysmenorrhea,  spasmodic
Dysmenorrhea, and membranous
Dysmenorrhea.  Spasmodic Dysmenorrhea–
the majority of cases of dysmenorrheal fall into
this group, and it is probable that nearly 50%
of the adult female population suffer at
sometime from varying degrees of these
symptoms. The patient’s history is very
characteristic. The pain develops on the first
day of the menstrual period, when
excruciating lower abdominal pain is
experienced which lasts for a relatively short
time. This severe pain is intermittent n
spasmodic.[3]

Menstruation is the result of marked
vascular changes in endometriumin response
to both estrogen and progesterone. The fibers
those affected are tunica media of endometrial
coiled arteries, as a consequence these artery
constrict at first intermittently then after 2
days, for the several hours at a time, so that
superficial endometrium undergoes ischaemia,
that precedes the degeneration of stratum
functionalis of endometrium, extravasation of
blood into superficial stroma, and eventual
sloughing of necrotic, blood soaked stroma



136

Physiotherapy and Occupational Therapy Journal

that constitutes a typical menses.

Symptoms include: Typically, primary
dysmenorrhea is characterized by a crampy
suprapubic pain that begins somewhere
between several hours before and a few hours
after the onset of the menstrual bleeding.
Symptoms peak with maximum blood flow20
and usually last less than one day, but the pain
may persist up to 2 to 3 days. Treatment for
dysmenorrhoea aims to relieve pain or
symptoms either by affecting the physiological
mechanisms behind menstrual pain (such as
prostaglandin production) or by relieving
symptoms. Treatments such as paracetamol,
aspirin, and NSAIDs work by reducing the
activity of cyclo-oxgenase pathways, thus
inhibiting prostaglandin production.
Treatments such as oral contraceptives work
by inhibiting ovulation.[4]

Exercise

Physical exercise may reduce
dysmenorrhoea. Current studies have too
many methodological flaws, however, to be
able to confirm results. It is hypothesised that
exercise works by improving blood flow at the
pelvic level as well as stimulating the release
of β endorphins, which act as non-specific
analgesics.[1]

Heat therapy has been a traditional home
remedy for dysmenorrhoea. One RCT has
compared its use with the NSAID ibuprofen.
The heat patch (39°C) used for 12 hours a day
was found to be as effective as ibuprofen (400
mg three times a day) and more effective than
placebo in reducing pain.[1,5,6]

During active exercise the capillaries in the
working muscles dilate and their permeability
increased. Many capillaries that are closed
when the muscle was at rest become open and
blood flows through them. in this way the
capacity of the muscle to contain blood is
markedly increased and the interchange of fuel
and waste products between the blood and
the tissue fluids is facilitated.[7]

The exercise will decrease duration and
severity of dysmenorrhea and also using of
sedative tablets in high school girls exercise is

known to cause the release of endorphins,
substances produced by the brain that raise
the pain threshold.[8]

Pelvic floor muscle ex

The pelvic floor muscles are likely to be weak
at the end of the day when being sick and just
before menturation weak, easily fatigue,
saggey muscles do not support pelvic organs
and result in supportive dysfunction of pelvic
floor muscles. Lenghthened muscle may result
in pain and pressure because structures hang
on ligamentus supports and stretch the
nerves.[9]

In addition, menstrual pain, with its
distinctive cramping, tends to tense a woman’s
muscles, and that in turn can significantly
restrict the muscles of the abdomen and pelvic
floor.

Methods

Subjects: 24 female subjects after being
assessed through inclusion and exclusion
criteria and volunteered in the study.the
subjects were aged between 19-25 years.

Study design: The design used in this study
was a experimental design. The treatment
intervention was measured using 2 separate
variables. Visual analogue scale and Mentural
distress questionnaire measured pain and
psychological symptoms along with
pain.[10,11] These measurements were taken
at the initial physical therapy evaluation (prior
to initiation of training), following the
measurements were taken at the end of
menstruation i.e. 4 week followed by final
reading at 8th week.

Instrumentation

Procedure-a detailed explanation was
given to each subject regarding the aims of
the study, techniques to be used, and the extent
of their participation. All the subjects signed
an institutionally approved consent form
before participating in her study .a physical
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therapy assessment were performed on all
subjects prior to the initiation of treatment.

Physical therapy assessment

The evaluation included a questionnaire
which was designed according to the inclusion
and exclusion criteria.

Treatment protocol

The subjects were screened for primary
dysmenorrhea so as to fulfill the inclusion
criteria. After that the VAS score and
menstrual distress questionnaire was
measured at 0th week.[1,10,12,13]

Next random sampling of the subjects was
done to divide them into 3 groups i.e. group
A (n=8 ) group B (n=8) group C( n=8)with
the mean age of respectively. Each subject was
then treated according to her respective
group. The exercise groups had the position
of lying initially by putting a pillow under the
buttocks for a month[14] i.e. till the end of 4th

week and then progressing to sitting
position[15] till 8th week.

In group A, prior to exercise hot pack for
15 minutes was given over lower abdomen
then the slow kegels exercise was performed
90 contractions with the hold time of 5-10 sec.
in three sets of 30 with 5 minutes break in
between. The exercise was done on every
alternate day. In group B, prior to exercise hot
pack for 10 minutes was given over lower
abdomen then the Fast kegels exercise was
performed 90 contractions in three sets of 30
with 5 minutes break in between. The exercise
was done on every alternate day.[14,15] In
group C which is the control group, was given
only the hot pack for 10 minutes. After
therapeutic treatment was over, again visual
analogue score and menstrual distress
questionnaire was measured, in each group.
The therapeutic treatment was continued till
8 weeks and VAS was measured at the end of
4th and 8th week.

Data analysis

Kruskal Wallis test has been performed to

compare mean values of menstrual distress
questionnaire scores. AT 0th week,4th week ,8th

week in between slow kegels group, fast kegels
group and control group.

One way Annova test has been performed
for comparing the improvement in Visual
analogue scale score at 0th week,4th week ,8th

week in between slow kegels group ,fast kegels
group, and control group. Post hoc scheffe‘s
test has been performed for comparing mean
differences between

1) slow kegels Vs fast kegels,

2) fast kegels Vs control group,

3) slow kegels Vs control group.

Significance level has been selected as 0.05.

Results

A total number of 24 subjects with mean
age (21.08±1.282) were taken and divided into
three groups with 8 subjects in each, namely
group A slow kegels (mean age
21±1.069),group B fast kegels (mean age
20.875±1.246) and group C control group
(mean age 21.375±1.597).

Comparison between menstural distress
questionnaire scores in slow kegels fast kegels &
control group at 0 week

Kruskal-Wallis test was performed to
compare mean values of menstrual distress
questionnaire scores. scores of slow kegel
group at 0 week were 121±34.86, fast kegels
group at 0 week were 95.12±14.81, control
group at 0 week were 100.62±32.039.the
results were non significant at 0 week,(p>.05).

Comparison between visual analogue scale in
slow kegels, fast kegels & control at 0 week

One way annova was performed to compare
the mean values of visual analogue scale scores
of slow kegels group at 0 week were 7.03±0.72,
fast kegels group at 0 week were 7.34±1.049,
control group at 0 week were 6.86±1.63. The
results were non significant at 0
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week,(p>0.05).

Comparison between menstural distress
questionnaire scores in slow kegels, fast kegels and
control group

Kruskal Wallis test was performed to
compare mean values of menstrual distress
questionnaire sores. The scores of slow kegels
group at 4th week were 104.66±28.319, fast
kegels group at 4th week were 69.125±20.559,
control group at 4th week were 86.89±38.105.
The results were non significant at 4th week
,(p>0.05) table 5.4. Kruskal wallis test was
performed to compare mean values of
menstural distress questionnaire scores. The
scores of slow kegels group at 8th week were
70.25±16.455, fast kegels group at 8th week
were 60±9.102, control group at 8th week were
94.75±27.442. The results were significant at
8th week,(p<0.05).

Comparison between visual analogue scale in
slow kegels, fast kegels and control group

One way Annova was performed to
compare the mean values of visual analogue
scale scores of slow kegels group at 4th week
were 5.20±1.33, fast kegels group at 4th week
were 3.975±2.182, control group at 4th week
were 5.33±2.46. The results were non
significant at 0 week,(p>0.05), table 5.5. One
way Annova was performed to compare the
mean values of visual analogue scale scores of
slow kegels group at 8th week were 3.95±2.32,
fast kegels group at 8th week were 2.87±1.532,
control group at 8th week were 6.2±1.62. The
results were significant at 0 week,(p<0.05).

Comparison between visual analogue scale in
slow kegels, fast kegels & control group for post
hoc test

Post hoc scheffe’s test has been performed
for comparing mean differences between 1)
slow kegels Vs fast kegels, 2) fast kegels Vs
control group, 3) slow kegels Vs control
group.

The result shows insignificant difference
(p>0.05) between slow kegels and fast kegels,
significant difference (p<0.05)between fast
kegels and control group, insignificant
difference(p>0.05) between slow kegels and
control group.
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Fig 1: Showing the initial position of
relaxation with moist heat pack on lower

abdomen

Gro up 
V isu al Analogue  Scale 

4 T H WEEK  8 T H  WE EK 

slow  ke gels 5 .20±1.33 3 .95±2 .32  

fast k ege ls 3 .975±2 .182  2.87± 1.532 

contro l 5 .33±2.46 6 .2± 1.62 

F -r atio 1 .37  6.95 

Significanc e N .S. S. 

Table 2: Comparison between Visual
Analogue Scale scores in slow kegels fast

kegels & control group

N.S = Non Significant (p > 0.05);
S = Significant (p < 0.05)

Table 1:  comparison between menstrual
distress questionnaire scores in slow

kegels fast kegels & control group

N.S = Non Significant (p > 0.05);
S = Significant (p < 0.05)

Group 
Menstural Distress Questionnaire(0 week) 

4T H WEEK 8T H WEEK 

slow kegels 104.66±28.319 70.25±16.455 

fast kegels 69.125±20.559 60±9.102 

Control 86.89±38.105 94.75±27.442 

H – Value 4.37 10.3 

Significance N.S. S. 
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Discussion

This study compares  effect of fast and slow
kegels exercises in reducing pain in primary
dysmenorrhea. The study design comprises of
twenty four female subjects who were divided
into three  groups. group A, slow kegels group
performed slow kegels 90 contractions with
hold of 5-10 seconds done in 3 sets of 30 with
5 minutes of rest in between preceding moist
heat pack of 15 mins. Group B , fast kegels
group performed fast kegels 90 contractions
clench the muscles quickly and let go and done
in 3 sets with 5 mins of rest in between
preceding moist heat pack of 15 mins. Each
given every alternate day in a 8 week protocol.

As the outcome variable is a questionnaire
(MMDQ) and there is no interval in the score
amongst different questions so it comes under
ordinal level of measurement so test should
be non-parametric as the subjects are
unmatched and there are three groups ,the
Kruskal wallis test were used  for data
analysis. Data analysis using Kruskal wallis
test revealed that there wasn’t any significant
difference in MDQ scores at 0 and 4th week
but the difference was significant at 8th week.

Another outcome variable is VAS and there
is a true zero in the scale so it comes under
ratio level of measurement so test used should
be parametric as the subjects are unmatched
and there are three groups the test used for
data analysis will be one way Annova and
Scheffe’s test. Data analysis using one way
Annova test revealed that there wasn’t any
significant difference in VAS scores at 0 and
4th week but the difference in VAS scores at
8th week  was significant as compared, data
analysis of the final readings was compared
by  Scheffe’s test that revealed that slow kegels
Vs fast kegels was insignificant, fast kegels Vs
control group was significant (P>0.05), slow
kegels and control group was insignificant
(P<0.05).

Primary dysmenorrhea is one of the most
frequent of gynaecological complaints.[11]
Menstrual pain, with its distinctive cramping,
tends to tense a woman’s muscles, and that in

turn can significantly restrict the muscles of
the abdomen and pelvic floor.[16] Carrie m
hall (1999) added the pelvic floor muscles are
likely to be weak at the end of the day when
being sick and just before menstruation. Weak,
easily fatigue, saggey muscles do not support
pelvic organs and result in supportive
dysfunction of pelvic floor muscles. Altered
tone of pelvic floor muscles can also occurring
response to pain in lower pelvic organs.[9]

Data analysis revealed that the difference
between the three groups was significant at
second week. When the three groups were
compared for extent of effectiveness of data
revealed that fast kegels group was better than
slow kegels group and hot pack group. Slow
kegels are far better than hot kegels.

Certain training principles for large skeletal
muscles can be applied to exercise programs
for the pelvic muscles.[16] Fast kegels group
recruit the fast twitch muscles fibers
30%which are type II fibers this group was
more effective as it emphasizes specially on
muscle strengthening. Colbey Kisner stated for
type II fibers that speed of contraction is fast,
rate of fatigue is fast, these muscle fiber provide
mobility. These are characterized by fast
contractile, response have a low myoglobin
content and have a high glycolytic capacity,
and are recruited for activities requiring
power.[17] Michelle proctor stated
Exercises are beneficial (in residing spasm)
because they increase morale and Also restore
flexibility and strength to musculoskeletal
structures.[11] It is hypothesized that exercise
works by improving blood flow at the pelvic
level as well as stimulating the release of β
endorphins, which act as non-specific
analgesics.[4] Cornelia A. Griffin (1994) stated
strength gain of 20%-40% may occur within
the first two weeks of training with no
measurable increase in muscle size. These
early strength increases are believed to result
from improved levels of motor activity, if the
training is continued, subsequent additional
strength gains are made through muscle
hypertrophy. Fast kegels (type II fibers) speed
of contraction is fast, recruited for activities
requiring power and fiber seems to have
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higher potential for muscle hypertrophy. Now
exercises are beneficial (in residing pain),
restore flexibility and strength to ,
musculoskeletal structures, more pumping of
blood in hypertrophic muscle. Exercise work
by improving blood flow at pelvic level,
stimulating the release of beta endorphins,
which act on non-specific analgesics. Hence,
more effective than slow kegels and hot pack.

So, now it can be said that as fast kegels has
a better strengthening component than slow
kegels the results show fast kegels is more
effective. Slow kegels did not concentrated
specially on strengthening and moreover had
a very less role in it. Slow kegels group recruit
the slow twitch muscles fibers 70% which are
type I fibers this group had even shown positive
results but it is concentrated on as slow kegels
is type I fibers. Cornelia A. Griffin (1994)
stated that slow twitch fibers are fatigue
resistant and better adapted to prolonged
activity. These fibers have more mitochondria,
more myoglobin, and more dense capillary
networks than type II fibers. Carrie m hall
(1999)  stated that the pelvic floor muscles are
likely to be weak at the end of the day when
being sick and just before menstruation. Weak,
easily fatigue, saggey muscles do not support
pelvic organs and result in supportive
dysfunction of pelvic floor muscles. She further
stated the pelvic floor provides support to the
normal pelvic organs. The normal organ pelvic
organ support is achieved by ligamentus
support from above and PFM from below.[9]
The supportive function is primarily performed
by the tonic, slow twitch muscle fibers. Hence
working on slow twitch muscles will improve
the supportive function of the pelvic floor and
the weakness is improved.

Accrding to Meyer JM et al (2005) Hot packs
have least effect as it is temporary relaxing or
placebo effect. Hot pack is conjunction with
exercises is more effective than hot pack
alone.[6] Arthur I. Jacknowitz et al (2001)
stated that it causes vasodilatation and
increases local blood flow, it provides local
analgesia.[18]

As the data analysis revealed that the
difference between the three groups was

significant at 8th week and there was a
decrease in vas scores over eight week time as
revealed by comparison of individual mean
values.

Slow kegels (type I fibers) speed of
contraction is slow, recruited for activities
demanding endurance.[16,17] These fibers are
supplied by small neurons with the threshold
of activation and are preferentially in low
intensity exercise,  these fibers have
mitochondria, more myoglobin and more
dense capillary networks when worked
upon[16], the pelvic floor muscles are likely to
be week at the end of the day when being sick
and just before menstruation that results in
supportive dysfunction of pelvic floor
muscles.[12] Supportive function is primarily
performed by the tonic, slow twitch muscle
fibers hence, weakness improved

Patients given with hot packs also
experienced some improvement due to placebo
effect or temporary relaxation effect of heat.
Heat causes vasodilatation and increases local
blood Flow. It may provide local analgesia
(possibly through counter irritation and an
effect on gate-controlled pain), and hence
short term relief of symptoms. Heat packs,
placebo effect or heat causes vasodilatation
and increases local blood flow which provides
local analgesia,short term relief of symptoms.

As after the research it is seen that “There
is significant difference in the effect of slow
kegels and fast kegels in relieving symptoms
in primary dysmenorrhea.” The Experimental
Hypothesis is accepted. 

Conclusion

The result signifies fast kegels group is the
effective than slow kegels group and hot pack
control group in relieving pain in primary
dysmenorrhea.
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Introduction

Motor neuron disease (MND), is a chronic
neurodegenerative disorder of the motor
system. It is characterized by the loss of motor
neurons in the cortex, brainstem and spinal
cord, manifested by upper and lower motor
neuron signs and symptoms affecting limb,
bulbar and respiratory muscles. It is a
devastating illness which leads to progressive
paralysis and eventual death. Death usually
results from respiratory failure and follows on
average 2 to 4 years after onset, but some may
survive for a decade or more. The exact cause
of the neuronal loss in MND is not understood.
Motor neuron disease is however relatively
uncommon with an annual incidence of 2 in
100,000 and prevalence of 5-7 per 100,000
worldwide.[1,2] There are four variants of
motor neuron disease. Amyotropic lateral
sclerosis is the most common form, with both

upper motor neuron (such as spasticity,
hyperreflexia, and Babinski responses) and
lower motor neuron involvement (muscular
atrophy and fasciculation). In progressive
bulbar palsy, disease begins in the lower
brainstem, causing dysphagia, dysarthria, and
dysphonia. Progressive muscular atrophy is
again a rare subtype of motor neuron disease
(MND) which affects only the lower motor
neurons.[1,2] Lastly, Primary lateral sclerosis
which only affects upper motor neurons.We
report a case of MND presenting as low back
ache in the physiotherapy department of our
hospital.

Case report

A 69 year old housewife came to the
physiotherapy department of our hospital
with low back ache since last 6 months. She
also complained of cramp like pain and
weakness in both the legs. There was history
of frequent falls (3-4 times/month). Her
symptoms were progressive in nature. The
aggravating factors for her low back pain were
prolonged standing and walking and the most
relieving position for her was supine lying. On
examination, her lumbo-saccral movements
were restricted in the end range and there was
diffuse tenderness in the lumbo-saccral
area.The SLR on both the sides was 700,
because of hamstrings tightness. The FABER’s

Abstract

Motor neuron disease (MND) is a progressive neurodegenerative disorder, manifested by upper and
lower motor neuron signs and symptoms. It is characterized by progressive weakness, atrophy, spasticity,
dysarthria, dysphagia, and respiratory compromise, ultimately resulting in death. The initial presentation
of the disease may be diverse, cramps often being the earliest manifestation of the disease especially in the
lower motor neuron component. We present a case of 69 year old female, who presented in the physiotherapy
department with complains of low back ache, cramp like pain and weakness in both the legs for the last
6 months. Her neurological examination and investigations confirmed the diagnosis of MND.
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test was negative on both the sides. There was
distal lower limb wasting seen bilaterally. On
manual muscle testing, her lower limb
strength was 4/5 proximally (hip & knee) and
3/5 distally (ankle) bilaterally. She had
difficulty in heel standing and toe standing.
The upper limbs examination revealed
bilateral thenar wasting. The pinprick, touch,
proprioception and vibration sensations were
intact in the upper and lower limbs. The knee
and ankle jerks were diminished in both the
lower limbs, whereas biceps and triceps jerks
were normally elicitable. There was no
evidence of aphasia, dysartria, dysphagia,
limitation of extraocular movements and
visual field deficits. She was continent in
bladder and bowel. In view of these findings,
the patient was referred to a Neurologist and
was subsequently advised MRI L-S spine and
EMG/NCV of all 4 limbs. The MRI findings
did not reveal any evidence of root
compression, except degenerative disc disease
at L4-L5 and L5-S1 levels. The nerve
conduction was normal in tibial, ulnar and
peroneal nerves. NCV could not be done for
median nerve because of the atrophy of
bilateral abductor pollicis brevis. Sensory
potential were normal in sural, ulnar and
median nerves. Facial muscles, dorsal
paraspinal, C8/T1, T5-6-7, L3-S1 myotomes
showed fibrillations and large motor units
with reduced interference pattern. The electro-
physiological findings were suggestive of
motor neuron disease.

Discussion

Low back pain is one of the commonest
conditions that we encounter in our everyday
physiotherapy practice. Our assessment
should focus on neuro-muscular-skeletal
assessment in every patient and any unusual
finding should not be overlooked. The
management of patients should ensure a
multidisciplinary approach if there is any
doubt regarding the diagnosis. As in this case,
the presence of atrophy was unrelated to the
complain of low back ache. Therefore it
required neurology consultation.  The

symptoms in MND are diverse and
challenging including weakness, spasticity,
limitation in mobility and activities of daily
living, communication deficits and dysphagia,
pain and psychosocial distress, fatigue and
sleep disorders.[3] Cramps can often be the
earliest manifestation of lower motor neuron
component of MND.[2,4,5] Pain may be part
of the sensory phenomena noted in few
patients or it may arise from abnormal stresses
on the musculoskeletal system imposed by
weak musculature.[4]

Currently, there is no definite cure for motor
neuron disease. Riluzole is the only drug
identified to have a beneficial effect on survival.
The effect is modest, with a prolongation of
life for approximately 3-4 months on average.
In MND the focus of management is on
symptomatic rehabilitative and palliative
therapy, delivered by a multidisciplinary team.
Multidisciplinary approach improves care,
reduces the frequency and length of inpatient
stay, and improves survival.[1,2,3]

The role of physiotherapy in MND is to
reduce secondary problems. A marked
reduction in activity level secondary to MND
can lead to cardiovascular deconditioning and
disuse weakness, superimposed on the
weakness caused by the disease itself. Reduced
physical activity, particularly if prolonged,
produces muscle atrophy, reduced strength of
tendons and ligaments, osteoporosis, pain and
contractures. Exercise programs might have
positive physiological and psychological effect
on people with MND, especially when
implemented before significant muscular
atrophy occurs.[4] Breathing exercises and
incentive spirometry may improve the
respiratory status of the patient. The greatest
advancement in respiratory therapy has been
the discovery of the beneficial effects of non-
invasive ventilation, in which the patient uses
a mask ventilator system overnight during
sleep. Most patients will eventually have
difficulty swallowing. Upright position while
eating (upright, no distractions, chin tuck), and
dietary modifications in the form of thickened
fluids can be helpful. Current practice is to
offer the option of enteral feeding to patients
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either through percutaneous endoscopic
gastrostomy or nasogastric tube when more
than 10% of the promorbid weight has been
lost.[1,2] Hence, supportive treatment in the
form of physiotherapy, respiratory care,
nutritional support etc remains the mainstay
in the management of patients with motor
neuron disease.
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Context (Background), Aims, Settings and Design,
Methods and Material, Statistical analysis used, Results
and Conclusions. Below the abstract should provide 3
to 10 keywords.

Introduction

State the background of the study and purpose of
thestudy and summarize the rationale for the study or
observation.

Methods

The methods section should include only information
that was available at the time the plan or protocol for
the study was  written such as study approach, design,
type of sample, sample size, sampling technique, setting
of the study, description of data collection tools and
methods; all information obtained during the conduct
of the study belongs in the Results section.
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Reports of randomized clinical trials should be based
on the CONSORT Statement (http://www. consort-
statement. org). When reporting experiments on human
subjects, indicate whether the procedures followed were
in accordance with the ethical standards of the
responsible committee on human experimentation
(institutional or regional) and with the Helsinki
Declaration of 1975, as revised in 2000 (available at http:/
/www.wma.net/e/policy/l 7-c_e.html).

Results

Present your results in logical sequence in the text,
tables, and illustrations, giving the main or most
important findings first. Do not repeat in the text all the
data in the tables or illustrations; emphasize or
summarize only important observations. Extra or
supplementary materials and technical details can be
placed in an appendix where it will be accessible but
will not interrupt the flow of the text; alternatively, it
can be published only in the electronic version of the
journal.

Discussion

Include summary of key findings (primary outcome
measures, secondary outcome measures, results as they
relate to a prior hypothesis); Strengths and limitations
of the study (study question, study design, data
collection, analysis and interpretation); Interpretation
and implications in the context of the totality of evidence
(is there a systematic review to refer to, if not, could one
be reasonably done here and now?, what this study adds
to the available evidence, effects on patient care and
health policy, possible mechanisms); Controversies
raised by this study; and Future research directions (for
this particular research collaboration, underlying
mechanisms, clinical research). Do not repeat in detail
data or other material given in the Introduction or the
Results section.
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reference should be cited in text (not in alphabetic order),
and each text citation should be listed in the References
section. Identify references in text, tables, and legends
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refer to ICMJE Guidelines (http://www.nlm.nih.gov/
bsd/uniform_requirements.html) for more examples.
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Tables

Tables should be self-explanatory and should not
duplicate textual material.

Tables with more than 10 columns and 25 rows are
not acceptable.

Number tables, in Arabic numerals, consecutively in
the order of their first citation in the text and supply a
brief title for each.

Explain in footnotes all non-standard abbreviations
that are used in each table.

For footnotes use the following symbols, in this
sequence: *, ¶, †, ‡‡,

Illustrations (Figures)

Graphics files are welcome if supplied as Tiff, EPS, or
PowerPoint files of minimum 1200x1600 pixel size. The
minimum line weight for line art is 0.5 point for optimal
printing.

When possible, please place symbol legends below
the figure instead of to the side.

Original color figures can be printed in color at the
editor’s and publisher’s discretion provided the author
agrees to pay

Type or print out legends (maximum 40 words,
excluding the credit line) for illustrations using double
spacing, with Arabic numerals corresponding to the
illustrations.

Sending a revised manuscript

While submitting a revised manuscript, contributors
are requested to include, along with single copy of the
final revised manuscript, a photocopy of the revised
manuscript with the changes underlined in red and copy
of the comments with the point to point clarification to
each comment. The manuscript number should be
written on each of these documents. If the manuscript is
submitted online, the contributors’ form and copyright
transfer form has to be submitted in original with the
signatures of all the contributors within two weeks of
submission. Hard copies of images should be sent to the
office of the journal. There is no need to send printed
manuscript for articles submitted online.

Reprints

Journal provides no free printed reprints, however a
author copy is sent to the main author and additional
copies are available on payment (ask to the journal
office).

Copyrights

The whole of the literary matter in the journal is
copyright and cannot be reproduced without the written
permission.

Declaration

A declaration should be submitted stating that the
manuscript represents valid work and that neither this
manuscript nor one with substantially similar content
under the present authorship has been published or is
being considered for publication elsewhere and the
authorship of this article will not be contested by any
one whose name (s) is/are not listed here, and that the
order of authorship as placed in the manuscript is final
and accepted by the co-authors. Declarations should be
signed by all the authors in the order in which they are
mentioned in the original manuscript. Matters
appearing in the Journal are covered by copyright but
no objection will be made to their reproduction provided
permission is obtained from the Editor prior to
publication and due acknowledgment of the source is
made.

Abbreviations

Standard abbreviations should be used and be spelt
out when first used in the text. Abbreviations should
not be used in the title or abstract.
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• Manuscript Title

• Covering letter: Signed by all contributors

• Previous publication/ presentations mentioned
Source of funding mentioned

• Conflicts of interest disclosed

Authors

• Middle name initials provided.

• Author for correspondence, with e-mail address
provided.

• Number of contributors restricted as per the
instructions

• Identity not revealed in paper except title page (e.g.
name of the institute in Methods, citing previous
study as ‘our study’)

Presentation and Format

• Double spacing

• Margins 2.5 cm from all four sides

• Title page contains all the desired information.
Running title provided (not more than 50 characters)

• Abstract page contains the full title of the manuscript

• Abstract provided: Structured abstract provided for
an original article.

• Key words provided (three or more)

• Introduction of 75-100 words
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• Headings in title case (not ALL CAPITALS).
References cited in square brackets

• References according to the journal’s instructions

Language and grammar

• Uniformly American English

• Abbreviations spelt out in full for the first time.
Numerals from 1 to l0 spelt out

• Numerals at the beginning of the sentence spelt out

Tables and figures

• No repetition of data in tables and graphs and in
text.

• Actual numbers from which graphs drawn,
provided.

• Figures necessary and of good quality (color)

• Table and figure numbers in Arabic letters (not
Roman).

• Labels pasted on back of the photographs (no names
written)

• Figure legends provided (not more than 40 words)

• Patients’ privacy maintained, (if not permission
taken)

• Credit note for borrowed figures/tables provided

• Manuscript provided on a CDROM (with double
spacing)

Submitting the Manuscript

• Is the journal editor’s contact information current?

• Is a cover letter included with the manuscript? Does
the letter

1. Include the author’s postal address, e-mail address,
telephone number, and fax number for future
correspondence?

2. State that the manuscript is original, not previously
published, and not under concurrent consideration
elsewhere?

3. Inform the journal editor of the existence of any
similar published manuscripts written by the
author?

4. Mention any supplemental material you are
submitting for the online version of your article?

Contributors’ Form (to be modified as applicable and
one signed copy attached with the manuscript)
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