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Unsupported Upper Limb Endurance Training: An
Alternative to Improve Functional Capacity & Quality of

Life in Patients with Chronic Obstructive Pulmonary
Disease

Bijal K Dodia1, Jaimala Shetye2

1Physiotherapist & ICU incharge, Saifee Hospital, Mumbai, 2Assoc. Professor, PT School & Centre, Seth G S Medical
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ABSTRACT

A 78 yrs old lady, a known case of chronic obstructive pulmonary disease (COPD) & bilateral severe
osteoarthritis knee, referred for pulmonary rehabilitation; presented with dyspnoea grade IV on
MRC scale, sputum production and restricted activities of daily living (ADL) due to the dyspnoea,
fatigue along with limb muscle weakness during activities. Pulmonary function test (PFT) showed
moderate obstruction. Patient was put on an individually tailored pulmonary rehabilitation program
emphasizing on unsupported upper limb endurance training for three months as patient was unable
to exercise with lower limbs due to knee pain. Three months post rehabilitation, though PFT did not
show a significant improvement; patient reported functional independence; objectively measured as
improved chronic respiratory disease questionnaire (CRDQ) scores & increased six minute walk
distance (6MWD). Hence, an individually tailored pulmonary rehabilitation program involving
unsupported upper limb endurance training improves functional and psychological outcomes in
patients with COPD.

Keywords: COPD, Unsupported Upper Limb Endurance Training, Six Minute Walk Distance (6MWD),
CRDQ

INTRODUCTION

COPD is a disease just not restricted to the
respiratory system; but has systemic manifestations
as well, of which skeletal muscle dysfunction is
considered to be one of the key systemic co-morbidities
influencing exercise capacity & quality of life[1]. Skeletal
muscle dysfunction (SMD) may be attributable to
inactivity induced de-conditioning; due to early
fatigue and dyspnoea associated with physical activity
and exercise. As a result, patients often adopt a
sedentary lifestyle resulting progressive deterioration
in limb muscle function which adversely affects
exercise capacity leading to exercise intolerance.

Endurance training, a core component of
pulmonary rehabilitation is aimed at reversing the
effects of SMD and thus improve the exercise capacity
of patients with COPD, in spite of the irreversible
impairment of lung function.

CASE PRESENTATION

             The case presented here is of a 78 years old
lady, a bone setter by profession, a diagnosed case of
COPD & bilateral severe  osteoarthritis knee; referred
to Physiotherapy centre for pulmonary rehabilitation.
The patient had no other relevant medical history apart
from hypertension which was under control with
medications. Orthopedic opinion advised her to
undergo knee replacement surgery but she was not
willing for the same. She had restricted her ambulation
due to knee pain although she could manage to walk
independently at home.

              On arrival the patient had grade IV
dyspnoea[2] which made talking difficult. PFT showed
moderate obstruction with good bronchodilator
reversibility. She also displayed cough with sputum
production.
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 She completed the 6MWT with four pauses and
covered a distance of only 100 meters. The limiting
factors were dyspnoea during walking and pain in
both the knees. Her Quality of life was evaluated using
chronic respiratory disease questionnaire (CRDQ)[3].

 A Pulmonary rehabilitation program was
individually tailored for her for which she attended
the Physiotherapy OPD three times a week for 3
months[4,5]. The program included pulmonary hygiene
in terms of postural drainage, chest wall
manipulations, breathing exercises & forced expiratory
technique for sputum clearance. She was made to read
a news paper article loudly; during every sitting for
establishing co-ordinated and controlled breathing
during phonation. She was allowed to take pauses as
& when required, numbers & duration of pauses were
recorded and were compared every time with previous
sessions. She was simultaneously treated for OA knee
with hot packs and exercises; mainly for pain relief.

The effectiveness of lower limb (LL) exercise
training for patients with COPD has been well
documented, with consistent and clinically significant
improvements in exercise capacity, symptoms, and
quality of life.

 In this case, as the patient refused to perform any
endurance training exercises involving lower limbs
due to pain, she was put on an unsupported upper
limb endurance  training program wherein she
performed upper limb endurance training with
weights. She performed 3 sets of 30 repetitions each of
shoulder flexion and abduction with a weight cuff. The
initial load was 0.5 kg and was increased subsequently
to maintain a load that achieved a rate of perceived
exertion rating of 12 to 14 on Borg’s scale and a
dyspnoea rating of 3 on Modified Borg’s scale[6].

 She was assessed every week to document changes
in functional capacity and Quality of life.  After 3
months (36 sessions), there was significant
improvement in functional capacity and quality of life.
Patient became independent in her activities of daily
living, as subjectively reported by the patient &
objectively measured by using CRDQ.

 The six minute walk distance increased to 350
meters with one rest pause this increase being
statistically significant (p<0.001). The CRDQ domains
showed significant improvement (p<0.05); mainly in
the domains of dyspnoea, fatigue and emotion. The
PFT results did not show significant improvement in
FEV1, FVC & FEV1/FVC ratio (p>0.05).

DISCUSSION

Conventional pulmonary rehabilitation program
involves lower limb endurance training as a measure
of improving functional capacity & cardio pulmonary
endurance. It is the most widely used modality to
improve cardio pulmonary endurance  as upper limb
exercises put more ventilatory demand than that by
lower limb exercises[7].

As this patient refused to perform any exercises
involving lower extremities due to knee pain, she was
put on unsupported upper limb endurance training
program. Also lower limb exercises would not have
been sufficient to cause endurance training in her case
as she needed frequent pauses even during 6MWT
indicating that a steady state endurance activity was
not possible for her to do.

 There was a significant increase in 6 MWTD. This
shows that although the UL muscles were trained it
proved to be effective in improving endurance which
was tested using LL activity (6MWT). Thus showing
that there was sufficient transfer effect & also that UL
training is an adequate stimulus for endurance training
in COPD keeping in mind the fact that it would also
help in improving ADL involving UL muscles which
is impaired in COPD due to increased load on
accessory  muscles like sternocleidomastoid, scalenes
etc. to enhance breathing to overcome dyspnoea.

 British Thoracic Society standards of care
subcommittee on pulmonary rehabilitation suggested
that upper extremity exercises by arm ergometer,
cranking or unsupported arm exercise using weights
may be a useful tool to improve endurance in COPD
patients[8].

The improvement after unsupported upper limb
endurance training could be attributed to
desensitization to dyspnoea by alteration in the
perception of dyspnoea, exercise mode specific
desensitization, delayed lactic acidosis & thereby
reducing ventilatory requirements for a given level of
exercise[9]. Increased motivation, by alleviation of fear
by repetitive performance of exercise task in a safe &
supervised environment also helped[10].

Evidence suggests metabolic adaptations like
enhancement of components of the oxygen transport
system (increased capillary density per fiber &
enhanced activity of oxidative enzymes), leading to
improved peak oxygen uptake, a rise in mitochondrial
volume density & a significantly faster
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phosphocreatine recovery rate in response to
endurance training[11].

It is essential to document this case as it provides
evidence for incorporating unsupported UL exercises
in PR program and that they are well tolerated despite
the fact that they do put more ventilatory demand.
Considering the fact that the elderly population with
COPD may find it difficult to exercise their lower limbs
due to age related degenerative changes commonly
affecting weight bearing knee joints.

CONCLUSION

An individually tailored pulmonary rehabilitation
program involving unsupported upper limb
endurance training improves functional capacity &
quality of life in patients with chronic obstructive
pulmonary disease.
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ABSTRACT

Background: It is difficult to calculate oxygen consumption clinically due to expensive equipments
required to measure it. Physiological cost index is one the indirect ways of calculate energy expenditure.

Aim: To study the effect of aerobic training program on the physiological cost index (PCI) in normal
healthy individuals.

Study Design: This was an intervention based study conducted on 20 students of K.J.Somaiya college
of physiotherapy, Mumbai.DURATION: 4 weeks.

Study Procedure: A sub maximal 6 minute walk test was performed and the distance walked, walking
speed and vitals were recorded pre training and post training. The physiological cost index for each
subject was calculated. All the 20 subjects underwent an aerobic training program in the form of
aerobic cycling.  Training was imparted 3 times a week, for 4 consecutive weeks.

Statistical Analysis: Paired't' test was used to analyse the data.

Results: The average PCI value in normal healthy individuals, reduced from 0.37 beats/min to 0.30
beats/min, after 4 weeks of aerobic training, which was found to be statistically significant (p < 0.05).
the average values of the difference in heart rates reduced from 34.1 beats/min to 28.1 beats/min.
post 4 weeks of aerobic training, which was also found to be statistically significant (p value=0.05).
The average value of difference in speed increased from 92.58 mts/min to 93.98 mts/min after 4
weeks of aerobic training, which was found to be statistically insignificant

Conclusion: There is significant reduction in physiological cost index after 4 weeks of aerobic training
in normal healthy individuals.

Keywords: Physiological Cost Index, Aerobic Training

INTRODUCTION

Aerobic exercise training or conditioning is an
augmentation of the energy utilization of the muscle
by means of an exercise program. The improvement
in the muscles ability to use energy is a direct result of
increased levels of oxidative enzymes in the muscles
as well as increased mitochondrial density and size,
and an increased muscle fibre capillary supply.

Training produces a cardiovascular muscular
adaptation and is reflected in an individual’s

endurance. It increases the efficacy of the
cardiovascular system and the active muscles.
Performance improves as the same amount of work
can be performed after training with less energy
expenditure.

The traditional parameter of measuring energy
expenditure has been the oxygen uptake (V02). When
working at sub maximal load the oxygen uptake of
the individual increases during the first few minutes
of the exercise before reaching a steady rate. A steady
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state indicates that oxygen uptake equals to the oxygen
requirement of the tissues. Therefore the oxygen
consumption represents the energy expenditure of
physical activity at this time.

However, in the clinical setting, oxygen uptake
measurement is not feasible because it requires
extensive gas collecting instruments which may not
always be available in all clinical settings. As a result
the direct relationship between Vo2 and the heart rate
at sub maximal workloads forms the basis for using
heart rate as an indirect measure of energy
expenditure.

McGregor (1979) developed the Physiological Cost
Index (PCI)for measuring the energy expenditure of
walking (4) . The Physiological Cost Index is defined as
the difference of walking heart rate and the resting
heart rate divided by the walking speed:

The Physiological Cost Index is a simple and
practical method to assess gait efficiency and energy
expenditure. The PCI value reflects the increased heart
rate required for walking and is expressed as
heartbeats per meter. A decrease in PCI reflects
increased walking efficiency.

The PCI is based on Astrand and Rodhal’s work (8)

which showed that heart rate and speed of walking
are linearly related to oxygen consumption at sub
maximal levels. The heart rate is easy to measure
because there is no heavy equipment required. Thus
PCI can simply be assessed using equipment which
may be found in the average physiotherapy
department.

Hence, this study aims to study the effects of four
weeks of aerobic training program on the physiological
cost index (PCI) in normal healthy individuals.

METHODOLOGY

 This was an interventional study for 4 weeks. 20
healthy individuals in the age group of 20-30 years
were selected .Exclusion criteria were

• Individuals with any present musculoskeletal
conditions like lower extremity fractures, juvenile
rheumatoid arthritis, surgeries, amputations,
sprains, tears in ligaments or tendons, etc.

• Individuals with any present respiratory
conditions like asthma, chronic obstructive
pulmonary disorder, sinusitis, rhinitis, etc.

• Individuals with any present medical conditions
like hypertension, hypotension, any cardiac
disorder, juvenile diabetes mellitus, etc.

• Individuals with any history of trauma in the last
2 months.

• Individuals who are presently undergoing any
aerobic training program.

Materials Used for the study were Static cycle,
Sphygmomanometer, Stethoscope, Stopwatch, 30
meter long corridor.

STUDY PROCEDURE

A sub maximal 6 minute walk test was performed
and the distance walked, walking speed and vitals
were recorded pre training and post training. The
physiological cost index for each subject was calculated
as per the formula.

Subjects were students randomly selected on basis
of inclusion criteria from K.J.Somaiya College of
Physiotherapy. A written informed consent was taken
from them.  All of them underwent an aerobic training
program in the form of aerobic cycling. The exercise
program consisted of 10 mins of warm up, followed
by 30 mins of aerobic cycling, followed by 10 mins of
cool down, thus a total of  50 mins of exercise program.
Training was imparted 3 times a week, for 4
consecutive weeks.

Statistical Analysis

Paired ‘two tailed t test’ was done.

RESULTS

TABLE 1 :

Parameter: pre HR* post HR*

Mean: 34.100  28.100

# of points: 20 20

Std deviation: 14.574 8.246

Std error: 3.259 1.844

 Minimum: 4.000 12.000

Maximum: 64.000 40.000

Median: 34.000  30.000

Lower 95% CI: 27.279 24.241

Upper 95% CI: 40.921 31.959

*HR- Heart Rate
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TABLE 2:

Parameter:  pre SPEED post SPEED

Mean: 92.584 93.984

 # of points: 20  20

Std deviation:  8.386 8.597

Std error: 1.875 1.922

Minimum: 83.330  83.330

Maximum: 106.67 106.67

Median: 90.000 94.000

Lower 95% CI: 88.659 89.960

Upper 95% CI: 96.508 98.007

TABLE 3:

Parameter:  pre PCI * post PCI*

Mean:  0.3725  0.2985

# of points: 20 20

Std deviation: 0.1718 0.08598

Std error       :     0.03842  0.01923

Minimum:   0.05000  0.1400

Maximum:    0.7700  0.4300

Median:  0.3650 0.3000

Lower 95% CI: 0.2921  0.2583

Upper 95% CI: 0.4529  0.3387

*PCI – Physiological Cost Index

TABLE 4:

Parameter: pre DISTANCE post DISTANCE

Mean: 555.50 563.90

# of points: 20 20

Std deviation: 50.312 51.575

Std error: 11.250  11.533

Minimum: 500.00 500.00

Maximum: 640.00 640.00

 Median:  540.00 564.00

Lower 95% CI:  531.95  539.76

Upper 95% CI: 579.05 588.04

Statistical analysis was done as per SPSS software
version 16.As the data was not falling in the normalcy
,wilcoxon signed rank test was done.

 The study showed that the average PCI value in
normal healthy individuals, reduced from 0.3725
beats/min to 0.2985beats/min, after 4 weeks of aerobic
training, which was found to be statistically significant
(p = 0.0441).

It was also found that the average values of the
difference in heart rates reduced from 34.1 beats/min
to 28.1 beats/min. post 4 weeks of aerobic training,
which was also found to be statistically significant
(p=0.0385)

The average value of difference in speed increased
from 92.584 mts/min to 93.984 mts/min after 4 weeks
of aerobic training, which was found to be statistically
insignificant.(p =0.5016)

DISCUSSION

The study was conducted on 20 female subjects in
the age group of 20 to 30 years for 4weeks. Males were
excluded from the study to avoid the gender variation.
Average PCI value reduced from 0.3725 beats/min to
0.2985 beats/min, after 4 weeks of aerobic training,
which was found to be statistically significant. This
signified a reduction in the energy consumption, which
was brought about by aerobic training.

Analysis of the data showed, the average values of
the difference in heart rates reduced from 34.1 beats/
min to 28.1 beats/min. post 4 weeks of aerobic training,
which was also found to be statistically significant.

(7) Heart rate is regulated by Sympathetic Nervous
System (SNS) and the Parasympathetic Nervous
System (PNS) which in turn are under control of the
brain’s higher somatomotor command. Stimulation of
the SNS releases catecholamine like epinephrine and
norepinephrines. These neurohormones accelerate the
sinoatrial (SA) node depolarization, leading the heart
to beat faster, resulting in tachycardia. On the other
hand, stimulation of the PNS releases acetylcholine
which retards the rate of sinus discharge, resulting in
bradycardia. This reduced heart rate results largely
from stimulation of the vagus nerve.

During exercise the heart rapidly “turns on”
because of an increase in the sympathetic input and a
decrease in the parasympathetic input. This response
is brought about by the medulla.

However endurance training brings the heart SA
node under greater influence of acetylcholine, the
parasympathetic hormone that slows the heart rate.
This is due to increase in the vagal stimulation. Also
there is a decrease in the sympathetic discharge.

These adaptations contribute to resting and sub
maximal exercise bradycardia in conditioned
endurance individuals, who are trained aerobically.
The sub maximal heart rate frequently decreases by
12 to 15 beats per min with endurance training, while
there is a much smaller decrease in the resting heart
rates.
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The average value of difference in speed increased
from 92.584 mts/min to 93.984 mts/min after 4 weeks
of aerobic training, which was found to be statistically
insignificant.

Thus considering PCI = walking heart rate – resting
heart rate / speed, we can say that the reduction in
the PCI values is probably due to reduction in the
difference of heart rates, prior to and after 4 weeks of
aerobic training. Also, a significant reduction in the
heart rates at a consistent speed suggests an
improvement in the cardiovascular parameters.

The Physiological Cost Index can be used to assess
energy expenditure in children and adults with
functional impairments like cerebral palsy, spinal cord
injuries, rheumatoid arthritis, fractures, stroke,
multiple sclerosis, etc. It can also be used in geriatric
population, individuals aided with prosthesis or
orthotics, to study their energy expenditure. Research
demonstrates a consistent correlation between energy
expenditure, PCI and level of functional disability.

CONCLUSION

Ed Thus, we can conclude that there is a significant
reduction in the Physiological Cost Index  values after
4 weeks of aerobic training in normal individuals.The
reduction could be attributed to reduction in difference
in heart rate and not to the speed of walk during 6
minute walk test.

Recommendation
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ABSTRACT

This case report describes the treatment of a patient who had symptoms and signs suggestive of
sacroiliac joint dysfunction. Hip rotation asymmetry has been found to be associated with low back
pain of sacroiliac origin. The manual therapy techniques used for correcting the dysfunction focus
on mobilizing the joint itself, but this case report presents the results of Mulligan's mobilization with
movement technique for hip rotation being used for sacroiliac joint dysfunction. This case report
suggests that asymmetrical hip rotation may contribute to sacroiliac component of back pain and hip
rotation technique can be successfully used to decrease the pain and activity limitation imposed by
it.

Keywords: Sacroiliac Joint Dysfunction, Hip Rotation, Mobilization with Movement

INTRODUCTION

Sacroiliac joint dysfunction (SIJD) has been defined
as a state of altered mobility within a portion of
sacroiliac joint’s range of motion, either unilaterally
or bilaterally, which causes changes in the structural
relationships between the sacrum and the ilium1.
Debate has continued over the existence of SIJD. Some
view it to be a insignificant contributor 2,3 (whereas
others believe that it plays a major role in low back
pain (LBP) 4,5.

SIJD has been found to be associated with limited
hip mobility. Dunn et al.6 reported that in multiple
patients pyogenic infection of sacroiliac joint resulted
in limited hip mobility, limited straight leg raising and
pain when pelvis was compressed. LaBan et al.7 found
asymmetry in hip mobility with a reduction in
abduction and lateral rotation in patients with SIJD.
Fairbank et al. 8 1980 found limited hip rotation in
students with back pain more often than in students
without back pain. Mellin9 found a significant
correlation between recurrent LBP and limited hip
internal rotation. Ellison et al.10 reported the relation
between asymmetrical hip rotation and LBP in patients
with diagnosis of lumbar strain, disk herniation, SIJD
and avulsion fracture.

The manual therapy techniques for SIJD focus on
mobilizing the joint itself, but as asymmetrical hip
rotation has been found to be associated with SIJD,
the purpose of this case report is to describe the
treatment of SIJD using Mulligan’s hip joint
Mobilization with movement (MWM) technique.

Interview Data

A 30 year old garment industry worker, working
on stitching section from the past 10 years, 165 cm in
height and 69.8 kg in weight presented with unilateral,
left sided low back pain which radiated to the buttocks
and posterior thigh. This pain persisted from a week
at present. He remembered that the pain started
around 1.5 years back after lifting a load had persisted
off and on since then and he had pain on most days
every month during the past year. The pain was
intermittent, moderate (VAS score 7.2), nagging in
nature, started anytime during the day, often disturbed
sleep especially while lying on left side and aggravated
with prolonged sitting and standing. Coughing and
sneezing did not increase his pain.   His job involved
sustained sitting most of the times and sustained
standing occasionally.  In addition he did not have any
history of unexplained fever, weight loss, bladder/
bowel dysfunction or intractable pain in the past year,
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though he had suffered absenteeism from work due
to LBP for around 2 months.

When asked for activity limitation due to LBP as
per SF 36 Physical functioning scale 11 (5 point likert
scale “not at all, a little bit, moderate, quite a bit,
extreme”) the subject revealed (Table 2) that he had
quite a bit difficulty in vigorous activities such as
running, lifting or carrying groceries, bending,
kneeling or stooping and walking more than a
kilometer, while he had moderate difficulty in climbing
several flight of stairs and walking half a kilometer.
He perceived that physical activities at work were
dangerous for his back and inadequate rest intervals
contributed to his pain but he was satisfied with his
job.

PHYSICAL EXAMINATION DATA

Visual inspection of the standing patient showed
lordosis at lumbar spine. Active spinal motion was
visually assessed. Active spinal flexion in standing was
limited and painful. Spinal extension and lateral flexion
to the right was full with pain in the terminal range.
Palpation of the bony landmarks while the patient
stood with the knees extended and feet a shoulder
width apart showed a high PSIS and a low ASIS on
right side. The PSIS on the right side appeared to move
superior as compared to left yielding a positive
standing flexion test and standing hip flexion test
(Gillet’s test).

During straight leg raising test, the patient
complained of unilateral back pain above 70 degrees
on left side. Pain beyond 35 degrees indicates a
mechanical dysfunction at a lumbar or a pelvic joint 4.
Faber’s test for sacroiliac joint dysfunction was found
to be positive on left side. Manual muscle tests for hip
flexors, quadriceps, ankle dorsi flexors and plantar
flexors and extensor hallucis longus showed normal
muscle grades. Patellar tendon and ankle reflexes were
bilaterally symmetrical.  The patient’s leg lengths were
examined in supine by comparing the level of inferior
aspect of medial malleoli (Weber Barstow maneuver).
The left leg appeared shorter as compared to the right.
While holding the thumbs distal to both medial
malleoli the patient was asked to sit up. The apparently
short left leg appeared to lengthen, demonstrating a
positive supine to sitting test. This finding was also
confirmed by prone knee flexion test. Palpation of
PSIS’s height in sitting revealed high PSIS on right side.
Cluster of positive 3 out of 4 tests  (the standing flexion

test, the prone knee flexion test, the supine long sitting
test, and palpation of PSIS heights in sitting position)
given by Cibulka and Koldehoff 12 have reported high
intertester agreement (k=.88) for SIJD. In addition on
palpation, tenderness was elicited on medial aspect of
sacroiliac joint (sacral sulcus). The above findings
suggested a left posterior innominate dysfunction.

The goniometric measurement for hip rotation
range of motion10 with patient in prone position, knees
flexed to 90 degrees, on the edge of examination table
with back stabilize revealed a restriction of active (30
degree) and passive hip internal rotation (35 degree)
on the left side (Table 1) as compared to active (45
degree)   and passive hip internal rotation (52 degree)
on right side.

Intervention

The initial goal of the treatment was to relieve
patient’s low back pain and eliminate the apparent
innominate bone rotation. The patient was given a hot
pack prior to mobilization. Then he was made to lie
supine, and was given 6 repetitions of hip rotation
MWM for internal rotation of left hip using a
mobilization belt. He was asked to avoid cross leg
sitting, squatting, sitting unsupported and prolonged
postures till his pain subsides and was educated about
back ergonomics.

RESULTS

After the intervention on Day 1, the patient was
immediately reassessed for hip rotation range of
motion. The active and passive internal rotation of left
hip had increased to 42 and 50 degree respectively. The
patient was treated consecutively for 6 days. On 6th

day he was re examined for pain, range of motion,
activity limitation and leg length discrepancy. The
patient reported of mild pain (2.5 cm on VAS), apparent
leg length discrepancy had reduced to near normal,
SLR on left side was almost painless, Faber’s test did
not elicit pain on left side. The right PSIS no longer
moved superior as compared to left side on standing
flexion and Gillet’s test (though it did not move inferior
as well), active spinal flexion was almost full with mild
pain in terminal range whereas there was no pain in
active spinal extension and lateral flexion to right side.
The patient had moderate difficulty in vigorous
activities such as running and little bit difficulty in
climbing several flights of stairs, bending kneeling and
stooping and walking a kilometer.
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Table 1: Hip Rotation Range of motion

Hip ROM (in degrees) Pre treatment Post treatment  Post treatment

Active IR   (R) 45 45 50

Passive IR (R) 52 52 55

Active IR   (L) 30 42 52

Passive IR  (L) 35 50 57

Active ER  (R) 70 70 70

Passive ER (R) 70 70 70

Active ER   (L) 65 70 70

Passive ER (L) 70 70 70

Internal rotation (IR), External rotation (ER)

Table 2: Activity limitation as per SF 36 Physical Functioning scale

Activity              Level of difficulty

Pre treatment Post treatment (Day 6)

Vigorous activities such as running Quite a bit Moderate

Moderate activities such as moving a table A little bit A little bit

Lifting or carrying groceries Quite a bit Not at all

Climbing several flight of stairs Moderate A little bit

Climbing one flight of stairs Not at all Not at all

Bending, kneeling or stooping Extreme A little bit

Walking more than a kilometer Quite a bit A little bit

Walking half a kilometer Moderate A little bit

Walking 100 metres Moderate A little bit

Bathing or dressing self Not at all Not at all

DISCUSSION

A relation between limited hip internal rotation
particularly on the side of   left posterior innominate
dysfunction has been found in the present case study
and application of hip rotation MWM for restoring
internal rotation has resulted in a decrease of pain,
improvement of active spinal and hip rotation range
of motion along with improvement in activity
limitation as per SF 36 physical functioning scale.

The association of limited hip internal rotation with
SIJD has been supported by previous studies which
have reported a correlation between recurrent LBP and
limited hip internal rotation9, more lateral rotation than
medial rotation in patients with LBP10 and restriction
of internal rotation especially on the side of posterior
innominate13.

The relation between the sacroiliac joint and limited
hip mobility  can be explained in the light of the fact
that Hip and S.I. joint have a close an anatomical
relationship as they share one bone (ilium) an this
creates a likely kinesiologic dependence. They also
share a similar innervation i.e Hip Joint L2-S1 and S.I.
Joint L2-S2. They also share a role functionally in that

the both are a link in the kinetic chain between the
spine and legs and both need stability, mobility to be
able to withstand considerable forces acting on
them9, 13.

It has also been observed that in  repeat examination
of Gillet’s test and standing flexion test on Day 6 post
treatment, the PSIS on R side did not move superior
and remained at level with PSIS on opposite side which
suggests that patient required few additional sittings
of treatment along with corrective exercises.

The level of evidence for the clinical efficacy of
MWM treatments is presently low, consisting of mainly
case reports. . Many authors speculate about the
underlying mechanism of action of MWM techniques
with a tendency to conceptualize this as one of
reducing positional faults at joints (subluxations). At
the same time the hypoalgesic effect of MWM does
not appear to involve endogenous opiate systems and
thus appears to be intricately complex and warrants
further study14. Thus studies such as randomized
clinical trials are required to substantiate or refute the
positive claims from these preliminary reports.
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CONCLUSION

This case report suggests that hip joint MWM for
rotation may reduce the pain and improve function
for patients with sacroiliac joint dysfunction. Further
research on a larger sample is needed to derive firm
conclusion.

Ethical Clearance: The patient was made to sign
informed consent form. Ethical clearance was sought
from institutional ethical board.
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ABSTRACT

India received status of Polio-free country in 2012. However Vaccine-Associated Paralytic Poliomyelitis
(VAPP) surfaced worldwide wherever Sabin's oral polio vaccine (OPV) having attenuated live virus,
was used. WHO's Global Polio Initiative to Eradicate Polio (1988), recommended use of OPV. USA
(2000) and many European countries subsequently switched to the injectable Salk inactivated Polio
Vaccine (IPV). Scandinavian countries used IPV all along. OPV is continued in the developing
countries; it has low costs and ease of operation, for the mass campaigns. In gives intestinal immunity.
India is a successful example of Polio eradication programme having played a model role. However,
the risk of VAPP looms over the vaccinated children. Also Non-polio Acute Flaccid Polio (NPAFI) is
on rise with 54788 AFP cases detected in 2013 manifesting polio-like clinical picture. No clinical
difference exists in VAPP and wild Polioviruses(P1-P3) paralysis. WHO  facilitated technology transfer
to India to produce new Sabin IPV, as affordable immunisation programme. This critical review
covers related issues and the controversies; it will acquaint therapists of this new menace, who
eventually take the brunt during the secondary, tertiary prevention and management. Therapist must
carefully educate the public on this sensitive issue.

Keywords: Vaccine-associated Paralytic Poliomyelitis Acute Flaccid Paralysis

INTRODUCTION

In Nov. 2013, I came across a 15-months cheerful
male infant, grossly paralysed in whole body, under
rehabilitation and cared affectionately by stressed
parents. On observation, breathing was fast and
shallow indicating inspiratory muscles weakness.
Infant could just hold neck, but was unable to sit. He
could use grasp and release of hands without outreach.
In supine lying, lower limbs were abducted and
externally rotated. Infant was making good of lower
limbs flexing at hips, with outstretched knees, to reach
overhead objects, playfully (mobile phone!)

Parents told it happened 5 months ago. Prior, this
baby was normal. At 9th month after receiving dose
of oral polio vaccine, he got fever and paralysis of the
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body-muscles. He was in ICU on ventilator for 3
months. He was diagnosed as a case of Polio due to
vaccine. Government of Maharashtra paid Rs 5 lakhs
as part-expenditure towards treatment.

Internet search found a report in The Hindu, July
30, 2013: A nine-month-old boy from Navi Mumbai
tested positive for Vaccine- Derived Poliovirus (VDPV)
type 2 and is now on ventilator at B J Wadia Hospital
in Mumbai, the fourth such case recorded in the
country this year. “When he arrived, he didn’t have
any power in all the four limbs. Now, he is showing
signs of improvement” said the Director, Health
Services.

From Bihar, he was brought to Mumbai when two-
months old; since then, was orally vaccinated for polio
five times. DHS added, “Problem with his immunity
is being examined. Normally, polio virus in the
intestines completely dies after 200-300 rounds of
replication. But here, the virus seems to be virulent,
resulting in polio”. Polio-Surveillance Team visited
residential area having 95% polio vaccination coverage.
Stool samples of all the family members were taken.
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Municipal Corporation will follow the protocol; 450
children in the area will be thoroughly examined. A
polio drive will be undertaken in Navi Mumbai;
sanitary conditions would also be checked. Circulating
VDPVs rapidly stop with 2-3 rounds of high-quality
immunisation campaigns, regardless of the origin of
the virus.1.

 Previous case in Maharashtra was published in The
Times of India in June, 2013.  An 11-month-old boy
from Beed district was infected with VDPV. “The child
has been ill for prolonged periods, indicating the
possibility of immunodeficiency,” an official said
adding that the discovery does not threaten the polio-
free status, of India. Only infections caused by wild
polio virus strains like P1 and P3 get counted, not P2
strain that causes VDPV infection.2. This child could
not be revived.

AIMS AND OBJECTIVES OF STUDY

1. To find incidences of vaccine-derived polioviruses
and vaccine-associated paralytic Polio.

2. To explore the strategies of prevention used in
other countries and the status in India.

3. To analyse relevant evidences and prepare a
synthetic view.

   MATERIALS AND METHOD

Search involved evidences in order of priority from
journals, documents from the WHO, Government
agencies, informative websites and national
newspapers, as per the key words relevant to vaccine-
associated paralytic poliomyelitis. Critical comments
are made by this author.

RESULTS OF SEARCH

Expanded Programme of Immunisation India
included Polio in 1978 with OPV, had coverage of 40% by
1984. Universal Immunization Program launched in 1985,
covered over 95% children during 1990 -91. Following the
Global Polio Eradication Initiative of WHO in 1988, the
Government added the Pulse Polio Immunization (PPI)
since 1995. India Polio Fact Sheet (2012) revealed that 900
million OPV doses were administered in 2011. Last case
was in 2011 while in 1985: 150,000 cases occurred due to
wild Polio.3. In 1988, less than half the world’s children
had received 3 doses of the OPV and more than 350000
new cases of polio were estimated to have been
reported, in 125 countries.4. 

To a Parliament question on incidence of Polio after
OPV, an enquiry was made to AIIPMR, Mumbai in
1984-85. Dr Mukherjee then Director assigned
Physiotherapy Department to screen records. Over
week-end search from 500 fresh Polio cases prior
vaccinated by OPV, we found 13% had Polio; figure
by Institute of Enterovirus, Mumbai, from larger data,
matched. Partially vaccinated children had milder
paralysis.

 In 1989, in a WHO Inter-country workshop on
Orthopaedic Technologies in Developing Countries,
at Dakar in Africa, I estimated need of lower limb and
spinal orthoses for prevalence which was justified but
of future needed modification since the incidence of
polio was on decline.

India achieved a major milestone with the WHO
striking it off the list of polio endemic countries on
25th February 2012, with more than one year without
reporting any cases of wild poliovirus. India’s success
leaves only three countries in the world considered
polio-endemic, Afghanistan, Nigeria and Pakistan.5.

India’s successful polio eradication is a model for
developing countries.

Bharat Immunologicals & Biologicals Corporation
Limited (BIBCOL) Chola, in Uttar Pradesh, develops
Polio Vaccine in bulk since January 1996.  Production
capacity in 2011, was 35 million doses.6  Requirement
is much larger.

Just in one round of the national immunization days
in India, there are 640000 vaccination booths, 2.3
million vaccinators, 200 million doses of vaccine, 6.3
million ice packs, 191 million homes visited and 172
million children immunized. In the last 20 years only
one child was paralysed due to polio in the Americas.
 The WHO Western Pacific Region was declared polio
free in 2000 and the WHO European Region in 2002. 7 

    National Polio Surveillance Project with coverage
of 86 % population in 2013, detected 54788 cases of
AFP (stool collection within 14 days). Wild Polio cases
in 2010 due to P1 were 18, and P3- 24.  WHO indicators
of AFP surveillance and laboratory performance are
practiced .8  What Led to the Nigerian Boycott of the
Polio Vaccination Campaign?

The last cases of paralytic polio in USA were in 1979,
among the Amish in Midwestern states. Uphill 1999,
162 cases were reported. There was no clinical
difference between paralytic polio by wild poliovirus,
or VDPV. In 2005, a VDPV was found in the stool of an
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unvaccinated, immune-compromised child in
Minnesota and seven unvaccinated children around
had poliovirus infection. None had paralysis.9 Data
suggest that the wild poliovirus circulate in-apparently
through several generations without paralysis. The
absence of new cases of paralytic poliomyelitis reflects
in part, the success of the multi-state immunization
campaigns; the possibility of new cases remains,
because the wild type P1 poliovirus may continue to
be excreted. However, the risk of additional cases is
diminishing.10   Those findings guided future policy.

VDPVs can cause outbreaks in countries where
vaccine coverage with OPV is low. Long-term excretion
can also occur in people with certain
immunodeficiency disorders. IPV (shot) may be given
at the same time as other vaccines. Children get 4 doses
at these ages, 2, 4, 6-18 months and booster dose at 4-
6 years.11

Approximately 72% of persons infected with polio
have no symptoms; 24% have minor symptoms, such
as fever, fatigue, nausea, headache, flu-like symptoms,
stiff neck/ back, and painful limbs, often resolving
completely. Fewer than 1% results in permanent
paralysis (usually the legs). 5-10% paralysed die from
respiratory paralysis. The death rate increases with
increasing age. A person is considered fully
immunized if three doses of IPV, or OPV, or four doses
in combination, received. Until recently, the benefits
of OPV-use outweighed the risk for VAPP which
occurred in one child out of every 2.4 million OPV
doses distributed. Since January 1, 2000, OPV was no
longer recommended for routine immunization in the
United States. However, OPV continues to be used in
the countries where polio is endemic or the risk of
importation and transmission is high. OPV is
recommended for global polio eradication activities
in polio-endemic countries due to its advantages over
IPV in providing intestinal immunity and providing
secondary spread of the vaccine to unprotected
contacts.12

In the last 20 years only one child was paralysed
due to polio in the Americas.  The WHO Western
Pacific Region was declared polio free in 2000 and the
WHO European Region in 2002. 13 What Led to the
Nigerian Boycott of the Polio Vaccination Campaign?

Vaccine-derived polioviruses (VDPVs) are rare
strains of poliovirus genetically mutated from the
strain contained in the OPV containing a live,
attenuated vaccine-virus. Following vaccination, it

replicates in the intestine, enters into bloodstream to
trigger protective immune response. The child excretes
the vaccine-virus for 6-8 weeks. Very rarely, VDPV can
cause Vaccine-associated paralytic poliomyelitis
(VAPP) that occurs in an estimated 1 in 2.7 million
children receiving their first dose of OPV. Between 2000
and 2011 – a period in which more than 10 billion doses
of oral polio vaccine were given worldwide – 20 VDPV
outbreaks occurred, resulting in 580 polio cases. In the
same period, wild poliovirus paralysed over 15 500
children. The occurrence of iVDPVs (immune-
deficiency) is very rare. Only 33 cases have been
documented worldwide. Of these, most stopped
excretion within six months or died.

Testing for VDPVs and AFI:  All cases of acute
flaccid paralysis (AFP) among children under fifteen
years are reported and tested for wild poliovirus or
VDPV, within 48 hours of onset. 14

  USA Government agencies inform: Adults,
travelling to polio-endemic/ high-risk areas, working
in a laboratory handling specimens containing
polioviruses or healthcare worker in close-contact with
poliovirus infected persons and others never
vaccinated should get three IPV doses. 15

DISCUSSION

Different countries use different Polio vaccination
strategies. Scandinavian countries persisted with IPV
all along. Wezel (1978) improved and standardised the
production and potency of IPV16    USA switched back
to IPV in 2000.  Most European countries are using
IPV, some OPV + IPV and a few OPV. In some
countries, it is given with DTP or in trivalent
combination.

  Salk method was used by Cutter Inc.
compromising manufacturing process and safety
testing. Cutter vaccine caused paralysis in monkeys;
though reported, the Director NIH ignored it. Two
weeks later, as Polio reports received, (paralysis-200,
deaths 10) vaccine was withdrawn. Director NIH and
the Secretary of Health resigned. 24  May we expect such
democratic norms in India? Rotary international
supported Pulsed Polio immunisation in India.

WHO persisted with OPV, in Polio-endemic
countries.

Nigeria took crossroads and boycotted OPV in 2003.
The Poliovirus (from Nigeria) travelled in 2005 to
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Yemen, Saudi Arabia, and Indonesia (probably
through Muslim pilgrims). As a result, over 1,500
children were paralyzed.17

The vaccine boycott in Nigeria had complex factors,
political (America’s war in Iraq considered ‘against
Islam’) and religious motives (Muslim clerics against
family planning), perceived betrayal by the
government, the medical establishment, and big
business (Pzier’s Trovan trial in 1996, accused of
without ethical approval by BMJ 2001).18   In contrast,
Indian populations of various religions have
cooperated faithfully, in a secular manner.

  An argument against IPV was also the cost factor
an exaggeration based on inflated market prices.
“Demand is increasing from other countries and the
supply has not caught up, leaving market forces to
dictate the sale price of IPV.”19

The year 2004 was the golden jubilee of IPV
developed and tested by Jonas Salk. In 1983, Salk was
honoured by Nehru Award. This appreciation is worth-
mentioning since Sabin OPV is used in national
programme.

 Dr. Jacob M. Puliyel, (Vice Chairman, IMA sub-
committee on immunisation) publicised dissent to
OPV in Hindu, (2006). He quoted letter of (Dec. 12,
1999 The Hindu) Dr. Pushpa Bhargava, then Vice-
Chairperson of National Knowledge Commission, ,
who in 1988, attended a Government meeting wherein
it was decided to use inactivated polio vaccine in India
because of the poor efficacy of OPV.  A factory to
manufacture IPV was set up in Gurgaon in 1988 [which
was closed in 1992] as per WHO recommendation
favouring OPV. Dr. Bhargava’s letters to then Prime
Minister, and the Health Ministry, remained
unanswered.

The IMA was alarmed by the VAPP cases (1,600 in
2005) by repeated doses of OPV. More alarming were
the 27,000 cases of polio-like paralysis in children. The
polio control programme was working well with
routine immunisation. The incidence of polio fell from
24,000 in 1988 to 4,800 in 1994, well before pulse-polio
started. However in 1998, WHO plan of repeated use
of OPV with initial funding of Rs. 400 crores a year
came from international agencies. After 2 years, these
agencies claimed donor-fatigue and withdrew
funding. The Government of India spent Rs. 1,000
crores on this programme last year. Expenditure on
all other immunisation was Rs. 300 crores!20  This is
self-explanatory.

 Some news reports are shocking e.g., ‘what is done
with OPVs produced but banned in the West? Dump
them on third world countries with the humanitarian
cover that they are less expensive and easier to
administer to large groups simultaneously. Untested
vaccines are causing new wave of polio-like paralysis,
across India.21 However, WHO supplies are pretested
quality control.

With Gates Foundation program, “The Last Mile:
Eradicating polio in India”, polio cases   ago, dropped
to 42 by 2010. But it appears that wild polio virus
statistics have been traded for polio from vaccines and
NPAFP. In India, over 47,000 cases of NPAFP were
reported in 2011 with clinically similar paralysis by
wild- virus-polio and VAPP. Ironically, the Salk vaccine
contained SV-40 associated with cancer’s surge since
the 1950s.22

  Some silver lining is worth noting. John (2003)
reported on their ICMR sponsored project to test IPV;
results were satisfactory (Government pre-condition
was not to publish the work!).  He quoted IPV trials
conducted at J. J. Hospital Mumbai by HOD
Paediatrics, between 1988-91 reporting zero-polio
incidence after IPV, in OPV-immunised children (with
Polio incidence 9-14% previously), in 3 blocks of
100,000 populations each.23

   Important participation from voluntary
organisations: National Foundation for Infantile
Paralysis (1938) organised house-to-house campaigns
of collection, “March of Dimes”. The NFIP conducted
a large vaccine trial for IPV. Rotary International, Gates
Foundation contributed to immunisation in India.
Many VOs sponsored rehabilitation of Polio patients.

In 2013, the Supreme Court following a Public
Interest Litigation asked the Centre to justify the use
of Pentavalent vaccine being pushed as a replacement
for the DPT vaccine and also used for prevention of
Hepatitis-B.25  . Courts in India are alert towards public
health issues like vaccination whereas Dr Puliyel or
Dr Bhargava addressed media alone.

Sabin seed-strains are based on attenuated virus
and therefore safer and less volatile to produce than
traditional IPV, in developing settings. Affordable IPV
will play a critical role in helping secure a lasting polio-
free world, as outlined in the new Polio Eradication
and Endgame Strategic 2013-2018, to prepare for the
phased removal of OPV in routine immunization
programmes. In India (Panacea Biotec, Ltd. (2011) and
Serum Institute of India (2012) are selected by WHO
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and Intravacc (Netherlands) for technology transfer,
supported by the Gates Foundation.26

Key challenge now is to ensure any residual or
imported poliovirus is rapidly detected and
eliminated. The importation of wild poliovirus into
China in 2011 highlights the risk that India faces of
polio returning to the country.3

Is it a new impending disaster?

CONCLUSION

It is difficult to pass any judgement with the
experts’ controversial views. WHO and the
governments have global vaccination responsibilities;
Polio is eradicated from India (2012), as defined.
Therapists until 1990s faced the ordeal of fresh Polio
children during rehabilitation. Though VAPP occurs
rarely, wild-virus Polio, Polio like paralysis (NPAFI)
are the upcoming threats presently, therapists must be
aware of.  Parents should not be made panicky; proper
information should be disseminated, encouraging
them to follow vaccination programme.  Hopefully,
Sabin IPV is a solution, emerged though non-polio
paralysis is only being detected without remedy.
Therapists usually come in secondary and the tertiary
prevention and management. However, therapists’
role in child health and fitness is equally important.
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ABSTRACT

Objective: The purpose of the study was to compare the values of ankle brachial index (ABI) measured
by Doppler and by sphygmomanometer.

Method: Thirty people were assessed for the ABI measurement through Doppler method by one
investigator and by sphygmomanometer method done by another investigator.

Results: The correlation between the ABI taken with sphygmomanometer and with Doppler was
0.745. The value suggests positive correlation between the two. But kappa score was 0.267 with p
value 0.143 implied that ABI measurement with Doppler could not be replaced with measurement
with help of sphygmomanometer.

Conclusion: Best method of measuring ABI is with Doppler. ABI Measurement with
sphygmomanometer does not give good result as compared to Doppler.

Keywords: Ankle Brachial Index (ABI), Doppler, Sphygmomanometer

INTRODUCTION

Peripheral arterial disease (PAD) is a chronic,
lifestyle-limiting disease and is an independent
predictor of cardiovascular and Cerebro-vascular
accidents. Despite the recognition that PAD is
associated with a marked increase in the risk of
ischemic events, this particular manifestation of
systemic atherosclerosis is largely under diagnosed
and under treated.1 Peripheral Vascular Disease(PVD)
is frequently asymptomatic in people with diabetes
and may present with ischemic foot ulceration or
gangrene with no previous claudication. Distal disease
may allow reasonable blood supply to be maintained
to the large muscles involved in walking while
critically impairing the supply to the skin of feet. Co
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existent neuropathy and exercise limitation due to
other diseases may also mask the symptoms of PVD.

Hence, regular screening physical examination is
necessary to identify people with PVD.2 Palpation of
peripheral pulsations and measuring Ankle Brachial
Index (ABI) helps in assessment of vascular supply.2

The ankle-brachial index is the first-line test for both
screening for peripheral artery disease and for
diagnosing it. It is inexpensive and noninvasive to
obtain and has a high sensitivity (79% to 95%) and
specificity (95% to 96%) compared with angiography
as the gold standard.3-7

Normally, systolic blood pressure in legs and arms
is similar.8 In the presence of hemodynamically
significant arterial stenosis, the systolic blood pressure
in the leg is decreased.8 Thus, if one were to obtain a
ratio of the ankle and brachial artery pressures, termed
as Ankle Brachial Index or ABI, it would be e” 1.0 in
normal individuals and < 1.0 in patients with
peripheral artery disease. An ABI of < 0.5 is consistent
with severe ischemia.8 Hence, regular screening of
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people is necessary to identify people with PAD. This
screening could be clinically done by measuring ankle-
brachial index (ABI). The world-wide accepted method
to measure ABI is with the help of vascular Doppler.
But the availability of Doppler could be limited.
However, Sphygmomanometer is readily available in
all the clinics for the measurement of blood pressure.
So, this study aimed at comparing ABI values by
Doppler and by sphygmomanometer and whether
Doppler could be replaced with sphygmomanometer
for measuring ABI.

METHOD

Ethical approval to conduct the study was obtained
from institute’s research committee. Written consent
was taken from the subjects. The investigator explained
the purpose and general procedure of the test to the
subjects. 30 subjects were randomly selected and were
screened for exclusion criteria of ulcers or open
wounds on the arms or legs.

Ankle and brachial systolic pressures were assessed
using vascular Doppler by one investigator and using
sphygmomanometer by another investigator.

Assessment of ankle brachial index

Preparation of the subject

Each subject was explained about the procedure
prior to the assessment of ABI. It was ensured that the
subject is comfortable, relaxed and had rested for a
minimum of 10 minutes prior to the test to allow the
blood pressures to reach baseline.9,10 BP was measured
in supine position. Each subject was advised to avoid
stimulants like tobacco, alcohol, caffeine or heavy
exercise for an hour prior to the test. The ABI was
performed in a quiet and cool environment. Subjects
were asked to wear lose clothing to permit placement
of pressure cuffs and access to pulse sites by Doppler.

Pressure cuffs were placed so that the bottom of
the cuff was approximately 2-3 cm above the cubital
fossa on the arms and malleolus at the ankle such that
the cuff covers two third area of the arm/leg.9,10.The
arm was kept in relaxed, supported position and at
heart level.The brachial pulse was palpated to
determine location of an audible pulse. Conducting
gel was applied over the pulse site.The ABI was
measured with a vascular Doppler.The tip of the
Doppler probe was placed at a 45° angle pointed
towards the subject’s head until an audible pulse signal
was obtained.11 The pressure cuff was inflated 20-30

mmHg above the point where the pulse was no longer
audible.The pressure cuff was deflated at a rate of 2-3
mmHg per second, noting the manometer reading at
which the first pulse signal is heard.This was recorded
as the brachial systolic pressure value.9,10 The procedure
was repeated to measure the pressure on the other
arm.If a pressure was to be repeated on the same arm,
a gap of 1 minute was taken before re-inflating the
cuff.The higher of the right or left arm’s brachial
systolic pressures was considered to calculate the ABI
for both legs.Similar procedure was done for
measuring the ankle pressure (higher of the dorsalis
pedis or posterior tibial artery)9,10 and the higher of the
two pressures was considered to calculate ABI.Soon
after the measurement of ABI with Doppler, the entire
procedure was done with the help of
sphygmomanometer by another investigator.

Calculation of the ABI: The higher of the dorsalis
pedis or posterior tibial systolic pressure for each ankle
was divided by the higher of the right and left brachial
pressures to obtain the ABI for each leg. 9,10 The ABI
values from each leg were calculated and compared
and the higher of the two was included.

RESULTS

Data was analyzed using the Microsoft Excel Tool
Pack 2007 and SPSS software version 14. Parametric
correlation was calculated for the correlation between
ABI measured with sphygmomanometer and ABI
measured with Doppler. The correlation was positive
and the value was 0.745 which suggests that there is
positive correlation between the two. Level of
significance was set at p d”0.05. But kappa score was
0.267 with p value 0.143 implied that ABI measurement
with Doppler could not be replaced with measurement
with help of sphygmomanometer.

DISCUSSION

Ankle brachial index was assessed in people with
two techniques done by different investigators. Thirty
people were included in the study and the results of
comparing the two techniques gives a positive
correlation between the two techniques and the value
of correlation 0.745 indicates a good correlation
between the two. There is dearth of literature in
comparison of these two techniques of measuring ABI.

Although Doppler measurements give higher
readings for systolic blood pressure but there is no
significant difference when calculating ABI.11 studies
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have shown that sphygmomanometers could be used
accurately to measure ABI in non-diabetics, without
teaching clinicians to use a Doppler11. According to a
study, the stethoscope ABI is a useful method to detect
PAD and it may be suitable for its screening in the
primary care setting.12

In this study, the mean value of ABI with Doppler
was 0.899 and that with sphygmomanometer was
0.889. ABI was categorized according to the cut off i.e.
ABId” 0.9 was considered as case of PAD. And a cross-
table for sphygmomanometer and Doppler ABI was
done. Kappa statistics was done for measuring the
agreement of both methods. Kappa score was 0.267
and p value is 0.143 which implied that the agreement
is insignificant and thus, Doppler ABI measurement
cannot be replaced by ABI measured with
sphygmomanometer, though the correlation coefficient
was positive and significant.

CONCLUSION

The study results demonstrate that
sphygmomanometer could not be used to measure the
ABI as an alternative to the measurement of ABI by
Doppler method which is considered to be the gold
standard method.
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ABSTRACT

Introduction: Proprioceptive sensation (kinaesthesia and/or joint position sense), one of the most
important somatosensory modalities, is known to play an important role in body balance and motor
control. Joint traction and approximation are two proprioceptive stimuli applied at the joint. Studies
reveal that an unidentified set of muscle afferent fibres and cutaneous receptors both contribute to
the sense of movement and position. The Hoffmann reflex (H- reflex), an electrically evoked
monosynaptic reflex, is a measure of the final common pathway, or the motor output.

Objective: To find out the effect of traction and approximation on H-reflex.

Method: Study performed on 20 normal subjects both males and females taken from the city Anand
under the age group of 19-26 years. This is an experimental study, which is performed in the clinic of
physiotherapy. The subject was made to lie prone comfortably on a plinth. The tibial nerve was
stimulated at the popliteal fossa using 1 ms pulse and then finds H- latency and amplitude of H-
wave. The subject was made to stand on the wooden board with same electrode arrangement to
approximate the articular surfaces of the knee joint. The procedure was repeated to find H- latency,
and amplitude of H- wave. The subject was made to sit on the stool with same electrode arrangement
and right leg hanging freely off the stool. A 2 kg weight was tied at the ankle to distract the knee joint.
The procedure was repeated to find H- latency, and amplitude of H- wave.

Results: There is significant difference in H-reflex latency and amplitude in prone, joint traction and
approximation.

Conclusion: There is significant change in latency with proprioceptive input.

Keywords: Joint Traction, Approximation, H-Reflex, Proprioception, Knee Joint.

INTRODUCTION

Proprioceptive sensation (kinaesthesia and/or joint
position sense), one of the most important
somatosensory modalities, is known to play an
important role in body balance and motor control3.
Proprioceptors are found in three peripheral
anatomical locations: the muscle spindle, the tendon,
and the joint. Type III Golgi type endings are slowly
adapting joint receptors and seem to provide the brain
with information about joint position. Joint traction
and approximation are two proprioceptive stimuli
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applied at the joint. Traction is the distraction and
separation of joint surfaces. For distraction to occur at
the joint the surfaces must be pulled apart.
Compression is the decrease in the joint space between
bony partners. Compression normally occurs in the
extremity and spinal joints when weight bearing. Some
compression occurs as muscles contract; this provides
stability to the joints. The Hoffmann reflex (H- reflex),
an electrically evoked monosynaptic reflex, is a
measure of the final common pathway, or the motor
output. The H- reflex of the soleus muscle, which is an
antigravity muscle, is highly modifiable by peripheral
sensory inputs and the descending postural
commands from the CNS8.

AIM OF STUDY: To study the effect of Traction and
Approximation on H-reflex in normal subjects
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HYPOTHESIS:H0 : There is no difference in latency
and Amplitude of H-Reflex between approximation
and traction of soleus muscle.

H1: There is difference in latency and Amplitude of H-
Reflex between approximation and traction of soleus
muscle.

Material and methodology: Type of study:
Experimental study

No. of subjects: 20 subject from Physiotherapy
Clinic,Vadodara.

Inclusion criteria

Age group: 19-26 years

Sex: both male and female

Normal healthy individual

Exclusion criteria

Subjects with any obvious clinical symptoms

Equipments and tools

RMS EMG EP system, Plinth and Sand bag (2 Kg)

PROCEDURE

20 healthy individual were selected. Subject was
properly explained regarding study.The subject was
made to lie prone comfortably on a plinth. They were
given 5 minutes time for relaxation and her all physical
activities was stopped prior to test. The right leg was
exposed from foot to popliteal fossa. The resistance of
the skin of leg was reduced using cotton dipped in
alcohol. The room temperature was noted. The
electrodes were placed first on the right leg to record
H- reflex. Pick up electrode: the patient is prone with
feet suspended over the edge of table. The active
surface electrode was placed on a point of bisection
on the line connecting the popliteal crease and the
proximal flare of the medial malleolus. Reference
electrode: over Achilles tendon. Ground
electrode: between site of stimulation and pick up.
Stimulating electrode: at tibial nerve, the cathode is
proximal and is placed over the tibial nerve in the
popliteal fossa at the level of the popliteal crease. The
sub maximal stimulation was given to the tibial nerve
distally at the level of the popliteal crease and a motor
response was recorded from the medial position of
soleus muscle. A square wave pulse of 1ms duration
is used for preferential stimulation of large sensory

fibres. The stimuli are adjusted so as to evoke used for
preferential stimulation of large sensory fibres. The
stimuli are adjusted so as to evoke maximum H-
response amplitude. At this strength a small M-
response may also be present. Attention to M- response
may help in monitoring the strength of stimulation.
H/M ratio which is measured from peak to peak
amplitude maximum H- reflex to maximum M –
Amplitude (H/M) provides an easy estimate of motor
neuron pool excitability. The latency of H reflex is
measured from the stimulus artifact to the first
deflection from baseline. The amplitude is measured
from base to peak of the negative phases. The subject
was made to stand on the wooden board with same
electrode arrangement to approximate the articular
surfaces of the knee joint. The procedure was repeated
to find H- latency, H/M ratio and amplitude of H-
wave.The subject was made to sit on the stool with
same electrode arrangement and right leg hanging
freely off the stool. A 2 kg weight was tied at the ankle
to distract the knee joint. The procedure was repeated
to find H- latency, H/M ratio and amplitude of H-
wave.

RESULTS

To find the effect of proprioception on H latency
by calculating mean , standard deviation, paired t- test. 

Table 1. Mean and standard deviation of H latency

 prone Lying Approximation Traction

Mean 2   27.793  2    26.299  2    28.21233 

sd 2.  2.136575 2.  2.959865 3.  3.497929  

 The table 1 describes the Mean and Standard
deviation of H latency in prone lying, approximation
and traction. Mean and standard deviation of H latency
in prone lying is 27.793±2.136575, mean and standard
deviation of approximation is 26.299±2.959865, mean
and standard deviation of traction is
28.21233±3.497929. 

Table 2, Paired t- test for H latency

 t value P value

P prone lying – a   approximation 3. 3.043502 P< 0.05

A approximation – traction 2.2. 1781 P< 0.05

P prone lying – traction 0.0.74269 P> 0.05

Table 2 describes paired t- test for H latency
between prone lying – approximation, approximation
– traction and prone lying – traction. The results show
significant difference of H latency between prone lying
– approximation.
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2. to find the effect of proprioception on H
amplitude by calculating mean, standard deviation,
paired t- test.

Table 3. Mean and standard deviation of H amplitude

 Prone Lying Approximation Traction

mean 6.  6.311333  5.5.093333  4.4.342  

sd 2.    2.387239 2.2.228194 2.2.645704 

Table 3 describes the Mean and Standard deviation
of H amplitude in prone lying, approximation and
traction. Mean and standard deviation of H amplitude
in prone lying is 6.311333±2.387239, mean and
standard deviation in approximation is
5.093333±2.228194, mean and standard deviation in
traction is 4.342±2.645704 

Table 4. Paired t- test for H amplitude

 t value P value

Prone lying- approximation 3.3.994456 P< 0.05

Approximation–traction  a 1.1.542611 P> 0.05

P prone lying – traction 4.4.008526 P< 0.05

Table 4 describes paired t- test for H amplitude
between prone lying – approximation, approximation
– traction and prone lying – traction. The results show
significant difference between H amplitude of prone
lying – traction.

DISCUSSION

This was an experimental study was done to find
the effect of knee joint traction and approximation on
H reflex. By reviewing literatures it was found that H-
reflex was decreased as the ankle- or knee-joint load
was increased1.

Nakazawa et al (2004) demonstrated that H-reflex
was decreased as the ankle- or knee-joint load was
increased10. Kawashima et al (2003) also showed
suppression of the H-reflex amplitude during the
standing compared with the sitting condition
especially in the spinal cord injury group6.
Also Hayashi et al (1992) found that the amplitude of
the H-reflex increased when the muscle was shortened
in both the sitting and standing
conditions5.  But  Jawayed et al (1999) found no
difference in H-reflex responses between sitting and
lying2.

After calculating mean and standard deviation in
prone lying, approximation and traction, paired t- test
for H latency between prone lying – approximation,
approximation – traction and prone lying – traction.

The results show significant difference of H latency
between prone lying – approximation and approx. -
traction. The mean difference approx. – traction was
greatest.

The mean and standard deviation of H amplitude
was calculated. The t- value for prone lying – traction
was highest 4.008526 at p< 0.05. The results show
significant difference between H amplitude of prone
lying – traction and prone lying- approx. Significant
difference is found between prone lying- approx.
Highly significant difference is found between prone
lying – traction.  There is no significant
difference between approx. – traction.

These results may be attributable to three possible
sources that could modulate the soleus H-reflex circuit
1) the vestibular system, 2) homonymous (from soleus)
facilitation and 3) mechanical compressive forces in
the spinal nerve roots. It was also observed that the
pressure receptors within vertebral column and joints,
such as ankles, knees, hips and neck joints possibly
activate the inhibitory interneurons converging on
the  moto- neurons 11.

It was also proposed that somatosensory inputs due
to gravity inhibit the soleus H- reflex circuit. Segmental
and supraspinal factors are possibly responsible for
this phenomenon. The segmental factors consist of
inhibitory interneurons and presynaptic inhibition of
the IA terminal (Iles, 1996)4, 12. While transcranial
magnetic stimulation studies revealed supraspinal
(descending) modulation of the soleus H-reflex circuit
under various postural conditions, such as the supine,
sitting and standing postures .

But the results of my study are contradicted by
Phadke et al (2006) who demonstrated that no
significant modulation in reflex excitability was
observed by change in loading conditions in either the
non-injured or the injured spinal cord injury (i-SCI)
subjects and that non-injured persons and persons with
i-SCI respond similarly to bilateral limb unloading
during standing with no change in H-reflex
amplitude11.

The review of literature that supports my study are
by Ali and Sabbahi (2000)  who stated that the H-reflex
was inhibited during standing, loading and unloading
as compared with prone lying. The H-reflex was
recovered during loading as compared with during
standing.  Ken’ichiEgawa et al (2003) concluded that
somatosensory inputs due to gravity exert an
inhibitory effects on the soleus H-reflex circuit during
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upright standing in humans9. Nakazawa et al
(2004) investigated the effects of loading and
unloading of the lower limb joints on the soleus H-
reflex in standing humans and concluded that as the
ankle- or knee-joint load was reduced, the H-reflex was
significantly enhanced compared to that under the
control condition10.

According to alternate hypothesis of the study joint
traction and approximation effect the H- reflex
parameters that are H latency, H amplitude and that
the sitting and standing positions significantly
influence the H- reflex. Therefore, the null hypothesis
is rejected.

In the end, we conclude that there is significant
effect of knee joint traction and approximation on
monosynaptic reflex Also the changes are observed in
H-reflex parameters in sitting and standing positions. 

CONCLUSION

From the data analysis of this  study, it was
concluded that there are significant changes in H-
reflex when knee joint is approximated and distracted.
Sitting and standing positions significantly influence
the H- reflex. H- reflex is a sensitive tool to assess
proprioception. Traction and approximation are good
tools to facilitate proprioception.
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ABSTRACT

Objective To determine the relative effectiveness of mulligan bent leg raising compared to slump
stretching in the treatment of patient with low back pain.

Materials and Method: This study was conducted on physically active subject of low back pain.
They were randomly assigned into two equal groups. The pre-test measurements were taken for
both the groups for range of passive SLR and Pain. The group A got Mulligan BLR and group B got
slump stretching for the period of 4 weeks. After the end of 4 weeks post test measurement taken as
similar to the pre-test measurement and the result obtained were compared.

Result: Results of the study shows that both the techniques MBLR and SLUMP are effective in reducing
pain and alter the ROM of PSLR.

However MBLR group shows greater improvement in pain and ROM of PSLR, then the SLUMP
group in patient with Low Back Pain.

Conclusion: According to the results of present study MBLR tech is significantly reduce pain and
improve ROM of PSLR then the slump technique.

Improvement of pain and  PSLR range, by the MBLR technique, might be due to mobilization of the
painful, sensitized, nerve tissues.

Keywords: MBLR (Mulligan Bent Leg Raise), SLUMP Stretching, PSLR (Passive Straight Leg Raise)

INTRODUCTION

Low back pain (LBP) is a common condition
comprising a major health problem worldwide 1. It will
eventually affect almost everyone in life, men and
women equally. Low back pain is defined as pain and
discomfort, localized below the costal margin and
above the inferior gluteal folds, with or without leg
pain2.Low back pain or lumbago is a
common musculoskeletal disorder affecting 80% of
people at some point in their lives. With conservative
measures, the symptoms of low back pain typically

show significant improvement within a few weeks
from onset.3

Lower back pain may be classified by the duration
of symptoms as acute (less than 4 weeks), sub acute
(4–12 weeks), chronic (more than 12 weeks). The
majority of lower back pain stems from benign
musculoskeletal problems, and are referred to as non
specific low back pain; this type may be due
to muscle or soft tissues sprain or strain,particularly in
instances where pain arose suddenly during physical
loading of the back, with the pain lateral to the spine.
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Over 99% of back pain instances fall within this
category. The full differential diagnosis includes many
other less common conditions.4

Under the former WHO classification, back pain
would be considered as a disability, and the social,
design, and architectural barriers would be its
handicaps.5

Low back pain usually involves muscle spasm of
the supportive muscles along the spine. Also, pain,
numbness and tingling in the buttocks or lower
extremity can be related to the back. Causes of lower
back pain are varied. Most cases are believed to be due
to a sprain or strain in the muscles and soft tissues of
the back. Prevention of low back pain is extremely
important, as symptoms can recur on more than one
occasion.6.7

Well-designed study show that physical therapy
modalities like SWD, IFT and lumbar traction along
with cold therapy decrease the pain low back patient.
Several studies have been proved effectiveness of
manual therapy techniques as well as conventional
exercise therapy in reduction of pain and improved
symptom of low back pain such as McKenzie extension
exercise, Maitland mobilization technique, myofacial
release, William’s flexion exercises, mulligan
mobilization and neural tissue mobilization.8, 1

MBLR is a painless technique, when indicated, and
can be tried on any patient with low back pain who
has limited and or painful straight leg rising. Slump
stretching is also useful for the treatment of low back
pain.9

Mulligan (1999)manual therapy treatment
techniques are frequently used in clinical practice.
Konstantinou et al. (2002), reported that, according to
a postal survey, 41% of  physiotherapists treated low
back pain (LBP) using Mulligan techniques.10

 In spite of its popularity, the efficacy of the
Mulligan Concept hasnot been adequately established
by clinical trials. The Mulligan bent leg raise (BLR)
technique has been described as a means of improving
range of straight legraise (SLR) in subjects with LBP
and/or referred thigh pain (Mulligan, 1999). The
intention of this technique is to restore normal mobility
and reduce LBP and physical impairment.10

Chronic low back pain is a common problem in the
present time. It is commonly associated with altered
mechanical tension in the peripheral nerves as tested

by straight leg raising or slump tests. These maneuvers
are used for treatment of such disorders. Both the
straight leg raise and slump stretching techniques have
been found to be beneficial in the treatment of low back
pain with distal symptoms.11

METHODOLOGY

This study was conducted on 50 physically active
subject of low back pain. They were  randomly
assigned into two equal groups. The pre-test
measurements were taken for both the groups for
range of passive SLR and Pain. Then group A got
Mulligan BLR and group B got slump stretching for
the period of 4 weeks. After the end of 4 weeks post
test measurement taken as similar to the pre-test
measurement and the result obtained are compared.

Selection Criteria

Inclusive Criteria

1) Subjects with age group of 30 to 60 year.

2) Having unilateral limitation of SLR more than 15
degree

3) Both genders are included

4) Patient with low back pain mainly of buttock or
distal thigh pain.

EXCLUSIVE CRITERIA

1) Presence of clinical features of low quarter
neurological compromise eg. Sensation loss, motor
loss, abnormal reflexes, bowel and bladder
dysfunction.

2) Patient were not selected who had severe spinal
deformity, spondylosis, spondylolisthesis,lumber
canal stenosis and disc herniation

3) Past h/o of major spinal surgery

4) Pregnancy

Outcome Measures

1) VAS – Visual analog scale12 it is used to measure
the intensity of pain scale

2) PSLR – passive straight leg raise13

It is to measured range of motion of hip flexion with
knee extension by goniometer keeping the other limb
straight
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Outcome measurement will be taken at baseline
(pre intervention) and at four weeks (post
intervention).

MULLIGAN BENT LEG RAISING

This is a painless technique, when indicated and
can be tried on any patient with low back pain who
has limited straight leg rising.

MBLR was performed with the patient in the supine
position with affected knee flexed. Patient flexed knee
over therapist shoulder as seen below figure then ask
to push therapist away with his leg for 30 sec and then
relax. At this point therapist push bent knee further in
the direction of the shoulder in the same side & ask to
push for 30 sec again and his is done 3 repetition in
one session.9

SLUMP STRETCHING

 The patient is seated on the edge of the plinth with
the legs supported, the hips in neutral position and
hands clasping the hand by a side. First, the therapist
should “slump “the back into thoracic &lumber
flexion. The therapist then uses one arm to apply
overpressure across the shoulders to maintain flexion
of the thoracic &lumber spine. The therapist then
applies overpressure to maintain flexion of all three
parts of the spine (cervical, thoracic, lumbar), using
the hand of the same arm to maintain overpressure in
the cervical spine. With the other hand, the therapist
then holds the patient’s foot in maximum
dorsiflexion.This position is held for 30 sec and 3 times
in 1 session. And 4 sessions performed in 1 week.14

OBSERVATION AND DATA ANALYSIS

A study is done taking 50 subjects, 25 each in both
the group.

The pre test data of each group were compared with
the post test data using VAS and PSLR as the outcome
measures.

A paired’t’ test is applied within the group and an
unpaired’t’-test is applied between the group at 95%
of confident interval.

Group 1: Mblr Group

Outcome Measure Mean of Mean of P-value
Pre-test Data Post-test Data

VAS 7.32 3.52 0.0004

PSLR 67.6 85 0.0030

Table 1 shows that pre-test and post test value of
mean for VAS, in MBLR group, pre test mean 7.32
compared with post test mean 3.52 and analysed by
paired t test, the p values comes 0.0004, which is highly
significant.

Table 1 shows that pre-test and post test value of
mean for PSLR, in MBLR group, pre test mean 67.6
compared with post  test mean 85 and and analysed
by paired t test, the p values comes 0.0030, which is
highly significant.

Group 2: Slump Group

Outcome Measure Mean of Mean of P-value
Pre-test Data Post-test Data

VAS 5.76 2.48 0.2635

PSLR 70.4 85.68 0.0759

Table 2 shows that pre-test and post test value of
mean for VAS, in SLUMP group, pre test mean 5.76
compared  with post test mean 2.48 and analysed by
paired t test, the p values comes 0.2635, which is
statisticaly not significant.

Table 2 shows that pre-test and post test value of
mean for PSLR, in SLUMP group, pre test mean 70.4
post test mean 85.68 and analyzed by paired t test, the
p values comes 0.0759, which is statistically not
significant.

Group 1: V/S Group 2: Mblr V/S Slump:

Group Post-test Post-test P-value
Measure Measure
of MBLR of Slump

PSLR 85 85.68 0.1155

VAS 3.52 2.48 0.0983

Table no.3 shows mean value of post test of VAS
for MBLR is 85 which is compared with post test value
of SLUMP which is 85.68 with unpaired t-test,the p
value comes 0.1155 which is not statically significant.

Table no.3 shows mean value of post test of PSLR
for MBLR is 3.52 which is compared with post test
value of SLUMP which is 2.48 with unpaired t-test,the
p value comes 0.0983 which is statistically not
significant.

DISSCUSION

Low back pain (LBP) is a common condition
comprising a major health problem worldwide. It will
eventually affect almost everyone in life, men and
women equally. Low back pain is defined as pain and
discomfort, localized below the costal margin and
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above the inferior gluteal folds, with or without leg
pain. Low back pain or lumbago is a
common musculoskeletal disorder affecting 80% of
people at some point in their lives.

The present study compares the efficacy of two
different mobilization techniques. Here in this study
slump stretching and MBLR is given to 50 patients
having low back pain with SLR more than 15 degree.

The slump stretching was effective in reducing the
patient’s pain by dispersing intra neural edema, thus
restoring pressure gradients, relieving hypoxia and
reducing associated symptoms.

Studies have supported the claims of Cyriax (1942)
and Maitland (1985) by demonstrating that in the
cadaver model, spinal flexion resulted intension of the
nerve roots and dural sleeve. Recent evidence
demonstrated that pain of non neural origin was not
exacerbated by slump stretching.

The Mulligan bent leg raise (BLR) technique has
been described as a means of improving range of
straight leg raise (SLR) in subjects with LBP and/or
referred thigh pain (Mulligan, 1999). The intention of
this technique is to restore normal mobility and reduce
LBP and physical impairment. Improvement of SLR
range, by the MBLR technique might be due to
mobilization of the painful, sensitized nerve tissues.

This is consistent with the findings from the present
study, where the improvement in range of PSLR as
well as reduction of pain. Baseline values for range of
SLR &VAS were different between two groups.

Clinically there are evidence supporting both this
technique [MBLR AND SLUMP] for alteration in ROM
of PSLR and reducing in pain with patients of low back
pain.

In this study results shows statistical significance
of MBLR technique in within group analysis but there
is no statistical significance of SLUMP technique within
group analysis. The graph shows the mean difference
of PSLR and VAS at pre and post intervention for both
the techniques. At the pre and post intervention the
mean difference of both this techniques shows
improvement of PSLR as well as reduction of pain.

Post intervention analysis shows there is no
significant difference in VAS and PSLR between the
two groups.

According to the results of present study MBLR
tech is significantly reduce pain and improve ROM of
PSLR then the slump technique.

Improvement of SLR range, by the MBLR
technique, might be due to mobilization of the painful,
sensitized, nerve tissues, similar to the ‘slider’’ effects
described by Butler (1991) and Elvey and Hall (1997).
However, it is unlikely that this is the main treatment
benefit; in a comparable LBP sample with SLR
limitation, only one third of the subjects had signs of
sensitized neural tissue (Beyerlein et al., 2002).9, 15

Another beneficial effect of the MBLR technique
might be a change in stretch tolerance of the
hamstrings. Goeken and Hof (1994) demonstrated that
the increased range of SLR, following stretching, is
mediated via an increase in hip flexion and hamstring
length, and not related to increased hamstring
viscoelastic properties. In addition, Harvey et al.(2003)
found no increase in hamstring extensibility after 4
weeks of hamstring muscle stretching in patients with
spinal cord injuries. It seems reasonable to extrapolate
that increase in hamstring extensibility is closely
connected to central neurophysiological processing,
which is severely impaired in patients with spinal cord
injuries.16

Thus it might be assumed that the BLR technique
triggers neurophysiological responses influencing the
muscle stretch tolerance. This is supported by the fact
that in the present study there was a trend towards
increased posterior pelvic rotation. An increase in
hamstring extensibility might reduce stress on painful
lumbar tissues and hence allow an increase in posterior
pelvic rotation resulting in greater lumbar flexion.

CONCLUSION

Results of the study shows that both the techniques
MBLR and SLUMP are effective in reducing pain and
alter the ROM of PSLR.

However MBLR group shows greater improvement
in pain and ROM of PSLR, then the SLUMP group in
patient with Low Back Pain.

Limitations of Study

• This study has been performed on small sample .

• The study was done for a short duration of 4weeks.
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• It was a unicentered study.

• We excluded patients with a SLR less than 45

ACKNOWLEDGEMENT

Author is thankful to the principal of S.G.M.
Physiotherapy College, godhra for all support and
guidance to carry out research work.

Ethical Clearance

Study was ethically cleared by ethical committee
of  S.G.M.Physiotherapy College, Godhra,GUJARAT.

Conflict of interest: None

Source of funding: This research received no specific
grant from any funding agency in the public,
commercial, or not / for profit sectors

Source of support: Professor and Head of
Physiotherapy Department.

REFERENCES

1. John Ebenezer, - Essentials of orthopedics for
physiotherapy page no.201,5th edition,2010.

2. Koda S, Hisashige A, Ogawa T, et al. . [An
epi-demiological study on low back pain and
oc-cupational risk factors among clinical nurses].
Sangyo Igaku. 1991;33:410-422.

3. Bigos SJ, Bowyer O, Braea G, Brown K, Deyo R,
Haldeman S, et al. .Acute low back pain problems
in adults.Clinical practice guideline no. 14.
AHCPR Publication No. 95-0642. Rockville (MD):
US Department of Health and Human Services;
1994.

4. Hadler NM. Occupational musculoskeletal
disorders. Philadelphia (PA),2nd edition, page no-
102,161,165,171,1997.

5. International classification of impairments,
disabilities, and  handicaps.Geneva:World Health
Organization; 1980.

6. Rene cailliet- Low back pain syndrome – chapter-
8,,118,,edition 4th ,2001

7. 7. Mccullochtransfeldt, macnab's Backache,
baltimore, Williams & wikins,1997. page no-32

8. Wong DA, Transfeldt E.: Musculoskeletal
anatomy, neuroanatomy and biomechanics of the
lumber spine Macnab’s  backache 4th

edition. Philadelphia ,Williams &  wilkins,2007;
chapter 1

9. Toby hall, Sonja Harclt, Axel Schafer
lenewallin(2005) School of Physiotherapy, Curtin
University of Technology, Bentley, Western
Australia, Received 20 May 2004; received in
revised form 1 April 2005; accepted 27 April 2005.

10. Joshua A. Cleland, john D childs, Jessica A.
palmer, sarcheberhurt 4th 2004, Manual Therapy
11 (2006) 279–286.

11. Orthopedics physical therapy assessment –
David Magee,4th  edition ,chapter no-9,page  no-
511,557,2006.

12. Andrew J. cole, The low back pain handbook –
Back pain & disability- R. calliet,4th edition
chapter 14,page no-294,2008.

13. Blunt KL, Rajwani MH, Guerriero RC. The
effectiveness of chiropractic management of
fibromyalgia patients: a pilot study. Journal of
Manipulative and Physiological Therapeutics
1997.20(6):389–98.

14. Susan b o’sullivan, physical rehabilitation,
chapter no-9,page no-1128, 4th edition,2008.

15. Goeken LN, Hof AL. Instrumental straight leg
raising: results in patients. Archives of Physical
medicine and Rehabilitation 1994; 75(4):406-11

16. LA Harvey, AJ Byak. Randomized trial of the
effects of four weeks of daily stretch on
extensibility of hamstring muscles in people with
spinal cord injuries. ajp/vol_49/3/
AustJPhysiotherapy/2003

7. Gajender patel--24--.pmd 6/13/2014, 2:18 PM28



Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3 29
DOI Number: 10.5958/j.0973-5674.8.2.048

The effect of Six Week Aerobic Dance Exercise Program on
Body Composition

Manisha Maurya1, Shruti Mahajan2

1Student pursuing BPT, 2Assistant Professor College of Applied Education and Health Sciences, Meerut2

ABSTRACT

A sedentary lifestyle poses a serious threat to individual health. It can lead to an increase or progression
in the risk of hypertension, obesity and muscle weakness. An increase in physical activity improves
overall health of an individual. Aerobic dance moves has become gradually more popular  fitness
activity. In this set of moves are executed together to form the choreography of the class

Aim of the study: The purpose of this study was to investigate the effect  of an sixth week  aerobic
dance exercise program on body composition parameter.

Type of study: Six week randomised controlled trial.

Methodology: A total of 20 healthy participated in this study voluntarily. They were randomly divided
in to two group-experimental group (n-10) and a control group (n-10). The subjects in the  experimental
group participated in a aerobic dance exercise program for one hour per day  for six week . The
subjects body mass index (BMI) ,Weight , waist circumference , hip circumference , biceps
circumference , thigh circumference ,  were assessed before and after the completion of the  aerobic
dance exercise program.

Result: After six week of the Aerobic dance  exercise program , significant difference was found in
the subjects  weight , waist circumference , hip circumference, biceps circumference , thigh
circumference BMI level(p<0.05).There was no significant difference in the body composition
parameter in the control group.

Conclusion: The aerobic dance moves proved to be a useful exercise modality for improving overall
fitness level and positive changes in body composition parameter can be procured.

Clinical Significance: This study has devised an interesting protocol for reducing circumference of
the body and BMI which will help in improving overall well being of an individual.

Keywords: Aerobic Exercise, Circumference, BMI

INTRODUCTION

A sedentary lifestyle poses a serious threat to
individual health. It can lead to an increase or
progression in the risk of hypertension, obesity, muscle
weakness, postural defects , diabetes and coronary
heart disease.1    Obesity- in itself is associated with
increased risk of atherosclerotic diseases. Waist
circumference,hip circumference, biceps circumference
,thigh circumference are strong predictors for the

detection of central obesity9 12. BMI  is one of the widely
used indices of relative weight10. Generally the
evidence has show that using waist circumference with
BMI is better than BMI alone5.Despite the positive
impact of physical fitness on cardiovascular system
,the developed societies have become more sedentary
.A recent observationl study of 2595 civil servants in
Nortern Ireland reported that almost two thirds failed
to engage in regular , moderate physical activity ,with
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females twice as likely to abstain from exercise than
men2. The reason for this is fast moving life, dependent
on gazzets and inflexible working hours so considering
this, there is a requirement for exercise strategies that
are adaptable to occupational time constraint and
provides leisure.

Aerobic exercise, particularly aerobic dancing, is
one of the most popular type of fitness activities .In
this set of moves are executed together to form the
choreography of the class .A set consists of many
different moves that may have different duration. It
helps to reduce stress, promote restful sleep, strengthen
muscles and gives the body a more streamline
appearance. The number of calories burned depends
on the speed of movements, and length of exercise .It
is suitable for all ages, low cost, and has no restrictions
on place. It is  being recommended by the ACSM
(American College of Sport Medicine4. Olson et al3. had
reported that aerobic bench-step exercises  enhance
aerobic fitness and promote weight loss in female.

Benfi et al6. Demonstrated cardiovascular and
metabolic benefit of aerobic dance when performed at
a target heart rate of 50-80% of maximal heart rate .The
aerobic training has been shown to improve
cardiorespiratory  fitness ,fatigue. Arslan (2011) et al1.
showed the effect of an eight-week aerobic dance
exercise program on body composition parameters in
middle-aged sedentary obese women. Therefore the
purpose of this study was to assess the effects of a six
week  aerobic dance exercise program on  weight loss,
BMI, waist circumference , thigh circumference and
biceps circumference.

METHOD

 20  female subjects with no history of any lower
limb or lumbosacral problems and not activity
involved in sports or fitness training were taken  . They
were asked to maintain their usual diet for the duration
of exercise program. Participants were required to sign
an informed consent form prior to the study being
approved by the institution research board and
sanctioned by the university ethical committee. The
data collection was undertaken during the period of
feb –march 2013 .The age group was between 20-40
years with basic metabolic rate more than 25kg/m2.
The subjects were randomly divided in to two groups
experimental group ( n – 10)  and control group ( n –
10 ).  The measurement were taken twice , before and
after the completion of  aerobic exercise moves which
was applied over a period of six weeks  with one hour

step aerobic exercise  per day for six weeks . The control
group did not participate in the aerobic moves during
this period. All the measurements were recorded at
baseline and immediately after the study.

DATA COLLECTION

Height was measured to the nearest 0.1 cm on a
stadiometer when the participants were shoeless. Body
weight was measured to the nearest 0.1 kg using (
Equinox instrument). BMI was calculated as weight
in kilograms divided by height squared ( kg/m2) . BMI
was then categorized according to the
recommendation of the World Health Organization .
Below normal weight (18.5kg/m2  ) ,  normal weight
(18.5-24kg/m2) overweight(25.029.9kg/m2).
obese(30.0 -39.9kg/m2). The subject were asked to
breathe out for measurement of their waist
circumference, which was measured to the 0.1 cm at
the illac crest13. When viewed from the side , hip
circumference was evaluated at the level of the
maximum extension of the thigh  circumference .Biceps
circumference was measured on the anterior surface
of the biceps,midway between anterior auxiliary fold
and the antecubital fossa.

 INTERVENTION

For the following six weeks aerobic dance moves
were done for one hour duration which includes
warming up and cooling down session for 20 minutes
respectively . The choreographed exercise programme
consisted  of  stretching exercise and progressive
aerobic dance movements . It was performed on the
beats of music .The control group did not participate
in the aerobic dance exercise program during this six
weeks period . The outline of the aerobic dance exercise
program  is  shown this table1.

Basic movement  for aerobics programme format

S.No.  Aerobic moves Repetitions

1 Marching 8

2 Grapevine 8

3 Clock 8

4 Heel digs 8

5 Half Star 8

6 Step touch 8

7 V / box step 8

8 Slide 8

9 Diamond 8

10  Box step jump back 8

11 Walk and Kick ,123 tap 8

12 Double Slide 8
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Statistical analysis

The statistical software programme ( SPSS version
18.0) was used for data analysis standard statistical
methods were used for the calculation of means and
standard deviation (SD) The paired t – test was used
to analyze the result.For all the analyses, the criterion
for significance was set at an alpha level of p<0.05.

RESULT

Table1: Comparison of the experimental group
showing difference in pre test and post test value of

body composition parameters

Mean±Sd T P

Pair 1 - Prewaist Postwaist 2.0000± .81650 7.746

 Pair2- Prehipcircumference 1.8000±     .78881 7.216 0

Posthipcircumference

Pair3 – Prethighcircumference 1.3000±1.70294 2.414 0.039

Postthighcircumference

Pair4 – Prebiceps Postbiceps 1.3000± .82327 4.993 0.001

Pair 5 – Prebmi Postbmi .03300± .64729 0.161 0.875

In table 1. A significant difference was found
between waist circumference ,hip, thigh and biceps
circumference in pre and psot value of experimental
group. There was no significant difference between pre
and post values of BMI (p<0.05)

Table 2: Comparison of the control group showing pre
test and post test values

Mean±Sd T P

Pair 1 - Prewaist Postwaist -1.4±1.71270 -2.585 0.029

 Pair2- Prehipcircumference -.90± .87560 -3.25 0.01

Posthipcircumference

Pair3 – Prethighcircumference -.70± .67495 -3.28 0.01

Postthighcircumference

Pair4 – Prebiceps Postbiceps -.70± .82327 -2.689 0.025

Pair 5 – Prebmi Postbmi -.579± .644 -2.843 0.019

In table 2 , non significant differences were between
the pre and post test body composition
parameters(p>0.05)

DISCUSSION

 Regular physical activity leads to significant
changes in terms of increased health – related fitness
and can reduce risk factors for developing a range of
disabling medical conditions which occur in inactive
people7. Being physically active improves overall
health of an individual, decreases BMI and boost the
self confidence of an individual. The present study
investigated the effect of  six week  aerobic dance

program on BMI and Girth measurement . The results
are similar to that found in the study of by Cakmakci
(2011)8 who  reported a reduction in weight ,body mass
index, waist circumference and waist-hip
circumference  after eight week of aerobic dance
exercise program .In this study the exercise program
had resulted in significance decrease in subjects  girth
measurement as compared to control group. According
to the result of paired  t - test four independent
measures thigh , hip ,waist and biceps circumference
showed strong response to the effect of aerobic exercise
dance program . (p > .05) Although difference is there
in the BMI level of post exercise group but results are
non – significant . It might be due to duration of
exercise program(table1). If duration is increased to
eight week or further  a significant difference will be
found. Irwin et al11.Reported that an increase in the
duration ( min / week ) of physical activity was
significantly associated with a reduction in the subjects
total fat . Amano et al2 . found a significant difference
between subjects weight, BMI fat body percentage and
lean body mass after three months of aerobic exercise
.Similarly Mccord et al.12,Carol et al7  reported decrease
in body weight and fat composition after 8 to 12 week
step aerobic exercise and dance program .Of note is
that no significant differences were found between the
means of the pre and post test body weight, BMI
,biceps circumference waist circumference, hip
circumference , thigh circumference of the control
group(p>0.05).So ly this we can say that being physical
activity is important .

CONCLUSION

The important  detectors  of obesity are waist, hip
thigh and biceps circumference which can be reduced
by implementing  aerobic dance moves and thus over
all fitness level can be increased and positive changes
in body composition parameters can be procured. Thus
this research demonstrated that a  aerobic dance moves
are effective in reducing body weight.

This research has given an interesting and more
playful method to loose body weight.
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ABSTRACT

Low back pain is common. The  important  factor  is  to  prevent  the  pain from becoming chronic
leading  to  disability. The most frequently reported risk indicators are heavy physical work, bending,
twisting, lifting, pulling and pushing, repetitive work, static postures and vibrations. Physical therapy
procedures are among the many forms of treatment that are used for the rehabilitation of people
with Low back pain. The treatment of people with LBP also often includes instructions about back
care.

Keywords: Low Back pain, ergonomics and Work related Low Back Pain

INTRODUCTION

In the past  few  decades  low  back  pain  has  been
the subject  of considerable  research. The   direct  cost
to  the  society  of  absenteeism  from   work  due  to
low  back  pain is huge.1  In addition to pain and
disability chronic back problems can have negative
financial consequences for the individual, their
employers and health care providers.2 The increase in
work related low back pain (WRLBP) and disability
has occurred at a rate faster than any form of disability.3

The WORLD HEALTH ORGANIZATION (W.H.O)
has included low back pain as a priority in Bone and
Joint decade-2000-2010.4

Low back pain can be occupational in the sense that
it is common in adults of working age, frequently
affects capacity for work and often presents for
occupational health care.5 Kelsey and Hardy suggest
the combination of vibration and prolonged sitting, as
in with little freedom to change posture as a plausible
causative factor. Bent over postures also seem to carry
an increased risk for LBP.6

Some studies have found that both sedentary and
occupations with heavy loading increase the risk for
LBP. Pushing and pulling objects accounts for 9% of
back strains and sprains. Frymoyer et al, found both
bending and twisting to be significantly related to LBP.6

The majority of physical therapists use stretching,
strengthening exercises, spinal mobilizations, massage,
soft tissue mobilizations, manual traction, interferential
therapy, ultrasound, heat, posture correction and
functional activities education.7 Patient education and
exercises are the interventions most frequently
reported by therapists as a part of treatment for acute
lumbar impairment.8

To prevent Low Back Pain, ergonomic Interventions
have been advocated to decrease exposure to risk
factors.9 Simple ergonomic instructions can have a
powerful impact on work related over exertion injuries
even in occupations that are known to have very high
incidence and severity rates for back injuries.5

AIM

The aim of this study was to explore the importance
of back care instructions for patients of Low back pain
undergoing physical therapy intervention.In this study
three main objectives were targeted:

1. Pain relief

2. Recovery of function.

3. Prevention by instructing the patients.
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Research Design and Methodology

Research Design:  Descriptive study.

Setting: Urban and rural set-ups in Nagpur.

Sampling Technique : Stratified Random Sampling

Sample size: 100

Tool and method of Data collection: Standardized
McGill pain questionnaire

Sample population: Patients of Low back pain
diagnosed as having postural pain, mechanical pain
and lumbar spondylosis

Criteria

Inclusion criteria

Pre-diagnosed patients of: LBP at rest or associated
with back strain,LBP for more than 3 months and
Intermittent LBP with recent episodes.Age between 20-
70 years. This wide range was considered for the study
to know the trend of back care instructions.

Exclusion criteria

Patients diagnosed as having the following
conditions were excluded:

1. Prolapsed intervertebral disc.

2. Spondylolysis.

3. History of malignancy.

4. Spondylolisthesis.

5. Retrolisthesis.

6. Signs of nerve root compression.

7. Inflammatory disease of the spine.

8. ANC and PNC patients.

PROCEDURE

Patients were selected from various physiotherapy
clinics in Nagpur and permission was taken from the
Head of the Department of the respective clinics.
Registration forms of LBP patients who reported at
various clinics were used to sort out patients who met
with the inclusion criteria. These patients were selected
on the basis of back care instructions given to them as
documented on the registration forms.

 Patients were selected from both rural as well as
urban set ups. The written consent was obtained from
the patients and they were divided into two groups,
experimental and control. They were given a
description about the procedure and evaluation was
done. Standardized McGill pain questionnaire was
provided to the patients.

Patients were interviewed individually about their
back care instructions and about the implementation
of those instructions. Instructions given by the
therapists were noted down. It was noted that on an
average 3-4 similar instructions were given to each
patient at all the back clinics.

Fortnightly patients were re-evaluated and same
procedure was followed. Out of 100 patients only 10
patients were available for the second evaluation.
Patients were not informed about the second
evaluation so that the quality of the study could be
maintained. Data was collected, tabulated, analyzed,
and interpreted using suitable tools.

Analysis of data

Table 1: Showing pain relief in both the groups

PAIN RELIEF Experimental Control

RELIEF 39 (78%) 18 (36%)

NO RELIEF 11 (22%) 32 (64%)

TOTAL 50 50

Pain relief was analyzed by Pearson chi square test.
(P=0.0000).The result of this test was highly
significant in terms of pain relief for  the
experimental group.

Table 2: Reveals sexwise distribution

Sex Experimental Control

Male 20 (40%) 23 (46%)

Female 30 (60%) 27 (54%)

TOTAL    50    50

Table 3: Reveals the instructions followed by the
patients of experimental group.

Experimentalgroup  YES  NO

50 41 9

IN % (82%) (18%)

Patients who followed instructions = 82%

Patients who did not follow instructions =18%

Highly significant result values were observed for
the instruction followers in experimental group.

9. Shazia Malik--33--.pmd 6/13/2014, 2:18 PM34



Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3 35

Statistically significant (P=0.0000) Pearson’s chi square
test was used for statistical analysis.

Table 4 : Table 4 showing mean pain intensity taken by
PPI Scale as follows

Days Experimentalgroup Controlgroup

1 3.3+ 0.86 3.16 + 0.82

15 - 2.25 + 0.5

30 - -

Un- paired t- test was used. (p=0.1005)

Table 5 : Reveals pain changes with time.

Days Continuous Pain Intermittent Pain

Experimental Control Experimental Control
Group Group Group Group

1 29 (58%) 24 (48%) 21 (42%) 26(56%)

15 3 (6%) 2 (4%) 3 (6%) 2 (4%)

30 - -

Type of  pain which was spotted  by the patient in
terms of intermittent and continuous on the basis of
Standard MPQ was analyzed and non significant value
was found in relation to time(p=0.856 continuous pain)
and p(=0.514 intermittent pain) Pearson’s chi square
test was used.

Table 6 :  Reveals number of evaluations done

Evaluations Experimental Control
n=50 n=50

  FIRST  44 (88%)  46 (92%)

SECOND  6 (12%)  4 (8%)

The short duration of evaluation revealed no
significant value. Pearson’s chi square test was applied
to obtain results. (p=0.505)

Table 7:  Presents age distribution

Age in years Experimental Control
group n=50 group n=50

 20-30 15 9

31-40 17 13

41-50 8 13

51-60  8 10

 61-70 2  5

Mean age in years      30.82 +11.75years      43.66+13.78years

Third decade shows the maximum number of patients.

Table 8: LBP patients are distributed on the basis of
duration.

Duration In Years Experimental Control
group group

0-1 38 36

>1 12 14

TOTAL 50 50

Average duration of LBP

= 341.8 + 586.23 days for Experimental group

= 392.84 + 677.70 days for control group

The maximum numbers of patients were falling
within the duration of 1 year for both the groups. The
level of significance was tested by applying median
test. The difference in duration of LBP below 1 year
and above 1 year was not statistically significant for
their improvement.

RESULTS

• Back care Instructions play a major role in treating
Low back pain. The level of significance by
Pearson’s chi square test for experimental group
was high. (p=0.0000)

• Pain relief for the experimental group was proved
to be significant by Pearson’s chi square test.
(p=0.0000)

• Out of 100 patients only 10 were available for
second evaluation (after 2 weeks).The result for
the number of evaluations was insignificant.
(p=0.505).Pearson’s chi square statistics were used.

• Similar  back care instructions were given to all
the patients irrespective of occupation.

DISCUSSION

 This study revealed that back care programs are
effective in the treatment of Low back pain. The
experimental group had significant pain relief as
compared to  the control group (p=0.0000). This is
supported by Hurri10, Bredo Glamsrod, Jan H Lonn, et
al who found significant reduction in recurrence and
severity of LBP11. Indahl in 1995 and Hegan in 2003
found that the patients receiving oral educational
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sessions showed significant improvement than
patients receiving usual care.10

A surprising observation was easy availability of
patients for control group. This indicates the lack of
awareness of the importance of ergonomic instructions
in back rehabilitation, also there is little information
about the global burden of LBP attributable to the
occupational stressors12.

There was hardly any variation in the type of
instruction given to the patients. This is supported by
the study of Jan J Kerrssens, Emmy M Sluijs, et al, who
observed very little variation in instructions among
patients in their trend analysis of individualized back
care programs.13

Occupation and age were not considered for the
purpose of instructions in various back care set-ups.
On an average 3-4 instructions were given to each
patient. Occupational stressful positions include static
postures with flexed lumbar spine, repetitive bending
with flexed spine, lifting and carrying when normal
lumbar curve is not maintained.14 These conditions
predispose to Mechanical LBP, hence the need and the
awareness for optimal working postures. This requires
good ergonomic instructions.

The numbers of female patients were more than
male patients. Men have more risk of developing
mechanical low back pain since they are exposed to
labour work.12 This finding can be justified by the fact
that the data was collected from urban as well as rural
set-ups where women were working and involved in
occupational activities so they were exposed to
potential risk factors.

While interviewing the patients reported about
recurrence but at the time of re-evaluation only 10
patients were available at the physiotherapy setups to
receive treatment. The pain relief factor for the
experimental group was significant (p=0.000) as
compared to the control group at the second evaluation
(after 2 weeks)

In this study it was found that ergonomic factors
especially the biomechanical loading of the spine have
an important influence on LBP relief. However most
of the patients had discontinued the visits to the clinics
after symptomatic relief .So the attributable factor for
the “right back” might have been neglected both by
therapist as well as the patients.

The result supports our hypothesis i.e. back care
instructions are effective.On an average 3-4
instructions were delivered to all the patients. These
similar instructions might have relieved their pain by
changing the altered biomechanics of the spine.
Significant pain relief was experienced by the
instruction followers (p=0.0000) At the time of second
evaluation only 10 patients where re-evaluated,6 were
from experimental group i.e. those who did not follow
the instructions.

Epidemiological studies have also shown that
decrease endurance level of the extensors predispose
patients to repeated episodes of back pain.15The
duration of treatment for LBP continues for quite some
time as well as requires active participation from
patients to prevent recurrence. This was a missing
factor in the study because of this we could not get
patients for second evaluation. The short duration of
evaluation revealed no significant value. Pearson’s chi
square test was applied to obtain the results. (p=0.505).

The patients included in the study ranged from 20-
70 years. This wide range was taken into account to
analyze the trends of back care instructions delivered
to patients considering the age group. It was noted
that no such factor was taken into consideration by
the therapists. Age has been shown to be associated
more consistently with mechanical LBP.16

The average duration of LBP  was divided as -up
to 1 year and above one year distribution. The mean
duration was less for experimental group(341.8 days)
as compared to control group(392.84 days).The above
stated finding supports that,  the ergonomic advices
play major role in back pain programs.

None of the patients were recommended for
general fitness. Aerobic fitness may prevent any
undesirable changes to the body and associated with
spinal inactivity, musculature weakness and neuro
muscular health.14 Exercising the larger muscles of the
extremities has been reported to enhance the
production of endorphin, which is a valuable asset in
patients with LBP.17

Another finding of this study was non adherence
of the patients to back care programs. It was observed
that most of the patients who were available for the
second evaluation were those who did not follow the
instructions in their daily routine. Sluijs, et al have
noted that only 35% of their physical therapy sample
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fully adhered to home exercise regimes13.It has been
suggested by Grindley and Samuel J, Zizzi that
keeping track of client motivation overtime can have
positive outcome on rehabilitation program.18

CONCLUSION

The results indicate that the number of instructions
in back care programs was determined by the
individual therapist not on the basis of the needs of
the patients. The differences of instructions delivered
to the patients were rather small and similar. Patients
were instructed to avoid lifting of heavy weights and
frequent change of posture, irrespective of their age
and occupational factors.

In  our opinion this indicates that the information
and instructions were not fully tailored to each
patient’s situation since all the patients were given
similar instructions. It can be concluded that
physiotherapists must comply with recommendations
to pay attention to patient education and general
fitness. Since adherence is proven to be less than
desirable an effective solution to the problem can be
sought by identifying underlying reasons.

RECOMMENDATION

It is recommended that therapists should deliver
individualized back care instructions to the patients
and make them aware about back care.

• The therapist should identify underlying reasons
for non adherence and rectify them. Motivating
and communicating with patients can have a
positive outcome.

•  Recommendations should be made about general
fitness.

• The need is not just treating the already disabled
back. The analysis of work situation environment
and difficulties faced by LBP patients should be
also considered for rehabilitation programs.
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ABSTRACT

Introduction: Motor imagery is mentally simulating an intended action without actually producing
it. It involves processes involved in programming and preparation of actual actions. Extensive research
has been done in the field of mental imagery, however not much has been done on the effect of
mental imagery of balance. This study draws light on the effectiveness on mental imagery on balance
in young asymptomatic adults.

Objective:  To determine the effect of mental imagery as an adjunct to conventional balance exercises
on the duration of stork stance and postural sway on the BESS scale in young asymptomatic
individuals.

Methodology: After the ethics committee approval an informed consent was taken from the
participants. 30 asymptomatic individuals were randomly selected in the age group of 18-24 years.
Mentally and physically challenged individuals were excluded. They were divided into 2 groups,
experimental and control group.

They were evaluated for BESS (Balance error scoring system)  and stork stance.Postural sway was
measured with a postural swaymeter.

Both the groups received exercises for a  duration of 30 mins/week for 4 weeks. Group A received
only conventional balance exercises. Group B received exercises same as the control group along
with mental imagery as an adjunct.

Results:  Group B showed statically significant improvement in stork stance duration(P<0.001)using
paired t test. Group A showed no statistically significant improvement.On BESS , Group A showed
statistically significant improvement in some components.  But Group B showed less number of
errors and significant reduction in sway on static as well as foam surface compared to control.

Conclusion: Mental imagery with balance training has shown positive effect on stork stance duration
and BESS scale in terms of reduction in errors and sway while maintaining balance on both static and
foam surface in young asymptomatic individuals.

Keywords: Mental Imagery, Balance, Young Adults

INTRODUCTION

Mental practice has been suggested to be a very
important tool for improving motor learning and
performance. Mental practice is the mental
representation of movement without any body
movement or in other words, it is the voluntary
rehearsal of imagery. Abundant evidence on the
positive effects of mental imagery on motor

performance and learning in athletes and people with
neurological conditions (eg: stroke ,spinal cord injury,
Parkinson disease) has been researched. However not
much has been done on the effect of mental imagery
on balance.

There are few studies in elderly population e.g. The
study on mental imagery technique without physical
practice by Hamel showed improved static balance by
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reducing postural oscillations and attentional demands
in the elderly. Randomized controlled studies by
Fansler et al and Linden and colleagues demonstrated
greater improvements on balance tasks (eg, one-legged
standing) among elderly women who combined
mental practice with physical  practice than those who
participated only in physical practice.But a recent
study by Glenna Batson showed no effect of mental
practice on balance in elderly.In sports like
golf,swimming and tennis ,mental imagery has been
widely used to learn a particular skill and not overall
balance.Thus further research on mental practice  is
warranted in the field of balance rehabilitation.  The
significance of balance training is widely seen in the
field of physiotherapy. Balance training is useful for
rehabilitation in all walks of life. Its importance is
greatly highlighted in neurological and
musculoskeletal conditions. It shows significant results
right from post rehabilitation following ankle sprain
to post-stroke rehabilitation.

Functional balance/postural stability is a very
complex task that involves sensory detection of body
motion, integration of sensory input and planning and
execution of appropriate neuromuscular responses or
movement to maintain an upright posture. Studies
have shown that mental and physical practice of the
same activity share a common neural substrate or

similar neuromotor pathways. We hypothesized
that Positive effects are noted when mental imagery
is used an adjunct to balance training in young
asymptomatic adults.The  objective was to determine
the effect of mental imagery on the duration of stork
stance and BESS scale in young asymptomatic
individuals.

METHODOLOGY

30 Young asymptomatic  individuals between(18-
25years) without any known neurological,
musculoskeletal pathologies and balance problems
participated in the experimental study.An informed
consent was obtained from the participants.They were
randomly divided into two groups

Both the groups were evaluated for The One-
Legged Stance Test (OLST).It  is a simple, easy, effective
and reliable method to screen for balance The patient
begins the test with the eyes open, practicing once or
twice on each side with his gaze fixed straight ahead.
The subject is then instructed to close his eyes and
maintain balance for up to 30 seconds. The number of

seconds that the patient/client is able to maintain this
position is recorded. Termination or a fail test is
recorded if the foot touches the support leg; hopping
occurs; the foot touches the floor, or the arms touch
something for support. In BESS .Balance is tested on 6
trials of 20 seconds each in each of the positions i.e.both
feet,tandem stance and unilateral stance on firm and
foam surfaces. The sway of the individuals in each of
the positions is measured using postural sway meter.
The errors are awarded 1 point each.

GROUP A:

   This group is given exercises to improve balance
for a duration for 20mins thrice a week for  4 weeks.
Balance of subjects was trained by altering centre of
gravity(eg one leg squat,reach out),base of support(eg.
eg one leg stance,standing on toes) and support
surface(eg wobble board,foam surface)

GROUP B:

This group is given same balance exercises for 20
minutes followed by mental imagery with the help of
auditory stimulus  for a duration of 10 mins thrice a
week for 4 weeks.After the exercises rest pause of 5
minutes was given. After adequate relaxation,the
subjects of the group B were asked to do mental
practice of the different sets of exercises.

RESULT

A total of 30 subjects 20-females and 10 males are
within the BMI range of18 to 22(15 in experimental &
15 in control group) were enrolled in this study . The
values of the duration of stork stance of the groupsA
& B were analyzed. The pre and post test values of
stork stance of group A was compared using paired t-
test and the results were statistically not
significant(eyes open p value 0.7886 ,eyes closed p
value 0.6934)

 The pre and post test values of stork stance of
group B was compared using paired t-test and the
results were statistically significant. (eyes open p value
0.0065,eyes closed p value 0.0001)

Stork stance

Table 1 Eyes open-Paired t test

PRE(sec) POST(sec) p-VALUE
MEAN±SD MEAN±SD

Group A 40.33±12.87 41.66±13.37 0.7886

Group B 41.86±4.70 45.42±4.43 0.0065

10. Asmita--38--.pmd 6/13/2014, 2:18 PM39



40 Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3

Table 2 Eyes closed-Paired t test

PRE(sec) POST(sec) p-VALUE
MEAN±SD MEAN±SD

Group A 24.2 ± 10.66 25.86 ± 10.01 0.6636

Group B 33.73 ± 4.83 36.63 ± 5.60 0.0001

On BESS scale, reduction in anteroposterior and
mediolateral sway was seen more in  group A.In
normally distributed sample, parametric test was used,
otherwise non parametric test was used for
comparison.(Refer table 3 to 6.)

Table 3. Anteroposterior sway bess on static surface

Pre Mean±Sd Post Mean±Sd p-VALUE
(mm) (mm)

BOTH FEET- A 26.93 ± 9.30 25.13 ± 9.04 0.6

BOTH FEET- B 28 ± 8.2 24.5 ± 7.95 0.0001

TANDEM- A 43.4 ± 16.33 41.86 ± 15.39 0.1025

TANDEM- B 41.5 ± 13.7 35.6 ± 12.6 0.0042

UNILATERAL-A 56.33 ± 14.76 54.53 ± 14.80 0.0001

UNILATERAL-B 55.6 ± 13.9 52.07 ± 13.87 0.0001

Table 4. Bess on foam surface

Pre Mean±Sd Post Mean±Sd p-VALUE
(mm) (mm)

BOTH FEET- A 40.26 ± 13.24 38.66 ± 13.05 0.7243

BOTH FEET- B 41 ± 12 36.53 ± 11.58 ≤0.0001

TANDEM- A 64 ± 29.65 61.06 ± 28.60 0.0003

TANDEM- B 64.3 ± 28.5 59.4 ± 26.59 ≤0.0001

Mediolateral sway

Table 5. bess on static surface

Pre Mean±Sd Post Mean±Sd p-VALUE
(mm) (mm)

BOTH FEET- A 30.26±11.03 28.46±12.78 0.4034

BOTH FEET- B 30.66±10.06 27.66±8.95 0.0002

TANDEM- A 42.40±10.14 39.06±10.07 0.0001

TANDEM- B 42.26±9.54 38.06±9.64 0.0001

UNILATERAL-A 67±23 66.53±22 0.0171

Table 6. Bess on foam surface

Pre Mean±Sd Post Mean±Sd p-VALUE
(mm) (mm)

BOTH FEET- A 37.33 ± 9.40 35.46 ± 9.34 0.0001

BOTH FEET- B 38 ± 9.2 34.13  ± 9.66 0.0001

TANDEM- A 60.6  ± 23.83 57.73 ± 22.24 0.0018

TANDEM- B 60.66 ± 21.66 57.26 ± 21.005 0.0002

Group A did not show statistically significant
improvement in anteroposterior sway in both feet
(static and foam surface) and tandem stance on static
surface.It also showed no significant improvement in
mediolateral sway in both feet on static surface.Group
B showed statistically significant improvement in
anteroposterior and mediolateral sway on both static
and foam surface.

DISCUSSION

Improvement in maintenance of stork stance and
reduction in postural sway seen in this study suggests
improvement in balance in both the groups. But  more
significant effect seen in group B denotes added benefit
of mental imagery.

Balance abilities are heavily influenced by higher
level neural circuitry and other systems like
musculoskeletal and cognitive system.The nervous
system is widely understood to be influenced by and
responsive to the demands placed on it by the tasks
being accomplished and the environment in which the
task is being performed. While sensory processing
allows the interaction between the individual and the
environment, motor planning underlies the interaction
between the individual and the task. Task intentions
precede motor action. The initiation of volitional motor
actions depends on intention, attention and
motivation. In addition to which limbs, muscles, joints
will be used, motor planning also adjusts the  timing ,
sequencing and force modulation. Optimal motor
plans are developed with knowledge of self (abilities
and  limitations ), knowledge of task (characteristics
of successful performance) and knowledge of the
environment(limitations and opportunities) . The key
to understanding the nature of motor cognition is the
concept of the Perception–action cycle, which is the
transformation of perceived patterns into co-ordinated
patterns of movements. For example, you casually
notice how high each step in a stairway rises, and you
lift your feet accordingly (Gibson, 1966).Motor images
are endowed with the same properties as those of the
corresponding motor representation, that is, they have
the same functional relationship to the imagined or
represented movement and the same causal role in the
generation of this movement.14

Cognitive theories suggest that mental training
permits an individual to develop a precise
representation of the behavior, to codify the movement
at the central nervous system level, and to program
its execution, thus rendering it more automatic by
nature

The neuromuscular feedback theory (initially
proposed by Carpenter in 1894; cited in Hale, 1982)
suggests that localized muscular activity occurs during
imagery, and the muscular activity is identical in
pattern but weaker in magnitude to the muscle
activation involved in the physical execution of the
task. Corbin (1972) proposed that the kinesthetic
feedback that accompanies this type of imagery may
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be the key component in improved motor
performance. Further, this kinesthetic feedback from
muscular activity has been hypothesized to occur only
when subjects use internal or first person imagery (e.g.,
Hale, 1982; Harris & Robinson, 1986), or to occur at
least to a greater extent in internal versus external
imagery perspectives (Harris & Robinson)  In our
study subjects used internal
imagery.Psychoneuromuscular theory suggests that
nerve impulses are transmitted to target muscles
during motor practice of a certain movement.These
impulses facilitate future performance by priming
specific “mental nodes” or “patterns of movement”
Our results suggest that mental imagery has
augmented the effects of balance training. Further
research can be done in different study population.

CONCLUSION

Mental imagery with balance training has shown
positive effect on stork stance duration and BESS scale
in terms of reduction in errors and sway in both
anteroposterior and mediolateral direction while
maintaining balance on both static and foam surface
in young asymptomatic individuals.
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ABSTRACT

Background: Prospective Intervention study to find out what effect does diaphragmatic breathing
has on spirometric parameters in asthma patients and normal individuals.

The main effect of diaphragmatic breathing in normal individuals is bronchodilation as observed in
previous studies. In asthma patients it is observed that there is little or no effect. Some studies show
that there is some amount of bronchoconstriction observed in a few asthma patients.

Materials and Methodology: 4 groups of 30 subjects each were taken asthma control and intervention
and normal individual control and intervention. In the Asthma groups both males and females of 18-
65 years and mild to moderate controlled asthma were taken. In the normal groups males and females
of 18-65 years and Asian race having no history of respiratory illness and/or smoking were taken.
Baseline spirometry was taken for both intervention groups after which they were asked to do 4
diaphragmatic breaths in 1 minute and a repeat spirometry was done. This was followed by 40
diaphragmatic breaths over 10 minutes after which again a repeat spirometry was performed. Then
they were given a 1 week protocol of diaphragmatic breathing exercise. A third spirometry was done
after 1 week. For the control groups after a baseline spirometry a repeat was taken after 1 week.

Results: For Asthma intervention group there was a significant reduction in parameters after 4
diaphragmatic breaths over 1 minute and 40 diaphragmatic breaths over 10 minutes.

Whereas, significant improvement in the parameters was observed in the Normal intervention
group.For the asthma intervention group there was an increase in all the parameters after 1 week
protocol of diaphragmatic breathing. However, only the value for FVC was statistically significant.For
Normal intervention all parameters show significant improvement after 1 week protocol of
diaphragmatic breathing.

Keywords: Diaphragmatic breathing, Asthma, Spirometry

INTRODUCTION

Asthma is a chronic inflammatory disorder of the
airways associated with increased airway hyper-
responsiveness, recurrent episodes of wheezing,

Corresponding author:
DevashriSalvi
C/6, BDTA Apartments, Shankarsheth Road,
Pune 411 037
Telephone no : + 918793103360
E-mail i.d.- devashri.salvi@gmail.com

breathlessness, chest tightness, and coughing,
particularly at night/early morning.1 In asthma,
airway inflammation produces airflow limitation
through acute bronchoconstriction, chronic mucus
plug formation and airway wall swelling or
remodelling. Diaphragmatic breathing is the most
basic breathing exercise and forms an important part
of physiotherapy management.  In respiratory
conditions it is very important as it is an excellent
means of training the patient to achieve maximum
diaphragmatic excursion2.
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Asthma is thought to affect about 3% of the
population in most countries1. Total prevalence of
asthma at various centres in India was found to be
2.18% in rural areas, 2.55% in urban areas1. Healthy
subjects can partially improve lung function by
performing deep inspirations. This physiologic
function of the lungs has been broadly termed “deep
inspiration-induced bronchodilation”.2 It is reasonable
to further hypothesize that deep inspirations exert their
beneficial effects through radial traction that is applied
on the airway wall by virtue of the interdependence
between intra-parenchymal airways and the
surrounding parenchyma2. Radial traction is sustained
by a network of alveolar attachments to the airway
walls. Several lines of evidence suggest that the
blunting of the dilator effect of deep inspiration during
obstruction could serve as a physiological marker for
the degree of airway responsiveness and may relate
to the presence and magnitude of inflammation in the
lung even in mild stable asthma3.

It has long been recognized that maximal and
forced expiratory breathing manoeuvres by themselves
can influence the severity of airflow limitation3.

The calibre of intra-thoracic airways is
physiologically determined by a balance between
forces that tend to constrict the airways (airway smooth
muscle) and those that prevent narrowing (lung elastic
recoil).

Finding out the effect of diaphragmatic breathing
on airway diameterwould prove important especially
in exacerbations or status asthmaticus4.

We hypothesize that diaphragmatic breathing has
a beneficial effect on spirometric parameters in normal
individuals and that in asthma patients it has no or a
very small beneficial effect.

AIM

To find out what effect does diaphragmatic
breathing has on spirometric parameters in asthma
patients and normal individuals.

OBJECTIVES

1. To find out whether diaphragmatic breathing has
a positive, negative or no effect on spirometric
indices in asthma patients.

2. To find out if diaphragmatic breathing has a
significant immediate short term effect on
spirometric indices in asthma patients.

3. To find out what are the benefits of doing
diaphragmatic breathing regularly for 1 week in
normal individuals and asthma patients.

4. To compare the effects seen in normal individuals
with those found in asthma patients.

5. To compare the spirometric parameters of asthma
patients who did diaphragmatic breathing with
those who did not.

MATERIAL AND METHODOLOGY

The study was a prospective intervention study.
The Sample size was selected by Random Allocation
Sampling. 4 groups of 30 subjects each were taken. The
2 Asthma groups were Asthma Intervention and
Asthma Control. The 2 Normal groups were Normal
Intervention and Normal Control. Both males and
females of 18-65 years and of the Asian race. In the
asthma groups patients with mild to moderate
controlled asthma were taken. In the Normal groups
non-smoking individuals with no history of
respiratory illness were taken. There was no conflict
of interest.

The study design was presented in front of the
college Ethics committee and approval was taken.
informed consent from all subjects was taken.

The study was conducted at Military Hospital
Cardio-thoracic Centre, M.A. Rangoonwala college of
Physiotherapy and Chest Research Foundation.

The required equipment, the spirometer was
borrowed from Chest Research Foundation.

Mild to moderate asthma patients without
exacerbation and Healthy, asymptomatic, non-
smoking individuals within 18 to 65 years of age were
approached.

The subjects signed the consent form after
understanding the procedure and performing a trial
session of spirometry in the sitting position.

Eventual doubts were cleared and mistakes made
during the procedure were rectified in order to obtain
valid flow volume graphs.

Procedure for spirometry:

The subjects were made to place the mouthpiece in
between their teeth, purse their lips tightly around it,
inhale through the spirette of the spirometer up to their
maximal inspiratory capacity after which they were
made to blow out as forcefully and for as long as they
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could(6 seconds). This was their trial session. Mistakes
made by the patient were rectified appropriately to
obtain valid flow-volume graphs.

Spirometry testing repeated after a break of at least
3 minutes or as long as it took for subjects to get back
to their normal Respiratory rate. Best values (FVC,
FEV1, PEFR, and FEV1/FVC, FEF25-75, PIFR and
FIVC) of 3 trials were taken. This was taken as the
baseline reading.

Now the intervention subgroups of both asthma
and normal individuals were asked to take in 4
diaphragmatic breaths over a span of 1 minute. Then
spirometry was repeated. A break of 3 to 5 minutes
was given. Now the subjects were made to perform
diaphragmatic breathing for 10 minutes with
approximately 4 breaths per minute after which one
more spirometry was performed. Standard motivation
and commands were given during the test.

Following this patients were explained to the
protocol of diaphragmatic breathing they were to
follow for a week. They were to perform
diaphragmatic breathing in 3 sessions per day of 10
minutes each (with approximately 4 breaths per
minute) for 7 consecutive days. They were instructed

to do the exercise regularly and before or at least 2-3
hours after meals.

On the 8th day all subjects were called to the OPD
and a repeat spirometry was performed.

For Control subgroups in both normal individuals
and asthmatics a baseline spirometry was done after
the trial session. Best values (FVC, FEV1, PEFR, and
FEV1/FVC, FEF25-75, PIFR and FIVC) of 3 trials were
taken. Then patients were called after 7 days. On the
8th day spirometry test was repeated.

RESULT

For Asthma intervention group there was a
significant reduction in spirometric parameters FVC,
FEV1, FEV1/FVC, FEF25-75, PEFR, FIVC and PIFR
after 4 diaphragmatic breaths over 1 minute and 40
diaphragmatic breaths over 10 minutes.

Significant improvement in thesame spirometric
parameters and PIFR was observed in the Normal
intervention group.

After comparing the delta change in parameters
recorded at baseline and day8, of both intervention
groups with both control groups, the improvement in
both groups was of statistical significance.

Table 1: Descriptive statistics for Asthmatic Intervention

Variables Time points N Mean S.D Min Max
FVC Baseline 30 2.96 0.96 1.16 4.84

1min 30 2.75 0.84 1.47 4.44
10min 30 2.85 1.01 1.07 4.50
Day 8 30 3.18 1.18 1.02 5.60

FEV1 Baseline 30 2.06 0.81 0.56 4.14
1min 30 1.84 0.76 0.65 4.06
10min 30 1.87 0.81 0.51 4.15
Day 8 30 2.17 1.02 0.45 5.26

FEV1/FVC Baseline 30 68.37 13.50 43.00 90.00
1min 30 66.73 13.56 44.00 92.00
10min 30 64.53 13.42 45.00 92.00
Day 8 30 67.70 13.14 45.00 94.00

FEF25-75 Baseline 30 1.57 1.15 0.24 5.34
1min 30 1.42 1.16 0.27 5.55
10min 30 1.38 1.20 0.23 5.92
Day 8 30 1.71 1.15 0.34 5.95

PEFR Baseline 30 5.80 2.16 1.29 10.26
1min 30 5.11 2.17 1.16 10.29
10min 30 5.11 2.15 1.03 10.18
Day 8 30 5.81 2.22 1.00 10.74

FIVC Baseline 30 2.93 1.12 0.85 4.80
1min 30 2.70 0.94 0.67 4.51
10min 30 2.66 0.97 0.39 4.70
Day 8 30 3.07 1.07 0.42 5.50

PIFR Baseline 30 3.17 1.95 0.86 7.23
1min 30 2.89 1.39 0.75 5.24
10min 30 2.91 1.45 0.57 6.63
Day 8 30 3.31 1.42 0.59 6.87
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Table 2: Mean change in Asthmatic Intervention group at different time points

Variables Time points Mean S.D  p-value 

FVC Baseline- 1min 0.21 0.40 0.007

Baseline- 10min 0.11 0.43 0.161

Baseline-Day8 -0.21 0.53 0.037

FEV1 Baseline- 1min 0.21 0.33 0.002

Baseline- 10min 0.19 0.37 0.010

Baseline-Day8 -0.11 0.51 0.228

FEV1/FVC Baseline- 1min 1.63 5.22 0.097

Baseline- 10min 3.83 5.27 0.000

Baseline-Day8 0.67 5.73 0.529

FEF25-75 Baseline- 1min 0.16 0.30 0.007

Baseline- 10min 0.20 0.38 0.009

Baseline-Day8 -0.14 0.43 0.094

PEFR Baseline- 1min 0.69 0.67 0.000

Baseline- 10min 0.69 0.86 0.00

Baseline-Day8 -0.01 1.06 0.967

FIVC Baseline- 1min 0.23 0.50 0.016

Baseline- 10min 0.27 0.56 0.014

Baseline-Day8 -0.14 0.68 0.260

PIFR Baseline- 1min 0.28 1.47 0.303

Baseline- 10min 0.26 1.43 0.326

Baseline-Day8 -0.15 1.55 0.607

Table 3: Mean change in Normal Intervention group at different time points

Variables  Time points Mean S.D  p-value 

FVC Baseline- 1min -0.11 0.12 0.000

Baseline- 10min -0.11 0.13 0.000

Baseline-Day8 -0.04 0.05 0.001

FEV1 Baseline- 1min -0.17 0.14 0.000

Baseline- 10min -0.15 0.18 0.000

Baseline-Day8 -0.03 0.06 0.005

FEV1/FVC Baseline- 1min -3.17 2.88 0.000

Baseline- 10min -2.47 4.45 0.005

Baseline-Day8 -0.53 1.46 0.054

FEF25-75 Baseline- 1min -0.24 0.35 0.001

Baseline- 10min -0.35 0.51 0.001

Baseline-Day8 -0.05 0.06 0.000

PEFR Baseline- 1min -0.39 0.48 0.000

Baseline- 10min -0.37 0.61 0.002

Baseline-Day8 0.01 0.15 0.623

FIVC Baseline- 1min -0.50 0.64 0.000

Baseline- 10min -0.55 0.59 0.000

Baseline-Day8 -0.03 0.27 0.523

PIFR Baseline- 1min 0.29 1.27 0.219

Baseline- 10min 0.29 1.23 0.204

Baseline-Day8 -0.09 0.06 0.000

DISCUSSION

We found that as an immediate effect of
diaphragmatic breathing in asthma patients there is

bronchoconstriction and significant reduction after 4
breaths and  improvement in lung function parameters
was noted after 1 week of diaphragmatic breathing
protocol.
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In the group of normal individuals a significant
increase in lung function parameters was noted as an
immediate and short term (1 week) effect.

Tidal breathing, and occasional deep inspiration,
provides load fluctuations on airway smooth muscle
that are necessary to keep the airway smooth muscle
in a flexible and less contractile state5. Due to increase
in diaphragmatic excursion there is increased pressure
gradient in the thoracic cavity resulting in influx of a
larger volume of air into the lungs and increased
expansion of the lung parenchyma. This increased
inflation of parenchyma applies a radial traction on
the walls of airways producing a dilatory effect.

If lung elastic recoil does not decrease as much as
airways recoil after a Deep Inspiration, then the
airways are able to dilate. This appears to be the case
in healthy and mildly asthmatic subjects6.

Friedberg and associates have recently proposed a
hypothesis that claims the presence of a dynamic
equilibrium within airway smooth muscle that is
modulated by the tidal stretches involved in normal
breathing. A greater stretch imposed by Diaphragmatic
Inspiration in the resting state may put the muscle
fibres into a condition of greater disequilibrium that
makes the activation of smooth-muscle contraction
more difficult. On the other hand, when contraction,
and therefore equilibrium, has been reached, the
energy required to disrupt this state is much higher6.
This is confirmed by in vitro observations that volume
oscillations applied to bronchi can prevent closure.
Under this hypothesis, Diaphragmatic Inspirations
will be more effective before than after induced
bronchoconstriction. An additional hypothesis
regarding the mechanism through which stretch exerts
its effects on the airways is that Deep Inspiration may
induce changes in the status of airway smooth muscle
through the release of relaxant factors. There is
evidence, for example, that bronchodilating autacoids,
such as prostaglandins E2 and I2, or neurotransmitters
(e.g., vasoactive inhibitory polypeptide), are released
in response to stretch6.

Stretching could cause a breakage in myosin–actin
cross bridges, leading to the relaxation of smooth
muscle. the number of myosin–actin bridges is
relatively small and the disruption of myosin–actin
interactions produced by a DI may not have enough
of an effect on the airway smooth muscle stretch
receptors in the airways activated by Diaphragmatic
Inspiration, leading to central inhibition of
parasympathetic tone inducing a fall in FEV1, PEFR,

and FEF25-75 implies that the deep inspiration itself
cannot prevent the airways obstruction7. Inflammation
plays a role in blunting deep inspiration-induced
bronchodilation by uncoupling the airways and the
parenchyma as a result of airway wall thickening and/
or peri bronchial oedema7.

The mechanical basis for a constrictor effect of Deep
Inspiration can be explained by disparities between
the hysteresis of airways and parenchyma, both
airways and parenchyma have hysteresis and both are
stretched during a Deep Inspiration7. When hysteresis
of parenchyma exceeds that of the airways, airways
will be smaller after deflation than before inflation
when compared at iso-volume7. On the other hand, if
hysteresis of airways, which is in direct proportion to
smooth muscle tone, exceeds that of parenchyma,
airways will be larger after a Deep Inspiration7have
interpreted the variable volume history effect as
representing predominant smooth muscle activity
associated with predominant airway hysteresis in
patients with mild asthma during acute obstruction,
and predominant inflammatory activity, associated
with predominant parenchyma hysteresis during
severe spontaneous obstruction7.

Strengths

It was Randomised Control trial and adequate rest
periods were given to avoid fatigue due to spirometry.

Recommendations

1. A more accurate measure of airway diameter.

3. A protocol of longer duration can be used to see
the long term effect of diaphragmatic breathing.

4. Smaller and gender specific age groups can be
studied separately to rule out age related changes
in lung function.

CONCLUSION

Diaphragmatic Breathing Exercise does not have a
significant useful immediate effect on Lung function
as measured by spirometry in asthma patients.

Diaphragmatic Breathing exercise has a beneficial
effect on lung function (spirometric parameters) if
done regularly over a period of 1 week.

In normal individuals Diaphragmatic breathing has
a significant beneficial effect both immediate as well
when done regularly for 1 week.
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Also subjects of both groups who did
Diaphragmatic breathing for 1 week when compared
with subjects who did not, there was significant
difference in the change in parameters.
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ABSTRACT

Menopause literally means cessation of menses. Menopause occurs in women in midlife and it signals
the end of the fertile phase of a woman's life. This transition from a potentially reproductive to a non-
reproductive state is the result of a reduction in female hormonal production by the ovaries.This
reduction is manifested in various postmenopausal symptoms which affects the quality of life of the
female. Previous studies have shown the benefits of yoga therapy in treating the climacteric symptoms
of menopause. However not many studies have evaluated the effects of yoga in the form of Pranayama
and Surya namaskar on somatovegetative, psychological  and urogenital symptoms associated with
the early post menopausal phase and on the quality of life. Hence the purpose of the present study is
to evaluate the effects of yoga in the form of Pranayama and Surya Namaskar on the menopausal
symptoms and quality of life of menopausal women in the early menopausal period.

Objective: To study the effect of yoga on menopausal symptoms in females in the post  menopausal
phase.

Main outcome measures: Total Menopause Rating Scale (MRS) score  with  three subscale scores
(somatovegetative, psychological and urogenital) of MRS and Menopause Specific Quality of Life
Questionnaire(MENQOL) score were measured on day 1 and day 30 in the study group which
performed yoga (pranayama, surya namaskar and savasana) under supervision for 4 weeks on every
alternate day. The scores were compared with the control group that did not perform yoga.

Results: It was observed that on day 1 the scores in both the groups were comparable. On day 30, the
yoga group showed a statistically significant reduction in the total MRS score, scores on all the 3
subscales of MRS as well as MENQOL score.  No significant difference was noted in the control
group.

Conclusion: Yoga is effective in reducing menopausal symptoms and should be considered as
alternative therapy for the management of menopausal symptoms.

Keywords: Menopause, Yoga, Menopausal Rating Scale, Menopause Specific Quality of Life Questionnaire,
Pranayama,  Surya Namaskar

INTRODUCTION

Menopause signifies the permanent cessation of
ovarian functions and characterizes the end of the
reproductive potential.(1) It  is the time in a woman’s
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life when menstruation eventually stops and the
woman goes through a number of changes, physically
as well as mentally. It is a natural event that normally
occurs in women aged 45 - 55. Menopause is complete
when the woman has not had her menses for 1 year.
Early Menopausal phase is the period immediately
following menopause i.e once menopause is
complete.(2,3)

Symptoms vary from woman to woman. The first
symptom is irregularity of menstrual cycle. Some
women might get their menses every 3 weeks. This
might last for 1 - 3 years before the menses completely
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stop. During menopause, the ovaries produce less
 estrogen  and   progesterone and  changes in these
hormones cause menopausal symptoms. Menses occur
less often and eventually stop. Sometimes this happens
suddenly. But most of the time, menses slowly stop
over time.(3,4)

Common symptoms of menopause include :
Menstrual periods that occur less often and eventually
stop ,Heart pounding or racing, Hot flashes, usually
worst during the first 1 - 2 years, Night sweats, Skin
flushing, Sleeping problems (insomnia).Other
symptoms of menopause may include : Decreased
interest in sex, possibly decreased response to sexual
stimulation, Forgetfulness (in some women),
Headaches, Mood swings including irritability,
depression, and anxiety ,Urine leakage, Vaginal
dryness and painful sexual intercourse, Vaginal
infections, Joint aches and pains, palpitations.(1,2,3,4)

Various scales have been designed to assess the
presence and severity of symptoms which are based
on many research studies and have been validated and
standardised to measure the health related Quality of
Life of menopausal women , they include the
Menopausal Rating Scale(MRS)(5,6,7) and the
Menopause Specific Quality of Life Questionnaire
(MENQOL)(8,9). MRS consists of 11 symptoms and is
divided into 3 subscales : Somatovegetative,
Psychological and Urogenital.(5,6,7)

Treatment for menopause depends on many things,
including how bad the symptoms are and the overall
health of the woman. It may include lifestyle changes
or hormone therapy.   Hormone therapy may help if
the woman has severe hot flashes, night sweats, mood
issues, or vaginal dryness. Hormone therapy is
treatment with  estrogen  and, sometimes
, progesterone. However, several major studies have
questioned the health benefits and risks of hormone
therapy, including the risk of developing breast cancer,
heart attacks, strokes, and blood clots.(,2,3,10) Diet and
Lifestyle changes such as avoiding caffeine, alcohol,
spicy foods etc , eating plenty of Calcium and Vitamin
D in food or as supplement have been evaluated as
alternative therapies for the treatment of menopausal
symptoms.(10)

Yoga is a commonly known generic term
for physical, mental, and spiritual disciplines which
originated in ancient India.  Hatha yoga has emerged
as a prominent tradition of yoga . The 3 main focuses
of Hatha Yoga include : Exercise, Breathing and

Meditation. The system of Hatha Yoga believes that
“prana”, or healing ‘’life energy’’ is absorbed into the
body through the breath, and can treat a wide variety
of illnesses and complaints. Yoga helps to improve
flexibility, strength and balance. Yoga is aimed to unite
the mind, the body, and the spirit. It helps the person
to become more aware of the body’s posture, alignment
and patterns of movement. It makes the body more
flexible and helps to relax even in the midst of a stress
stricken environment.(12,13,14) Previous studies have
shown the benefits of yoga therapy in treating the
climacteric symptoms of menopause.(4,11,14)

Surya Namaskar also known as Sun Salutation is a
common sequence of asanas. Asana means
maintaining a body posture for a particular time. The
asanas included in surya namakar are Pranamasana,
Hasta Uttanasana, Hastapaadasana,
Aekpaadprasarnaasana, Adho Mukha Svanasana,
Ashtanga Namaskara, Bhujangasana, Adho Mukha
Svanasana, Ashwa Sanchalanasana, Uttanasana, Hasta
Uttanasana, Pranamasana.(15,16,17) . Various studies have
evaluated the beneficial effects of Surya namaskar on
physiological functions.(16,17)

Pranayama means control of the breath. Anulom
vilom is a type of pranayama which consists of inhaling
and exhaling through alternate nostril. It has proved
to be an incredible energiser, which works effectively
to relieve stress and anxiety. Regular practitioners have
also successfully treated various health conditions,
which include coronary disorders, depression, asthma
and hypertension by using Pranayama as an adjunct
therapy due to the proven beneficial effects of
Pranayama on cardiovascular system.(18,19)

Not many studies have evaluated the effects of yoga
in the form of Pranayama and Surya namaskar on
somatovegetative, psychological  and urogenital
symptoms associated with the early post menopausal
phase. Hence, the purpose of this study is to evaluate
the effects of yoga in the form of Pranayama and Surya
Namaskar on the menopausal symptoms and quality
of life of menopausal women in the early menopausal
period.

MATERIALS AND METHOD

Study Design: Randomized Controlled
Interventional Study.

Sample Size : 30 menopausal women were selected
after considering the inclusion and exclusion criteria.
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Inclusion  Criteria

Females who have attained menopause for up to 1
year .

EXCLUSION CRITERIA

• Women already performing yoga or any physical
exercise as a part of daily exercise program.

• Women having acute orthopaedic problems.

• Women having co morbid factors like
hypertension, diabetes etc.

• Women having balance disorders or neurological
problems.

  They were randomly divided into 2 groups of 15
subjects each in which group A was the experimental
group and group B was the control group. They were
explained the nature of the survey and a  written
consent was obtained from them.

Procedure :  On day 1 , subjects in both the groups
were made to rate their symptoms using the
Menopausal Rating Scale and Menopause Specific
Quality Of Life Questionnaire.

Subjects in Group A (Experimental group) were
then taught the Yoga protocol as follows :

• Sitting in Padmasana (sitting with both legs
crossed above each other and hands relaxing on
the knees) and performing AnulomVilom
Pranayama for 5mins.

• Followed by Suryanamaskar performed in a cyclic
manner with each asana held for 3seconds. 3sets
were performed with a break of 1minute between
each set.

• The session was lastly ended by Savasana (lying
down on a mat with eyes closed, keeping entire
body relaxed) for 3 minutes.

 The entire technique was demonstrated with a
video and a trial was given before starting the actual
study.  This entire session took around 20 to 25
minutes/day and the subjects were made to carry out
this  protocol on every alternate day for 4 weeks.

Subjects in Group B (Control group) were not
subjected to any form of exercise or yoga.

After 4 weeks, subjects in both the groups were
again made to rate their symptoms using the MRS and
MENQOL.

FINDINGS

1. The total Menopausal Rating Scale(MRS) and
Menopause Specific Quality Of Life
Questionnaire(MENQOL) scores between  groups
A and B were analysed on day 1 using the Mann
Whitney test which showed a statistically non
significant p value (p value for total MRS score
=0.7651, p value for MENQOL score =0.2115)
which meant that both the groups were
homogenous in terms of MRS and MENQOL
scores.

2. The total MRS and MENQOL scores in groups A
and B were compared between day 1 and day 30
using the Wilcoxon Signed Rank Test, which
showed a statistically significant p value(<0.001)
for both the scores in group A and statistically non
significant p value(>0.05) for both the scores in
group B.

3. Similarly the scores of Somatovegetative (S),
Psychological (P) and Urogenital (U) subscales of
MRS in groups A and B were  compared between
day 1 and day 30 using the Wilcoxon Signed Rank
Test, which showed a statistically significant p
value (<0.001) for all the three subscales of MRS in
group A and statistically non significant p value
(>0.05 ) for all the three subscales in group B.

4. The total Menopausal Rating Scale(MRS) and
Menopause Specific Quality Of Life
Questionnaire(MENQOL) scores between  groups
A and B were analysed on day 30 using the Mann
Whitney test which showed a statistically
significant p value(<0.001) for both MRS and
MENQOL scores, which concluded that there was
a significant change in the menopausal symptoms
after the yoga protocol in group A.

MRS S P U MENQOL

Mean SD Mean SD Mean SD Mean SD Mean SD

Grp A Baseline 22.73 4.86 8.6 2.26 10.4 2.32 3.73 1.86 92.4 11

Final 13 3.48 4.73 1.72 5.53 1.68 3.13 1.59 71.33 7.43

Grp B Baseline 22.4 3.71 7.73 1.86 9.8 2.04 4.86 1.30 87.86 7.42

Final 22.06 3.75 7.66 1.95 9.66 2.05 4.73 1.43 87.66 7.32
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DISCUSSION

From the above data it is seen that there is a
significant reduction in the menopausal symptoms as
rated on the Menopausal Rating Scale (MRS) after the
yoga exercise protocol. The MRS was developed  to
measure the severity of aging symptoms and their
impact on the health related Quality of Life of
menopausal women in the 1990’s. The MRS is further
divided into 3 subscales namely Somatovegetative ,
Psychological and Urogenital. The Somatovegetative
subscale assesses the symptoms of hot flushes, heart
discomfort, sleep problems and joint and muscular
discomfort. The Psychological subscale assesses the
symptoms of depressive mood, irritability, anxiety and
physical and mental exhaustion. The Urogenital
subscale evaluates the symptoms of sexual problems,
bladder problems and dryness of vagina.(4,5,6,7)

The Somatovegetative subscale showed a
significant reduction of symptoms after the yoga
protocol mainly because the yoga protocol involved
pranayama and savasana which aim at relaxing an
individual. Also surya namaskar helps to improve the
flexibility , thus, improving joint pain and muscular
discomfort.(16,17) Reduced sympathetic tone through
yogic relaxation techniques has also been documented.
In a control study on guided yogic relaxation,
significant decreases in heart rate, skin conductance
levels, and finger plethysmogram have been reported.
In addition, the spectral analysis of heart rate
variability showed a decrease in low-frequency
(sympathetic tone indicator) and an increase in high-
frequency (parasympathetic tone indicator) bands,
indicating decreased physiological arousal.(20)

The Psychological subscale also showed reduction
in symptoms after the yoga protocol. Pranayama  surya
namaskar and savasana help to unite the mind , body
and spirit and help the body to relax even in a stress
stricken environment. Pranayama and  Savasana have
shown  to decrease anxiety and  mental depression.

An study by Streeter et al(21) suggests that the
practice of yoga may reduce the depressive symptoms
of perimenopause by increasing GABA levels in the
brain. This study examined the GABA levels by
measuring the GABA-to-creatinine ratio in the brain
and showed a 27% increase in GABA levels in the yoga
group after a 60-minute yoga session. This may explain
the decrease in the psychological symptoms in
menopausal women following yoga.

The Urogenital subscale also showed a significant
reduction  of symptoms as the yoga exercises involved
in this study activated the core muscles thus producing
a positive  effect on the pelvic floor musculature which
might have reduced the bladder symptoms.

Also from the above data it is seen that there is a
significant change in the menopausal symptoms as
rated on the MENQOL after the yoga exercise protocol.

Quality of Life (QoL) is a phrase used to refer to an
individual’s total wellbeing. This includes all
emotional, social, and physical aspects of the
individual’s life. However, when the phrase is used in
reference to medicine and healthcare as Health Related
Quality of Life (HRQoL), it refers to how the
individual’s wellbeing may be impacted over time by
a disease, a disability, or a disorder.

MENQOL- Menopause specific Quality of Life is a
questionnaire which has been formed and validated
upon the symptoms experienced by menopausal
women. The questions included in the MENQOL
targeted the 3 subscales of MRS. Since all the 3
subscales showed an improvement in the symptoms,
the change was reflected in the MENQOL as well, in
the form of reduction in the total MENQOL score.

CONCLUSION

1. There was a significant reduction in the symptoms
of menopause based on the Menopausal Rating
Scale due to yoga.

2. There was also a significant reduction in all the 3
subscales of MRS namely, Somatovegetative,
Psychological and Urogenital with the
Somatovegetative and Psychological subscales
showing a greater reduction than the Urogenital
subscale after the yoga exercise protocol.

3. There was also a significant reduction in the
symptoms of menopause based on the MENQOL
due to Yoga.

Thus it can be concluded that yoga in the form of
pranayama and surya namaskar can be effectively
used to reduce the menopausal symptoms in the early
postmenopausal period.
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ABSTRACT

Study Design: Pre test Post test Study Design

Objectives : To study the effect of Static Stretching and Retrowalking on the flexibility of the hamstring
muscle and To compare the effect of Static Stretching and Retrowalking on the flexibility of the
hamstring muscle.

Background: Previous trials have investigated the effects of Static stretching and Retrowalking on
Hamstring muscle flexibility and concluded that both increase Hamstring muscle flexibility. No clinical
trial comparing the effectiveness of Static stretching and Retrowalking in improving Hamstring muscle
flexibility has been reported in the literature.

Method: 50 subjects were taken and randomly divided into 2 groups. The group A performed static
hamstring stretches while group B performed retrowalking. Both groups performed the selected
protocol for four days per week for 4 weeks. All outcome measures were evaluated at baseline and
on 4th day of 4th week.

Results: The results of this study revealed that the static stretching is more effective in improving
hamstring muscle flexibility than retrowalking. The Static stretch group showed a greater increase in
active knee extension ROM of 10.25% than the Retrowalking group who showed an increase of 4.56%.

Conclusion: Static stretching is better than retrowalking in improving hamstring flexibility.

Keywords: Static Stretching, Retrowalking, Hamstring Muscle

INTRODUCTION

The term “hamstring” refers to a group of posterior
thigh muscles consisting of the semimembranosus,
semitendinosus, and biceps femoris1.Anderson and
Burke defined flexibility as “the range of motion
available in a joint or a group of joints that is influenced
by muscles, tendons, ligaments, and bones”2. Claims
have been  made that increased flexibility resulting
from stretching activities may decrease the incidence
of musculotendinous injuries, minimize and alleviate
muscle soreness, and improve athletic
performance.3,4.Research has shown that tight
hamstring muscles limit anterior tilt of the pelvis
during trunk flexion, and this limitation can result in
increased lumbar muscle and ligamentous tension,
producing considerably greater compressive stress on
the lumbar spine4, 5.

Three types of stretching exercises are used in an
attempt to gain an increase in flexibility: static
stretching, ballistic stretching, and PNF technique.2,6.
The PNF techniques presumably not only require the
most expertise of the three techniques described, but
an experienced therapist is required to administer the
PNF techniques7,8.Static stretching has been defined
as elongating the muscle to tolerance and sustaining
the position for a length of time2,9. The optimal time a
stretch should be held is 30 seconds one time per day
according to Bandy and Irion10,11. Static stretching has
the least associated injury risk and is believed to be
the safest and most frequent method of stretching12.

Backward walking (BW) is an activity that results
in joint kinematic patterns different from those
experienced during forward walking13. An important
difference is the prestretch of the hamstrings that
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occurs in backward walking prior to thigh reversal due
to greater hip flexion and lesser extension14.BW and
running have been promoted anecdotally and have
shown potential kinematic benefits15. BW in a water
environment increased core muscle activity and
metabolic cost versus walking forward in the same
environment16,17. Backward walking is a translatory
and dynamic activity with documented cardiovascular
benefits18,19. Whitley and Dufek documented increased
flexibility of the hamstrings following a BW
intervention20.

Tests for measuring hamstring muscle tightness
reported in the literature are variations of the straight
leg raising (SLR) test. These variations include the
passive bilateral SLR test, the passive toe-touch test,
the active unilateral SLR test, and the passive unilateral
SLR test. All of these tests measure hamstring tightness
by the angle of hip flexion with the knee extended.
Because of the confusion over what limits hip flexion
with SLR tests (muscular or neurological tissue),
according to Richard active-knee-extension (AKE) test
is more objective than the SLR test for measuring
hamstring tightness. The test measures the angle of
knee flexion with a goniometer after active knee
extension with the hip stabilized at 90 degrees
flexion21.Hamstring is called tight if there is inability
to achieve greater than 160° knee extension at 90° hip
flexion22. The vertical distance between the fingertips
and the floor is a good measure of hamstring muscle
extensibility, but not necessarily of intrinsic hip or back
flexibility23.

METHOD

Design: Pretest Posttest study design

Independent variables: Static stretching and
Retrowalking.

Dependent variables: Active knee extension ROM and
Finger-stool distance. 

Subjects: Subjects ranging in age from 20-40 years,
with tight Hamstring muscle were recruited from
Dashmesh College of physiotherapy, Gurgaon and
Physiotherapy centre, pitampura, Delhi.

Inclusion criteria 

Age group of 20-40 years

Tight Hamstring muscle

Exclusion criteria

Subjects with history of- pathology to the hip, knee,
thigh, or lower back History of back surgery or hip
arthroplasty Previous history of low back pain Acute
lower extremity injuries

 Table 1: Between group comparison of Mean Age and
Mean Height

Group A        Group B          t         p

Mean Age 25.56 ± 4.70  27.84 ± 5.71 1.5410   0.1299

Mean Height 162.0588 ± 4.1457 162.3612 ± 4.2656 0.2542   0.8004

Prior to assignment to group, each normal healthy
adult subject (male or female) aged between 20-40
years was measured for flexibility of the right
(arbitrarily chosen) hamstring muscle. Subjects were
positioned supine with the right hip and knee flexed
to 90°. In this position, the lateral malleolus, lateral
epicondyle of the femur, and the greater trochanter of
the femur were marked with a felt-tipped pen for
goniometric measurement. Subjects with inability to
achieve greater than 160° knee extension at 90° hip
flexion were included in the study. Full knee extension
was considered 180°22.

Prior to procedure following two tests were
performed

(a) Active Knee Extension ROM was checked with hip
in 900 flexion using goniometer. The subject
actively extended the right knee as far as possible
(no verbal encouragement was given by the
researcher). The greater trochanter, lateral
epicondyle of the femur, and lateral malleollus
were used as landmarks for the measurement and
marked with a permanent marker to assure
consistent measurement11.

(b) Standing toe touch test – Subjects were requested
to reach as far down as possible with both hands
while standing on a stool with their knees
completely extended without any warm up or
prior trials. The distance (cm) between the level of
the stool and the finger tips was recorded with a
tape measure24.

 Following base line measurements the subjects
(n=50) were randomized into one of 2 groups: Group
A (N=25): Static Hamstring stretch and Group B
(N=25): Retrowalking. 
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 Intervention

 Both groups followed protocol for four days per
week for 4 weeks and subjects in both the groups were
instructed that no exercise is to be followed at home.

Group A

Group A then performed static hamstring stretches
by standing erect with the left foot planted on the floor
and pointing straight ahead (no hip internal or external
rotation). The right hamstring muscles were stretched
by placing the right calcaneal aspect on an elevated
surface (high enough to cause a gentle stretching
sensation in the posterior thigh) with the knee fully
extended and toes pointed to the ceiling (again, no hip
internal or external rotation). The subject then flexed
forward from the hip, maintaining the spine in a
neutral position, while reaching the arms forward until
a gentle stretch was felt in the posterior thigh. Once
this position was achieved, the stretch was sustained
for 30 seconds11.

Group B

Pre treatment all subjects will walk forward on a
treadmill at a preferred velocity for 3-5 min for
warmup.26 Group B then walked backward at their
preferred velocity for 10 minutes20.

RESULTS

Analysis of the data collected was done by SPSS
software 15 version. The results were considered
statistically significant at p<0.05. T-test was used to
analyze inter-group differences in Active knee
extension ROM and Finger to stool distance readings
before and after performing the Static stretch and
Retrowalking. Paired sample t-test was used to
compare the intra-group differences in Active knee
extension ROM and Finger to stool distance.

Change in AKE ROM

The within group analysis of the AKE ROM showed
that there was a significant difference between the pre
and post readings in Group A and Group B  with an
overall Improvement of 10.25% (in Group A) and 4.56%
(in Group B). Paired sample t-test revealed that there
was a significant increase in ROM after 4 weeks in both
the groups (p< .001).

Between group analysis of Active knee extension
ROM showed that there was no significant difference
in the ROM before treatment but after treatment there

was a significant difference between them with group
A improving better than group A (p< .05).

Table 2: Between group comparison of AKE ROM

Group    Mean t P

Pre ROM A 128.08     ±6.7572 -1.063 .293

B 130.04 ± 6.2748

Post ROM A 141.20 ±7.8740 2.575  .013

B 135.96 ± 6.4451

* Significant at p d” 0.05

Change in Finger-stool distance

The within group analysis of the Finger-stool
distance showed that there was a significant difference
between the pre and post readings in Group A and
Group B with an overall improvement of 35.26% (in
Group A) and 9.82% (in Group B). Paired sample t-
test revealed that there was a significant increase in
ROM after 4 weeks in both groups (p< .001).

Between group analysis of Standing toe touch test
showed that there was no significant difference in
finger to stool distance before treatment but after
treatment, there was a highly significant difference
between them with gp A improving better than gp B
(p<.001).

Table 3: Between group comparisons of finger to stool
distance

Group    Mean t P

Pre distance A 15.308 ± 3.406 -1.816 .076

B 17.120 ± 3.6449

Post distance A 10.128 ± 3.5835 -5.048 <.001

B 15.516 ± 3.9543

** Highly significant at p d” 0.001 

DISCUSSION

The study compared the effectiveness of the two
techniques that is static stretching and retrowalking
in improving hamstring flexibility.

The results of this study revealed that the static
stretching is more effective in improving hamstring
muscle flexibility than retrowalking. The Static stretch
group showed a greater increase in active knee
extension ROM of 10.25% than the Retrowalking group
who showed an increase of 4.56%.

  A study done by William D. Bandy, lean M. Irion,
Michelle Briggler supported these results who found
that although both static stretch and DROM will
increase hamstring flexibility, a 30-second static stretch
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was more effective than the newer technique, DROM,
for enhancing flexibility25.

The Static stretch group also showed a greater
improvement in the standing toe touch test of 35.26%
than the Retrowalking group who showed an increase
of 9.82%.

Further the results were also supported by studies
investigating the effects of static stretch on ankle joint
ROM. Johnson E, Bradley B et.al in 2007 studied the
effect of a static calf muscle-tendon unit stretching
program on ankle dorsiflexion range of motion of older
women and concluded that a 6-week stretching
program is capable of provoking a significant increase
in ankle dorsiflexion ROM for elderly women26.

In another study J A Radford et.al in 2006 studied
“Does stretching increase ankle dorsiflexion range of
motion?” and concluded that calf muscle static
stretching provides a small and statistically significant
increase in ankledorsiflexion27.

The results of this study differ from that done by
Youdas JW, Krause DA et.al in 2003 who showed that
a 6-week program of once-per-day static stretching for
up to 2 minutes is not sufficient to increase active ankle
dorsiflexion ROM in healthy subjects28.

The study done by Vauqhan Kippers and Anthony
W. Parker on 33 young adults showed that the toe-
touch test is a reliable indicator of the maximum range
of trunk and hip flexion with extended knees, but not
of vertebral flexion. The vertical distance between the
fingertips and the floor, therefore, is a good measure
of hamstring muscle extensibility23.

The results of this study showed that retrowalking
also increased Hamstring flexibility though less than
Static stretching. Study done by Chet R. Whitley and
Janet S. Dufek supported these results who found that
there was a significant increase in Hamstring flexibility
as measured by the YMCA Sit-and-Reach Test, with
all participants showing an increase in reach distance
following the backward walking intervention. He also
recorded low back range of motion but found no
significant change in low back motion.

Janet Dufek, Anthony House et.al studied the
effects of backward walking as a modality for low back
pain reduction in athletes and found that the results
present trending evidence in support of BW relative
to pain reduction and increased low back ROM for
athletes with LBP29.

Clinical Relevance

The result of this study provided evidence that
Static stretch may be the valuable and useful tool in
clinical practice and is consistence with the current use
by clinical physiotherapist in improving the hamstring
muscle flexibility.

Limitations

Sample size was small.

Follow up of the subjects was not done to see if the
results are retained.

Future studies

Study can be done on the wider sample, different age
groups, subjects with low back pain and on the long
term effects of the stretching .

CONCLUSION

 The research hypothesis has been verified that
Static stretch is better than Retrowalking in improving
hamstring muscle flexibility.
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ABSTRACT

Study compared the effect and effectiveness of task specific strength training (TSST) and resistance
training (RT) on strength and function in hemiparetic lower limb. After satisfying the inclusion criteria
30 patients were randomly assigned to group 1 (TSST) and group 2 (RT). Pre and post test scores
were recorded using Timed up and go test (TUG) and hand held dynamometer (HHD) for lower
limb to check function and muscle strength. After 4 weeks of intervention function and muscle strength
were checked using TUG test and HHD for lower limb. The Results showed improvement in both
groups and also showed increase in the strength and function in both the groups with improvement
in TUG and HHD. So study concluded that both groups showed improvement in lower limb strength
and function after 4 weeks of intervention but when compared, group 1 with task specific strength
training showed better improvement than group 2 with resistance training.

Keywords: Task Specific Strength Training, Resistance Training, Strength

INTRODUCTION

Stroke is a leading cause of death and most common
cause of disability among adults and it is important
contribution to morbidity, mortality and disability in
developed as well as developing countries.1 Patient
suffering from stroke can have motor impairments like
abnormal muscle tone. The classic distribution of
spasticity is a unilateral presentation on the side of the
body contralateral to the lesion, which predominantly
affects the antigravity muscles. Abnormal reflexes
(hyperactive tendon reflexes) are a more common
manifestation subsequent to a stroke.2   the degree of
motor recovery after stroke varies widely and is
directly related to the degree of initial severity and
interval from stroke to initiation of voluntary
movement.3 Motor impairment is muscle weakness
and decreased endurance. The most common
distribution of weakness is contralateral Hemiparesis.
The distal muscles are typically affected to a greater
extent than proximal muscles.4 Muscle weakness in
lower limb is associated with reduced walking speed
and endurance. HHD can be used as a reliable tool for

assessment of muscle strength.5To measure the
functional performance of lower limb TUG test is a
reliable outcome tool to measure the function of
hemiparetic lower limb.6

All the neuromuscular problems associated with
stroke are most commonly treated with conventional
physiotherapy.7 in stroke rehabilitation, gait training
is one of the essential functional components where
physiotherapist is involved. Among different
physiotherapy managements, resistance training is a
method of increasing the ability of muscles to generate
force. Stroke survivors have the capacity to safely
improve lower extremity musculoskeletal strength in
both the paretic and nonparetic limbs with a program
of resistance strength training, and these
improvements lead to reductions in self-reported
functional limitations and disability.8

 RT refers to progressive increases in resistance to
a muscle, as training induces greater ability to produce
and sustain force. The key elements of progressive
resistance strength training are to provide sufficient
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resistance, to progressively increase the amount of
resistance as strength increases, and to continue the
training programme for a sufficient duration (a
minimum of four weeks) for benefits to acquire9

Task-oriented training utilizes a training
programme that focuses on specific functional tasks
to engage the systems (musculoskeletal,
neuromuscular, etc.).Task specific resistance exercise
show increased muscle strength (increased force
generating capacity), increased skill (increased
coordination of muscle activation), increased
extensibility and decreased stiffness of muscle. Task-
specific practice promotes motor learning and it is
focused on improving the performance & endurance
of functional tasks involving the lower extremities.
10this study was aims to compare the effect and
effectiveness of task specific strength training and
resistance training to improve strength and function
in hemiparetic lower limb following stroke.

MATERIALS AND METHODOLOGY

Ethical clearance was obtained from the Ethical
Committee of the Institute for the present study. This
was a Randomized Experimental study design, a total
of 30 Subjects both males and females in age group of
45-65 years having ischemic unilateral Hemiparesis
with minimental score >20,Brunstrom recovery stage
>3 and Hemisphreic stroke scale – gait component
3were randomly assigned into two groups. Patients
with perceptual dysfunction, sensory deficit, medically
unstable patients and any other medical and
orthopedic problem involving lower limb were
excluded from the study. Informed consent was taken
from subjects for voluntarily participation in the study.
The Study was performed in the Physiotherapy OPD,
K S Hegde charitable hospital. Patients underwent
routine conventional therapy before administering the
interventions. Subjects were divided in to two groups;
group 1 included 15 patients, they received task
specific strength training for lower limb for 45 min /
day, 3days/week, for 4 weeks. Group 2 included 15
patients; they received resistance training for lower
limb for 45mins/day, 3days/week for 4 weeks.

Experimental Procedure

As pretest Patients were assessed before
administering the intervention. Timed up and go test
was used to assess patient’s pre test lower limb
functional performance. Hand held dynamometer was
used to assess patient’s pre test lower limb muscle

strength. The pre test scores were noted down on the
first day before the treatment after complete
assessment of the patient. Both the patients groups
were underwent conventional therapy which includes
stretching, active movements and gait training.

Task specific strength training: 10It is given to the
Group 1 patients for 45 min /day, 3days/week, for a
period of 4 weeks .The workstations are designed to
strengthen the muscles of lower limbs in a functionally
relevant way. The six workstations incorporated into
the circuit were:

• standing and reaching in different directions for
objects located beyond arm’s length to promote
loading of the lower limbs and activation of lower
limb muscles;

• sit-to-stand from various chair heights ;

• stepping forward and backward onto blocks of
various heights;

• stepping sideways onto blocks of various heights;

• forward step-up onto blocks of various heights;

• Heels raises and lower while maintaining in a
standing posture.

Subjects were encouraged to work as hard as
possible at each workstation and were also given
verbal feedback and instructions aimed at improving
performance. The amount and intensity of the exercise
at each station were graded according to each subject’s
functional level, which were given for 5 min in each
workstation with 2 minutes rest between the work
stations. Progressions were made by increasing the
number of repetitions completed within 5 min at a
workstation and increasing complexity of the exercise
performed at each workstation, such as the distance
reached in standing, reducing the height of the chair
during sit-to stand, and increasing the height of the
blocks. Resistance training9 it is given to Group 2
patients for 45mins/day, 3days/week for 4 weeks. Hip
flexors, extensors, abductors, adductors, knee flexors,
extensors, ankle plantar and Dorsiflexors were
strengthened. Each muscle was given four warm-up
repetitions at 25% of the 1-repetition maximum (1RM)
with weight cuffs followed by 3 sets (8 to 10 repetitions
per set) at 70% of the 1RM. 2 minutes rest given in
between each set. Training intensity is adjusted
biweekly by reassessing the 1RM.
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Post test: Patients were again assessed at the end
of 4 weeks of intervention using timed up and go test
and hand dynamometer to evaluate the improvement
in lower limb function and strength. Lower extremity
muscle strength was evaluated using a handheld
dynamometer.5 The dynamometer was positioned with
the help of suspension ropes and sling and subject was
made to exert a maximum force against it. The muscle
group strength measured including hip flexors, hip
extensors, abductors, adductors, knee flexors, knee
extensors, ankle Dorsiflexors and ankle plantar flexors.
The hip flexors, hip extensors, abductors, adductors
strength was obtained in the standing position. The
knee extensor strength was obtained in sitting position.

The knee flexors strength was obtained in the prone
position. The ankle plantar flexors and Dorsiflexors
strength was obtained in the supine position.

Statistical Analysis

Data were analyzed by using Wilcoxon signed rank
sum test which is a non- parametric test for the intra
group comparison of improvement in lower limb
function and strength of control and experimental
groups. And inter group comparison of group 1 and
group 2 to assess the improvement in strength and
function by using Mann- Whitney U test is a non-
parametric test.

 Table 1: Shows the difference between pre and post test scores of patient assessed for timed up and go test in
group 1 who received task specific strength training.

Group 1 MEAN MEAN DIFF Std. Deviation Z value

PRE TEST SCORE 27.4     9.667 9.00635 3.426*P = <0.001

POST TEST SCORE 17.733 7.94145

*Statistically significantly different between the groups

Table 2: Shows the difference between pre and post test scores of patient assessed for timed up and go test in group
2 who received resistance training.

Group 2       MEAN MEAN  DIFF Std. Deviation   Z value

PRE 29.7333   5.4666 7.44951 3.422*p = <0.001

POST 24.2667 7.71332

Table 3: Shows the comparison between group 1 and group 2 after 4 weeks of intervention of patient assessed for
timed up and go test.

Group  MEAN MEAN DIFF Std. Deviation      Z value

Group 1 9.6667          4.2 6.46603     2.09*p = 0.037

Group 2 5.4667 1.59762

Table 4: Shows the difference between pre and post test scores of patient assessed for muscle
strength test in group 1.

Muscle Groups  Pre Test Score Posttestscore Mean Diff Std.deviation     z Value    p Value

Hip Flexors 4.2667 6.3333 2.0666 0.910 3.248* <0.001

Hipextensors  4.6  6.2667 1.6667 0.976 3.354* <0.001

Hipabductors 3.3333 5.0667 1.7334 0.704 3.473* <0.001

Hip Adductors 5.8 7.5333 1.7333 1.014 2.877*  0.004

Knee Flexors 3.6 6.9333 3.333 0.640 3.314* 0.000

Knee Extensos 4.3333 6.1333 1.8 0.77460 3.402* <0.001

Ankleplantarflexos 0.8000 2.3333 1.5333 0.63994 2.530* 0.011

Ankle Dorsi Flexors 0.1333 1.3333 1.2 0.45774 2.000* 0.046

Table 5: Shows the difference between pre and post test scores of patient assessed for muscle strength in group 2.

Muscle Groups Pre Post Mean Diff Std. Deviation   z Value p Value

Hip Flexors 4.4667 5.4000 0.933 1.033 2.491* 0.013

Hip Extensors 3.5333 4.3333 0.800 0.862 2.585* 0.01

Hip Abductors 3.3333 4.2667 0.933 0.704 3.071* 0.002

Hip Adductors 4.2667 4.8667 0.600 0.632 2.714*  0.007
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Table 5: Shows the difference between pre and post test scores of patient assessed for muscle
strength in group 2. (Contd.)

Muscle Groups Pre Post Mean Diff Std. Deviation   z Value p Value

Knee Flexors 3.8000 5.0000 1.200 0.775 3.145* <0.001

Knee Extensors 2.93333 3.8667 0.93333 0.70373 3.071* <0.001

Ankle Plantar Flexors 0.9333 1.4667 0.53333 0.63994 2.530* 0.011

Ankle Dorsi Flexors 0.4000 0.5333 0.13333 0.35187 1.414* 0.157

Table 6: Shows the comparison of muscle strength by modified hand held dynamometer
between group 1 & group 2

Muscle Groups Mean Diff  Std. Deviation z Value p Value

Group 1 Group 2 Group 1 Group 2

Hip Flexors 2.0667 0.9333 1.62422 .94122 2.159* 0.031

Hip Extensors 1.6667 0.8 .97590 0.86189 2.307* 0.021

Hip Abductors 1.7333 0.9333 0.70373 .70373 2.684* 0.007

Hip Adductors 1.7333 0.6 0.70373 1.09978 2.693* 0.007

Knee Flexors 2.333 1.4 1.44749 0.91026 1.96* 0.05

Knee Extensors 1.8 0.9333 0.77460 0.70373 2.87* 0.004

Ankleplantarflexors 1.5333 0.5333 1.35576 0.63994 2.214* 0.027

Ankle Dorsi Flexors 1.2 0.2 1.08233 0.56061 2.748* 0.006

DISCUSSION

The focal neurological deficit resulting from a stroke
is a reflection of the size and location of the lesion and
the amount of collateral blood flow.7Group 1 who
underwent task specific strength training while testing
muscle strength by hand held dynamometer had
shown the improvement in strength when compared
pre and post test scores and that values proved by
Wilcoxon signed rank test. scores were showing that
the task specific strength training is effective in
improving lower limb muscle strength and functional
abilities of hemiparetic patients. This statement was
supported by Yea-Ru Yang Ray-Yau who had found
improvement in lower extremity strength and
reductions in functional limitations with task specific
strength training programme due to improved motor
unit recruitment and motor learning (the development
of neuromotor patterns of co-ordination between
agonist and antagonist muscles through practice of a
skill)10 and also Paul D Vreede had demonstrated
improvement in strength and functional abilities by
task oriented training because the exercises of
functional task exercise program resembled daily task.
The participants may have been stimulated to become
more active in their free time and these exercise were
easily transferable to daily life situations.11

 scores were showing that the resistance training is
effective in improving lower limb muscle strength and
functional abilities of hemiparetic patients. This is
supported by Ouellette MM has demonstrated the

improvement in strength and function as the slow
velocity of movement given with resistance training
intervention leads to improvements in force
production and have driven changes in power. The
power generated by the hip flexors and the ankle
plantar flexors of the paretic lower limb has been
shown to be a strong predictor of walking speed in
individuals after stroke.9Also Milner- Brown et al has
found that strength improved due to the neural
coordination between agonists and antagonists and by
the synchronization of motor unit activity.12

The results were suggesting that it is possible for
task-oriented progressive resistance strength training
to induce increase in muscle strength that can be
transferred to improved functional performance. It is
supported by Carr and Shepherd who has indicated
that transfer is unlikely to occur unless subjects are
also practicing the task to be learned. Critical to the
regaining of effective performance is the development
of flexibility of performance, which is achieved by
practicing the action under a variety of different task
contexts. Repetitive practice of the action to be learned
can therefore have dual benefits, enabling the patient
to practice the action as well as increasing muscle
strength.13

 Timed Up and Go test shown the results that were
easy to collect the score and it reflect the overall
functional abilities of lower limb performance in
hemiparetic subjects. This is already proven by Ng SS,
Hui-Chan CW , he proved that timed up and go test is
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reliable, and correlated well with plantar flexor
strength, gait performance, and walking endurance in
subjects with chronic stroke.6 Hand held dynamometer
as a tool is easy to administer and has been found to
be reliable for assessing muscle strength.6

 CONCLUSION

Task specific strength training group showed
improvement in hemi paretic lower limb strength and
function at the end of 4 weeks. Resistance training
group showed improvement in hemi paretic lower
limb strength and function at the end of 4 weeks. When
both the groups were compared for improvement in
hemi paretic lower limb strength and function at the
end of 4 weeks of intervention, it was observed that
Task specific strength training showed significant
improvement compared to Resistance training.
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ABSTRACT

Objective: To compare the effect of agility and perturbation training with conventional exercises and
conventional exercises alone in  improving functional status in physically active individuals with
knee osteoarthritis

Materials and Method: This study is to be conducted with 60  physically active subjects of  knee
osteoarthritis and were randomly assigned into two equal groups (experimental and control
group).The pre-test measurements is taken for both the groups with WOMAC SCALE and TIMED
GET UP AND GO TEST. Then group A (experimental group) allotted for agility and perturbation
training and group B (control group) allotted for conventional exercise for the period of 6 weeks.
After the end of 6 weeks post-test measurements taken as similar to the pre-test measurement and
the result obtained are compared.

Out come measures: Western Ontario McMaster University Scale Timed get Up and go Test

Result: Result of the study concluded that there is a significant difference in both the groups. However,
the agility and perturbation group showed much significant differences in improving the functional
status of OA subjects as compared with the control group.

Conclusion: According to the results of present study agility and perturbation exercises significantly
improving the functional status of OA subjects as compared with the control group.

Adding agility and perturbation training techniques to exercise programs has a significant effect on
knee stability and general function in older individuals with knee OA as observed for younger, athletic
individuals.

Keywords: Agility, Perturbation, Functional status, Osteoarthritis

INTRODUCTION

Osteoarthritis is chronic degenerative disease of
joint with exacerbation of acute inflammation .It is an
extremely common condition after 40 years of age,
although it is not always symptomatic when present.1

It is widespread in adults older than 65years.It affects
men greater than women before the age of 50 years ,
but it reverses after age of 50 years .More than 20million
people in united states are affected by osteoarthritis.2

In India,45%population have chronic disease and
disability from which 50%are male and 70%are female.
One in every three people over 60 years is affected
&more than three in four persons over age of 70 show
radiographic evidences of the condition.1

Osteoarthritis is one of the most common
conditions. It is a degenerative joint disease with
multifactorial etiology. Commonly it is thought to be
wear and tear of joint as on age.3
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It is marked by two localized pathological features

1) Progressive destruction of articular cartilage

2) Formation of bone at the margin of the joint

Many of proprioceptive exercises and balance
training are now days used in treating knee
osteoarthritis which includes static cycling, wobble
board, mini squats.3 Apart from these, it is
supplemented by drugs for pain management like-
NSAIDS & MUSCLE RELAXANTS. Recently newer
drugs like glucosamine rondroitinsulphate are used
to help in regeneration of articular cartilage .Along
with these, intra-articular injection of steroids are also
used to reduce discomfort. But these drugs will also
produce side effects.4

Some recent studies showed that agility and
perturbation training for osteoarthritis patients will
help to relieve pain and improve the overall functional
status .So in this study an attempt is made to know
the effects of agility and perturbation training program
along with conventional therapy exercise for patients
with knee osteoarthritis.

METHODOLOGY

The study was conducted by taking 60 physically
active subjects of knee osteoarthritis fulfilling all
inclusive criteria. Informed consents were taken from
each subject and were divided into 2 equal groups by
using simple random sampling method. The baseline
measurement were taken to check functional status of
knee by using WOMAC scale and timed get up and
go test.

Group 1   [Control group]

Group 2   [Experimental group]

After baseline measurement Group 1 [Control
group] received Conventional exercise for 5 days in a
week for 6 week period and Group 2 [Experimental
group] received Agility and perturbation training
along with Conventional exercise for 5 days in a week
for 6 week period .At the end of 6 week post test
measurement were taken for both groups as similar to
the pretest measurements. The collected data were
compared and analyzed.

Selection criteria

INCLUSIVE CRITERIA

1. AGE: 40-70years

2. Unilateral/Bilateral OA

3. Chronic Conditions (3 months-2years)

4. Both Genders –Male and Female

EXCLUSIVE CRITERIA

1. Recent soft tissue injury around knee joint

2. Any neurological disorder

3. History of RA

4. Hip /knee joint replacement

5. History of knee surgery/major knee trauma

6. Intra-articular joint injection in 4 weeks.

OUTCOME MEASURES

• Western Ontario McMaster University Scale5

• Timed get Up and go Test6

CONVENTIONAL EXERCISE 7  FOR CONTROL
GROUP 1

i). Calf stretching

ii). Hamstring Stretching

iii). Prone Quadriceps Stretching

Exercise Dosage/Progression

2 repetitions, each of 30 seconds’ duration.  Range can
be increased during 30-second period.

iv). Long-Sitting Knee Flexion and Extension:

v). Quadriceps setting:

Exercise is progressed from 10 contractions to 30
contractions, as tolerated. Subjects are given the option
of doing 30 consecutive repetitions or 3 sets of 10
repetitions, according to their preference.

vi). Supine Straight Leg Raises

vii). Prone Hip Extensions

viii). Seated Knee Extension Isometrics

Exercise is progressed from 10 to 30 repetitions.
When subject can do 30 repetitions without added
weight, a 1-pound cuff weight is added. Resistance is
progressed by adding 1 pound when the subject can
do 30 repetitions at the current resistance.
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Treadmill Walking

Subject walks on a treadmill at a self-selected pace
beginning at 1–5 minutes duration and progressing to
15 minutes, as tolerated

Agility and Perturbation Activity 8,9  For Experimental
(Group 2)

In addition with conventional exercise following
exercise were given to experiment group.

Side Stepping

Subject steps sideways, moving right to left and
then left to right, approximately 10–20 ft, repeating 2
times in each direction for a total of 4 times.

The width of steps and the speed of steps are
progressed every 1–2 sessions. The activity is initiated
on a level surface and progressed to side stepping over
low obstacles

Braiding Activities

Subject combines front and back crossover steps
while moving laterally (walking carioca). During each
activity, subject will be moving right to left and then
left to right, approximately 10–20 ft, repeating 2 times
in each direction for a total of 4 times.

The activity is progressed by increasing the width
of steps and the speed of steps every 1–2 sessions.

Front and Back Crossover Steps During Forward
Ambulation

The subject will cross one leg in front of the other,
alternating legs with each step, while walking forward
approximately 10–20 ft. The subject will then walk
backward to the start position while crossing one leg
behind the other, alternating legs with each step.

Two repetitions are performed. Begin with tandem
crossover steps and progress to full crossover steps
when the subject’s performance improves. The width
of steps and the speed of steps can be progressed every
1–2 sessions.

Shuttle Walking

Plastic pylon markers will be placed at distances
of 5, 10, and 15 ft. The subject walks forward to first
marker, then returns to start by walking backward.
Subject then walks to 10-ft marker forward, then
returns to 5-ft marker walking backward. The subject
then walks to 15-ft marker, returns to 10-ft marker

walking backward, then finishes by walking to 15-ft
marker.

Exercise Dosage/Progression

The activity is progressed by increasing the width
of steps and the speed of steps every 1–2 sessions

Multiple Change in Direction During Walking on
Therapist Command

Therapist directs the subject to either walk forward,
backward, sideways, or on diagonal by cueing the
subject with hand signals. Changes in direction are
cued randomly by the therapist.

Duration of exercise about is approximately 30
seconds

Double-Leg Foam Balance Activity

Subject stands on a soft foam surface with both feet
on the ground. Therapist attempts to perturb patient
balance in random fashion.

The duration of the activity is approximately 30
seconds. The difficulty is progressed as the subject
improves by progressing to ball catching with therapist
perturbing subject’s balance while standing on foam
and progressing to single-leg support if tolerated
without knee pain, swelling, or buckling.

Tilt board Balance Training

 The subject stands on a tiltboard with both feet on
the board. The therapist perturbs the tiltboard in
forward and backward and side-toside directions for
approximately 30 seconds each

The difficulty of the activity is progressed by adding
ball catching during the perturbations and progressing
to single-limb support

Rollerboard and Platform Perturbations

The subject stands with one limb on a stationary
platform and the other limb on a roller board. Therapist
perturbs roller board in multiple directions, at random,
and the subject attempts to resist the perturbations.
The activity lasts approximately 30 seconds. The
activity is repeated by changing the limbs on the
platform and the roller board.

OBSERVATION AND DATA ANALYSIS

This  study was done taking 60 subjects,30 each in
the experimental and control group.
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The pre test data of each group were compared with
the post test data using WOMAC and TIMED GET
UP AND GO as the outcome measures.

A paired ‘t’ test is applied within the  group  and
an unpaired ‘t’-test is applied between the group at
95%of confident interval 10

Group 1: Experimental Group

Outcome Measure Mean of Mean of p-value
pre-test Data post-test Data

WOMAC 40.4 8.1 0.0382

TGUG 20.24 15.876 <0.0001

The P-value for WOMAC scale is less than 0.01, so
there is a significant difference within the group and
the alternate hypothesis is accepted.

The P-value for TIMED GET UP AND GO TEST is
less than 0.01, so there is a significant difference within
the group and the alternate hypothesis is accepted.

Similarly the data of the control group were
compared using paired ‘t’ test.

Group 2: Control Group

Outcome Measure Mean of Mean of p-value
pre-test Data post-test Data

WOMAC 31.4 7.33 <0.001

TGUG 19.345 14.546 <0.001

The P-value for WOMAC scale is less than 0.01 ,so
there is significant difference within the group and the
alternate hypothesis is accepted.

The P-value for TIMED GET UP AND GO test is
less than 0.01, so there is significant difference within
the group and the alternate hypothesis is accepted.

To compare the effectiveness between the two
groups the post-test data of both  groups were taken
and an unpaired ‘t’-test was applied keeping the
confidence interval at 95%.

Group 1. V/S Group 2: Experimental V/S Control

Group Post-test Post-test p-value
Measure of Measure of

Experimental  Control

WOMAC 8.1 7.33 0.0018

TGUG 15.876 14.546 0.6912

The P-value for WOMAC scale is less than 0.01,so
there is a significant difference between the group and
alternate hypothesis is accepted.

The P-value for TIMED GET UP AND GO TEST is
more than 0.01,so there is no significant difference
between the groups  and alternate hypothesis is
rejected.

A Graphical Representation of Comparing Pre-test
and Post Test Data of Experimental Group

Comparison using WOMAC SCALE

Comparison using TIMED GET UP AND GO
SCALE

A Graphical Representation of Pre and Post Test Data
of Control Group

Comparison using WOMAC SCALE:
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Comparison using TIMED GET UP AND GO DISCUSSION

In developing the agility and perturbation training
program, it was hypothesized that exposing
participants to challenging movement problems,
including challenges to knee stability, balance, quick
changes in direction, quick stops and starts, and so
on, would better prepare them for dealing with these
types of movement problems during daily function.11,12

Therapeutic exercise approaches have been shown
to reduce complaints of knee instability in some people
with anterior cruciate ligament (ACL)injury.9 These
approaches included the use of lower-extremity
strengthening as well as agility and perturbation
training techniques.

Agility training techniques involve quick stops and
starts, cutting and turning, and changes in direction.
Perturbation training incorporates the use of roller
boards and wobble boards to challenge balance and
knee stability.13

Adding these types of training techniques to
standard rehabilitation programs was found to be
more effective in reducing dynamic knee instability
(or improving dynamic stability) upon return to high-
level physical activity than an impairment-based
standard program in people with ACL-deficient
knees.9

Given the limited effects with impairment-based
exercise programs on improving physical function in
knee OA, coupled with the fact that a significant
proportion of people with knee OA have complaints
of knee instability, we reasoned that a similar approach
that was found to be effective for people with ACL
deficient knees might be modified to be beneficial for
people with knee OA.9

In addition, the CNS uses three movement system
to regain balance after the body is pertubated  i.e.
REFLEX,AUTOMATIC and VOLUNTARY .14 Spinal
stretch reflex is the 1st response to perturbation  .It
causes stereotyped muscle contraction in response to
sensory input.

Small extend perturbation  works on basis of ankle
strategy .When perturbation is given in the forward
direction ,there is reflexive muscle activation from
distal to proximal sequence, like gastrocenemius
followed by hamstring, paraspinal, tibialis anterior,
quadriceps abdominals.14

A Graphical Representation Comparing the Post Test
Measures of Experimental and Control Group:

Comparing the post test data using WOMAC
SCALE

Comparing post test measures using TIMED GET
UP AND GO SCALE
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The movement strategy utilize to control medio-
lateral perturbation involves shifting the body weight
laterally from one leg to the other . Hips muscles are
the key control-activating  abductor and adductor
muscle with some contribution of evertors and
invertors of ankle.14

‘Therefore, adding agility and perturbation training
techniques to exercise programs has a significant effect
on knee stability and general function in older
individuals with knee OA as  observed for younger,
athletic individuals. It is true that some of our
participants engaged in higher-level activity where
challenges to balance and agility showed
improvement.9

We also found that gait speed improved in
participants who received the same agility and
perturbation training techniques compared with those
who received a standard exercise program.7

Moreover, a strong relationship exist  between pain
and function is well established in people with knee
OA, and it would be surprising that differences in
physical function would  be observed if there were
significant differences in knee pain following
treatment.

CONCLUSION

The results of the study concluded  that there is a
significant difference in both the groups . However ,
the  agility and perturbation group showed much
significant differences in improving the functional
status of OA subjects as compared with the control
group.

Limitations of Study

This study has been performed on small sample .

The study was done for a short duration of 6weeks.

The study was not conducted for acute osteoarthritis
of knee joint patients.

It was a unicentered study.
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ABSTRACT

Background: The independent effects of cavitation versus abdominal exercise on abdominal obese
subjects and other related comorbid conditions are not known.

Objective: To investigate the effect of cavitation versus abdominal exercise programs on abdominal
obese subjects.

Design: Randomized, controlled trial.

Setting: Faculty of Physical Therapy, Cairo University

Participants: 45 obese subjects of both sexes (16M-29F) P value (0.05) ranged in age from twenty five
to fifty years participated in this study were be categorized into 3 groups of equal number (each
group 15 subjects) randomly selected from population

Intervention: Participants were randomly assigned to one of three study groups (cavitation and diet
group, abdominal exercise and diet group, and control diet group ) and were observed for 6 weeks.

Measurements: Weight and height scale(change in weight) ,tape measurement (waist hip ratio)

Results: The Body weight significantly decrease post U.S cavitation and diet with a percentage of
7.02%, post abdominal exercises and diet with a percentage of 5.41% and post diet with a percentage
of 4.55%, BMI showed also significant reduction with a percentage of 7.11%,5.44% and4.58% on all
groups respectively, In addition, there was a significant reduction of  waist circumference with a
percentage of 8.92%,4.73% and1.67% on all groups respectively. Furthermore, hip circumference
reduced significantly with a percentage of 2.81%,1.53% and1.16% on all groups respectively. Finally,
there was a significant reduction of  waist hip ratio with a percentage of 6.38%,3.15% and 0.42% on all
groups respectively

Conclusions: There were no significant difference among the three groups in body weight ,BMI and
hip circumference .While there were significant difference among the three groups in waist
circumference and waist hip ratio.

Keywords: Abdominal Obesity, Cavitation, Abdominal Exercise

INTRODUCTION

Obesity refers to an excess of body fat content
greater than 20% for men and greater than 30% for
women from the ideal body weight. The body mass
index (BMI), is believed to be better measure for
defining obesity. Dietary Guidelines for Americans,
defined overweight as BMI of 25 to 29.9 Kg/m2, and
obesity as BMI more than 30Kg/m2 for adults 18 years
or older 1. cavitation  is the most revolutionary method
of dealing with excess body fat. Millions of people

throughout the civilized world are choosing this
method of modern medicine. This success is due to
stunning results - you’ll see the effect after the first
procedure. ultrasonic wave creates microbubbles that
are just burst, releasing energy that breaks down fat
cells permanently. It means that fat “deposit” will
never be. What happens to the liberated “content”? It
enters the extracellular space and safely excreted from
the body through the lymph vessels. In these small
bubbles is a great power. When they burst, facing
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inward, outward energy is released in 100 kg/cm². This
energy affects solely on fat cells and destroy their
membrane, thereby releasing accumulated inside the
liquid. Thus, there is the physical destruction of cells,
increasing the volume of which is the root cause of
unwanted fat deposits. The destruction of the
membrane lipocytes fat as would be “diluted”, falls
into the extra-cellular space and naturally excreted
from the body - 90% through the lymphatic system,
while 10% is absorbed by blood, being transformed
into the basic molecule of glucose, due to which the
body receives an extra boost of energy. After removal
of the split products the accumulation of fat in the
treated area becomes impossible. Decrease in volume
is due to the destruction of the fat that is excreted
naturally. This does not affect either blood vessels or
nerves or internal organs. Cavitation can permanently
remove fat cells, even those that are accumulating in
his fat, increase in size by 50 times. With the new
method of membrane every fat cell is destroyed, at
the same time without affecting other cells of the
human body 2.

The most common Abdominal exercises include
moves like crunches, bicycles and reverse crunches,
but are a number of variations that allow you to work
your abdomens in different ways 3.Six weeks of
abdominal exercise training alone was not sufficient
to reduce abdominal subcutaneous fat and other
measures of body composition. Nevertheless,
abdominal exercise training significantly improved
muscular endurance to a greater extent than the control
group 4.

there is a wide gap in literature concerning the effect
of cavitations versus abdominal exercise programs on
abdominal obese subjects. The importance of the study
to both the obese subjects and field; it will help the
obese subjects to knowing the best way that affect on
their abdominal obesity. On the other hand, the
therapist will be able to find out the most effective way
that affect on the abdominal obese subjects.

SUBJECTS, MATERIALS AND METHOD

This study was conducted in the Faculty of Physical
Therapy, Cairo University through the period from
June to December 2012,  to investigate the effect of
cavitation versus abdominal exercise programs on
abdominal obese subjects. The design of the study was
pre-test post-test design . 45  subjects of both sexes
(16M-29F) were assigned randomly into three equal
groups of equal number (each group 15 subjects)

randomly selected from population according to the
following criteria: Their ages was ranged from 25 to
50 years. They had no current or previous neurological
or musculoskeletal Disorders and non pregnant
females .They can understand and follow verbal
commands and instructions included in the test.
Subjects in Group (A) consisted of 15 subjects (5 male
and 10 female) abdominal obese were received
cavitation and diet . Subjects in Group (B) consisted of
15 subjects (6male and 9 female) abdominal obese were
received abdominal exercises and diet . Group (C)
consisted of 15 subjects (5male and 10 female)
abdominal obese were received diet only.

INSTRUMENTATION

1 Weight and height scale

Hanson professional scale was used to measure
weight and height in order to calculate the body
weight5.

2 tape measurement

To measure the waist and the hip circumference.

PROCEDURE

a) Initial preparation

All subjects agreed to participate in the study by
completing an informed consent form.

b) Assessment procedures

I- weight assessment

All groups were their weight measured by the
Hanson professional scale.

II Waist-to-hip ratio measurement

Each subject assessed by the tape measurement and
tacked the waist and the hip circumference then Divide
the waist measurement by the hip measurement.
Abdominal obesity is typically measured by waist
circumference; a measurement of 40 inches or more in
men and 35 inches or more in women indicates
abdominal obesity 6.

III Body mass index( BMI) : weight (in  kilograms)/
[height of power 2 (in meters)] 5.

c) Treatment procedures

I group A was received cavitation sessions ( one
session every week for 6weeks 40 minute  ) and
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diet for 6 weeks . Cavitation conditions  .Pressure
- 0.6 kPa .Vibration frequency - from 39-41 kHz
(thus achieving a more profound impact - 8-10 cm)

II group B was received abdominal exercises
programs ( 3 sessions per week for 6 weeks for 20
minute ) and diet for 6 weeks .BMR varies from
person to person and increases with your amount
of muscle tissue. Exercising increases BMR, and it
can stay raised after 30 minutes of moderate
physical activity. Many people’s BMR stays
increased for approximately 48 hours following
exercise 7.

III group C was received diet only for 6 weeks. Diet
depending on Basal metabolic rate (BMR).

Statistical analysis

Data were first analyzed using the Kolmogorov-
Smirnov test to recognize a normal distribution. The
differences between the beginning and post treatment
measurements were analyzed using the paired Student
t test.  The differences between the three groups were
analyzed using (ANOVA) followed by LSD post hoc
test for. Level of significance for all tests was set at
(0.05).

RESULTS

Subjects

 The general characteristics of the participants are shown in table (1).

Table 1. general characteristics of the subjects

characteristics Group (A) Group (B) Group (C)

Age(yr) 34.46±4.89 33.6±5.72 34.4±5.26

Weight(kg) 89.06±10.08 89.8±11.34 90.73±10.31

Height (Cm) 165.4±8.66 166.73±8.81 167.33±8.39

BMI(kg/m2) 32.46± 0.98 32.16±0.97 32.29±0.68

Effect of U.S cavitation and diet (Group A)

The Body weight significantly decrease post U.S
cavitation and diet within7.02%. BMI showed also
significant reduction within 7.11%. In addition, there
was a significant reduction of  waist circumference
within 8.92% . Furthermore, hip circumference reduced
significantly within 2.81% . Finally, there was a
significant reduction of  waist hip ratio within 6.38%
as shown in table (2).

Effect of abdominal exercises and diet (Group B)

There was significant decrease in Body weight post
abdominal exercises and diet with within 5.41% . Also,
BMI showed significant decrease with a percentage of

5.44%. Furthermore, waist circumference showed
significant reduction within 4.73%. In addition, there
was significant decrease in hip circumference within
1.53%. Finally, waist hip ratio significantly reduced
within 3.15% as shown in table (2).

Effect of diet (Group C)

The Body weight significantly decrease post diet
within 4.55%. BMI showed significant reduction with
a percentage of 4.58%. In addition,  waist circumference
reduced significantly within 1.67.  The hip
circumference reduced significantly with a percentage
of 1.16%. Finally, there was a significant reduction of
waist hip ratio with a percentage of 0.42% as shown in
table (2).

Table 2. body weight, BMI, Waist circumference ,hip circumference, waist hip ratio pre and post treatment in each group.

Variables Group (A) Significant Group (B) Significant Group (C) Significant
(mean±SD) (P-value) (mean±SD) (P-value) (mean±SD) (P-value)

Body Weight Pre 89.06±10.08 0.0001* 89.8±11.34 0.0001* 90.73±10.31 0.0001*

Post 82.8±10.16 84.93±11.21 86.6±10.35

BMI Pre 32.46±0.98 0.0001* 32.16±0.97 0.0001* 32.29±0.68 0.0001*

Post 30.15±1.0 30.41±1.07 30.8±0.81

Waist circumference Pre 103.16±6.42 0.0001* 102.6±4.86 0.0001* 103.2±2.85 0.0001*

Post 93.93±6.28 97.73±4.97 101.46±2.58
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Table 2. body weight, BMI, Waist circumference ,hip circumference, waist hip ratio pre and
post treatment in each group. (Contd.)

Variables Group (A) Significant Group (B) Significant Group (C) Significant
(mean±SD) (P-value) (mean±SD) (P-value) (mean±SD) (P-value)

Hip circumference Pre 108.73±6.46 0.0001* 107.93±4.18 0.0001* 108.13±3.09 0.0001*

Post 105.66±6.46 106.26±4.07 106.86±3.11

Waist hip ratio Pre 0.94±0.01 0.0001* 0.95±0.01 0.0001* 0.95±0.01 0.02*

Post 0.88±0.01 0.91±0.01 0.94±0.01

Data presented as mean± standard deviation ; *p <0.05(significant).

Comparison among the three groups pre treatment

At baseline (pre treatment), All parameters were not different among the examined groups as revealed by
ANOVA test (table 3)

Table 3. comparison between the three groups in body weight, BMI, Waist circumference ,hip circumference, waist
hip ratio pre treatment.

Variables Group (A) Group (B) Group (C) P-value

Body Weight 89.06±10.08 89.8±11.34 90.73±10.31 0.91

BMI 32.46±0.98 32.16±0.97 32.29±0.68 0.66

Waist circumference 103.16±6.42 102.6±4.86 103.2±2.85 0.93

Hip circumference 108.73±6.46 107.93±4.18 108.13±3.09 0.89

Waist hip ratio 0.94±0.01 0.95±0.01 0.95±0.01 0.49

Data presented as mean± standard deviation ; *p <0.05(significant).

Comparison among the three groups post treatment

For waist circumference, group (A) showed better
reduction than group (B) (P=0.03) and group (C)
(P=0.0001) as revealed by post hoc test. Group (B)
showed better reduction in waist circumference than
group (C) (P=0.04).

Concerning waist hip ratio, group (A) showed
better reduction in waist hip ratio than group (B)
(P=0.0001) and group (C) (P=0.0001). While, Group (B)
showed better reduction in waist hip ratio than group
(C) (P=0.0001) as revealed by post hoc test.

Table 4. comparison between the three groups in body weight, BMI, Waist circumference ,hip circumference, waist
hip ratio post treatment.

Variables Group (A) Group (B) Group (C) P-value

Body Weight 82.8±10.16 84.93±11.21 86.6±10.35 0.61

BMI 30.15±1.0 30.41±1.07 30.8±0.81 0.18

Waist circumference 93.93±6.28 97.73±4.97 101.46±2.58 0.001

Hip circumference 105.66±6.46 106.26±4.07 106.86±3.11 0.78

Waist hip ratio 0.88±0.01 0.91±0.01 0.94±0.01 0.0001

Data presented as mean± standard deviation ; *p <0.05(significant).

DISCUSSION

The result of this study showed that there were no
significant difference among the three groups in body
weight (P=0.61), BMI (P=0.18), and hip circumference
(P=0.78). While there were significant difference
among the three groups in waist circumference
(P=0.001) and waist hip ratio (P=0.0001) as revealed
by ANOVA test. The choice of using Cavitation in this

study had an agreement with 2. who reported that
Effect of the Cavitation procedure is visible
immediately after the first session and reinforced in
the next few days. One session may be inferred from
the body up to 15 cm³ of fat. This corresponds to a loss
of volume at the waist from 3 to 7 inches after just one
session of cavitation. Moreover, these results persist
for many years, because the accumulation of fat in the
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treated field is terminated. Cavitation is not only able
to provide correct figure and weight, but also to
effectively fight cellulite: fibrous tissue (orange peel)
is destroyed, and not just “squeezed out” as in other
procedures. After non-surgical liposuction of hips and
other problem areas the skin becomes smooth and
elastic. Non-invasively focused therapeutic ultrasound
reduced adipose tissue 8. 30 healthy patients
underwent three treatments, at 1-month intervals, and
were followed for 1 month after the last treatment. All
patients showed significant reduction in subcutaneous
fat thickness within the treated area. The mean
reduction in fat thickness after three treatments was
2.28+/-0.80 cm. Circumference was reduced by a mean
of 3.95+/-1.99 cm. Weight was unchanged during the
treatment and follow-up period. No adverse effects
were observed.

In the present study we select the abdominal
exercise programs and diet on abdominal obese
subjects. This choice came in agreement with  9. Who
reported that weight loss induced by diet restriction
or an increase in exercise is carefully matched,
reductions in abdominal obesity, visceral fat, and
insulin resistance are similar. Because the previous
view has been that exercise alone reduces total and
abdominal obesity only modestly or not at all. Also
suggest that exercise without weight loss is a useful
method for reducing abdominal fat and preventing
further increases in obesity. The result for waist
circumference, group (A) showed better reduction than
group (B) (P=0.03) and group (C) (P=0.0001) as
revealed by post hoc test. Group (B) showed better
reduction in waist circumference than group (C)
(P=0.04).Concerning waist hip ratio, group (A) showed
better reduction in waist hip ratio than group (B)
(P=0.0001) and group (C) (P=0.0001). While, Group (B)
showed better reduction in waist hip ratio than group
(C) (P=0.0001) as revealed by post hoc test.

 This study in agreement with 4. Who stated that
the effect of abdominal exercises on abdominal fat.
Twenty-four healthy, sedentary participants (14 men
and 10 women), between 18 and 40 years, were
randomly assigned into 2 groups: control group (CG)
or abdominal exercise group (AG). Anthropometrics,
body composition, and abdominal muscular
endurance were tested before and after training. The
AG performed 7 abdominal exercises, for 2 sets of 10
repetitions, on 5 days /week for 6 weeks. The CG

received no intervention, and all participants
maintained an isocaloric diet throughout the study.
Significance was set at p = 0.05 for all tests. There was
no significant effect of abdominal exercises on body
weight, body fat percentage, android fat percentage,
android fat ,abdominal circumference, abdominal skin
fold and suprailiac skin fold measurements. The AG
performed significantly greater amount of curl-up
repetitions (47 ± 13) compared to the CG (32 ± 9) on
the posttest. Six weeks of abdominal exercise training
alone was not sufficient to reduce abdominal
subcutaneous fat and other measures of body
composition. Nevertheless, abdominal exercise
training significantly improved muscular endurance
to a greater extent than the CG.

CONCLUSIONS

From the obtained results it may be concluded that
there were no significant difference among the three
groups in body weight ,BMI and hip circumference
.While there were significant difference among the
three groups in waist circumference and waist hip
ratio.

For waist circumference, group (A) showed better
reduction than group (B) and group (C). Group (B)
showed better reduction in waist circumference than
group (C).

Concerning waist hip ratio, group (A) showed
better reduction in waist hip ratio than group (B) and
group (C). While, Group (B) showed better reduction
in waist hip ratio than group (C)
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ABSTRACT

Objective: To compare efficacy of Maitland Thoracic Mobilisation and Deep Neck Flexor (DNF)
Endurance training with only Deep Neck Flexor Endurance training on Cervical Range Of Motion
(ROM), Numerical Pain Rating Scale (NPRS) and Neck Disability Index (NDI) in patients with
Mechanical Neck Pain.

Study design: Experimental

Methodology: 30 mechanical neck pain patients between the age 18 -35 who met inclusion & exclusion
criteria were selected. They were then randomly assigned to one of the 2 treatments groups: Group A
(Maitland thoracic mobilisation with DNF endurance exercises) or Group B (only DNF endurance
exercises) The training groups were assigned to their respective treatment programs for a period of 4
weeks.

Participants were assessed on the following outcome measures before and after 4 weeks of treatment.

1) Numerical Pain Rating Scale

2) Neck Disability Index

3) Cervical Range of Motion

Result: On comparison, Maitland Thoracic Mobilisation with DNF Endurance training was found to
produce more statistically significant reduction in pain and greater improvement in Cervical Lateral
Flexion and Rotation range of motion. However there was more reduction even in NDI scoring in
this group, but when compared with only DNF Endurance training exercises it was not statistically
significant. There were no statistical significant differences when the groups were compared for cervical
sagittal mobility.

Conclusion: In patients with Mechanical Neck Pain, DNF Endurance training exercises with Maitland
Thoracic mobilisations is more effective than only DNF Endurance training exercises reducing pain
and improving cervical lateral flexion and rotation ROM, but there was no statistically significant
difference between groups on cervical sagittal mobility and NDI scoring.

Keywords: Mechanical Neck Pain, Maitland Thoracic Mobilisation, Deep Neck Flexor Endurance Training

INTRODUCTION

Peterson and Bergman (2002) state that any event
or condition (e.g. incorrect posture, ageing, acute
injury, congenital or developmental defects) which
leads to altered joint mechanics or muscle structure or

function, can result in mechanical neck pain1. Grieve
(1988) suggested that in the absence of trauma and
major injury, one of the greatest causes of neck pain is
poor posture. 3
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Liebenson (1996) emphasised the three way link
between the joints, muscles and CNS and therefore we
can conclude that muscular dysfunction will lead to
poor posture, which will cause additional strain and
subsequently lead to mechanical neck pain and vice
versa causing affection of the surrounding muscles (23).
In sustained abnormal neck postures, the muscles that
are responsible to stabilise the spine are succumb to
the effects of gravity, and thus become less active and
exhibit stretch weakness. Hence exercises for
improving the endurance of these muscles is necessary
to prepare the muscles to function over an extended
period of time. The muscles surrounding the neck that
have been identified that typically demonstrate poor
postural endurance are Longus Colli and Deep
Cervical Flexors and lower cervical extensors.5

Moreover, retraining the deep cervical flexor
muscles, which has been shown to decrease neck
symptoms 6,7 and increase the activation of the deep
cervical flexor muscles during performance of the
clinical test of craniocervical flexion,7 may improve the
ability to maintain an upright posture of the cervical
spine.

Studies also suggested that reduced thoracic
mobility resulting from defective biomechanical links
in the cervicothoracic junctions might cause neck
dysfunctions.8 It was reported that manual therapy
using joint mobilisation in this region was quite
effective at enhancing functional motions and reducing
pain.9

From the preceding studies, it can be seen that
improvements in cervical stability and thoracic
mobility achieved through muscle strengthening
exercises or manual therapy, do reduce neck pain and
improve functional motion.

Thus the purpose of this study was to compare the
efficacy of deep neck flexor endurance training along
with thoracic mobilisation with deep neck flexor
endurance training only in patients with mechanical
neck pain.

METHODOLOGY

1) Patients were included into the study with
diagnosis of ‘Mechanical Neck Pain’, according to
the Grieves criteria. 3

2) Patients with upper thoracic (T1-T5) stiffness and
tenderness.6

Patients suffering from disorders of the cervical
spine such as disk prolapse, spinal stenosis, post-
operative conditions in the neck and shoulder areas,
history of trauma, instability, spasmodic torticollis,
peripheral nerve entrapment, fibromyalgia, shoulder
conditions (tendonitis, bursitis, and capsulitis),
inflammatory rheumatic diseases, psychiatric illness
and pregnancy were excluded from the study.

30 patients were allocated randomly to one of the
two treatment groups – Group A (Maitland thoracic
mobilisation with Deep Neck Flexor endurance ex.)
or Group B (only Deep Neck Flexor endurance ex.).
Each group included 15 patients. The mean age of
patients was 36.93 yrs in Group A and 36.73yrs in
Group B. There were 5 male and 10 female neck pain
patients in Group A, while Group B had 6 male and 9
female patients.

DNF endurance exercise protocol

With the patient in supine position, this task
involved flexion of the cranium on the cervical spine
while ensuring that the back of the head remains in
contact with the supporting surface.

The contraction was graded through feedback from
a pressure biofeedback device that was placed under
the upper cervical spine and inflated to 20 mmHg. The
patients were instructed to nod and increase pressure
on the cuff to 22 mmHg and hold the pressure steady.

Once the participant was able to sustain a 10 second
contraction and perform 3 sets of 10s repetitions at a
particular level, the patient was then instructed to hold
the contraction and progress to the next increase of 2
mmHg on the pressure biofeedback device. During the
treatment session, participants performed 3 sets of 10
repetitions at a pre-determined intensity level.

Progression was done only at the end of the week.
This progression was continued by 2mmHg till the
patient could hold the contraction at 30 mmHg
pressure on the biofeedback device. 10

This protocol remained same for both the Groups

In addition to this Group A also received Maitland
Thoracic Mobilisation. The starting position of the
patient was prone. The physiotherapists’ position for
mobilising the upper thoracic (T1-T5) was at the side
of the patient with her shoulders over the area to be
mobilised to enable direction of the pressure to be at
right angles to the surface of the body. A postero-
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anterior grade 1 or 2 Maitland mobilisations were
given over the spinous processes through the pisiform
depending on the tenderness. 11 Those who reported
pain reduction were then progressed to grade 3 or 4
mobilisations.

RESULTS

The data was statistically analysed by using paired
t-test for within group analysis & unpaired t-test for
between group analyses

Table 1. Mean & SD for Group A (DNF ex. with Mobilisation) showing difference in pre& post treatment

Group A NR Cervical Cervical Cervical Cervical Cervical Cervical NDI
 score Flexion Extension Rt Lateral Lt Lateral Rt Rotation Lt Rotation Score

ROM ROM Flexion ROM Flexion ROM ROM  ROM

Mean+/- sd Value 4.60 ±0.98 7.167±1.01 6.433±0.84 5.7±0.92 5.833±0.64 10.233±0.97 10.4±1.25 32.53±3.96
Pre-treatment

Mean Value +/- sd 0.60± 0.71 7.567±1.01 7.633±0.78 7.4±1.03 7.56±0.84 11.9±1.25 12.367±0.97 24.33±3.55
Post-treatment

 t-value 22.73 2.86 14.69 12.47 10.77 10.98 14.75 20.26

 p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

* Significant ;  Cx- Cervical ;  sd –standard deviation

Inference: Maitland Thoracic Mobilisation with
Deep Neck Flexor Endurance training was effective in

improving cervical range of motion and reducing pain
and neck disability in patients with Mechanical Neck Pain.

Table 2. Mean & SD for Group B (DNF exercises only) showing difference in pre& post treatment

Group B NR Cervical Cervical Cervical Cervical Cervical Cervical NDI
 score Flexion Extension Rt Lateral Lt Lateral Rt Rotation Lt Rotation Score

ROM ROM Flexion ROM Flexion ROM ROM  ROM

Mean +/-sd Value 4.633±0.66 7.933±0.65 6.5±0.56 8.167±1.72 8.0±2.14 10.333±2.31 10.467±2.08 30.27±1.58
Pre-treatment

Mean +/-sd Value 2.167±0.77 8.367±0.69 7.8±0.59 9.033±1.75 8.767±2.06 11.20±2.21 11.30±1.95 23.07±1.98
Post-treatment

   t-value 13.77 4.51 15.92 8.40 7.99 6.10 7.90 13.42

p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Inference: Deep Neck Flexor Endurance training
was effective in improving cervical range of motion

and reducing pain and neck disability in patients with
Mechanical Neck Pain.

Comparison of the Pre-treatment mean values of outcome measures of Group A and Group B

Mean Pre Treatment values t-test for Equality of Means Significance

Group A Group B T Df P value

NRS score 4.600 4.633 0.108 28 0.194 NotSignificant

Cx Flexion 7.167 7.933 2.468 28 .020 NotSignificant

Cx Extension 6.433 6.500 .254 28 .801 NotSignificant

 Cx Right Lateral Flexion 5.700 8.167 4.876 21.369 .000 Not Significant

  Cx Left Lateral Flexion 5.833 8.000 3.744 16.512 .002 Not Significant

  Cx Right Rotation 10.233 10.333 .154 18.869 .879 NotSignificant

Cx Left Rotation 10.400 10.467 .106 28 .916 NotSignificant

NDI 32.53 30.27 2.05 18.34 0.54 NotSignificant
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Comparison of the Post-treatment mean values of outcome measures of Group A and Group B :

Mean Post Treatment  t-test for Equality Significance
 difference values of Means

Group A Group B T Df P value

NRS score 4.00 2.47 6.10 28 .000 Significant

Cx Flexion 0.40 0.43 0.19 28 0.846 NotSignificant

Cx Extension 1.20 1.30 0.86 28 0.394 NotSignificant

 Cx Right Lateral Flexion 1.70 0.86 4.87 28 .000 Significant

  Cx Left Lateral Flexion 1.73 0.76 5.16 22.84 .000  Significant

  Cx Right Rotation 1.66 0.86 3.85 28 .001 Significant

Cx Left Rotation 1.96 0.83 6.66 28 .000 Significant

NDI 8.2 7.2 1.48 28 .148 NotSignificant

Inference: When compared, Maitland Thoracic
Mobilisation with Deep Neck Flexor Endurance
training group had greater reduction in pain and
greater improvement in Cervical Lateral Flexion and
Rotation range of motion than only Deep Neck Flexor
Endurance training. However there was more
reduction even in NDI scoring in this group, but when
compared with only Deep Neck Flexor Endurance
training exercises it was not statistically significant.
There were no statistical significant differences when
the groups were compared for cervical sagittal
mobility.

DISCUSSION

The aim of this study was to compare the effect of
two interventions i.e. Deep Neck Flexor endurance
exercise with Thoracic Mobilisation (Group A) versus
only Deep Neck Flexor endurance exercises (Group
B) on NPRS, Cervical ROM and NDI in patients with
mechanical neck pain.

As per the statistical analysis of the data, there was
significant improvement in both the treatment groups.

The improvement with DNF endurance exercises
could be attributed to the following reasons.

It has been identified that in patients with neck pain
there is an altered motor control of muscles around
the neck i.e. the deep (longus colli and longus capitus)
and superficial (SCM and anterior scalenes) neck flexor
muscles. This results in reduced activity of the deep
flexors and overactivity of the superficial flexors.12,13-15

Deficits in muscle endurance leads to exaggeration of
abnormal postures which can further stress the
supporting structures & increase the patients pain.

The deep neck flexor endurance training is a low-
load exercise [20% maximal voluntary contraction

(MVC)] and it has been shown that low-load exercise
produces a superior immediate hypoalgesia effect as
compared to higher- load exercise (50%  to 100% MVC)
16, 17. This form of exercise at low- load brings about
pain relief by increasing the pain threshold and thus
effectively help in the long term alleviation of neck
pain possibly due to the enhancement of muscular
support to pain- sensitive structures. They also
improved ability to maintain a neutral cervical posture
by improving endurance of deep neck flexors18

When Group A (DNF endurance ex. with Thoracic
Mobilisation) and Group B (only DNF endurance ex.)
were statistically compared, it was found that the
former showed greater improvement than the latter
on NRPS, cervical rotation & lateral flexion ROM but
there were no differences between groups when
Cervical Flexion & extension ROM & NDI were
compared. More improvement seen in the above
mentioned parameters may be attributed to following
reasons:

Normal upright posture is characterised by a
lordotic curve in the cervical spine so that the atlanto-
occipital (AO) junction lies anterior to the cervico-
thoracic junction (C7-T1). In comparison to the atlanto-
occipital junction, the moment arm of the weight of
the head with respect to the point of rotation at C7-T1
junction is twice the moment arm of the extensor
muscle at C7-T1 junction, putting the muscle at a
mechanical disadvantage. Therefore, the muscles must
exert more force to maintain the position of the head
and consequently, the joint reaction force increases19.

This increased flexion moment at the C7-T1
junction in presence of cervical pain, muscle imbalance,
guarding and spasm of the surrounding muscles
would produce further flexion of the upper thoracic
spine leading to the hypomobility of the thoracic
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segments.19 It has also been observed that the neck pain
patients with a forward head posture exhibit an
increased upper thoracic spine rounded posture. There
is a correlation between the Forward Head Posture and
Thoracic kyphosis has been proved in the previous
studies20.  Hence evidence suggests that the thoracic
region should be addressed in these patients.

Thus the additional thoracic mobilisation given to
the patients in Group A, must have contributed to the
recovery of normal biomechanics, thereby reducing
mechanical stress in the cervical spine and improving
the distribution of joint force by improving the mobility
at the thoracic segments.21

It has been shown that forward head position can
result in a four-fold increase in the requirements of
the extensor musculature of the cervical spine leading
to tightness of the shortened sub-occipital muscles and
spasm of trapezius and levator scapulae 22 due to their
overactivity, giving rise to pain.  Thoracic mobilisation
would have also brought about more inhibition of
these overactive Levator Scapulae and Trapezius
muscles as compared to group B patients due to more
restoration of normal biomechanics, evident by the
improvement seen in the Cervical Lateral Flexion and
Rotation ROM.  In this study group, cervical sagittal
mobility was not as restricted as frontal or transverse
plane mobility.  That could be one of the reasons that
there were no differences post-treatment in both
groups.

The effects of manual therapy could be additive
factor causing pain relief in the thoracic mobilisation
group.

Group A also received Deep Neck Flexor
Endurance training, thus the additive benefits of the
thoracic mobilisation and endurance training resulted
in greater pain reduction and improvement in the
frontal and transverse plane mobility in this group.

CONCLUSION

In the treatment of Mechanical Neck Pain, on the
basis of the results of the present study it is suggested
that Maitland Thoracic Mobilisation should be
supplemented with Deep Neck Flexor Endurance
training for patients with Mechanical Neck Pain as
there  was greater reduction of pain and improvements
in cervical lateral flexion and rotation ROM in this
group.
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ABSTRACT

Objective: To compare the effect of weight bearing strengthening training and non weight bearing
strengthening on Walking speed and strength.

Background: Osteoarthritis (OA) is a chronic localized joint disease that causes degeneration of
articular cartilage and bony changes at the joints and is the most common cause of the disability
affecting approximately one third of the adults with the disease prevalence increasing with advancing
age. It is the most common specific condition, affecting 27 million people in the US in 2005. Symptoms
and signs patients may present with include joint pain, stiffness, crepitus, restricted range of motion,
effusions, bony hypertrophy, joint malalignment (such as a change in varus/valgus knee contour),
surrounding muscle weakness, disordered gait, and, eventually, functional limitations and disability.
The benefits of weight bearing (WB) exercises are becoming increasingly accepted and employed in
the clinical setting. The effects of NWB exercises in elderly participants with knee OA have not been
well characterized.

Study design: Randomized Control Trial

Setting: MMIPR, Mullana (Ambala)

Method: SUBJECTS; 30 subjects only male in age group of 45-60 years with osteoarthritis were recruited
for study. Walking speed and strength were analyzed in weight bearing strengthening training and
non weight bearing strengthening training groups. Outcome measures were 1 RM and 6 meter distance
measured by stopwatch

Results:  Results showed that there is significant improvement Post- weight bearing strengthening
training and non weight bearing strengthening training in both groups.

Conclusion: Weight bearing and non weight bearing strengthening training were proved to be both
effective tool in improving walking speed and strength in individuals with knee OA. But weight
bearing strengthening training is more effective than non weight bearing strengthening training.

Keywords: Osteoarthritis, RM - Repetition Maximum, WBST-Weight bearing strengthening training,
NWBST- Non weight bearing strengthening training, RCT- Randomized control trial

INTRODUCTION

Osteoarthritis (OA) is a chronic localized joint
disease that causes degeneration of articular cartilage
and bony changes at the joints and is the most common
cause of the disability affecting approximately one
third of the adults with the disease prevalence

increasing with advancing age.1 Knee osteoarthritis
(OA) is characterized as a “wear and tear”
degenerative disease often caused by repetitive cyclic
loading on the knee under abnormal loading
conditions.2 Osteoarthritis (OA) is the most common
specific condition, affecting 27 million people in the
US in 2005.3
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Knee and hip OA are generally considered to have
the greatest influence due to effects on ambulation; OA
of these joints accounted for 97% of the 478,000 total
knee replacements and 83% of the total hip
replacements for arthritis in 2004.4 The prevalence of
knee osteoarthritis increases with advancing age.5, 6 In
India, about 8-9% (70-80 million approx.) of the adult
population suffers some or the other form of rheumatic
disease and about 5-6% of the population has real joint
or related diseases. Among these, OA is the
common.7,8,9

Symptoms and signs patients may present with
include joint pain, stiffness, crepitus, restricted range
of motion, effusions, bony hypertrophy, joint
malalignment (such as a change in varus/valgus knee
contour), surrounding muscle weakness, disordered
gait, and, eventually, functional limitations and
disability.10 Radiographs may demonstrate joint space
narrowing as native cartilage is degraded. The medial
joint space is more commonly affected, resulting in a
tendency toward progressive varus deformity in
advanced OA. Reactive osteophytes also may be seen,
and some studies suggest their presence is more closely
correlated with knee pain than joint space narrowing.10

Knee osteoarthritis is commonly associated with
pain, joint stiffness, joint instability, synovial effusion,
and pain-related psychological distress, all of which
can impair quality of life and impose economic
burdens on patients 11, 12. The number of people with
functional limitations caused by osteoarthritis is
projected to climb to 11.6 million by 2020, which will
result additional economic impact and will have a
significant effect on health care systems.13 In addition,
individuals with knee OA often exhibit poor
neuromuscular control, slower walking speed,
decreased functional ability, and an increased
susceptibility to falling.14

The benefits of weight bearing (WB) exercises are
becoming increasingly accepted and employed in the
clinical setting. WB exercise of the lower extremity is
typically performed with feet fixed on a stable object
that generates compressive forces in the hip, knee and
ankle joints.

Non weight bearing (NWB) exercises, where the
distal extremity is free to move, have been thought to

improve muscle strength rather than to improve
proprioception during knee flexion and extension. The
effects of NWB exercises in elderly participants with
knee OA have not been well characterized.15

METHOD

Participants

The sample consisted of 30 volunteers, all male,
with no history of musculoskeletal disease. Their ages
ranged from 45 to 60 years. Each volunteer was
randomly assigned to one of three independent
groups: a weight-bearing strengthening training, non
- weight-bearing strengthening training and control
group.

Variables:

The two Independent variables were weight-
bearing strengthening exercises and Non weight-
bearing strengthening exercises for knee osteoarthritis
and the dependent variables were walking speed and
strength.

Outcome measures:

Primary outcome measures were walking speed
(measured using 6 meter distance measured by
stopwatch) and strength measured by 1RM.

Study Protocol

30 subjects of knee osteoarthritis were selected
according to inclusion criteria and allocated into group
A, group B and group C. All the patients in both the
groups were pre-tested for walking speed and
strength. After pre-testing subjects in group A were
given weight-bearing strengthening exercises and
group B were given weight-bearing strengthening
exercises. Post-test measurements were done after 6
weeks Before exercise training, participants rode a
stationary bicycle for warm up for 10 minutes. Post
exercise, cold packs were applied to each knee for 10
minutes. Both legs were exercised, with 5 minutes of
rest between right and left knee training.  Participants
in each group underwent a 6-week program with 5
sessions a week. Each session consisted of 4 sets, with
6 repetitions a set and 1 minute of rest between each
set.  Hot packs were given for 20 min.
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RESULTS

Group A is the weight-bearing strengthening
exercises and Group B is the non weight-bearing
strengthening exercises. The analysis revealed that
there was statistically significant difference between
pre and post scores of walking speed and strength in
all groups. Group A is showing more improvement
than group B at p value < 0.05.

Strength: The mean and standard deviation value
of pre strength of Group A was 1.84±0.506, Group B
was 2.00±0.389, and Group C was 2.00±0.313
respectively. No significant difference was found
among 3 groups in terms of Pre strength. The mean
and standard deviation value of post strength of Group
A was 8.04±0.717, Group B was 7.28±0.828, and Group
C was

2.86±0.998 respectively. Here, significant difference
was found among 3 groups in terms of post strength
after 6 weeks of intervention. Pre value of F test among
3 groups was 0.507, whereas post value of F test 106.891
was significantly higher. P value of pre strength was
0.608 and P value of post strength was 0.000 showing
significant difference. (Figure 1)

DISCUSSION

The present study deals with the effect of weight
bearing strength training and non weight bearing
strengthening training on strength and walking speed
of osteoarthritis patients. Patients with osteoarthritis
of knee often have decreased walking speed and
decreased quadriceps strength. The primary goal of
this study was to determine the best and effective
physiotherapy intervention used for the treatment of
the degenerative osteoarthritis.

The results of the present study revealed that both
weight bearing and non weight bearing strengthening
training showed significant improvement in walking
speed and strength after 6 weeks of intervention. But
there was more significant improvement in weight
bearing strengthening training than in non weight
bearing strengthening training. Therefore the null
hypothesis is rejected and alternate hypothesis is
accepted. The strength gain after weight bearing
strengthening training in the present study is
supported by many other studies.16, 17 A numbers of
studies have examined the relationship between knee
strength and function in knee OA. In present study,
gains in muscle strength were highly significant in both
weight bearing and non weight bearing training group.

Jan et al15 done a study and showed that when
comparing the effects of weight-bearing and non
weight-bearing exercises, an improved position sense
was found in addition to decreased pain scores and
increased muscular strength, their  study showed that
both WB and NWB exercises improved strength by
about 18% and decreased disability by 50% compared
with the baseline measurement. In the present study
there is also significant improvement in strength WB
strengthening training and NWB strengthening
training which is similar to the result of the present
study.

Fig. 1. Mean, standard deviation of Pre-Post strength within Group
A, B and C.

Walking speed: The mean and standard deviation
value of pre Walking speed of Group A was 0.55±0.116,
Group B was 0.61±0.101, and Group C was 0.54±0.077
respectively. No significant difference was found
among 3 groups in terms of Pre Walking speed. The
mean and standard deviation value of post Walking
speed of Group A was 0.82±0.201, Group B was
0.78±0.173, and Group C was 0.60±0.097 respectively.
Here, significant difference was found among 3 groups
in terms of post Walking speed after 6 weeks of
intervention. Pre value of F test among 3 groups was
1.549, whereas post value of F test 5.391 was
significantly higher. P value of pre strength was
0.231and P value of post strength was 0.011 showing
significant difference. (Figure 2)

Figure 2.  Mean, standard deviation of Pre-Post walking speed
within Group A, B and C.
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In the study by Jan et al18 their findings support
the use of leg stretching and strengthening program
to improve walking speed by 10%.  Similarly, present
study found that the weight bearing strengthening
training and non weight bearing strengthening
training significantly improve the walking speed as
comparing to the baseline measurements, similar
effects shows in the study by Janet et al15 who showed
that percentage improvements in walking speed
(compared with baseline) for WB and NWB exercises
were as follows: level ground (8.7%, 8.9%), stairs
(18.6%, 29.9%), figure 8 (38.1%, 15.9%), and spongy
surface (39.3%, 16.8%), respectively.

Shields et al 19 mention in his study that single-limb
squatting, which is a weight bearing exercise may help
strengthening of quadriceps and facilitate co activation
of the hamstrings, which is consistent with the findings
of the present study which shows that weight bearing
exercises results to increase in strength of quadriceps
muscle. The findings of Da-hon-lin et al20 in his study
support the use of strength training over the
proprioception training to increase the knee extension
strength, functional performance, and walking speed
up and down stairs, which is consistence with the
result of the present study.

Olivetti 21 take patients above 60 years who are
unable to stand up from a 35-cm stool without using
their hands, he concluded that novel weight-bearing
strengthening program was feasible and safe and had
some additional benefits over a traditional non-weight-
bearing strengthening program. This relates to the
results of the present study which also concluded that
weight bearing strengthening training and non weight
bearing strengthening training is better in improving
the muscle strength and walking speed in OA patients.

The present study suggests that WB and NWB
exercises improves strength in OA knee patients which
is contradictory with the findings of Baliunas et al and
Felson.22, 23 who concluded that giving exercise in
standing or WB positions to participants with painful
knee OA might aggravate symptoms such as pain,
swelling, and inflammation, which are associated with
the walking speed and strength if the knee joint is
overloaded.

In the post hoc analysis, using Tukey’s method it
was found that, both weight bearing strengthening
training and non weight bearing strengthening
training increases strength and walking speed in 30
knee OA patients after 6 week intervention.

Limitations

 The first limitation of the study is the small sample
size. Second no follow up was done to determine
whether improvement in quadriceps strength and
function were maintained over time.

CONCLUSION

In the each group there was improvement in
walking speed and quadriceps strength after weight
bearing and non weight bearing strengthening
training. But, there was more significant difference in
the weight bearing strengthening training group. So it
is concluded that weight bearing strengthening
training is more effective than non weight bearing
strengthening training in improving walking speed
and strength in individuals with knee OA following 6
weeks of treatment.
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ABSTRACT

A 29 -year-old  female suffered from right-side throbbing headache over the region of the fifth cranial
nerve first division, followed by right ptosis , double vision, fatigue and severe right lower limb pain
for 3 days. As the symptoms were increased (lower limb pain and double vision), she consulted
doctor and got admitted same day. After 4 days medical treatment, patient was referred to
physiotherapy department for lower limb pain as headache got relived but lower limb pain persisted
even being on continuous medications. Magnetic resonance (MR) imaging of brain, Lumbar Puncture
and ENMG were negative. As lower limb pain was severe Physiotherapy treatment mainly focussed
on reducing pain by using TENS and isometrics of lower limb muscles. However treatment plan was
changed as per patients every day status. Treatment continued for over a period of 14 days which
showed improvements in VAS score as well as Fatigue severity scale. Proper Physiotherapy
management can dramatically relieve these symptoms with low dose analgesics or without analgesics
to help individuals suffering from rare diseases like Tolosa Hunt syndrome. This case is to emphasize
the role of physiotherapy in the treatment of symptoms of this condition.

Keywords: Tolosa Hunt Syndrome, VAS , FSS, TENS

INTRODUCTION

Tolosa hunt syndrome is recurrent, rare and
nonfatal disorder characterized by  several symptoms
such as severe headaches usually affecting one side of
head, paralysis or weakness of eye muscles with
intense sharp pain around eye, drooping of the upper
eyelid (ptosis).Other symptoms may include Double
vision, fever, Chronic fatigue,  Vertigo, Arthralgia,
Exophthalmia.[2][3]

Clinical presentation

Twenty nine years old female presented with
complaints of ptosis, Paritotemporal region headache
(since 4 days), double vision,fatigue and severe right
lower limb pain for 3 days. On 28th April 2011 as the
symptoms were increased (lower limb pain and double
vision), she consulted doctor and got admitted same
day. 2nd May2011 patient was referred to

physiotherapy department for lower limb pain as
headache got relived but lower limb pain was severe
even being on continuous medications. On the day of
examination patient Verbal analogue scale scored 9/
10(Table 1) for lower limb pain  which was sudden on
onset, increased with lower limb movements, pulling
type in quality extending from Right side glutei to
posterior aspect of lower limb with no temporal
variations, ptosis, double vision, fatigue symptoms
scoring 61/63 on FSS (Table1). On the right side,
abduction and adduction of the eye was restricted.
Elevation and depression were slightly restricted.  No
sensory loss over face was detected. On Palpation
spasm was present from right glutei till right calf, grade
4 tenderness was present throughout right lower limb
with  no raised temperature of lower limb, Lower limb
movements were painful throughout the range,
Balance and Gait could not be assessed due to severe
pain.

Table1. Outcomes Measures

Outcome measures 1ST DAY 4TH  DAY  8TH DAY 12TH DAY 14TH DAY

VAS* 9/10 6/10 4/10 2/10 2/10

FSS** 61/63 46/63 37/63 25/63 18/63
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Investigations such as Magnetic resonance imaging
Scan (T2), Electroneuromyography and Lumbar
puncture were done revealing no significant pathology.

Methodology –Study was conducted at K.L.E ‘S
Institute of physiotherapy and for the same ethical
Clearance was obtained before starting the study from
concerned university.Physiotherapy management
started with managing patient pain with  TENS,
frequency range 90- 130 hertz with 200 us pulse width
for ten minutes over right glutei till right calf, static
glutei, static quadriceps, static hamstring  with  5
seconds hold, repeated 5 times with 2 minutes rest
period after every hold and active movements of left
lower limb were advised for 5 times/day. After two
days of this physiotherapy treatment and medical
treatment, patient Verbal analogue scale scored 6/10
and patient was made to stand ( moderate support as
patient could not place her lower limb due to
weakness).On 4th May patient could stand and walk
with minimal support but it was noticed that within 6
steps patient was fatigued Exercise regimen was
changed to active assisted exercise 5 movements for
each joint repeated 2 times with 2 minutes rest period
after 2movements, TENS for frequency range 90- 130
hertz with 200 us pulse width for ten minutes  was
placed from right glutei till right calf Patient was
treated with steroids (T.Prednisolone 50 mg od).On 10th

may 2011  patient ’s pain and fatigue was reduced so
exercise regimen was changed again to 10 movements
repeated twice  with 2 minutes as rest period, standing
on one leg ( eyes open followed with eyes closed), reach
outs in standing  done for 5 repetitions, patient was
made to walk outside room with a rest period of  5
minutes when patient experienced fatigue,TENS -
frequency range 90- 130 hz with 200 us pulse width
for ten minutes, was placed  from  right glutei till right
calf.( VAS scored 4/10, FSS was 37/63). On  14th  day,
VAS was 2/10 and FSS was 18/63(Table 1) suggesting

that there was dramatic relief of pain and fatigue after
14 days of physiotherapy treatment and medical
management. Physiotherapy treatment was given
twice a day with exercise extending no more than 20
minutes to prevent fatigue.

DISCUSSION

Arthralgia and fatigue can affect patient’s
functional status and hence disability related to it. This
case report suggests that  proper Physiotherapy
management can dramatically relieve these symptoms
with low dose analgesics or without analgesics to help
individuals suffering from rare diseases like Tolosa
Hunt syndrome. This case is to emphasize the role of
physiotherapy in the treatment of symptoms of this
condition to help affected individuals.
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ABSTRACT

Background: equines deformity affected diplegic children functional balance and posture stability.
The purpose of the current study was to evaluate the effect of reciprocal electrical stimulation on
dorsi and planter flexors of both sides simultaneously and to determine its effect on functional balance
and postural stability after tendon Achilles tenotomy. Thirty spastic diplegic children, ranged in age
from four to six years old, were randomly assigned into two matched groups (control and study), the
control group received the selected physical program while, the study group received reciprocal
electrical stimulation in addition to the selected physical therapy program in. All children received
the treatment for two hours, three times weekly for three successive months. Balance and postural
stability index were assessed for both groups pre and post treatment using Berg's balance scale and
Biodex Balance system consequently. The result of the study showed significant improvement in all
measured variables for both groups in favor for study group. It could be concluded that reciprocal
electrical stimulation for dorsi and planter flexors muscles after tendon achilles tenotomy is safe and
effective method of treatment, it improved balance and postural stability in spastic diplegic children.

Keywords: Spastic Diplegia, Postural Stability, Equines Deformity, Biodex Balance System

INTRODUCTION

Spastic diplegic cerebral palsied (CP) children result
from germinal matrix damage, accounts for 35% of CP
children characterized by  increased  muscular tone,
muscle tightness and released primitive reflexes, all
limbs are involved with lower limbs more affected than
upper limbs 1,2. Abnormal Posture control limited
sensory and motor development of CP children 3, 4.
Diplegic children had abnormal gait pattern and
abnormal posture control 5.

Diplegic children couldn’t maintain their center of
gravity within the base of support due to lower limb
deformities leading to balance problems 6,7,8. Diplegic
children showed decreased ability to recover balance,
delayed ankle muscles responses 9. Equinus  deformity
is a main problem in diplegic children due to
contracture of gastrocnemius muscle associated with
equinovalgus or equinovarus deformity. The
deformity may be  dynamic deformity can be corrected
passively or myotatic contractures due to irreversible
shortening of muscles 10,11,12. Surgical  correction  is

primarily  directed  to either lengthening  of the
Achilles  tendon  or  the gastrocnemius  aponeurosis
13,14,15. Postural Dysfunction During Standing and
Walking in Children With Cerebral Palsy: What are
the Underlying Problems and What New Therapies
Might Improve BalaPostural Dysfunction During
Standing and Walking in Children With Cerebral Palsy:
What are the Underlying Problems and What New
Therapies Might Improve BalaPostural Dysfunction
During Standing and Walking in Children With
Cerebral Palsy: What are the Underlying Problems and
What New Therapies Might Improve BalancePostural
Dysfunction During Standing and Walking in Children
With Cerebral Palsy: What are the Underlying
Problems and What New Therapies Might ImPostural
Dysfunction During Standing and Walking in Children
With Cerebral Palsy: What are the Underlying
Problems and What New Therapies Might Improve
BalancePostural Dysfunction During Standing and
Walking in Children With Cerebral Palsy: What are
the Underlying Problems and What New Therapies
Might Improve Balance?
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Electrical stimulation proposed as a useful modality
for paralytic muscle reeducation, it improved muscle
strength 16, postural control 17, and gait pattern 18.
Reciprocal electrical stimulation stimulated the agonist
and antagonist alternatively 19,20.

MATERIALS AND METHOD

Study Design: The study was a randomized
controlled trial, the study procedures were followed
according to the ethical standards and after approval
of the children families. The study performed over the
period from November 2012 to November 2013.

Subjects: Thirty spastic diplegic CP children ranged
in age from four to six years old were participated in
this study, they were selected from the Outpatient
Clinic of the Faculty of Physical Therapy, Cairo
University and were randomly assigned into two
matched groups. The control group consisted of fifteen
spastic diplegic children seven male and night female,
while the study group consisted of fifteen spastic
diplegic children nine male and six female. inclusive
criteria: Their age ranged from four to six years old,
they had grade 1 or 1+ according to Modified Ashworth
Scale, they had grade I or II according to the Gross
Motor Function Classification System (GMFCS), their
equines deformities corrected for the first time by
tenotomy and all children can followed orders.
Children had convulsions, heart diseases, medically
unstable children and children had any other type of
surgical intervention or Botox injection were excluded
from the study.

PROCEDURES

Outcome Measures: Outcomes measures were
performed for both groups two week after cast removal
and after three months physical therapy treatment.
Overall Stability Index (OS1) used as an indicator of
static balance using the Biodex Balance System (BBS).
It allow eight stability levels with level eight is the most
stable and level one the least stable one to quantify
postural stability on unstable surface. All children were
given an explanatory session before the evaluative
procedure to be aware of the different test steps. The
test input parameters (child chronological age, weight
and height) were introduced before they were tested
foe eighth level (the most stable) and fourth level (the
least stable) for three repetitions for each trial, the mean
OSI of the three trials was calculated and recorded.
Functional balance evaluated by short form of Berg’s
Balance Scale; it is seven items scale designed to
measure functional balance in pediatrics. Each item
scored utilizing item from zero to four based on the
lowest criteria the indicate the best performance after
three trials then the total test score of the seven items
was calculated from the maximum score of twenty
eight.

Treatment Intervention

The control group received the selected physical
therapy program for two hours three times per week
for three successive months. The selected physical
therapy program included, facilitation for standing
and walking alone, facilitation of postural mechanisms
and reactions, trunk control exercises, passive
movement for ankle joint stretching for other tight
muscles and strengthening for dorsiflexors in addition
to fixed ankle foot orthosis to maintain length and
elasticity of the calf muscles. The study group received
the same selected physical therapy program for two
hours three times per week for three successive months
also in addition to the reciprocal electrical stimulation
(RES) for dorsi and planter flexors for both ankles with
surface electrodes (three cm X three cm) positioned
on the dorsiflexors (one electrode on placed on the
below fibular head and the other on the lower one third
of the dorsal aspect of legs) and planter flexors (one
electrode placed just below the popliteal fossa and the
other on the lower one third of the posterior aspect of
the legs). The parameters were: frequency of thirty Hz,
pulse from 300 ìs, ten second ramp up and ten second
ramp down alternatively for both groups for a total
duration of twenty minutes. The intensity was set as
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high as the participant can tolerate and the intensity
were increased during the intervention for the dorsi
flexors to maintain sufficient dorsi flexion, visible
contraction were produced in the stimulated muscles,
with the child seated in long sitting with both knees
slightly flexed on a small cushions.

Data Analysis: Chi- squared was conducted to
ensure equivalence of spasticity grades and GMFCS
distribution between both groups. T-test was
conducted to compare the differences between both
groups pre and post treatment. Paired t test was
conducted to compare between pre and post treatment
measurements within each group. The level of

significance for all statistical tests was set at p < 0.05.
All statistical measures were performed through the
statistical package for social studies (SPSS) version 22
for windows.

RESULTS

Demographic characteristics: There was no
significant difference between both groups in the mean
age and height (p > 0.05), as illustrated in table (1).
There was no significant difference also in the
distribution of spasticity grades and GMFM levels
between both groups (p > 0.05) as illustrated in
table (2).

Table (1): Comparison between both groups in mean age and height.

Item Control group Study group p-value
±SD ±SD

Age 4.76 ± 0.72 4.86±0.76 0.69*

Height 120.20±5.64 120.26±4.66 0.97*

    ±SD: mean ± standard deviation      p: level of significant    *: non significant

Table (2): Comparison between both groups in spasticity and GMFCS grades:

Control group Study group X² value p-value

Gender Male 46% 60% 0.133 0.715*

Female 53% 40%

Spasticity Grade 1 46.6% 53.3% 0.34 0.853*

Grade 1+ 53.3% 46.6%

GMFCS I 53.3% 46.6% 0.00 1*

II 46.6% 53.3%

X²: Chi-squared value *: non significant

Pre treatment statistic for both groups: There was
no significant difference in functional balance and

overall stability index pre treatment for both groups
(p > 0.05), as illustrated in table (3).

Table (3): Pre treatment statistics for both groups.

Variable Control group Study group P-value
Mean±SD Mean±SD

Functional Balance 21.35±2.89 21.39±2.78 0.7*

Overall Stability Index 2.80±0.406 2.88±0.289 0.54*

   ±SD: mean ± standard deviation         p: level of significant     *: non significant

Pre and post treatment statistics for both groups

There was significant improvement in functional balance and overall stability index for both groups after
treatment (p < 0.05) as illustrated in table (4).
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Table (4): Pre and post treatment statistics for both groups.

Variable Control group P  Study group P-value
Mean±SD Mean±SD

  Pre post Pre  post

Functional Balance 21.35±2.89 24.933±2.8 0.001* 21.39±2.78 27.35±3.18 0.001*

Overall Stability Index 2.80±0.406 4.76±0.728 0.001* 2.88±0.289 5.866±0.66 0.001*

  ±SD: mean ± standard deviation            p: level of significant       *: significant

Post treatment statistics for both groups: There was
significant improvement for study group in functional

balance and overall stability index after treatment (p
< 0.05), as illustrated in table (5).

Table (5): Post treatment statistics for both groups.

Variable Control group Study group P-value
 Mean±SD Mean±SD

Functional Balance 24.933±2.8 27.35±3.18 0.001*

Overall Stability Index 4.76±0.728 5.866±0.66 0.001*

  ±SD: mean ± standard deviation       p: level of significant      *: significan

DISCUSSION

Equines deformity  affected spastic diplegic
children functional balance and posture stability and
interfered with children gross motor function abilities,
physical therapy can manage dynamic equines
deformity but fixed equines deformity indicated for
surgery. Static and dynamic balances were impaired
in spastic diplegic children due to abnormal posture
mechanics, decreased the children ability to recover
balance, delayed ankle muscles response sequencing
and increased co activation of agonists and antagonists.

The current study was conducted to evaluate the
effect of reciprocal electrical stimulation on dorsi and
planter flexors of both ankles in spastic diplegic
children after Achilles tendon tenotomy, and
determining its effect on dynamic balance and postural
stability index by comparing the result with traditional
physical therapy program as balance is important for
walking 21.

Tendon Achilles tenotomy correct equines
deformity and rested the foot on the ground, increased
narrow base of support and encourage knee extension
but both agonist and antagonist muscles were weak
after surgical intervention so reciprocal electrical
stimulation used for educating both muscle groups
alternatively. The reciprocal electrical stimulation
according to the result of the study demonstrated
significant improvement in function balance and
postural stability index as reciprocal electrical
stimulation improved distal to proximal sequence of

muscle contraction. Balance recovery improved in
children with CP by changing muscular response
sequence contributing to postural control 22.

Electrical stimulation has been widely studied to
educate and reeducate muscles, but it’s used in the
treatment of spasticity still controversial. Electrical
stimulation is most often used to reset tone balance
between  agonist and antagonist muscles, there is
limited research showing the effects of reciprocal
electrical stimulation on balance and postural control
after tenotomy.

Direct electrical muscle stimulation facilitated the
agonist and reciprocal inhibited of the antagonist
muscle and reduced spasticity, electrical stimulation
activated nerves innervating supplying paralytic
muscles 23. Electrical stimulation enhanced dorsiûexor
strength and correct equines deformity 24. Electrical
stimulation is a useful modality in treatment of CP due
to the lack of selective muscle control required for
strengthening exercise. Neuromuscular electrical
stimulation improved muscle strength in diplegic
children 25,26. Electrical stimulation improved active
movement and muscle power in CP children 27.
Electrical stimulation promoted recovery of muscle
strength28, and improved local and systemic skeletal
muscle microcirculation29.

Reciprocal electrical stimulation provides strength
for dorsiflexors and inhibition for calf muscle via
reciprocal inhibition and vice versa. Inhibitory
mechanisms involved reciprocal inhibition via Ia
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inhibitory interneurons or autogenic inhibition via Ib
inhibitory interneurons, presynaptic inhibition and
recurrent inhibition are  spinal inhibitory
mechanisms30. Nielsen et al.  reported that
neuromuscular stimulation  combined with voluntary
movement activated the cerebellum 31.

The result of the current study supported the
proposal that reciprocal electrical  sensory stimulation
in combination with training protocols after Achilles
tendon tenotomy enhanced the benefits of neuro-
rehabilitative treatments and facilitated motor learning
and postural control. More research recommended for
studying the effect of reciprocal electrical stimulation
on gait parameters and on hemiplegic children and
comparing its effect with function electrical
stimulation.

CONCLUSION

Reciprocal electrical stimulation for dorsi and
planter flexors muscles after tendon achilles tenotomy
is safe and effective method of treatment, it improved
balance and postural stability in spastic diplegic
children.
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ABSTRACT

Objective: The aim of the study is to investigate whether trunk balance exercises show any reduction
in pain and disability and improvement in flexibility in individuals with specific  low back pain.

Background: The majority of exercises focusing on restoring lumbopelvic stability propose tar-geting
the feedforward control of the lumbopelvic region. Less attention has been paid to feedback control
during balance adjustments. Stability of the lumbar intervertebral segments is provided by osseous
and ligamentous restraints. However, without the influence of neuromuscular control, the segments
are inherently unstable upon the movement. Therefore, a combination of muscle forces and passive
structures are utilized to dynamically stabilize the spine.

Study design: Randomized Clinical Trial

Setting: MMIPR, Mullana (Ambala)

Method: Thirty patients were randomly allocated to 2 different groups. The experimental group
performed trunk balance exercises in addition to conventional physiotherapy. The control group get
only conventional physiotherapy. The primary outcome measures were numeric pain rating scale
(NPRS), Roland and Morris Disability Questionnaire (RMDQ) and Modified Schober's test.

Results:  A significant difference in scores on the NPRS (p = 0.002), RMDQ (p = .04) and trunk flexibility
(p = 0.00) were found in favor of the experimental treatment. Trunk balance exercise group (Group
A) showed a significant difference in outcome measures as compared to conventional group (Group
B).

Conclusion: Statistically and clinically the results suggests that trunk balance exercises are more
effective than conventional treatment in reducing pain and disability and increasing flexibility in
specific low back pain patients.

Keywords: LBP, lumbar spine, stabilization, NPRS, RMDQ

INTRODUCTION

Specific low back pain term applies to back pain
where there is evidence of a definite and identifiable
pathological cause for the person’s symptoms. The
proportion of back pain patients with specific pain is
rather low (around 5%).1

Pain in lower back can be produced due to stress
to any of nociceptive structures of lumbar spine that
are ligaments, muscles, vertebral bodies, apophyseal
joint, duramater, vertebral venous plexus and fascia. 2

Risk factors for the onset of back pain include
smoking, obesity, older age, female gender, physically
strenuous work, sedentary work, psychologically
strenuous work, low educational attainment, Workers’
Compensation insurance, job dissatisfaction and
psychological factors such as somatization disorder,
anxiety, and depression.3,4,5

A focus in physiotherapy management has been
specific training of muscles surrounding lumbar spine
whose primary role is considered to be provision of
dynamic stability and segmental control to spine.7 The
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delayed activation of trunk muscles has been described
as an important impairment of the “neural control
unit” of the spine stabilizing system.7,8

The trunk muscles, providing spinal stability, act
through feedforward and feedback control
mechanisms that modulate the stiffness of spinal
muscles to control internal and external forces
generated during body movements.9,10

Despite the documented balance deficits,
rehabilitative protocols for improving trunk muscle
activation primarily focus on the feedforward
mechanism, using exercises that emphasize the
maintaining of static postures (e.g., squat exercises,
curl-up, side and front support). These exercises,
including trunk muscle strengthening exercises
performed in unstable conditions, are also included
in protocols using the concept of core muscle training.11

In the spine, proprioceptive information is
provided by structures present in the spinal ligaments,
facet joints, intervertebral discs,12,13,14 and paraspinal
muscles.15

There is a conceptual basis for the assertion that
the spinal stabilizing system consists of three
subsystems. The vertebrae, disc and ligament
constitute the passive subsystem. All muscles and
tendons surrounding the spinal column constitute the
active subsystem. The nerves and the CNS comprise
the neural subsystem, which determines the
requirement for final stability by monitoring the
various transducer signals, and directs the active
system to provide the needed stability.7

The trunk stability has been defined in terms of a
coactivation of global and lo-cal muscles. So, specific
training that promotes the function of these muscles
is needed to achieve coactivation.16

Individuals with a clinical diagnosis of lumbar
segmental instability demonstrate an inability to
reposition the lumbar spine accurately into a neutral
spinal posture while seated. This finding provides
evidence of a deficiency in lumbar proprioceptive
awareness among this population. 17

It is thought that the coactivation of several trunk
muscles is needed to achieve a degree of spinal stability
beneficial for both the prevention and treatment of low
back injury 16,18,19,20,21

Balance deficits in patients with LBP have been
displayed through increased postural sway with the
addition of complex movement and removal of visual
feedback. 22

An exercise program focused on trunk strength,
trunk stability and postural stability may decrease low
back pain, improve range of motion, and improve
postural stability in individuals with chronic low back
pain.23

METHOD

Participants

A sample of 30 subjects were assessed and selected
by means of simple random sampling on the basis of
inclusion and exclusion criteria. Subjects were
randomly allocated in two groups. All the subjects met
the following inclusion criteria:- Age : 30-45 yrs,
Gender : male and female both, Specific low back pain
patients, Patients specifically with L5-S1 dysfunction,
PIVM (passive intervertebral motion) grade 2 and3,
NPRS ranging from 5-7, Disability score ranging
between 20 to 50%.  The subjects with following criteria
were excluded from the study:-Non- specific low back
pain, Radiating or referred pain to lower limbs, PIVM
grade 1,4,5,6, Indication for surgical intervention,
Contraindications to exercise, presence of neurological
diseases, Non- cooperative patients.

Variables

The two Independent variables were Trunk balance
exercises and Conventional treatment for low back
pain and the dependent variables were pain, disability
and flexibility.

Outcome measures

Primary outcome measures were pain intensity
(estimated using a numeric pain rating scale[NPRS]),
disability (evaluated using the Roland and Morris
Disability Questionnaire [RMDQ]) and flexibility
measured by Modified Schober’s test.

Study Protocol

30 subjects of specific low back pain were selected
according to inclusion criteria and allocated into group
A and group B. All the patients in both the groups were
pre-tested for pain , disability  and lumbar flexibility.
After pre-testing subjects in Experimental group (A)
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were given trunk balance exercises, maintained for 30
sec to 2 mins each and conventional physiotherapy24,25

which includes hot pack, traction, IFT and exercises.
Control group (B) were given only conventional
physiotherapy. Post-test measurements were done
after 5 weeks.

Trunk balance exercises26  included

1. Kneeling on a pillow and arms abducted to 90°,
rotate the trunk, head and upper limbs to 1
direction. Repeat 2 times per direction,
maintain-ing each position for 30 seconds. The
exercise is made more challeng-ing by adding first
eye closure and then head extension.

2. Kneeling on a pillow, move the upper limbs in
flexion and extension, with a simultaneous
movement of the head. The position is maintained
for 3 minutes, performing 6 repetitions of upper
limbs movement. The exercise is made more
challenging by adding eye closure.

3. Supine with feet resting on the table, lifting the
pelvis up, after reach-ing maximum hip extension,
raise 1 lower limb from the table and extend the
knee. This position is maintained twice for 30
seconds for each lower extremity. The exercise is
made more challenging by adding first eye closure
and then a ball under the foot resting on the bed.

4. From the quadruped position, extend opposite
upper and lower limbs. The position is maintained
for 1 minute for each combination of limbs. The
exercise is made more challenging by first adding
eye closure and then a pillow under the lower limb.

5. Sitting on the side of the table with unilateral
support. This position is maintained for 1 minute
each side. The exercise is made more chal-lenging
by adding eye closure, crossing the upper arms to
the chest, closing the eyes, and putting a pillow
under the lower limb.

6. Single-limb kneeling on the edge of the table with
a pillow under the knee. The position is maintained
for 30 seconds. Two repetitions for each limb. The
exercise is made more challenging by first adding
eye closure, then head extension, and finally arms
across the chest.

These were performed in sitting, kneeling,
quadruped and supine positions. Once an exercise
position was easily maintained for a period ranging
from 30 seconds to 2 minutes, the exer-cise was
progressed in difficulty. For the balance exercises,
participants were sim-ply asked to maintain the
requested po-sition. The progression in difficulty of
the exer-cises was based on changing the support base
(hard or soft support) and by asking participants to
close their eyes or to move their heads or upper limbs.
The exercises were introduced in order of increasing
difficulty, tailored to the ability of each participant, and
each exercise was per-formed for 2 to 3 minutes.

The intervention consists of 2 sessions per week,
each lasting 60 minutes, for a total of 10 treatments
over 5 consecutive weeks. 26

RESULTS

Group A is the trunk balance exercise and Group B
is the conventional treatment group. The analysis
revealed that there was statistically significant
difference between post scores of NPRS, RMDQ and
Flexibility in both groups. Here group A is showing
more improvement than group B at p value < 0.05.

Pain Intensity: Postintervention, the av-erage NPRS
score for the experimental group was (mean ± SD) 3.00
± 1.06 (p = .002) lower than the preintervention score.
The reduction in NPRS score was 4.20 ± 0.94 for the
control group. Decrease in pain intensity was
significantly different between the 2 groups.(Figure 1)

Disability: Improvement in disability is indicated
by a lower score on the RMDQ. The RMDQ score, from
preintervention to postintervention, decreased by an
aver-age ± SD of 16.60 ± 7.52 (p = .04) for the
experimental group and 21.64 ± 10.57 for the control
group. The improvement in RMQ score was
signifi-cantly greater for the experimental
group.(Figure 2)

Flexibility: Improvement in the flexibililty is
indicated by an increased in score. From
preintervention to postinterven-tion, the score
increased an average ± SD of 5.80± 0.41 (p<.005) for
the experimen-tal group and 4.59± 0.47 for the control
group. The difference for the experimental group was
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significantly greater than for the control group.
(Figure3)

mean values of post-test scores of pain, disability and
back flexibility in trunk balance exercise group. But
when evaluated with statistical measures between
groups, it is shown that improvement is more
significant in trunk balance exercise group than
conventional treatment group respectively.

The results of the present study are consistent with
the finding obtained in study conducted by Gatti et
al.26 who showed that trunk balance exercises
combined with flexibility exercises were found to be
more effective than a combination of strength and
flexibility exercises in reducing disability and
improving the physical component of quality of life in
patients with chronic low back pain. Also the stability
of the trunk was discussed by Gibbons et al27 who
depicted that while a person performs a movement,
the local stabilizers help to maintain mechanical ability
and posture of the lumbar spine and the global muscles
function to balance the external load that is being
applied to the trunk region and generate force in order
to maintain the range of motion for the exercise.

These results of the decrement in the pain are in
agreement with other findings about low back pain
exercise programs reported in the literature by
Andrusaitis 28 who showed that  the trunk stabilization
exercises were more effective at relieving pain and
improving functional capacity than the strengthening
exercise program.

In contrast to the trunk balance exercises already
proposed for spine stabilization, those of the present
study did not require voluntary contractions of specific
mus-cles. Additionally, maintenance of the unstable
positions and the exercises was addressed as a
functional task in which the recruitment of the trunk
and spine muscles would be automatic. Further studies
should analyze the characteristics of the recruitment
of the trunk and spine muscles during trunk balance
exercises to determine if this type of treatment
de-creases the spinal reflex deficit and, con-sequently,
the delayed response time of the spinal muscles.29

The physiology behind stability is that the influence
of surface stability on muscle activity appears to be
muscle and exercise dependent. The exercises
increased the perturbation to the trunk when the
body’s center of mass was over an unstable surface
and further away from the stable surface. This concept
was discussed by Marshall and other authors.30

Fig. 1. Baseline and post treatment comparison of NPRS between
group A and B

Fig. 2. Baseline and post treatment comparison of RMDQ score
between group A and B

Fig. 3.  Baseline and post treatment comparison of Flexibility
between group A and B

DISCUSSION

The main objective of the present study was to
determine the effects of trunk balance exercises on
specific low back pain patients. The result of the
present study suggests that there is improvement in
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Limitations

 First is the study was conducted on a small sample
size. Second limitation of the study was that power
analysis for the estimation of adequate sample size was
not done. Third limitation of the study was lack of
follow up of the long term effectiveness of the trunk
balance exercises.

CONCLUSION

Statistically and clinically it is concluded that both
the trunk balance exercises and conventional treatment
are effective in reducing pain and disability and
increasing flexibility; however results suggests that
trunk balance exercises are more effective than
conventional treatment in reducing pain and disability
and increasing flexibility in specific low back pain
patients.
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ABSTRACT

Background: Mechanical neck pain [MNP] is the most common type of cervical spine pain
encountered. A multitude of physiotherapy interventions has been proposed to be effective in the
management of MNP, including mechanical cervical traction, manipulation, therapeutic exercises
and modalities. The aim of the study is to find out the effectiveness of cervical traction in the
management of MNP.

Study Design: A randomized two group parallel controlled clinical trial.

Materials and Method: Subjects were assigned randomly to one of two groups, each group consisting
of 20 subjects. Group-A received conventional therapy plus Mechanical cervical traction [MCT] and
Group-B received only conventional therapy. Pre- post- assessment was done by using Neck Disability
Index [NDI], Cervical ROM and Neck Pain Rating Scale [NPRS].

Results: The pre-test evaluation showed that there is no significant difference (p>0.05) between the
two groups for all the variables measured. The post-test evaluation of both the groups showed a
significant difference (p<0.05) within group for all the outcome measurements. A post-test comparison
of measured variables between groups demonstrated that the Group A has given statistically
significant (p<0.05) reduction in NPRS and NDI score; and increase in cervical ROM at week 1 and
week 2.

Conclusion: The authors concluded that, even though conventional therapy is effective, the addition
of intermittent cervical traction gives even better result in the management of MNP and therefore,
MCT is recommended.

Keywords: Mechanical Neck Pain, Intermittent Cervical Traction, Conventional Therapy

INTRODUCTION

Mechanical neck pain [MNP] is also referred to as
non-specific neck pain, and is common in all age
groups of people above 18 years of age. Often the exact
cause of pain is unknown. It may include discogenic
pain, myofascial trigger points, ligaments in the
cervical spine; cervical facet syndrome or poor posture
may also contribute to this pain. The etiology of neck
pain is multifactorial and poorly understood (1) (2).
Gatterman; and Peterson & Bergman stated that the
most common cause of MNP is zygapophyseal joint
locking and muscle strain (3) (2).

The prevalence of neck pain in musculoskeletal
practice is second only to that of low back pain (4).  Due

to the high incidence and prevalence of neck pain,
internationally it is very important to further evaluate
efficacy of treatment techniques and there  has  been  a
slow  but  constant  increase  in  the  amount  of
attention  paid  to  neck  pain due  to  its  escalating
costs  and  burden  on  society (5).

MNP may be defined as pain which is aggravated
by movement, relieved by rest and that is not
associated with serious underlying pathology (6). The
pain is predominantly localized to the cervical spine.
The pain may radiate into the head, shoulder or
between the scapulae, this is predominantly due to
myofascial involvement (7).During the physical
examination postural changes may be evident and
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Active, passive and/or resisted isometric movements
may be limited and/or painful (8).

Gatterman (1990) defines spinal traction as the
application of a drawing or a pulling force along the
long axis of the spine in order to stretch the soft tissues,
separate joint surfaces, to separate bony segments (9)

and enlargement of the intervertebral foramina. It is
believed that stretching of the muscles will lead to
relaxation, thus improving local circulation and
diminishing pain.

Need and significance of the study

There are many physiotherapy interventions;
which are proposed to be effective in the management
of MNP. These include MCT, mobilization, therapeutic
modalities and exercises. There is no comparative
study done to find out the effectiveness of the ‘MCT
with conventional physiotherapy’ versus
‘conventional physiotherapy alone’ in MNP.

Purpose of the Study

The aim of the study is to compare the efficacy of
‘MCT with conventional physiotherapy’ and
‘conventional physiotherapy alone’ in mechanical neck
pain.

METHODS

Design: A randomized controlled clinical trial.

Sampling:  Non probability sampling

Sample size:  40

 Inclusion Criteria

(a) Participants had to be between the ages of 18 and
45 years (10).

(b) Neck pain of less than 4 weeks of duration.

(c) Signed informed consent form.

(d) Numerical pain rating scale [0-10] scores between
4 to 9 to ensure group homogeneity.

(e) The diagnosis of MNP was made using the
following criteria (11):

• Asymmetrical  neck  pain  that  gets  worse  as  the
day  progress  and  is aggravated by driving,
reading etc

• Unilateral occipital and neck pain

• Restricted and painful movements, especially
rotation and lateral flexion to the painful side.

(f) Special  orthopedic  tests:  A  positive  test  will
indicate  pain  at  the  level  of dysfunction(3).  Two
of the following three tests had to be present:

• Kemp’s test

• Cervical compression test

• Lateral  compression  test

All three of these tests cause stress on the facet joint
and narrowing of the intervertebral foramen.  Pain
radiating  down  the  arm  indicates  a radiculopathy
and  local  pain  suggests  a  facet  joint  dysfunction (12).

Exclusion Criteria

(a) Neck pain that was not of mechanical origin (13).

(b) Patients with recent major trauma or fracture of
the cervical spine.

Tools

• NDI (14)

• NPRS

• Cervical spine Goniometry

PROCEDURE

The participant was randomly allocated  via using
a  computer  generated  random  allocation  table into
one  of  two groups;  group  A:  MCT with conventional
therapy,  group  B:  Conventional therapy alone.

Treatment Group A – MCT with conventional
therapy.

Group A - Intervention was given in the form of
conventional therapy plus MCT. MCT was given with
a motorized traction machine in the form of
intermittent traction for 20 minutes with hold time 40
seconds and rest time 10 seconds in supine position
with 15° of neck flexion. The pull of traction was 1/
10th of subject’s body weight. Conventional therapy
includes Ultrasound and Isometric neck exercises. For
Ultrasound, position of the participant was in sitting
with head support. Participants were treated with
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Ultrasound 1.5 Watt/cm2 for 8 minutes in continuous
mode. For Isometric neck exercises, p the participant
in sitting isometric neck exercises are applied with 15
repetitions for each of flexion, extension, lateral flexion
and cervical rotation with 5 seconds of hold time.

Group B: Conventional therapy alone.

DATA ANALYSIS

Since the outcome measures were measured at

multiple time intervals and generated interval data,
repeated measures of ANOVA was used as primary
statistical analysis for within-group comparisons.
Between-group differences at each follow-up period
were investigated with unpaired t-tests and within
group with paired t-test. For the total group correlation
analysis was done. Statistical significance was set at
p<0.05 for all statistical analyses. Shapiro-Wilk test was
used to check the normality and all the data analysis
was done in IBM SPSS version 20.0.

RESULTS

Table 1 : Demographical characteristics

Group Frequency %

MCT and conventional therapy 20 50

Conventional Therapy 20 50

Sex - Traction Group

Male 11 55

Female 9 45

Sex - Conventional Group

Male 8 40

Female 12 60

Table 2 : Demographic & clinical characteristics

Characteristics of Treatment Groups Mean Traction SD-Traction Mean Conventional SD-Conventional
Group Group Group Group

Age 37.9000 7.86665 47.0500 7.69467

Height 158.2750 10.06489 156.0500 9.78976

Weight 60.8500 6.59565 61.8500 8.47457

Flex_Cx_Base_Active 26.5000 3.50188 27.4500 6.12566

Ext_Cx_Base_Active 34.4500 4.52449 34.3500 4.63709

Sd_Flex_Affectd_Base_Active 26.7500 1.86025 26.6500 1.87153

Rot_Affectd_Base_Active 34.9500 5.07289 37.2500 7.72470

Flex_Cx_wk1_Active 31.7000 3.06251 30.7500 6.49595

Ext_Cx_wk1_Active 40.1000 3.66922 35.1500 4.02982

Sd_Flex_Affectd_wk1_Active 35.6000 1.72901 31.1000 1.71372

Rot_Affected_wk1_Active 44.7500 3.65449 39.1000 6.25679

Flex_Cx_wk2_Active 36.5000 3.48682 34.6500 6.15822

Ext_Cx_wk2_Active 46.1000 3.40124 39.4500 3.85903

Sd_Flex_Afftectd_wk2_Active 37.9500 2.25890 35.7500 2.98901

Rot_Affectd_wk2_Active 51.1500 2.79614 44.0000 7.25476

NPRS_Base 8.2500 .55012 8.1500 .58714

NPRS_wk1 5.1500 .93330 6.3500 .67082

NPRS_wk2 3.2500 1.11803 4.8000 .83351

NDI_Base 44.8870 7.58888 39.7725 11.45592

NDI_Wk2 17.9005 2.54663 27.3810 7.36998
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One way repeated measure ANOVA for within group
difference

Flexion

A repeated measures ANOVA with a Greenhouse-
Geisser correction [GGC] determined that in the
traction group, the mean flexion scores differed
statistically significantly between measured time
points  i.e. baseline, week 1 and week 2; F (1.584, 30.103)
= 346.90, p < 0.0005. We can, therefore, conclude that
the traction invention program elicits a significant
improvement of 10o through the baseline to week-2.

In conventional group, the mean flexion scores
differed statistically significantly between measured
time points i.e. baseline, week 1 and week 2; F(1.336,
25.388) = 151.727, p<0.0005. We can, therefore, conclude
that the conventional program elicits a statistically
significant improvement 7.2o through the baseline to
week-2.

Extension

A repeated measures ANOVA with a GGC
determined that in the traction group, the mean
extension scores differed statistically significantly
between measured time points i.e. baseline, week 1
and week 2; F(1.608, 30.550)=152.603,    p<0.0005. We
can, conclude that the traction group elicits a
statistically significant improvement of 11.65o through
the baseline to week-2.

In conventional group, the mean extension scores
differed statistically significantly between measured
time points F(1.411, 26.811)=20.295, p<0.0005. We can,
conclude that the conventional intervention program
elicits a statistically significant improvement of 5.1o

through the baseline to week-2.

Side-Flexion

A repeated measures ANOVA with a GGC
determined that in the traction group, the mean side
flexion scores differed statistically significantly
between measured time points i.e. baseline, week-1
and week-2; F(1.941, 36.874)=270.229, p<0.0005. We
can, conclude that the traction group elicits a significant
improvement of 11.2o through the baseline to week-2.

In conventional group, the mean flexion scores
differed statistically significantly between measured
time points i.e. baseline, week-1 and week-2; F (1.214,
23.074) = 134.385 p<0.0005. We can, conclude that the

conventional invention program elicits a statistically
significant improvement 9.1o through the baseline to
week-2.

Rotation

A repeated measures ANOVA with a GGC
determined that in the traction group, the mean
rotation scores differed statistically significantly
between baseline, week-1 and week-2; F (1.806, 34.375)
= 254.165, p<0.0005. We can, conclude that the traction
group elicits a statistically significant improvement of
16.2o through the baseline to week-2.

In conventional group, the mean rotation scores
differed statistically significantly between baseline,
week-1 and week-2; F(1.862, 35.370) = 127.181,
p<0.0005. We can, conclude that the conventional
invention program elicits a statistically significant
improvement 6.789o through the baseline to week-2.

NPRS

A repeated measures ANOVA with a GGC
determined that in the traction group, the mean NPRS
scores differed statistically significantly between
baseline, week-1 and week-2; F(1.872, 35.568) =
261.216, p<0.0005. We can, conclude that the traction
group elicits a significant improvement of pain
reduction -5.000 through the baseline to week-2.

In conventional group, the mean rotation scores
differed statistically significantly between measured
time points F(1.737, 33.004) = 143.371, p<0.0005. We
can, conclude that the conventional group treatment
elicits a statistically significant improvement of pain
reduction -3.330 through the baseline to week-2.

Graph 1: Comparison of NPRS between groups

Independent t-test for between groups difference

The value of two tailed significance is more than
.05 (p>.05) for all baseline flexion, extension, side-
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flexion, rotation and NPRS.  There is no significant
difference in between groups’ scores of week-1 and
week-2 flexion scores. The value of two tailed
significance is less than .05 (p<.05) for extension week-
1, side-flexion week-1, rotation week-1, extension
week-2, side-flexion week-2, rotation week-2 and
NPRS week-1 and week-2 scores between  groups
shows that there is a significant difference in their
scores.

 NDI within Groups

The value of two tailed significance is less than .05
(p<.05) for traction group shows that there is a
significant difference in NDI score through the baseline
and week two with t (19) = 15.759. The mean difference
was 26.98. The value of two tailed significance is less
than .05 (p<.05) for conventional group shows that
there is a significant difference in NDI score through
the measure times between baseline and week two
with t (19)=6.541. The mean difference was 14.03. So it
can be stated that the traction group benefited with
more reduction of NDI score.

 NDI between Groups

The value of two tailed significance is more than
.05 (p>.05) for NDI baseline scores between groups
shows that there is no significant difference in NDI
score t(38)=1.664. The value of two tail significance is
less than .05 (p<.05) for week two NDI scores between
groups shows that there is a significant difference in

NDI score through the baseline and week 2 with t
(38) = -5.437. The mean difference was -9.480. So, the
traction group benefited with more reduction of NDI
score.

Graph 2: Comparison of NDI between groups

Correlation analysis for both the groups at week 2

The bivariate correlation analysis among the
variables for both the two groups showed flexion and
extension at week two negatively influencing NDI
score (r= -.413, -.543). Flexion contributes to
extension(r=.586) and extension and side flexion
contributes to rotation(r=.336, .443) positively.
Extension negatively influencing the NPRS scores(r=-
.470) and NPRS score contributes positively to NDI
score at week-2 (r=.639).

Table3: Correlations (N=40)

Flex_Cx_wk2 Ext_Cx_wk2_ Sd_Flex_Afftectd_wk2 Rot_Affectd_wk2 NPRS_wk2 NDI_Wk2

Flex_Cx_wk2_Active 1 .586** .015 -.157 -.304 .413**

.000 .926 .335 .056 .008

Ext_Cx_wk2 1 .135 .336* -.470** -.543**

.406 .034 .002 .000

Sd_Flex_Afftectd_wk2 1 .433** -.165 -.281

.005 .309 .079

Rot_Affectd_wk2 1 -.024 -.111

.884 .497

NPRS_wk2 1 .639**

.000

NDI_Wk2 1

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

DISCUSSION

 The present study showed the difference of mean
score of flexion, extension, side flexion and rotation is

2.8o, 6.4o, 2.1o and 9.4o between the traction group and
conventional group at the end of two weeks treatment;
which was gained by adding traction as treatment
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along with conventional physiotherapy treatment. The
extension and rotation was also convincing in terms
of improvement for inclusion of traction as treatment.

 When we look at the literature data, analysis
reveals moderate evidence of benefit for intermittent
traction, but no benefit for continuous traction in
mechanical neck disorders (15) (16). Lecocq’s literature
review (17) stated that cervical traction has several
different modes of action, with a very small increase
in the intervertebral space (a few tenths of a millimeter)
and a reduction in intradiscal pressure, with a possible
Herniated Disc [HD] suction effect. The HD can also
be pushed back by tension in the posterior longitudinal
ligament. In terms of the muscles, the effect of cervical
traction is characterized by stabilization of (or even
an increase in) activity of the trapezius muscle during
the first 3 to 6 minutes. The inhibitory ‘‘gate control’’
effect on nociceptive influx transmission requires
experimental confirmation. Furthermore, placebo and
psychological effects must be considered when
analyzing the effect of cervical traction.

The NPRS scale mean score difference at the end of
two weeks for traction and conventional treatment
group was 1.7 on a scale of 0-10 for inclusion of traction
as treatment  and between the group NDI score mean
difference at the end of two weeks  also showed
contribution of  9.5%  more reduction on NDI for
disability.

The correlation analysis for the both groups showed
significant relationship between NPRS and NDI scores
and flexion and extension contributes negatively to
NDI score. Moreover extension negatively influences
the NPRS score.

 CONCLUSION

The inclusion of cervical traction as a treatment tool
along with the conventional physiotherapy treatment
for MNP proved beneficial for improving cervical
mobility, pain reduction and disability perception.

Limitation of the study

The study duration was short, only 2 weeks, and
the results apply to short term only. Sample size taken
was small.
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ABSTRACT

Purpose of the study: Stroke is defined as the sudden loss of neurological function caused by an
interruption of the blood flow to the brain1. Almost 80% of the stroke patients have middle cerebral
artery as the most commonly involved artery both due to hemorrhage as well as infarction1. The
prevalence of spasticity in the post stroke population is estimated at 38-60%of patients one year after
stroke6. The Modified Ashworth Scale is the most frequently used and valid scale for measurement
of both upper and lower limb spasticity. The Dynamic Gait Index is also a reliable and valid scale
used for measuring gait outcome in chronic stroke patients. The aim of the study is to find whether
there exists correlation these two measures in patients with MCA involvement thus helping us
determine if a correlation exists between spasticity and gait.

Objective: To correlate the MAS scores of upper &lower extremity with DGI in relation to side of
involvement.

To correlate the MAS scores of lower extremity with DGI.

To find out the maximally affected gait parameters on DGI

To compare the DGI scores of   right sided hemiplegics with left sided hemiplegics.

Design: Co-relational study.

Study Setting: Neurological department of Pad Dr D.Y. Patil Hospital, Nerul; Balaji old age centre,
Koparkhairne Navi Mumbai.

Participants: patients with more than 3months of post stroke duration with involvement of MCA
and able to walk atleast 10meters with or without support.

Interventions: Not applicable.

Main Outcome Measures: All subjects were evaluated for the MAS (Modified Ashworth scale) grading
and DGI (Dynamic Gait Index) scores.

Results: The MAS scores of the lower extremity correlates significantly with DGI scores (p 0.0043),
also the subjects with left hemispherical involvement had good correlation with MAS scores (p U/L
0.0458 p L/L 0.0368). Staircase climbing is the most affected DGI component.(31.20%)

Conclusions: The MAS scores of lower extremity in chronic MCA stroke patients show correlation
with the DGI scores with Staircase climbing being the most affected component and correlation
between MAS and DGI exists strongly in subjects with Left hemispherical involvement.

Keywords: Middle Cerebral Artery MCA, Modified Ashworth Scale MAS, Dynamic Gait Index DGI, Stroke

INTRODUCTION

Stroke is defined as the sudden loss of neurological
function caused by an interruption of the blood flow

to the brain1.  Almost 80% of the stroke patients have
MCA as the most commonly involved artery both due
to haemorrhage as well as infarction1. About 90% of
the patients suffer from persisting neurological motor
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deficits leading to disability and handicap, mainly
incompetence in their daily activities, impaired arm
and motor function and impaired walking ability2.
Stroke being a global health problem; is also the second
commonest cause of death and the fourth leading cause
of disability worldwide3.  Stroke prevalence among the
elderly in rural India was 1.1% and urban India was
1.9% 4. Men are more likely to have a stroke than
women: the male/female sex ratio for India is 7:15.

The prevalence of spasticity in the post stroke
population is estimated at 38-60%of patients one year
after stroke6. Spasticity can  be defined as a velocity-
dependent disorder of the stretch reflex that results in
increased muscle tone as one component of UMN
syndrome7. Spasticity (hypertonicity) is a frequent
problem that can develop after stroke and can lead to
a number of secondary complications such as
contractures, difficulty in performing activities of daily
living etc8. Ambulation is the most significant aspect
that gets affected following stroke mainly due to
spasticity. The Modified Ashworth Scale is the most
frequently used and valid scale for measurement of
both upper and lower limb spasticity. Its Kappa value
for inter-rater reliability being 0.7 9, while its intra-rater
reliability being 0.47-0 10. Its validity with other scales
like Fugyl Myer is 0.94 and with EMG
(electromyography) studies is 0.21 11.

The Dynamic Gait Index is also a reliable and valid
scale used for measuring gait outcome in chronic stroke
patients. Its inter-rater reliability is 0.96 (both test-retest
and inter-rater), whereas reliability for single item score
is moderate to good i.e. 0.55-0.93. Its concurrent
construct validity r = 0.68-0.83 with Berg’s Balance
Scale12.

The MAS used for measuring the spasticity of the
muscles post stroke have grades that are specific to
the changes occurring in the muscles and they readily
determine the extent of spasticity in the muscles. The
MCA being the most commonly affected artery, the
patients with involvement of the MCA are selected for
the study. The aim of the study is to find if or not a
correlation exists between these two measures in
patients with MCA involvement thus helping us
determine if a correlation exists between spasticity and
gait.

METHOD

16 chronic post stroke patients with involvement
of the MCA, with at least more than 3 months post

stroke period and who were able to walk at least 10
meters with or without the use of walking aid were
selected from the neurological department of Pad Dr
D.Y. Patil Hospital, Nerul; Balaji old age centre,
Koparkhairne,navi Mumbai. Acute post stroke cases
(less than 3 months ), cases with transient ischaemic
attack, lower limb fractures, congenital deformities,
uncontrolled diabetes mellitus and hypertensive
patients, patients with involvement of anterior cerebral
artery, posterior cerebral artery, and other areas of the
cortex were excluded from the study. Out of the total
subjects, 13 (81.25%) of them were males with a mean
age of 64.53 yrs while 3 (18.7%) were females with a
mean age of 52 yrs. 56.25% of the individuals were in
the category of more than 60yrs of age while 43.7% of
them being less than 60yrs. Infarction seemed to be
the most common cause of stroke affecting about 87.5%
of the subjects while the rest 12.5% suffered from a
hemorrhagic stroke. The right and left hemispheres
were equally involved in the subjects i.e. right was
involved in50% of them while the other 50% had
involvement of the left. 56.25% of them suffered from
hypertension which was being controlled with the help
of medications.

All the subjects were informed about the study and
consent was taken from each individual. Their affected
extremities (both upper and lower limbs) were tested
for the Modified Ashworth Scale (details given in
appendix) and were graded accordingly. The
components of the Dynamic Gait Index (details given
in appendix) were explained to the subjects and
according to the given instructions the test was
performed and they were marked according to their
ability to compete the task. No trial sessions were given
to the subjects.

For statistical purposes the grades of MAS and DGI
are merged as follows

MAS

Grade 0 and grade 1 = Grade 1

Grade 1+ = Grade 2

Grade 2 = Grade 3

Grade 3 and grade 4 = Grade 4

DGI

Grade 1 severe risk of falls = d”8

Grade 2 moderate risk of falls = 9-18
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Grade 3 mild risk of falls = 19-21

Grade 4 low risk of falls = ≥22

Statistical Analysis

All statistical computations were performed using
Graph Pad Instat for

Windows.b First, we correlated MAS scores of both
upper and lower limbs with DGI scores, also the same
for left and right hemispheres by using unpaired t test.

RESULTS

The study included 16 consecutive patients (13
men, 3women; age62.18SD8.92y) from our study it was
found that 56.25% of the subjects post stroke with
involvement of the MCA had moderate risk of falls
with their DGI scores ranging from 8-18. It was also
found that the muscles mostly affected due to
spasticity are the elbow flexors and wrist flexors in
the upper limb while the ankle plantarflexors in the
lower limb. The hip and shoulder muscles were not
much affected by spasticity. The shoulder abductors,
wrist extensors, hip flexors, abductors and adductors
were the least affected ones.

 In the normal gait pattern, heel off to toe off
requires 15° DF to 20° PF, 0-40° knee flexion and 10° of
hip hyperextension13. As it is evident that dorsiflexion
is required for the heel off, toe off phase of the gait
cycle, due to the spasticity of the plantar flexors, this
cannot be achieved in post stroke individuals which
leads to deviation of gait patterns. The patients seem
to use other compensatory movements like increased
hip, knee flexion, hip abduction and hip hiking to clear
the foot off the ground.. Patients’ hemiplegic limbs
spent more time in swing and stance when compared
to controls; their unaffected limbs spent significantly
more time in stance and single limb support14. The
upper extremity swings and brings about alternate
movement with the lower extremity thus contributing
to good gait pattern and velocity while maintaining
good balance during walking. The posture in which
the upper extremity is maintained during walking is
important as the length of the extremity provides
lengthening and thus increases the base of support
contributing to improved balance. The affection of the
elbow and wrist flexors keeps the extremity in a
shortened position i.e. a flexed position thus leading
to decrease in length of the upper extremity
contributing to increased risk of falls and loss of
balance as the base of support is altered or decreased.

This thus leads to increase in the Physiological Cost
Index of the individual causing them to exert more
thus contributing to exaggeration of the synergy
pattern15.

Through our study we found that,  there is no
correlation between the MAS of upper limb and the
DGI scores( P value is 0.1975 and the Spearman’s
coefficient r = -0.3400 ), while a very significant
negative correlation between the MAS of lower limb
with the DGI scores(P value is 0.0043 and Spearman’s
coefficient r = -0.6727).  From our study, the correlation
analysis between the MAS scores of each joint with
the DGI scores suggests that the MAS scores of wrist
significantly while ankle very significantly correlates
with the DGI scores of the subjects, with their P values
being 0.0319 and 0. 0118 respectively and r = -0.5371
and r = -0.6118 respectively. The P value for wrist
flexors was found to be 0.0319 suggesting good
correlation with the DGI scores while the P value for
the ankle plantarflexors is 0.0118 suggesting very good
correlation with the DGI scores. The rest of the muscle
group spasticity was found to be not quiet significantly
correlating with the alteration of DGI scores.

When comparison of the DGI scores of right
hemisphere involvement with left hemisphere
involvement was done, we found one tailed P value is
0.3109, considered not significant using Mann-Whitney
U test. Thus through our study it was found that the
DGI scores did not vary depending upon the
hemisphere involved.

Through our study it was found that the MAS
scores of upper and lower limb of the subjects with
left hemisphere involvement, significantly correlated
with their DGI scores. The MAS scores of the upper
and lower limb of the subjects with right hemisphere
involvement on the other hand did not show any
correlation with their DGI scores.

(Lt )U/L (Lt) L/L

P value **0.0458 **0.0368

Spearman’s correlation coefficient r -0.7351 -0.7632

(Rt)U/L (Rt)L/L

P value *0.8820 *0.1511

Spearman’s correlation coefficient r -0.0597 -0.5774

*not significant

** Significant

Lt-Left,Rt-Right,U/L-upper limb,L/L-lower limb

It could be attributed to the fact that all the subjects
were right handed dominant i.e. their left part of the
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brain was dominant thus the involvement of the left
hemisphere contributed to more affection of gait as
compared to affection of gait following involvement
of the right hemisphere. The left brain is involved in
perceptual functions especially the parietal lobe which
is affected in MCA strokes and thus the lesion over
the left hemisphere contributes to disorders of
perception like, a somatosognosia, patients with this
deficit display difficulty in following instructions that
require distinguishing body parts and feel the limb
unduly heavy, lack of proprioception may compound
this disorder17;  right-left discrimination i.e. inability
to identify the right and left sides of one’s own body
or of that of the examiner17; Ideomotor Apraxia i.e.
break down between concept and performance i.e. the
patient is able to carry out the habitual task
automatically but is unable to imitate gestures or
perform on command18; Ideational Apraxia i.e. failure
in the conceptualization of the task, inability to perform
a purposeful motor act, either automatically or on
command as the patient no longer understands the
overall concept of the act, cannot retain the idea of the
task or cannot formulate the motor patterns required18.
All these can lead to the MAS scores to correlate with
the DGI scores of the subjects with involvement of left
hemisphere.

In our study the DGI component of staircase
climbing was found to be the most affected component
in the subjects followed by stepping over obstacles. It
can be due to the fact that the presence of plantarflexor
spasticity makes it very difficult for the patients to
control foot of the ground for clearance, staircase
climbing and stepping over an obstacle requires the
patient to raise the leg even higher to take a step with
use of knee flexion it becomes more difficult as
voluntary control is less. The ability of the distal
component, mainly the foot, to transfer the ground
reaction force (GRF) upwards to the knee and hip is
altered thus altering the position of the proximal joints.
The other component which was found to be affected
in our study was walking with vertical head turns and
horizontal head turns, this suggests that when the
subjects were given to perform 2 tasks at a time, they
found it difficult to do so and were not able to maintain
balance increasing their risk of falls further It signifies
that motor planning required for dual tasking is the
most difficult for these people thus affecting their
ability to perform the given task efficiently. Another
reason for affection of gait with vertical head turns can
be due to the loss of visual feedback that the subject
used to get while walking with the head straight. With

the visual feedback being altered, the person has to
rely completely on the proprioception through the foot
in order to balance themselves and maintain proper
posture.  The presence of spasticity in the plantar
flexors, alters the position of the foot making it more
inverted thus the weight bearing area is mostly the
lateral part of the foot and the dorsal area of the toes
which not being the normal weight bearing area leads
to abnormal sensory and proprioceptive input. Thus
the gait is affected. In dual tasking there is interference
of motor tasks and the ability of the brain to perform
them efficiently. This thus decreases all parameters of
gait including cadence, loss of balance etc. which
supports the study done by Hsu A-L, Tang P-F and
associates16.

CONCLUSIONS

The MAS scores of lower extremity in chronic MCA
stroke patients show correlation with the DGI scores
with Staircase climbing being the most affected
component and correlation between MAS and DGI
exists strongly in subjects with Left hemispherical
involvement.
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ABSTRACT

Background and purpose: Benign paroxysmal positional vertigo (BPPV) is a recurrent chronic disease
of the inner ear and the handicap caused by it is usually underestimated. Several studies have indicated
that physical therapy, including rehabilitative exercises and physical maneuvers, is an effective
treatment for BPPV. The aim of the present study was to determine the impact of treatment with the
Epley maneuver and that with the Brandt- Daroff exercises on short- term BPPV related quality of
life and at comparing the effects of the two treatment approaches.

Study design: Comparative prospective study.

Materials and method: Out of 30 subjects suffering from posterior canal BPPV, 15 were administered
a single sitting of the Epley maneuver and 15 underwent a home exercise program of the Brandt-
Daroff exercises for two weeks. Analysis of the efficacy of treatment was done based on the Dizziness
handicap Inventory scores before and after the treatment.

Results: The patients who received the Epley maneuver showed a highly significant mean
improvement in the DHI scores of 48.67(p= .001). The Brandt- Darff exercise group too, demonstrated
a highly significant improvement of 40.00 (p= .001). There was no significant difference in the
improvements shown by the patients between the two groups.

Conclusion: Both the Epley maneuver and the Brandt- Daroff exercises are highly effective in treating
posterior canal BPPV, reducing the BPPV- related perceived disability handicap and at improving
short- term BPPV- related quality of life.

Keywords: Benign Paroxysmal Positional Vertigo (BPPV), Epley Maneuver, Brandt- Daroff Exercises, Self-
Perceived Dizziness Handicap, BPPV Related Quality of Life

INTRODUCTION

Dizziness and balance problems affect 40 percent
over the age of 40 and can be caused by a myriad of
problems including vestibular pathology, drug
interactions, orthostatic hypotension, and
somatosensory loss in the extremities1. Benign
Paroxysmal Positional Vertigo (BPPV) is a syndrome
characterized by short- lived episodes of vertigo,
usually lasting from a few seconds to a minute, in

association with rapid changes in head position2. BPPV
is the most common disorder of the peripheral
vestibular system and is caused by the abnormal
movement of utricular debris (otoconia) in the
semicircular canal (SCC)3.

The common treatment approaches to BPPV
include the Epley maneuver developed by John Epley
in 1992, and the Brandt- Daroff ’s rehabilitative
exercises 4,5.
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The Dizziness Handicap Inventory evaluates the
self- perceived handicapping effects imposed by
vestibular system disease and is widely used in
qualitative studies6,7,8.

 Though there are a number of studies done on
Epley maneuver and Brandt- daroff exercises
individually, there is clearly a dearth of research
material which compares the effect of these two
commonly used treatments for posterior canal BPPV.
Moreover, most of the research material available uses
the positive/ negative Dix Hallpike maneuver or
presence/ absence of objective signs on
electronystagmography as the outcome measures.
Hence the importance of the current study which uses
self- perceived dizziness handicap as the outcome
measure.

METHOD

The study was set in the outpatient physiotherapy
department of a multispecialty teaching hospital.
Ethical clearance was obtained from the Central ethical
committee of the Institution. Convenience sampling
was used to select a sample of 30 male and female
subjects who were diagnosed as having unilateral
posterior canal benign paroxysmal positional vertigo
complaining of bouts of positional vertigo lasting for
up to one minute and who demonstrated a positive
subjective or objective Dix- Hallpike test unilaterally .
Those diagnosed with lateral or anterior canal BPPV,
those with any nervous system disorders, any cervical
pathology and those with vertebrobasilar insufficiency
were excluded from the study.

After initial evaluation, the Dix Hallpike test was
performed on the patients to confirm the diagnosis and
determine the offending ear. After this, the patients’
self perceived dizziness handicap was assessed by
asking them to answer the Dizziness Handicap
Inventory and recording the score. The patients were
then randomly assigned to the two treatment groups,
Group I who received one sitting of the Epley
maneuver and group II who did two weeks of the
Brandt- Daroff exercises at home.

The subjects of group I was administered one sitting
of the Epley maneuver in the out-patient clinic. The
subjects were seated on the treatment couch close
enough to the end, so that the neck maybe extended
over the edge of the table when the patient became
supine. The manouvre consisted of the following five
positions:

1) The patient was seated and subsequently placed
into supine position with the head rotated 45
degrees from the vertical plane towards the
affected ear. The head was allowed to subtend an
angle of 30 degrees to the horizontal plane. Various
charecteristics of nystagmus (latency, duration,
direction) were noted.

2) The head was turned by 90 degrees towards the
contralateral side from position 1(i.e., 45 degrees
to the vertical plane towards the opposite ear).

3) Next, the head was rotated by a further 90 degrees
in the same direction. To ease head movement, the
body was rotated 90 degrees towards the opposite
ear, thus making the head to attain 135 degrees
from the supine position.

4) The patient was brought back to sitting position
with the head in the same position as in position
3.

5) The patient’s head was turned by 45 degrees to
bring it in line with the rest of the body.

In each position, the patient was allowed to rest
for a minute after cessation of nystagmus. No post
maneuver instructions were given to the patients. They
were asked to report back to be reviewed after a week,
whereon they were required to fill in the Dizziness
Handicap Inventory again to rate the change, if any,
in self perceived dizziness handicap.

The subjects included in group II were instructed
in the Brandt- Daroff exercises as follows: the patient
sits on a bed sideways, turns the head 45 degrees
horizontally to one side, and then lies rapidly to the
opposite side. The patient stays in this position for
about 20 seconds and then slowly sits up and waits
for the same period of time. The same sequence of
movements is then repeated for the opposite side. The
subjects were instructed to do 5 repetitions each of the
exercise three times a day for two weeks, after which
they were given the Dizziness Handicap Inventory to
record the post- treatment score.

The patient data, pre- treatment scores and post-
treatment scores on the DHI were tabulated and
subjected to statistical analysis. Descriptive statistics
were used to characterize the patient data, i.e., age and
gender distribution of the sample and the baseline
Dizziness Handicap Inventory scores. The paired ‘t’
test was used to compare the pre- treatment to post-
treatment difference and the unpaired ‘t’test was used
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to compare the difference between the groups. The
statistical significance value was set at 0.05 with 95%
confidence interval and p value less than or equal to
0.05 would be considered as significant.

RESULTS

The descriptive statistics for gender and age for the
30 participants of the study are given in Table 1and
Table 2.

 The  pre- treatment Dizziness Handicap Inventory
(DHI) scores of both the groups (63.47 for group I and
59.87 for group II) were in the range of moderate to

severe self perceived dizziness handicap according to
the score classification 0-30= mild, 31- 60= moderate
and 61-100= severe6. The mean post- treatment DHI
scores for both the groups (14.8 for group I and 19.88
for group II) were in the low score range. (Table 3)

In both groups, viz, the group that underwent the
Epley maneuver and the group that performed the
Brandt- Daroff exercises, the difference between the
pre- treatment and post- treatment DHI scores were
found to be highly significant (Table 4). However, there
was no significant difference seen in the differences in
scores between the groups (Table 5).

Table 1: Gender distribution of the patients

Gender Group I Group II Total

Male n= 320% n= 320% n= 620%

Female n= 1280% n= 1280% n= 2480%

Table 2: Age distribution of the patients

Group n Mean Std deviation t

Group IGroup II 1515 56.866761.60 15.357014.4063 .8710P= .391

 Table 3: Descriptive statistics of baseline and post- treatment DHI scores of the groups.

Group N Mean Std Deviation

Group I

Pre 15 63.47 12.75

Post 15 14.8 5.33

Group II

Pre 15 59.87 20.16

Post 15 19.88 13.97

 Table 4: Mean difference in DHI scores of the two groups

Group Mean Std deviation t P

Group I  Pre- Post 48.6667 11.1013 16.979 .001 vhs

Group II Pre- Post 40.00 17.5010 8.852 .001 vhs

Table 5: Comparison of the difference between the two groups.

Group N Mean Std deviation t

Difference Group I 15 48.6667 11.1013 1.6200P=.117 ns

Group II 15 40.00 17.5010

DISCUSSION

Until recently, Benign Paroxysmal Positional
Vertigo was believed to be a self- limiting condition
and hence the traditional treatment approach has been
non- interventional. The high pre- treatment scores on
the DHI for the majority of subjects in the study throws
light into the extent of perceived handicap experienced
by the patients suffering from BPPV. This also attests
to the severity of symptom in many of the patients,

thereby indicating that that the condition, as previously
believed to be, is not self limiting or benign.

The Canalith Repositioning maneuver was first
published by Epley in 1992, and involved the gravity
assisted repositioning of the debris from the posterior
semicircular canal back into the utricle, where they
could no longer stimulate the posterior semicircular
canal. This maneuver was based on the theory of
‘canalithiasis’, which proposes that the nystagmus and
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vertigo are exclusively caused by pathologically free
floating calcium carbonate particles in the endolymph
of the posterior semicircular canal9. Epley has reported
100% resolution of symptoms in 30 patients with BPPV
treated with the particle repositioning maneuver, and
other authors have also reported similar cure rates
10,11,12. The cure rate in the present study being less than
100% could have to do with the outcome measure
being self- perceived dizziness handicap, as opposed
to a positive or negative Dix- Hallpike test used by the
above authors. Moreover, many authors describe the
use of a second repositioning maneuver in the patients
who remain symptomatic after the first maneuver.
Abstaining from administering the second maneuver
to the subjects of group I may also have caused the
lesser cure rate.

The Brandt- Daroff exercises, named after the
authors who first published them in 1980, were
proposed to provide a mechanical means to promote
loosening and ultimate dispersion of otolithic debris
from the cupula, the labyrinthine recesses serving as
the final destination of the otolithic particles. The
exercises were originally based on the assumption that
the underlying mechanism of BPPV was
cupulolithiasis, that is, the adherence of degenerated
otoconia to the cupula of the posterior semicircular
canal, although later it has been suggested that the
exercises depend on the canalithiasis model. It is not
clear how these exercises cause a decrease in the vertigo
and nystagmus. One explanation is that the debris
becomes dislodged from the cupula of the semicircular
canal and moves to a location no longer affecting the
cupula during head movement. A second possibility
is that central adaptation occurs, reducing the central
nervous system response to the signal from the
posterior semicircular canal. Brandt and Daroff argue
against central adaptation as a mechanism for recovery
because the time course and charecteristics of the
vertigo relief speak against a major role for central
compensation.

Brandt and Daroff found a cure rate of more than
99% in the 67 patients they treated with the exercises
whereas other authors  have observed cure rates as low
as 24% at one week and 62% at 3 months 13,14.

Even though the statistical analysis did not indicate
any significant  difference between the improvement
achieved in self- perceived dizziness handicap between
the two groups, considering the single treatment
approach of the first group versus the home treatment
program of three times a day for two weeks and the

marginally high pre- treatment to post-treatment
difference obtained in the first group, it is evident that
a single sitting of the Epley maneuver has a slight edge
over a 2 weeks’ home program of Brandt- Daroff
exercises. Moreover, in the patients undergoing
Brandt- Daroff exercises, the requirement of assuming
the position of maximum stimulation until vertigo
subsides several times a day for weeks together can
be very demoralizing, and a higher tendency to
abandon the treatment may result.

However, the Brandt- Daroff exercises retain their
importance in those patients on whom the Epley
maneuver cannot be performed due to conditions like
cervical or thoracic pathology, in those patients who
will not tolerate the provoked symptoms of Epley
maneuver and in the small percentage who will fail to
respond at all12.  Upto 20% of patients may report
subsequent imbalance or light-headedness after
repositioning, and in some rare cases, acute vertigo
and vomiting may result as a consequence of debris
becoming obstructed in the posterior semicircular
canal. The conversion of posterior canal BPPV treated
with Epley maneuver into anterior or horizontal canal
BPPV has also been reported15.

Benign Paroxysmal Positional Vertigo has been
known to be a recurrent condition, albeit the exact
magnitude of recurrence is yet to be studied.
Considering this, the Brandt- Daroff exercises may
have an advantage over the Epley maneuver in that
the patient can be advised to return to the exercises in
the event of recurrence of symptoms, thereby
eliminating the need for repeated physician visits.

The small sample size of 15 to each group could
have limited the statistical power of the results. The
duration of the condition, which plays a major role in
determining the severity of symptoms, was not
considered when including patients in the study. The
inclusion of a control group, which was given no
treatment or a placebo treatment, would have lent
more credibility to the study, especially since self-
resolution has been theorized in BPPV.
Electronystagmography or posturography has not
been used to study the clinical features of BPPV more
accurately. And finally, the short period of study was
also a serious limitation, as the long term effects of
both the treatment approaches on self perceived
handicap has not been studied with due importance,
the possibility of the excellent short- term results being
altered in the long term follow- up cannot be ruled
out.
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CONCLUSION

A single sitting of the Epley maneuver, as well as a
two- week home program of the Brandt- Daroff
exercises are highly effective in relieving the symptoms
of posterior canal benign paroxysmal positional
vertigo (BPPV) and at decreasing self perceived
dizziness disability handicap, thereby increasing
BPPV- related quality of life. There was no significant
difference found between the efficacy of a single Epley
maneuver and the efficacy of two weeks of Brandt-
Daroff exercises in the short term. In the absence of a
long- term follow- up, and in the light of the positive
and negative points of the Epley maneuver and the
Brandt- Daroff exercises, a combination of a single
sitting of the Epley maneuver followed by a home
program of Brandt- Daroff exercises is most likely to
give the patient suffering from BPPV maximum benefit
from physical therapy.

ACKNOWLEDGEMENT

Authors would like to thank the  management of
Laxmi Memorial Education Trust and Departements
of ENT surgery and Physiotherapy, AJIMS for their
support to realise this study.

Conflict of Interest: Authors agree that there was no
source of conflict of interest

REFERENCES

1. Herdman SJ(ed). Vestibular Rehabilitation. FA
Davis Philadelphia 1994

2. Mujeeb M, Khan NH. Epley’s manoeuvre:
treatment of choice for benign paroxysmal
positional vertigo. J laryngol otol 2000; 114:
844-7.

3. Marin Garrido C, Fraile Rodrigo JJ, Alfaro Garcia
J, Damborenea Tajada J, Llorente Arenas EM,
Ortiz Garcia A et al. Benign Paroxysmal positional
vertigo in the general ear, nose and throat clinic.
Acta otorrinolaryngol Esp. 2000 Jan- Feb; 51(1):
14-8.

4. Epley JM. The canalith repositioning procedure
for treatment of benign paroxysmal positional
vertigo. Otolaryngol head neck Surg 1992; 107:
399- 404.

5. Brandt T, Daroff RB. Physical therapy for benign
paroxysmal positional vertigo. Arch otolaryngol
1980 Aug; 106(8); 484- 5.

6. Jacobson GP, Newman CW. The development of
the Dizziness Handicap Inventory. Arch
Otolaryngol head Neck Surg 1990; 116: 56- 9.

7. Segarra Maegaki JA, Taguchi CK. Study about
the benefits of vestibular rehabilitation in
peripheral vestibular disorders. Pro Fono 2005;
17(1); 3- 10.

8. Whitney SL, Wrisley DM, Brown KE, Furman JM.
Is perception of handicap related to functional
performance in persons with vestibular
dysfunction? Otol Neurotol 2004; 25(2): 139- 43.

9. Schuknecht HF, ruby RRF. Cupulolithasis. Adv
otorhinolaryngol 1973; 20: 434- 43.

10. Epley JM. New dimensions of benign paroxysmal
positional vertigo. Otolaryngol Head Neck Surg
1980; 107: 399- 404.

11. Thakar A, Deka RC. The particle repositioning
maneuver for benign paroxysmal positional
vertigo. Ind J Otolaryngol Head Neck Surg; 52(2):
128- 32.

12. Welling DB, Barnes DE. Particle repositioning
maneuver for benign paroxysmal positional
vertigo. Laryngoscope Aug 1994; 104: 946- 9

13. Hall SF, Ruby RRF, Mc Clure JA. The mechanisms
of benign paroxysmal vertigo. J otolaryngol 1979;
8: 151- 8

14. Soto varela A, Bartual Magro J, Santos Peres S,
Velez Regueiro M, lechuga Garcia R, Perez- Carro
R et al. Benign paroxysmal positional vertigo: a
comparative prospective study of the efficacy of
Brandt and Daroff’s exercises, Semont and Epley
maneuver. Rev laryngol otol Rhinol (Bord) 2001;
122(3): 179- 83.

15. Herdman SJ, Tusa RJ, Complications of the
canalith repositioning procedure. Arch
Otolaryngol Head neck Surg 1996; 122: 281- 6.

24. Ajith sonam--114--.pmd 6/13/2014, 2:18 PM118



Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3 119
DOI Number: 10.5958/j.0973-5674.8.2.048

Effect of Body Position on Peak Expiratory Flow Rate in
Individuals Post Coronary Artery Bypass Graft Surgery

Bhagwathi Nambi Rajan Yadav1, Veena Kiran Nambiar2, Soni S3

1Lecturer,Department of Physiotherapy, 2Associate Professor, Department of Physiotherapy, M.S.Ramaiah Medical
College, Msrit Post, Bangalore

ABSTRACT

Objective: This study aims to compare the influence of body position on peak expiratory flow rate
which has been used as a measure of huffing. Body position influences the rib cage mechanics and
thereby influencing the strength of huff. The four positions used in this study were standing, chair
sitting, long sitting and three quarter sitting the study. 43 male subjects who underwent elective
CABG, aged 40yrs- 80yrs were taken. The subjects were positioned in random order in the 4 test
positions and PEFR values were recorded in the four positions. The difference in  PEFR values between
the test positions were significant except between chair-sitting and long-sitting (P < 0.735). Standing
position led to the highest PEFR value and three quarter sitting led to the lowest PEFR value. This
implies that standing is a more appropriate starting position which can be used to clear the airways
by huffing post CABG

Keywords: CABG, Positioning, Huffing, Chest Physical Therapy, PEFR

INTRODUCTION

Coronary artery diseases (CAD) is one of the
leading cause of death due to cardiovascular
problems.India is presently in the middle of CAD
epidemic because Indians are genetically more
susceptible for coronary artery diseases magnifying
the adverse effects of conventional risk factors1,2 . CAD
is caused by hardening and narrowing of the coronary
arteries due to fat deposits or plaque formation inside
the arterial wall  leading  to reduction or complete stop
in the flow of blood. The management of these diseases
is based on the findings of a coronary angiogram.
Coronary artery bypass graft surgery is the
recommended line of management  when  there is an
involvement of two or three coronary arteries or when
there is a severe narrowing or blockage of the left main
coronary artery.

CABG surgery is a revascularization technique
done under general anaesthesia in which the blood
flow is re-routed through a new artery or vein and is
grafted around the diseased section of the coronary
arteries to increase the blood flow to the heart muscle
tissue. The surgery is done through a median
sternotomy incision made in the middle of the chest
through the sternum. There is manipulation of the

thoracic contents during the operation. The commonly
used vessels for re- routing are internal mammary
artery or saphaneous vein graft. The surgery can be
performed either by an off pump or an on pump
technique3.

Pulmonary dysfunction following CABG is
inevitable. It can range from minor pulmonary
dysfunction like arterial hypoxemia present in 100%
of the patients to adult respiratory distress syndrome
present in 0.4% to 2% of the patients. The other
common post operative pulmonary complications seen
following CABG are atelectasis, pleural effusions,
pneumonia, post – operative infections etc4. These
pulmonary dysfunctions are usually multifactorial in
origin and can be attributed to median sternotomy
incision, general anaesthesia, specific intra-operative
strategies like myocardial hypothermia which may
cause a phrenic nerve dysfunction due to its close
proximity to the myocardium, depressed cardiac
functions etc5. Due to the median sternotomy incision
made during the coronary artery bypass graft surgery,
a significant reduction in the rib cage motion and
uncoordinated expansion of the rib cage contributes
to alterations in the rib cage mechanics. There might
also be an alteration in the bony configuration of the
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chest wall with an increase in the thoracic spinal
curvature and lowering of the ribs6. It has also been
suggested that following the closure of the chest wall
in CABG, the compliance of the lung decreases4. This
alteration in the rib cage mechanics and inefficient
working of the abdomen and the diaphragm leads to
decreased ventilation, ineffective cough and huff
which results in an ineffective airway clearance.

Huffing is an essential component of airway
clearance technique. Huffing consists of full inspiration
followed by forceful expiration against an open glottis.
Forced expiratory techniques are dependent on
voluntary effort and muscle strength. These expulsive
forces help in the mobilization of secretions, thus
helping clearing the airways.It also results in decreased
energy expenditure as compared to other forced
expiratory techniques7.

The PEFR is a component of pulmonary function
testing which is used to measure the greatest
expiratory flow rates. PEFR is measure of the maximal
flow rate generated during a forceful exhalation
starting from a full inspiration and is dependent upon
voluntary effort and respiratory muscle
strength8.Therefore PEFR has been used to measure
the strength of huff9.

Since the capacity to huff by an individual who had
undergone CABG surgery is very much decreased, it
is essential to maximize the strength of huffing to
improve the airway clearance. Hence there is a need
to provide an effective airway clearance technique
which will help in preventing the development of post
operative pulmonary complications thus reducing the
morbidity and mortality associated with it4.

Body positioning is one strategy by which the rib
cage mechanics can be altered by altering the influence
of gravity on it10. Therefore body positioning can be
used to facilitate huffing and thereby facilitating
airway clearance in individuals who have undergone
coronary artery bypass graft surgery. It is essential to
know the position in which the PEFR is the highest as
huffing can be best augmented in that position. Hence
there is a need to find out the effect of body position
on PEFR which will enable us to deliver a better
cardiopulmonary physical therapy management in
subjects who have undergone CABG.. The aim of this
study was to compare the PEFR values in standing,

chair-sitting, long-sitting and three-quarter sitting in
subjects who have undergone CABG.

METHOD

This is an observational cross sectional study with
a sample size of 43.Convienience sampling technique
was used. The criteria to include  subjects in the study
was those who have undergone an elective coronary
artery bypass graft surgery with a median sternotomy
incision, between 40 years to 80 years of age and  those
subjects who were hemodynamically stable. The
exclusion criteria was  subjects with an underlying
case of chronic obstructive pulmonary  diseases, any
respiratory illness in the past 3 months, subjects who
had not been extubated ,Re-do CABG or if post –
CABG a re-exploration surgery was done before the
fourth day, inability to maintain the test position and
inability to perform the PEFR manoeuvre correctly. An
ethical clearance was obtained prior to the
commencement of the study from M.S.Ramaiah
Medical and Teaching Hospital and Medical College.
The study was conducted at  M.S.Ramaiah Narayana
Hrudayalaya and Narayana hrudayalaya (Attibele).
The study was conducted between February and
August of 2009. The purpose of the study was
explained to the subjects and a written informed
consent was obtained from the subjects before
including them in the study.  The four positions  used
in the study were

1) STANDING (S) - adopted a comfortable stance.

2) CHAIR SITTING (CS) - chair sitting with back
support at about 90 degrees to the seat with no
arm rests.

3) LONG-SITTING (LS)- the upper body (trunk) was
at 90 degrees to the lower body with knees
extended. Back support was provided with the
help of bed itself.

4) THREE QUARTER SITTING (TQS) - the upper
body (trunk) formed an angle of 135 degees with
the lower body with extension at knees.

The four positions were arranged such that each
position had an equal chance to be in the  first , second,
third  and fourth place in these sequences  to avoid
practice and fatigue effects. The sequence therefore
used  were :
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SEQUENCES Position 1 Position 2 Position 3 Position 4

Sequence A Long - sitting Three –quarter sitting Chair sitting Standing

Sequence B Three – quarter sitting Chair sitting Standing Long - sitting

Sequence C Chair - sitting Standing Long-sitting Three – quarter sitting

Sequence D Standing Long - sitting Three quarter sitting Chair - sitting

Each subject was allocated to one of these sequences
in random order and an explanation, in an
understandable language, and a demonstration of the
test procedure to perform the PEFR was given, the
individual was then allowed to practice the correct way
of performing the test procedure. A brief period of rest
was given following the practice session.

• The subjects were then put into the test position
for 3 minutes and then they were asked to perform
the PEFR manoever without altering the position.

• A minimum of three trials were taken in each
position and the values were recorded and the
highest value was taken for analysis.

• Testing was terminated if the subject could not
tolerate the position, or was unable to perform the
test correctly, became fatigued, short of breath or
withdrew consent.

RESULTS   AND   DATA   ANALYSIS

STATISTICAL METHODS: Descriptive statistical
analysis was done for analyzing the study. Significance
was assessed at 5 % level of significance. Analysis of
variance (ANOVA) was used to find the significance
of study parameters which was the PEFR in the 4 test
positions. Student t test with Bonferroni correction
(two tailed, dependent) as Post Hoc test was used to
find the significance of study parameters on
continuous scale within each group.

RESULTS

The mean age of the sample studied is 55.00±7.36.
The PEFR value in standing was 301.40±96.15 , chair-
sitting 274.65±90.19, long-sitting  273.26±95.59 and
three-quarter sitting was 245.12±87.11. The PEFR
values when compared between the different positions
showed a statistically significant change (P<0.001)
except between chair -sitting and long-sitting
(P=0.735).

Table 1. Age distribution of the sample population

Age in years Number %

41-50 14 32.6

51-60 21 48.8

>60 8 18.6

Total 43 100.0

Mean ± SD 55.00±7.36

Table 2: Mean PEFR values in the four positions

PEFR (l/min) Min-Max Mean ± SD

 STANDING 120-480 301.40±96.15

CHAIR SITTING 130-450 274.65±90.19

 TQS 90-400 245.12±87.11

LONG SITTING 120-460 273.26±95.59

Table 3: Change seen across different body positions

Positions compared change t values Significance

Standing – Chair sitting 26.74±26.52 t=6.612; P<0.001**

Standing – TQS 55.28±31.26 t=11.811; P<0.001**

Standing – Long sitting 28.14±20.27 t=9.105; P<0.001**

Chair sitting- TQS 29.53±28.78 t=6.729; P<0.001**

Chair sitting- Long sitting 1.39±26.89 t=0.341;  P=0.735

Long sitting-TQS  28.14 ±26.92 t=6.853; P<0.001**
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DISCUSSION

Huffing is an essential component of airway
clearance technique. An effective huff is important for
transport and expectoration of lung mucus. It is
primarily believed to be the function of peak airflow
velocities in the airways. To produce these high
expiratory flows, there are several elements which are
essential – initial high lung volume, muscle generated
pulmonary pressures22. Body positioning is known to
influence  these.

In the standing position, due to the effect of gravity
the diaphragm was at its lowest position and the
abdominal contents are more caudal and anterior. This
stretches the abdominal muscles slightly and puts the
abdomen in a mildly elongated position which enables
the abdominal muscles to contract more forcefully
during forced expiratory technique9,21 . These changes
contributed to a greater upward excursion of the
diaphragm leading to higher expiratory flow rates and
the initial lung volume was also higher leading to a
better elastic recoil. Thus this position led to the
generation of the highest peak expiratory flow rate.

Chair – sitting lead to the generation of the next
highest PEFR. In this position, the diaphragm is at a
higher position as compared to standing. Thus, the
initial lung volume and the elastic recoil is also less as
compared to standing. The higher position of the
diaphragm in this position could be due to the  hip
and knee flexion at 90 degrees in chair - sitting which
causes the abdominal contents to push the diaphragm
upwards. Also because the posterior aspect of the
thoracic cage was supported, the unrestricted
expansion of the thorax posteriorly was reduced in this
position as compared to standing9.

The results of this study did not show any
statistically significant difference between long – sitting
in which the pelvis was in a posteriorly tilted position
as compared to the chair – sitting in which the pelvis
was in an anteriorly tilted position. Just the change in
the pelvic position could not produce a statistically
significant change in the PEFR values. But Lin F et al
found a significant decrease in the lung capacities and
expiratory flows in the completely slumped sitting
posture as compared to normal erect sitting with back
support and standing in normal individuals. This
could be due to the complete flexion of the thoracic
and lumbar segments  along with the posterior pelvic
tilt of the pelvis in the slumped sitting posture  as

compared to just the posterior pelvic tilt in long - sitting
position used in study undertaken 24.

In three- quarter sitting, the patient forms an angle
of 135 degrees between the trunk and lower limbs .In
this position, the effect of gravity is minimal and the
abdominal contents rest in a posterior and superior
position pushing the diaphragm up higher. the
diaphragm tends to be pushed up higher. Since the
posterior aspect of the thorax is completely supported
on the bed, the complete expansion of the thorax
posteriorly is thus restricted. Therefore, the initial lung
volume and the elastic recoil of the lungs is much
lower9,25. This leads to a lower expiratory flow rate in
three - quarter sitting as compared to the other three
positions.

 Also the compliance of the lungs is known to
decrease as the position changes from a more upright
position to a recumbent position. This decrease in
compliance could be due to the increased pulmonary
blood volume in the recumbent positions as compared
to the more upright positions25.This could also
contribute to the decrease in the PEFR values as the
position changes from upright to recumbent.

Thus, the more upright the position the better is
the excursion of the diaphragm and the abdominals
are also in a better length tension relationship to
contract leading to higher PEFR. Post – CABG due to
compromised rib cage mechanics and decreased rib
cage motion, their ability to huff effectively is
diminished. Standing seemed to be the best position
to augment huffing followed by chair – sitting, long –
sitting and three- quarter sitting. Thus to prevent post
operative pulmonary complications post CABG,
standing seemed to be the most appropriate starting
position to be used. Also, from the results it can be
inferred that the more upright the position, higher is
the lung volume and better is the force generating
capacity of the muscles involved in forceful expiration
thus leading to higher peak expiratory flow rates.

 The limitation of this study is that though the
results of this study were statistically significant, to
generalize the results to the entire CABG population,
this study needs to be carried out on a larger sample
population which is inclusive of males and females.
The scope for further research in this area is that
abdominal muscle strength could be co – related with
PEFR values to find the contribution of the abdominal
muscles in the different body positions to the
expiratory flow rates.
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ABSTRACT

Background: Spinal Cord Injury (SCI) is a low incidence, high cost disability requiring tremendous
changes in an individual lifestyle1. SCI shifts the demands of daily function and community mobility
from the lower extremities to the upper extremities. As a consequence of the increased demand on
the upper extremities, there is a high prevalence of shoulder pain with increased age and time since
SCI.

Objectives: To determine the effectiveness of scapula focused exercise program on shoulder pain in
paraplegic patients using wheelchair

Materials and Method: Study included 30 paraplegic subjects 20 males and 10 females  who have
shoulder pain and using wheelchair since 6 months.  The patients were treated for a period of 8
weeks, 6 days a week, one session daily and the outcome was measured pre and post treatment by
WUSPI (Wheelchair User Shoulder Pain Index).

Results: Wilcoxon signed-rank test showed significant difference between pre and post WUSPI score
(z=-4.785, P<O.05). And the non parametric spearman rho correlation analysis showed age and
duration have positive relationship with pre and post treatment WUSPI score (P<.05).

Conclusion: Scapula focused exercise program resulted in significant reductions in shoulder pain in
wheelchair users with spinal injuries and shoulder pain.

Keywords: Wheelchair Users, Scapular Exercise, Paraplegics, WUSPI

INTRODUCTION

Spinal Cord Injury (SCI) is a low incidence, high
cost disability requiring tremendous changes in an
individual lifestyle .1 the effects of SCI has an impact
not only on the lives of the client and family but also
on society as a whole2.SCI shifts the demands of daily
function and community mobility from the lower
extremities to the upper extremities. As a consequence
of the increased demand on the upper extremities,
there is a high prevalence of shoulder pain with
increased age and time since SCI. More than 70% of
persons with paraplegia of over 20 years experience
shoulder pain that may result in a loss of
independence3.Most individuals with paraplegia use
wheelchairs for mobility at home, school, work, and
play. Many wheelchair users experience upper
extremity pain that interferes with essential activities
of daily living such as wheelchair propulsion, driving,

dressing, and transfers4, 5. Upper extremity pain is more
likely to result in functional impairment and loss of
independence in persons with SCI than in others who
are not spinal cord injured6. It was observed in patients
with SCI that shoulder pain was more intense and
recalcitrant to treatment than non-SCI patients. Their
adaptations in using the upper extremities to perform
weight bearing, mobility, and transfers despite the pain
make this a critical problem7. Manual wheelchair
propulsion represents a highly repetitive demand on
the upper extremities8, 9. Loads experienced are
relatively low during level propulsion; however,
increased significantly during fast and inclined
propulsion10, 11.

Wheel chair propulsion involves 2 phases, the
propulsive phase and the recovery phase12. The
propulsive phase is initiated when the hand comes into
contact with the push rim and continues until the point
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at which contact is removed at the end of the stroke.
The recovery phase involves the motion when the
hands disengage from the push rim until the upper
extremities swing back to contact the push rim once
again. As a result of years of wheelchair propulsion,
shoulder muscles active during the push phase are
believed to become stronger, whereas the muscle that
are involved during the recovery phase remain at the
same strength13,14. The stabilizing components of the
shoulder (rotator cuff, deltoid, and long head of the
biceps brachii muscles) may be altered because of the
repetitive nature of wheelchair propulsion14,15. The
muscles active during wheelchair propulsion (internal
rotators , adductors, and flexors)8 may become stronger
as new  movement patterns are used, causing the
supraspinatus muscle to be impinged between the
humeral head and the acromion, creating pain and
inflammation16, and possibly leading to rotator cuff
tears. In general, the rotator cuff muscles
(supraspinatus, subscapularis, infraspinatus, and teres
minor) are thought to provide dynamic stabilization
to the humeral head on the glenoid fossa17, 18. Brox et
al reported significant improvements in pain and
function in subjects who had shoulder impingement
and who were randomly assigned to an exercise group
compared with a placebo group. In a randomized
clinical trial of people with shoulder pain believed to
be of local mechanical origin19 Ludewig and Barstad
also reported significant improvements in shoulder
impingement symptoms in a home exercise
intervention group compared with a control group20.
This latter investigation was unique in that the exercise
program specifically targeted previously identified
altered motion and muscle activity patterns in
construction workers with shoulder pain. The exercise
programs used in this study was targeted to known
detrimental kinematic deviations previously identified
in people who are able bodied but has shoulder pain,
including scapular and humeral motion abnormalities
and muscle activity alterations21-27. Specific muscle
groups were emphasized because of their purported
impact on scapular movement21-23.The strengthening
protocol addressed the serratus, middle and lower
trapezius, and glenohumeral external rotator muscles.
The stretching protocol focused on soft tissue
structures that are frequently tightened in people who
are long-term wheelchair users: the pectoralis muscles,
the long head of biceps muscle, the upper trapezius
muscle, and the posterior glenohumeral joint capsule14,

23, 28. Dee D.Gutierrez at el in 2007 study result suggests
that, person with SCI who reported lower subjective
quality of life and physical activity scores experienced

significantly higher level of shoulder pain29.Deborah
A Nawoczenski at el in 2006 conducted a study on
“Clinical Trial of Exercise for Shoulder Pain in Chronic
Spinal Injury” with an asymptomatic control group.
and the results suggested that a selective 8-weeks home
exercise program was effective in reducing pain and
improving function and satisfaction in this population
of wheelchair users30. The purpose of this study was
to determine the effects of a controlled 8-week, scapula
focused  exercise intervention on shoulder pain  in
people with SCI and symptoms of shoulder
impingement.

MATERIALS AND METHOD

An Experimental study was done to find the
effectiveness of selective stretching and strengthening
exercise on the shoulder pain in paraplegic patients
using wheelchairs. All the patients were from
Paraplegia Hospital and Research Center, Civil
Hospital, Ahmedabad. A group of 30 Patients were
selected who fulfilled the inclusion criteria and
exclusion criteria and informed consent to the study.
The patients were treated for a period of 8 weeks, 6
days a week, one session daily.

Inclusion criteria

• Paraplegics’ patients using wheelchair since at
least 6 months.

• Subject gives at least 2 positive results from the
following tests: Neer, Hawkins-Kennedy, and
Speeds

Exclusion criteria

• Subjects had reproduction of symptoms during a
cervical screening examination.

• Subject had history of onset of symptoms
attributable to traumatic injury

• Surgery on the shoulder.

In the present study the Wheelchair User ’s
Shoulder Pain Index (WUSPI), a 15-itern valid and
reliable questionnaire, was used to assess the intensity
of the shoulder pain during the performance of
activities of daily living such as transfers, loading a
wheelchair into a car, wheeling up inclines, dressing,
bathing, overhead rifting, driving, performing
household chores, and sleeping23. Subjects rated their
intensity of pain during these activities on a 10-cm
visual analog scale (VAS) anchored at “no pain” and
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“worst pain” ever experienced.” The total possible
score on the scale ranged from 0 to 150. Subjects who
marked the option of “not performed” instead of a
score on the VAS were also recorded. Because many
of the subjects did not perform one or more activities
measured in WUSPI items, we calculated a
performance-corrected shoulder pain (PC- WUSPI)
score by dividing the raw total WUSPI score by the
number of activities performed and then multiplying
by 15.The exercise protocol consisted of 4 stretching
exercises and 4 strengthening exercises. It is a “scapula
focused exercise” protocol.

FINDINGS

The study included thirty paraplegic patients
among twenty males and ten females, using
wheelchair through self propulsion. The baseline and

post treatment wheelchair users shoulder pain index
was measured along with the personal demographic
data. The data was checked for normality using shapiro
wilk test and cleaned using spss version20. A non
parametric wilkcoxon signed rank test and spearman
rho correlation test were used to compare means and
analyse relationship among the variables and subject
characteristics. Table 1shows the mean and standard
deviation of WUSPI before and after treatment. The
wilcoxon signed rank test showed significant
difference between pre and post treatment WUSPI
score z=-4.785, p<.05. The correlation analysis using
non parametric spearman rho coefficient showed
significant relationship between age and pre and post
wuspi score.(r=.533, r=.324 .p=.00).the duration of the
condition showed significant relationship with pre
wuspi score.(r=.124,p=.01).(table2)

Table1. Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

PREWUSPI 30 39.00 67.00 51.7667 7.65949

POSTWUSPI 30 20.00 35.00 25.8333 4.12798

Figure 1 Mean comparison of pre and post exercise WUSPI score(z=-4.785,p<.05)

Table 2. Correlations of variables

POSTWUSPI AGE PREWUSPI DURATION

Spearman’s rho

POSTWUSPI 1.000 .323** .423** -.039

. .000 .000 .281

AGE 1.000 .533** -.030

.000 .405

PREWUSPI 1.000 .124**

. .001

DURATION 1.000

**. Correlation is significant at the 0.01 level (2-tailed).

DISCUSSION

The present study targeted specific movement
deviations presumed to be present in people with SCI
on the basis of existing literature. Interventions
targeted to the scapula may effectively minimize the
progression of shoulder impingement symptoms and
ultimately the secondary disability associated with
shoulder pain.

Scapular movement patterns that include increased
anterior tipping, downward rotation, and internal
rotation as well as glenohumeral internal rotation have
been considered to be particularly detrimental to the

subacromial space23, 31 32. These scapular movement
patterns have been shown to be magnified during
functional tasks such as weight-relief raises and
transfers, weight bearing tasks that are performed
routinely in people with SCI33. Additionally, in the non-
weight-bearing shoulder, these kinematic alterations
in scapular motion have been associated with
decreases in serratus muscle activity, increases in upper
trapezius muscle activity, or a shortened pectoralis
minor muscle21,23. These aforementioned scapular
kinematic and muscle activity findings provided the
basis for the exercise protocol used in the present study.
In addition to serratus muscle strengthening, the
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middle and lower trapezius muscles also were
addressed with a progressive resistance program34. The
stretching protocol addressed the posterior capsule and
the upper trapezius and pectoralis muscles. Posterior
capsule stretching was incorporated into the proposed
exercise intervention on the basis of identified excess
anterior humeral translations in subjects with
impingement and the association of these abnormal
translations with tightness of the posterior capsule25,

35. Upper trapezius and pectoralis muscle stretches
were incorporated because of the potentially
detrimental restriction of the normal posterior tilting
and external rotation of the scapula if these muscles
are tight as well as documented excess activation in
subjects with impingement.21-23

CONCLUSION

Scapula focused exercise program resulted in
significant improvements in shoulder pain over 8
weeks in wheelchair users with spinal injuries and
shoulder pain. Strengthening and stretching exercise
are safe, non-invasive, and inexpensive treatment.
These are effective if carried out on regular basis
improving the shoulder pain. The major limitations of
this study are no control group and no objective
measures of outcome.
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ABSTRACT

Introduction: Pranayama (yogic Breathing) helps in breath control. It is easy to perform exercise
having positive influence on cardiopulmonary factors. Pranayama is a known practice for its positive
benefits on the respiratory parameters and functional capacity. Diaphragm mobility is a known tool
for predicting exercise tolerance. However, the effect of Pranayamic practices on the diaphragm is
not yet documented, thus explaining the purpose of this study.

Aim: To assess the effect of Pranayama on diaphragmatic excursion

Method: 30 healthy females between the age group of 18-24 years practiced  Pranayama for eight
weeks. Diaphragmatic excursion was assessed as a measure of respiratory effort on a portable
ultrasound unit.

Result: The Pretest & post test values of diaphragmatic excursion were 33.81  + 7.85 & 38.01 + 6.05
respectively, having "t" value   -4.07  & p 0.000 which was highly significant

Conclusion: Pranayama  showed significant improvement in the diaphragmatic excursion assessed
on real time ultrasound unit.

Keywords: Yogic Breathing, Pranayama, Diaphragmatic Excursion, Real Time Ultrasound

INTRODUCTION

Yoga, an ancient science, aims to bring about
functional harmony between body and mind through
three main practices, Asanas, Pranayama, Meditation.
Yogic breathing or pranayama is the science of breath
control  & included as  the fourth limb of Hath yoga.
Breath is a dynamic bridge between body and mind 1.
Pranayama aims at changing unhealthy involuntary
respiratory pattern voluntarily.  It produces remarkable
physiological changes and has sound scientific basis 2.
Pranayama is easy to perform at low cost and may
positively influence the cardiorespiratory system.
Positive effect of Pranayam  on pulmonary function is
documented widely in the literature. Makwana.  et al
3, studied the effects of short term pranayama practice
on ventilatory function test. A10 week practice of
pranayama in 25 healthy volunteers improved the
ventilatory function in the form of lowered respiratory

rate, increased Forced Expiratory Volume in one
second (FEV1), Forced Vital Capacity (FVC), maximum
breathing capacity and breath holding time. Where as,
studies done by Ankadroopa B et al 1,   to determine
the effects of short term pranayama and meditation
on respiratory parameters  showed significant
improvement in  chest expansion, Peak Expiratory
Flow Rate  and breath holding time.

It has been proven that Diaphragmatic mobility also
influences exercise tolerance in COPD patients and
thus improvement of the same can be beneficial to
them 4. It has also been proven that Diaphragmatic
Breathing Training Programme for patients with
chronic obstructive pulmonary disease induces
increased diaphragm participation during natural
breathing, resulting in an improvement in functional
capacity5
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There is a great paucity in the evidence on effect of
Pranayama practices on diaphragmatic excursion.
Thus this experimental original study was undertaken
to verify the hypothesis that practice of  Pranayama
produces positive effect on diaphragmatic excursion

Diaphragmatic mobility evaluations have
traditionally been performed using fluoroscopy
Although this method is considered the gold standard,
it presents some limitations, such as diaphragm
visualization with a single angle of incidence,
requirement to perform corrective calculations and
patient exposure to ionizing radiation  Over the past
few years, ultrasound has also been used to evaluate
diaphragmatic mobility, since it offers some
advantages over fluoroscopy: portability; no exposure
to ionizing radiation; and direct quantification of
diaphragmatic movement  6 Real time Ultrasound is
well documented as an authentic mode to assess the
diaphragmatic function by assessing  its excursion 7-11

and was hence used in this study

AIMS AND OBJECTIVES

     To evaluate the effects of Pranayama on
diaphragm excursion using real time ultrasound unit

METHODOLOGY

  It was an exploratory study conducted at the Dr
DY Patil institute of  Physiotherapy, Nerul, Navi
Mumbai, after obtaining local ethical committee
approval.

Study Samples

30 healthy Physiotherapy females students
between the age group 18-24 years, volunteered to
participate in the study. After seeking an informed
consent from all participants, the samples  were
screened as per the selection criteria [no history of any
major  illness /injury in last  five years ]. Study was
conducted in a quiet environment during morning
hours

Intervention of yogic practices

The sessions were conducted for 60 minutes each,
for 8 weeks.  The yogic practices were taught in a
progressive manner for 40 sessions spread over a
period of 8 weeks (5 days a week).  Each session was
conducted in the morning as a curriculum class on
yoga, consisting of asanas  for 10 minutes followed by
Pranayamas for 30 mins, Omkar chanting for 10 mins

&  ended with   shavasana for 10 mins. [Table-1].
Subjects were instructed to perform the practices
within their capacities, in a smooth, coordinated,
rhythmic and controlled manner, being fully conscious
of the physical movements with well- coordinated
breathing pattern. Specific asanas [Table 1] were
practiced as preparatory practices or warm up before
the Pranayamas, with the intention of improving
flexibility of the thoracic wall and spine. During each
cycle the asana was instructed to be slowly attained,
sustained for 5-6 breaths & then gradually released.

Special emphasis was given to Pranadharana
(fixation of mind on breath/breath awareness) and
Prayatnashaithilya (Conscious Differential Relaxation
of the body) throughout the practice.

In the initial 2 weeks Pranayama were performed
without  applying Tribandha (Moolabandha, Jalandhar
Bandha, Uddyan Bandha) and Kumbhaka  phase.
After 2 weeks Pranayama were carried out with
Kumbhaka and tribandhas which were practiced in
the ratio of 4:16: 8 (poorak: kumbhak: rechak) . Every
week, 5 rounds of each practice was increased.

Bhastrika  Pranayama was introduced in the 4th

week when the subjects had mastered kapalabhati and
other pranayama, initially with sahaja (easy)
Kumbhaka eventually progressing with the above
mentioned units of time.

Real time Ultrasonography procedure     

The diaphragmatic excursion was assessed in the
Dept of Radiology, Pad. Dr. D. Y.  Patil Hospital and
Research Centre on the real time  ultrasound (USG)
machine with B mode..  Despite the advantages of
ultrasound scanning, direct visualization of the
diaphragm presents methodological difficulties that
depend on transducer positioning 12 A recently
validated ultrasound method directly evaluates
diaphragmatic mobility by means of placing the
transducer perpendicular to the cranio-caudal axis,
using the subcostal abdominal window to visualize
the displacement of the left branch of the hepatic portal
vein as an indirect measurement for the displacement
of the right diaphragm.13 Nair S. G. Toledo et al 14  used
real time Ultra sound –B mode &  evaluated right
Hemi-diaphragmatic Mobility by measuring
Cranio-caudal Displacement of Left Branches of Portal
Vein. Their studies confirmed this method as an
authentic indirect mode to assess hemi-diaphragmatic
mobility.

27. Unnati--129--.pmd 6/13/2014, 2:18 PM130



Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3 131

In our study the methodology for diaphragmatic
excursion was used as per the studies conducted by
Wellington Pereira et al6 . The volunteers were assessed
in the supine position and the head end of the bed
elevated to 30 degrees . Each subject was explained
about the procedure in details. The diaphragmatic
mobility,   was performed with a portable B- mode
ultrasound device ( Siemens) combined with 3.6 MHZ
convex transducer positioned in the right subcostal
region, with the incidence angle perpendicular to the
cranio-caudal axis. After the left branch of the portal
vein had been identified, its position was traced with
the cursor during a maximal inspiratory maneuver and
a maximal expiratory maneuver, while the examiner
held the transducer at a fixed point on the skin. The
distance (in mm) between these 2 points, that is the
cranio-caudal displacement of the portal vein,
correspond to the amount of diaphragm mobility. The
excursion measures were recorded over 3 trials and
the best of the 3 were recorded for the study. The same
procedure was repeated by the same radiologist at the
same time after the 8 weeks intervention of Pranayama
without having any awareness of the Pre-test readings.

 Statistical analysis: The raw pretest & post-test
data of diaphragmatic excursion was subjected to
normality test & then to SPSS-16 soft ware & analyzed
having 95% Confidence Interval of the Difference

RESULT

 During the study , all the candidates  were found
to be very regular & did not complain  about any
discomfort of problems during & after the yoga
sessions. Though the duration of learning the art of
breathing maneuvers was variable, all the subjects
mastered the art within five to six supervised sessions.

All unanimously reported about the feeling of well
being at the end of training.

The raw data was first subjected to normality curve
&  was found to be falling well within the same   hence
parametric test was implemented for statistical
analysis.

Table 2 shows the mean Pretest & Post-test values
with standard deviations. The pretest   diaphragmatic
excursion was 33.81+  7.85 ,where as the post-test
excursion was  38.01 + 6.05

Comparison between the pre & Post test values
showed t value -4.071 & p=0.000 which indicated
highly significant improvement in the diaphragmatic
excursion after training in Pranayama

Table 1: Yoga Practices

1. Yoga Prayer

2. Yogasanas (15 mins)

A. Adharasana

Swastikasana

Padmasana

Vajrasana

B . Asanas to improve chest wall flexibility

Parvatasana

Marjarasana

Tripad majarasana

Chakrasana

3. Pranayama (30 mins)

Anulome vilome

Ujjayi

Bhramari

Kapalabhati

4. Omkar chanting (5 min)

5. Shavasana  (10 min)

Table-2. Comparison of Pre & Post test values of diaphragmatic excursion

N= 30 Mean Std. Deviation Std. Error Mean T Sig. (2-tailed)

Pre 33.817 7.8553 1.4342 -4.071 0.000

Post 38.010 6.0581 1.1060

P value= 0.000, highly significant

DISCUSSION

During this study, specific asanas were included
as preparatory practices for improving mobility of the
thoracic spine and rib cage . All the Pranayama
practices were performed in Padmasana. Padmasana
gives a natural state and firmness to the spine and the
upper body and provides a firm and stable base. In an

erect upright position the diameter of the main airways
increases slightly and the vertical gradient and
diaphragm excursion is maximal, the anteroposterior
dimension of the chest wall is the greatest, and
compression of the heart and lung is minimized. The
shortened position of the diaphragmatic fibres is
countered by an increase in the neural drive to breathe.
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Kapalbhati kriya  included   during this phase of the
study has already established its own identity as a
mode to promote positive health 15, 16,17 Pranayama is
composed of three main parts: ‘Puraka’- inhalation,
‘Kumbhaka’- [retension of air which can be internal
or external] & ‘Rechaka- exhalation. During
Kumbhaka , different bandhas [locks] are applied
namely, Moolbandh (anal lock), Jalandhar bandh (chin
lock) and uddiyana bandh (diaphragm  lock). All the
Pranayamas are self explanatory in terms of
demonstrating   unique  performance of diaphragm &
its  exclusive motor control . By practicing bandhas
along with pranayama motor control is hypothesized
to be challenged further during conscious breathing
process   In Uddiyan Bandha there is flying up of the
diaphragm in the thorax with simultaneous pulling
back of the abdominal viscera, with strong isometric
contractions of the diaphragm and intercostals
muscles, thus making the Diaphragm more flexible.

In his Text book  “The key muscles of Hatayoga”,
Ray  Long 18 has beautifully described with
illustrations, the function of various skeletal muscles
related to breathing. He states that  the diaphragm is
the prime mover for inhalation and exhalation. It is a
thin half-dome shaped muscle that separates the
thoracic & abdominal cavities. Contraction of
diaphragm expands the chest, creating a negative
inspiratory pressure in the thorax, and drawing air into
the lungs through the trachea.

 Techniques of pranayama involve conscious
contraction of the diaphragm leading to controlled
breathing, thereby connecting the conscious and
unconscious mind. These images demonstrate the
diaphragm contracting and relaxing. The lungs are
elastic and expand when the diaphragm contracts
during inhalation. Like a balloon the lungs passively
empty during exhalation as the diaphragm relaxes18.

Control of breathing (pranayama) is one of the central
teachings in classical yoga.. To focus the human mind,
traditional yoga texts instruct students to practice yogic
breathing exercises   A single breath can be partitioned
into four parts: inspiration, internal breath-hold,
expiration, and external breath-hold. These four parts
are combined, varied, and emphasized in different
combinations in all   such breathing maneuvers19.
Recent research  has shown that  yogic breathing
practices  can   decrease the ventilatory response to
low oxygen (hypoxic) and high carbon dioxide
(hypercapnic) environments 20,21

During Ujjayi, due to the partial constriction of the
throat during poorak, causes increase in the airway
resistance and thus can be compared to breathing
against resistance. This improves the strength of the
inspiratory muscles as the lungs  are fully expanded
during puraka

Anulom Vilom Pranayama balances the
Sympathetic and Parasympathetic effects  and thus the
Nervous system which in turn helps to gain control
on diaphragm movement. Studies have proven that
deep coordinated breathing improves Diaphragmatic
mobility, inspiratory muscular strength, as well as
coordinated thoracoabdominal motion22

There is a direct relation between diaphragm
thickness and mobility, thus the improvement in
diaghragm excursion can also be co related with the
the results of a study which showed  that the effect of
loading the inspiratory muscles during inspiratory
muscle training increases diaphragm  thickness23

With significant improvement in the post  training
diaphragmatic excursion   our  hypothesis   was
accepted & provided a kinematic evidence on
Pranayama as positive pulmonary health markers.

CONCLUSION

8 weeks   intervention of yogic breathing maneuvers
on healthy subjects showed highly statistical increase
in the diaphragmatic excursion on the real time ultra
sound unit.
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ABSTRACT

Primary Dysmenorrhoea (PD) has widespread prevalence & far reaching academic, social &economic
implications thus making it imperative that due importance is given to efficient treatment protocols
for the same. The study aims to investigate the effect of 12-weeks of aerobic exercise on Primary
Dysmenorrhoea (PD) as measured by Visual Analogue Scale (VAS), Verbal Multidimensional score
(MDS), Maximum number of Sanitary napkins used per day on the day of maximum bleeding (SN-
Max) and the Quality of Life(QOL as measured by SF-36).

Methodology: A total of 60 subjects from a group of young students who met the inclusion criteria
were randomly selected and the baseline measures of VAS, SN-Max, the MDS and   SF-36 QOL were
recorded.

The Experiment group was administered a treadmill based Aerobic Exercise Programme at a frequency
of 3-5 times per week for 12-weeks and thereafter the outcome measures recorded.

Results: Statistical Analysis of pre & post intervention outcome measures showed a statistically
significant (P<0.05) decline in the pain, restriction of activities and analgesic requirement and Quality
of Life of subjects in experimental group.

Keywords: Aerobic Exercise, Primary Dysmennorrhea, Quality of Life

INTRODUCTION

Primary dysmenorrhea is defined as menstrual
pain occurring with ovulatory menstrual cycles & not
associated with macroscopic pelvic pathology to
account for them. It is accompanied by a range of
systemic symptoms, foremost of which are, lower
abdominal pain that may radiate to the lower back or
legs, headache, nausea, vomiting, diarrhoea,
irritability, fatigue and depression.

While most women experience minor pain during
menstruation, dysmenorrhea is diagnosed when the

Corresponding author:
Anu  Arora
Asstt Professor
Dept of Physiotherapy, Pad. Dr.D.Y Patil
University, Nerul
L-305, Army Colony, Sector-9, Nerul, Navi Mumbai
E Mail anuarora70@yahoo.com

pain is so severe as to limit normal activities, or require
medical attention.

Prevalence: The prevalence of primary
dysmenorrhea decreases with increasing age. It is
highest in the 20-24 year old age group and decreases
progressively thereafter.

According to the Dysmenorrhea Annual Evidence
Update (AEU) 2009 ,the prevalence of dysmenorrhea
in adolescent girls ranges from 43–93%. (Indian figures
50% to 67.2% )

Dysmenorrhea has detrimental effects on academic
success and school  adjustment and causes adjustment
problem, anxiety, depression, personal & family
disruption and thereby reduced Quality of life.

Therefore, it becomes imperative that due
importance be given be to efficient treatment protocols
for the same.
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Conventional Management of PD includes
Analgesics (NSAIDs), oral contraceptives and IUDs.
However these methods are not free of side effects.
Adverse effects of NSAIDs, with a 3-day regimen
generally used in primary dysmenorrhea are
gastrointestinal symptoms such as nausea, indigestion,
heart burn, and vomiting.

Some non-pharmacological methods of treatment
are also being used like heat, alternative medicinal
practices, dietary supplements, acupuncture etc.
However they lack authoritative evidence to prove
their efficacy.

Exercise is often seen as a panacea or the ‘magic
potion’ for health problems and disease, without
proper regard or scrutiny of the evidence. However,
surprisingly little research has evaluated the effects of
aerobic exercise on menstrual cycle symptoms and
mood states

While the American College of Obstetricians and
Gynaecologists and the NHS in the UK have provided
recommendations to women about the role of aerobic
exercise as a treatment for menstrual cycle related
disorders, it is mandatory that high quality
randomized controlled trials are done before women
are advised that exercise is an effective treatment.

Since there is a paucity of conclusive evidence to
directly support such a view, this research intends to
find out the effect of 12-weeks of Aerobic exercise on
primary dysmenorrhea.

Aim: To study the effect of 12-wks of aerobic
exercises on Primary Dysmenorrhea (PD).

Objectives: To study the effect of 12-weeks of
Aerobic Exercise on pain as measured  by Visual
Analogue Scale (VAS), Verbal Multidimensional score
(MDS), Maximum number of Sanitary napkins used
per day on the day of maximum bleeding (SN-Max)
and the Quality of Life(QOL as measured by SF-36)
score of patients with PD.

METHODOLOGY

STUDY DESIGN.    Randomized Control Trial

STUDY DURATION.  Six months

SAMPLE SIZE. Sixty (Thirty  in each group)

STUDY SUBJECTS. Young female students in the age
group of 19-24 years

STUDY SETTING.  Department of Physiotherapy,
Pad. Dr DY Patil University, Nerul, Navi Mumbai.

MATERIALS  REQUIRED

Questionnaire, Treadmill, Polar Heart Rate Monitor.

SELECTION OF OUTCOME MEASURES

Visual Analogue Scale (VAS) was used to measure
menstrual pain. This scale has well-established validity
and reliability (Cronbach = .94).

Verbal multidimensional scoring system (MDS)
for assessment of dysmenorrhea severity reported
by Andersch and Milson (1982): The pain of
dysmenorrhea is difficult to measure partly because it
is usually accompanied by other unpleasant sensations
and partly because the relative accompaniments affect
the judgment of pain. Dysmenorrhea should, therefore,
be regarded as a multidimensional phenomenon and
thus be measured by a multidimensional scoring
system.

Quality of Life(QoL)-Measured by SF-36: The SF-
36 is a multipurpose, generic ,36-item survey that
measures eight domains of health :  physical
functioning, role-physical, bodily pain, general health,
vitality/energy, social functioning, role-emotional and
mental health.

Ethical approval:  This was achieved by contacting
and receiving approval from the Research committee,
Pad Dr D.Y. Patil University. Participants completed
an informed consent form in which they were assured
of the confidentiality of their responses and that the
participation was voluntary and anonymous.

STUDY  PROCEDURE

In keeping with the objectives of the research, a
Questionnaire was prepared to be administered among
the subjects. The questionnaire was prepared with
reference to previous studies in the literature .1-6, 12 and
consisted of socio-demographic and medical
characteristics, and dysmenorrheal status & habits,
VAS, no of sanitary napkins used on the days of
maximum bleeding and MDS and QoL (SF-36).

Care was taken to keep the Questionnaire Self-
Informed & Self -Administered to prevent any
misinterpretation. Also as far as possible the questions
were closed ended for easier grouping & to prevent
any statistical errors. This questionnaire was piloted
within fifteen (15) subjects selected unevenly from the
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different groups at random. Post pilot study, a few
changes were brought forward & modifications were
made & the questionnaire finalized.

The Questionnaire was approved and validated by
the Guide, a senior Physiotherapist and a senior
Gynecologist.

The questionnaire form was filled in by the subjects
in a face to face method.

Study Subjects

Inclusion criteria: Young females in the age group
of 19-24 years, diagnosed with Primary Dysmenorrhea
(as per the questionnaire) & who conceded to a written
informed consent.

Exclusion Criteria: Known organic cause of
dysmenorrhea, Having received herb or acupuncture
therapy within one month prior to enrolment,Poor
compliance to investigator’s advice.

Procedure (contd): A group of 60 subjects were
randomly selected and allocated 30 each randomly to
the Control and the Experiment group.

The baseline outcome measures of  VAS, SN-Max,
the MDS and   SF-36 QOL were recorded for all the
study subjects (Control and Experiment) from the
questionnaire.

The Experiment group was administered a
treadmill based aerobic exercise programme for a
period of three months.

Each session consisted of a Warm–up Phase(10
minutes),Aerobic Phase(Treadmill walking with the
Target Heart rate in the range of 74-84% HRMax for more
than 30 minutes) and Cool-down Phase(10 minutes)

The frequency of the aerobic training was
maintained at 3-5 times per week. (as per the ACSM
Guidelines).

After a 12-weeks regular intervention, these
subjects were administered the dysmenorrhea
questionnaire and the post intervention outcomes
measures were recorded.

OBSERVATION & RESULTS

DESCRIPTIVE STATISTICS: Used for
demographic data (age & BMI)

 Results of descriptive analysis at baseline are
reported as means and standard deviations.

ANALYTICAL STASTISTICS

Data were collected on standardized forms and
encoded for computerized analysis using GraphPad
Instat Version3.10, 32 for Windows. Tables were made
using Microsoft word and figures were plotted using
Microsoft Office Excel 2007. Continuous variables were
summarized by mean (range) or number (percent).

Associations denoted as statistically significant
were those that yielded a p value< 0.05.

Table 1. Comparison of the Mean Age of the  Experiment & Control Group

Experiment Group Control Group p value

AGE(Mean +S.D) 20.4+1.54 20.73 +1.50 >0.05(not
significant)

The mean age of the Experiment and the control
group on statistical analysis gives a p value >0.05,thus

implying that the two groups are homogenous w.r.t
age.

Table 2. Matching the Baseline Characteristics of the Experiment and Control Group

Domains Experiment Lower Upper Control Lower Upper Statistical
Mean+SD 95% CI 95% CI Mean+ SD 95% CI  95% CI Analysis two-

tailed p value

VAS 7.93+0.86 7.60 8.25 8.20+0.71 7.93 8.46 0.1636( not
significant)*

No of SN 4.23+0.77 3.94 4.52 4.33+0.92 3.98 4.67 0.7812(not
significant)*

MDS 2.16+0.69 1.90 2.43 2.33+0.60 2.11 2.56 0.3711(not
significant)*
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Inference: Comparison between the mean pain
intensity (VAS), Number of Sanitary Napkins and the
Multidimensional Score of the  Experiment and the
control group was done using Mann-Whitney U Test

(Non-parametric).  Since the p value was found to be
>0.05 (not significant) for all the above measures, hence
it is applied that the two groups are comparable for
these measures.

Table 3. Comparison of the Difference Between Pre & Post Outcome Measures of the Experiment & Control Group

Domains Experiment Lower Upper Control Lower Upper Statistical
Mean+SD** 95% CI 95% CI Mean+SD*** 95% CI 95% CI Analysis

VAS 2.60+1.5 2.03 3.16 -0.13+0.93 -0.48 0.21 <0.0001
 (extremely
significant)*

No of SN 0.26+0.52 0.46 0.07 0.06+0.58 -0.15 0.28 0.0310
(significant)*

MDS 0.70+0.59 0.47 0.92 0.10+0.30 -0.01 0.21 <0.0001
(extremely

significant)*

Inference: Since the p value was found to be<0.05 (significant), this implies that any change in the Intensity of pain (VAS), No of sanitary
Napkins Used & MDS scores of the subjects in experiment group were attributable to the intervention and were not just a chance
occurrence.

* Mann-WhitneyU Test                             **Pre-Post diff Experiment Group          *** Pre-Post diff Control Group

Table 4. Comparison of the difference between the Pre and Post Scores of the eight domains of the SF-36 Quality of
Life Questionnaire of The Experiment & the Control Group (n=30)

Domains Experiment Lower Upper Control Lower Upper Statistical
Mean+SD** 95% CI 95% CI Mean+SD*** 95% CI 95% CI Analysis

Physical Functioning 7.50+9.53 3.93 11.06 -0.16+7.13 -2.82 2.49 0.0027
(significant)*

Role Physical 24.16+23.19 15.50 32.82 0.83+13.90 -4.35 6.02 <0.000
(y significant)*

Bodily Pain 17.06+22.63 8.61 25.51 -1.93+9.73 -5.56 1.70 <0.000
(significant)*

General health 10.43+9.51 6.88 13.98 0.36+10.93 -3.71 4.44 0.0007
(significant)*

Vitality 9.16+11.07 5.03 13.30 1.83+7.00 -0.78 4.45 0.012
(significant)*

Social Functioning 14.86+16.26 8.79 20.93 2.90+11.21 -1.28 7.08 0.003
(significant)*

Role Emotional 25.53+31.22 13.87 37.19 -1.16+16.45 -7.31 4.97 0.0003
(significant)*

Mental Health 6.26+8.57 3.06 9.46 1.53+5.93 -0.68 3.74 0.0435
(significant)*

Total Score SF-36 14.36+11.30 10.14 18.58 2.99+4.88 1.17 4.81 <.0001
(significant)*

Inference: Since the analysis was between groups and the data did not pass the normality test, comparison of the difference between the
scores of the eight domains of SF-36 of the Experiment and the control group was done using Mann-Whitney U Test (Non-parametric).Since
the p value was found to be<0.05 (significant), this implies that any change in the QoL measures of the subjects Post Intervention were
attributable to the intervention and were not just a chance occurrence.

DISCUSSION

In the present randomized control trial we found
that 12-weeks of regular aerobic exercises results in  a
statistically significant reduction in- the intensity of
pain , limitation of activities, systemic complaints and
thus  helps improve the Quality of Life of subjects with
Primary dysmenorrhea.

Aerobic exercise caused a decline in the Intensity
of Pain in Experiment Group

Release of Endorphins with exercise helps to
reduce dysmenorrheal pain: Exercise is known to
cause the release of endorphins, endogenous opioid
from the pituitary gland that blocks pain, decreases
appetite, create a feeling of euphoria (the exercise
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high), and reduce  tension and anxiety. Blood levels of
endorphins increase up to five times the resting levels
during longer duration (greater than 30 minutes) of
aerobic exercise at moderate intensity.

Evidence suggests the occurrence of a concomitant
exercise-related increase of endorphins in both
humoral and central nervous system compartments.
The released Endorphins thereby bind to opioid
receptors in neurons, blocking the release of
neurotransmitters and thus interfering with the
transmission of pain impulses to the brain. Aerobic
exercises help in reducing perception of Pain

Our study found a stastically significant decrease
in the intensity of pain on VAS as well as the bodily
pain domain of the SF-36 questionnaire. This finding
is supported by a rodent based study done to find a
molecular basis for the positive action of aerobic
exercise wherein it was suggested that neurotrophin -
3 may act in an analgesic fashion in various pain states.

In the study it was demonstrated that moderate
intensity aerobic exercise reduced cutaneous & deep
tissue hyperalgesia . Though the results cannot be
generalized to humans, however provide a possible
molecular basis for exercise training in reducing pain21.

Role of Exs in reducing stress

Stress is a vital element in dysmenorrhea. A number
of studies have showed a correlation between life stress
and gynecological problems.Exercise is widely
accepted as a mean of moderating stress and invoking
biochemical changes in the immune system.

Role of Endorphins in modulating Endocrinal
Dysfunction

Literature incriminates Endocrinal factors in the
etiology of Primary dysmenorrhea because primary
dysmenorrhea occurs only during Ovulatory cycles.
There seems to be a regulatory interplay between
ovarian hormonal changes, prostaglandin levels and
the evolution of intrauterine pressure that leads to
dysmenorrhea. Jabbour HN et al have shown that the
synthesis and signalling of prostanoids is deregulated
in a number of endometrial disorders including
dysmenorrhoea.20

Exercise induced correction of Endothelial
Dysfunction in Primary Dysmenorrhoea

Research has substantiated the fact that Endothelial
dysfunction plays a role in primary dysmenorrhea.The

endothelium lining of blood vessel walls maintains
normal vasomotor tone, enhances fluidity of blood,
and regulates vascular growth. Physical activity helps
improve the endothelial function19

Effect of exercise on Prostaglandins

Pickles and his colleagues17,18postulated that
“menstrual stimulant” or prostaglandins were
elevated in menstrual extracts of women with primary
dysmenorrhea compared with eumenorrheic women.
More recent data obtained with microdialysis reveal
increased muscle interstitial concentrations of
prostaglandin E2 and prostacyclin (vasodilators)
during exercise. Also, levels of thromboxane
A2(vasoconstrictor) has been found to decrease during
exercise 16.

Thus the above given reasons help us emphasize
the importance of aerobic exercises in relieving pain,
systemic complaints and analgesic requirement and
also subsequently enhance the Quality of life of
subjects with Primary Dysmenorrhea.

CONCLUSION

In conclusion, our study shows that regular aerobic
exercise, of appropriate intensity, frequency and
duration results in clinically relevant decline in the
symptoms associated with Primary Dysmenorrhoea
(intensity of pain, systemic complaints & limitation of
activities) and also helps improve the Quality of Life
of the subjects.

Clinical Implication

Regular Aerobic exercises should be considered as
a viable option for the management of Primary
Dysmenorrhoea.

Though Aerobic exercises is a relatively resource-
intensive intervention, due to the time involved for
the Physiotherapist and the subject alike, however it
is free of any side effects and brings along additional
health related benefits too.
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ABSTRACT

Introduction:  In today's era, life expectancy has increased worldwide. Even in a country like India
the concept of nuclear family has become popular and at times mandatory. The concept of nursing
homes or old age homes is still not acceptable or affording. With this modernization and social changes
in India, elderly people are forced to live independently if not throughout but at least for some time
period. In such kind of society it is necessary for the elderly to be fit to remain independent. These
changes have forced the society as a whole to ensure that falls decrease in elderly which otherwise
can put social and economical burden on the society. So it is an important aspect for us as
physiotherapists to stress upon evaluation of balance, which enables us to plan appropriate goals
and the treatment plan for that particular individual and minimize the number of falls. Quite a few
studies have been done regarding predicting falls in elderly using various outcome measures. A
study has been conducted to find out the concurrent validity of DGI but there has been no study
which has compared the efficacy of BBS and DGI to predict falls in elderly population Thus an attempt
is made to compare the sensitivity and specificity of these two scales.

Aim & Objective: To compare the effectiveness of Berg Balance Scale and Dynamic Gait Index in
predicting falls in elderly.

Study Design: Cross sectional descriptive

Participants: 150 elderly subjects (>65 Years of age) from community and old age home.

Materials and Method: A routine physiotherapy assessment for 150 elderly individuals was
conducted. Berg Balance Scale and Dynamic Gait Index were administered.

Statistical analysis: Spearman's correlation coefficient was used for correlating BBS and DGI.
Sensitivity and Specificity formulae were used for each scale.

Results: BBS and DGI showed moderate correlation with each other (r=.731)and with falls in elderly
(r=.582,r=0.520)Sensitivity of BBS was found to be 0.90 and of DGI to be 0.86.Specificity of BBS and
DGI was found to be 0.54 and 0.697 respectively.

Conclusion: DGI proved to be a better outcome measure to be used in ambulatory population to
predict falls.

Keywords: Balance, Berg Balance Scale, Dynamic Gait Index, Elderly, Fall

INTRODUCTION

A fall is often defined as a situation in which an
individual falls to the ground or is found lying on the
ground. Since the term ‘fall’ is used in a variety of
contexts, it is important for clinicians to define their
own meaning when talking to the patient about falls
.One clinical definition used to define a fall is an
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unplanned, unexpected contact with a supporting
surface.(1)

In few studies, fall is defined as “event which results
in a person coming to rest inadvertently on the ground
or other lower level and other than a consequence of a
violent blow, loss of consciousness or sudden onset of
paralysis.” (2) Falls present a substantial health problem
among the elderly population. Fall related injuries are
leading cause of non fatal injuries. Falls in elderly, is a
major cause of morbidity and mortality, consequences
often extending far beyond minor injury to significant
loss of functional independence and even death. Falls
in elderly is a major public health problem with
substantial medical and economic consequences. In
15% individuals complications of  falls include
fractures, bruises, soft tissue injuries and loss of
independence. Serious injury occurs in 6% of the
elderly population causing accidental death. Fallers
who did not suffer serious injuries may experience
restriction in ADLs. As a result, the elderly population
develops fear of falling and adopts lifestyle of inactivity
resulting in significant muscular atrophy leading to
decline in lower extremity strength.

 Identifying fall risks is an important first step in
maintaining optimal function and preventing falls.
More current researches indicate that any falls in
elderly have multiple contributing factors including
extrinsic environmental and intrinsic factors.

The fear of falling can have detrimental effects on
physical function in the elderly population.

Balance has been shown to be an important
predictor of falls. It is a component that is needed to
accomplish a wide variety of daily living activities.

Balance is defined as the ability to maintain the
body’s Center of mass over its base of support(1).Good
balance exists because of multiple systems interacting
flawlessly and automatically, providing accurate and
exact information to our nervous system. Motor and
sensory strategies maintain or correct . Motor strategies
are used in both feed back and feed forward
(anticipatory) manner to maintain equilibrium in a
number of circumstances.

Older adults show changes in motor system
affecting postural control which can lead to an inability
to maintain balance. Sensory strategies are visual,
somatosensory, and vestibular . Studies on the visual
system show decline in  its function which can affect
postural control. Proprioceptive input i.e.tendon and

muscle receptors gives information regarding the
motion of the body with respect to the support surface
and motion of body segments with respect to each
other show decline in its function Vestibular inputs
are used to generate compensatory eye movements
and help to resolve conflicting information from visual
images and actual movement. But it also shows a
reduction in function by 70 years of age. In many older
adults with multisensory deficits, compensation for
loss of one sense with alternative is not possible
because of numerous impairments in all of the sensory
systems important for postural control. Evaluation of
balance has important role for number of reasons like:

1. To understand mechanism of postural system.

2. To diagnose clinically and assess the efficacy of the
treatment.

3. To identify people with history of falls and areas
where they are at risk of falling.

4. To decide on treatment plan

Throughout the years, several instruments have
been developed as a means of quantitatively
measuring balance in the elderly population. These
screening tools have been instrumental in evaluating
balance and, subsequently, in the identification of those
individuals who present a substantial risk of falling.
In fact it has been noted that of all functional tests, the
Berg Balance Scale was, one of the most effective
predictor for falls. Berg’s balance scale was developed
as performance-oriented measure of balance in elderly
individuals. It was reported, decline in Berg balance
scores were associated with increased fall risk. A 1-
point change in the berg balance score can lead to a
much different predicted probability of a fall,
depending on where the baseline score is in the scale.
(3) However it has been reported that this tool is not
entirely representative in relation to its predictability
of completing more complex. It neither assesses
reactive postural control nor  does it  include tasks that
require additional attention.

More specifically, it was found that dynamic
balance or even the ability to maintain an upright
standing position under various perturbations is
substantially more attention demanding condition. It
was further demonstrated that reaction times
measured during various attention demanding tasks
illustrated higher measures in a broad support stance
phase as opposed to a sitting position in a sample of
young adults. Results showed that healthy elderly
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subjects displayed significantly slower reaction times
in a narrow base support standing position when
compared to the younger experimental group these
results would imply the additional attentional
resources are required by the elderly population in
order to maintain balance. (4)   It would be interesting
to investigate if any significant differences would arise
in a geriatric population who has previous history of
falling and those who has no previous history of falling.

 Shumway–Cook and Woollacott devised DGI as a
tool for assessing balance by a person’s response to
various task demands during gait. .It has been reported
that the individuals having score less than 19 will have
more chances of being fallers(5).  It can be administered
in 10 minutes  by a trained therapist with minimal
equipment.

In today’s era, life expectancy has increased
worldwide but even in a country like India the concept
of nuclear family has become popular and at times
mandatory. The concept of nursing homes or old age
homes is still not feasible. With this modernization and
social changes in India, elderly people are forced to
live independently. In such kind of society it is
necessary for the elderly to be fit to remain
independent. These changes have forced the society
as a whole to ensure that falls decrease in elderly which
otherwise can put burden on the society. So it is an
important aspect for us as physiotherapists to stress
upon evaluation of balance, decide  appropriate goals
and the  plan the treatment

A study concluded that activity based testing  of
certain tasks) may be useful in indicating a specific
need for intervention to reduce the risk of falling. (6)

Quite a few studies have been done regarding
predicting the falls in elderly using various outcome
measures. Thus an attempt is made to compare these
two scales to give us an indication of sensitivity of these
scales in predicting falls in elderly .

AIM & OBJECTIVE

• To correlate BBS and falls in older adults.

• To correlate DGI and falls in older adults.

• To correlate BBS and DGI with each other.

• To establish and compare the sensitivity and
specificity of both the scales.

Hypothesis

BBS and DGI show difference in their effectiveness
in predicting falls in elderly.

Inclusion criteria

• The  healthy older adults of both genders with age
65yrs and above

Exclusion criteria

• Non ambulatory elderly individuals

• Individuals with cognitive dysfunction

• Individuals on medications for Psychiatric
disorders,

• Individuals with hearing impairment

MATERIALS AND METHOD

• Inch tape,

• Goniometer

• Weighing machine

• Ruler,

• BBS & DGI

• Study Population:  A convenient sampling of 150
elderly adults .

• Place of Study:  Old age homes, Community in
and around Pune city

• Study design: Cross sectional descriptive

DATA  ANALYSIS

Scaling was done to bring the scores to equal level.
Data was entered into SPSS version 10.0. Correlations
between falls and BBS, falls and DGI, BBS and DGI
were calculated using Spearman’s correlation.
Sensitivity and specificity of BBS and DGI was
calculated. Sensitivity was calculated using formula:

Sensitivity =       a “ a + c

a c

b d

Where a = no. of true positive cases

c= no. of false negative cases

Specificity was calculated using formula:
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 Specificity =      d “   b+d

Where d = no. of true negative cases

b= no. of false positive case

Table I. Age wise distribution

Age group Percentage

65-69 32%

70-74 33.3%

75-79 18.7%

80-84 10.7%

85-89 5.3%

Age 72.3600±6.1745

Table II  Gender wise Distribution

Gender Total number Percentage

Male 75 50%

Female 75 50%

Table III. Mean BBS & DGI score for fallers and non
fallers

Variable Mean  BBS Mean  DGI

Fallers 40.6744 ±7.7143 15.4651±4.5583

Nonfallers 49.4953±4.4305 20.1028±2.8282

Table IV. Correlation between BBS and DGI

BBSVsDGI Spearman’s rho Significance

r = 0.731** (0.01)S

Table V. Corre.lation between BBS & falls  and DGI &
falls

Spearman’s rho Significance

BBS Vs Falls r = - 0.582 ** (0.01)S

DGI Vs Falls r = -0.520** (0.01)S

Table VI. Sensitivity  & Specificity of BBS AND DGI

BBS DGI

SENSITIVITY 0.90 0.86

SPECIFICITY 0.540 .692

DISCUSSION

The purpose of this study was to find out a better
and simple tool for predicting falls in elderly. With
respect to the BBS, it was found that fallers had
significantly lower scores than ‘nonfallers’. In the
present study, average total BBS scores were found to
be49.4 for non fallers and 40 for fallers (Table III) which
are consistent with the findings of earlier researches.
(7). One more study has found a mean total score of
BBS for non fallers and fallers to be 50.4 and 36
respectively. (8)This study included community
dwelling older adults as wells as nursing home
residents. Previous attempts to find out the cut off score

for BBS show inconsistent findings. (9)

.A cut off can be determined by three ways: a cut
off a) which gives maximum sensitivity and specificity
b) which gives maximum sensitivity at the cost of
specificity c) which gives maximum specificity at the
cost of sensitivity. Since it is more important to identify
fallers as a fall in elderly is potentially dangerous, it is
important to maximize sensitivity in balance
assessment scale. (10). With the cut off 49 the sensitivity
is maximized at the cost of specificity. At this cut off
sensitivity of BBS is found to be maximum 0.90 and
specificity to be 0.54. So these values were used for
comparison.

The mean average scores of DGI for nonfallers and
fallers were found to be 20.1 and 15.4 respectively.
(Table III).

The cut-off score of DGI in earlier study was
considered to be 19. In the present study with cut off
of 19 it has shown sensitivity and specificity to be 0.857
and 0.692 respectively.

Both the scales show a fairly good sensitivity that
means both BBS and DGI show a good efficacy in
identifying the individuals who are ‘at risk of falls’.
But both the scales don show less specificity. As
compared to DGI, BBS shows less specificity at this
particular cut off. It has been argued that BBS measures
static balance as none of the tasks include walking or
locomotion(11). Hence it can not be used to predict falls
in elderly because most of the falls in elderly occur
during walking.  But there are few items even in BBS
show significant correlation with falls in elderly.  In
elderly onset of degenerative changes in
musculoskeletal system, alterations in CNS and CVS,
use of various medications make it difficult to maintain
balance even in minimal demanding situations and
can lead to falls.

 In case of DGI all items are locomotive functions
so all of them require maintaining COG   within limits
of stability while changing the BOS. All activities are
with eyes open. So somatosensory system is not
challenged much but more demand is placed
vestibular system is challenged.

Both of these scales measure feed forward reactions
and not the feedback reactions. (12) Items in both the
scales which require reducing the base of support or
shifting the centre of gravity are more sensitive in
predicting falls in elderly. Few items in both the scale
challenge vestibular system. Though BBS is considered
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to be static, most of the items in BBS require change in
BOS and/or COG .Because of these similarities both
these scales correlate well with each other and also
with the number of falls.

CONCLUSION

Both these scales show a high sensitivity in
predicting falls in older adults above 65 years of age.
But DGI has shown little better specificity. So it is
preferable to use DGI in all ambulatory patients as
most of our daily activities require ambulation. In case
of non ambulatory individuals DGI may have a
flooring effect .So in those patients BBS can be a tool
of choice. DGI requires a 20 feet walkway. So wherever
there is space constrain BBS can be administered.. Even
though these results have shown both these tools to
be effective in prediction of falls, it would be of serious
interest to validate them by means of 6 months or a 1
year follow-up study consisting of elderly sample.
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ABSTRACT

Introduction: Comprehensive balance evaluation along with identification of significant risk factors
ia an important step towards fall prevention in geriatric population.

Objective: To evaluate efficacy of two available scales to test balance in fallers and nonfallers in
Indian geriatric population.

Methodology: After the ethics committee approval an informed consent was taken from the
participants. 70 elderly people above 65 years participated in the study. Group A had fallers and
Group B had non fallers(no history of falls.They were evaluated for Fast evaluation of  mobility ,
balance and fear(FEMBAF)  and Dynamic gait index (DGI)

Results: There was a significant difference of mean scores between fallers and
nonfallers.(P<0.001)Fallers have more number of risk factors with fewer scores on both the scales.

Conclusion: Fast evaluation of  mobility, balance and fear (FEMBAF)  and Dynamic gait index (DGI)
are effective in differentiating between fallers and non fallers.

Keywords: Geriatrics, Falls, Fast Evaluation of Mobility, Balance and Fear (FEMBAF), Dynamic Gait Index
(DGI)

INTRODUCTION

Statistics indicate that falls and the accompanying
injuries are a major cause of morbidity and mortality
in the older adults2. It is a serious clinical problem
among adults over 65 years of age. Falls are costly and
have potentially devastating   physical, psychological,
and social consequences. Nonfatal falls often lead to
physical injury (e g, fractures), reduced levels of
activity, loss of confidence, increased dependence on
others and altered lifestyle in elderly people. Thus
identification of older adults who are at risk of falling

is a vital medical concern as timely intervention
appears to be effective in reducing the risk of falling
and the cost of health care thus improving the quality
of life in the elderly.1,2

Several researchers have measured functional skills
like sitting unsupported, sit to stand etc. that are related
to balance in order to identify people at high risk of
falling. A wide variety of functional task with varying
stability and orientation demands are used that include

1. Maintaining balance with a reduced base of
support e.g. with both feet together or standing
on one leg.

2. Maintaining balance while changing orientation
of head and trunk. e.g. leaning over

3. Maintaining balance while performing a variety
of upper extremity tasks e.g. reaching, lifting
objects with one hand.
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Active community dwelling elders encounter more
challenges in daily activities and needs to be evaluated
for the ability to maintain balance in response to
sudden perturbations or an obstacle crossing apart
from routine functional activities.

There are various scales available leading to
confusion among physiotherapists.

 Fast Evaluation of Mobility, Balance and Fear-scale
developed by Arroyo and colleagues in 1997 has
included items that are important for community
dwelling elders and  includes components of well
known valid tests like Berg Balance Scale, Get up and
go test and  Tinetti’s  B-POMA scale.8,9 It has got a
simple scoring system. It denotes the underlying
causative factor (fear , pain, mobility difficulty or
strength deficits) This scale appears to be a
comprehensive tool that assesses risk factors and
balance on functional activities .Since majority of falls
occur during walking. We also selected Dynamic gait
index that included all gait components.

Thus aim of the study was to establish whether
there was significant differences in the scores on Fast
evaluation of mobility, balance and fear and dynamic
gait index between elderly fallers and nonfallers when
compared with a retrospective falls history.

METHODOLOGY

We selected participants from local old age home
agency and senior citizen group who were 65 years or
above,mobile and with no known neurological
diagnosis that could account for possible imbalance
and falls e.g.recent stroke

.The participants were subjected to Mini Mental
Scale. Subjects who had scores below 20 were excluded
from the study.

Subjects were classified as

Group A –self report of at least 2 episodes of falls
with minor stress on postural control in the recent year

 A fall was defined as any event that led to an
unplanned, unexpected contact with supporting
surface. We excluded falls resulting from unavoidable
environmental hazards such as a chair collapsing. In
addition, we excluded people who had only one fall
in order to maximize the possibility of selecting a
sample of older adults with recurrent falling problem.

Group B-No history of falls

The researcher was unaware of groups or patients’
falls status during assessment  to minimize bias.

Both groups (A&B) were evaluated in the same
order for

I Fast evaluation of  mobility, balance and
fear(FEMBAF)

II Dynamic gait index (DGI)

Both instruments of evaluation are simple measures
of evaluation of balance. Equipments needed were a
chair with armrest and shoebox

FEMBAF

1) Risk factor questionnaire-The subjects were
evaluated on 22 items. All affirmative answers
provided a relative index of the number of risk
factors that could contribute to falling

2) Task completion-each subject was asked to
perform 18 tasks. Prior to testing, the subjects were
informed about the task and each task was
demonstrated to the subjects. The tasks were
scored according to the subject’s ability to complete
the task

1. Unable to perform or initiate the task

2. Task initiated but unsteady or partially completed

3. Task successfully completed without imbalance

The best possible score was 54 and the least possible
score was 18.The score between35-45 represented
moderate fall risk whereas scores below 35 were
considered as the range of severe fall risk.

3) Assessment of fear,pain,mobility and strength-

During each task,the subjects were asked whether
fear(are you fearful of falling?)pain(Does this
movement hurt you?) difficulty moving(is it difficult
for you to get started and keep moving?)or lack of
strength(do you feel weak during the movement?)
hindered the task performance.The number of
complaints in each category(fear,pain,mobility and
strength)were evaluated as separate outcome
variables.
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After giving 10 minutes rest following Fast
evaluation of  mobility , balance and fear(FEMBAF)
,the subjects were evaluated for the Dynamic gait
index.

Dynamic gait index

The dynamic gait index rates performance from
0(poor) to3(excellent) on eight different gait
tasks.Scores on this scale are from 0-24.

RESULTS AND OBSERVATION

Table I  Mean and SD of scores of
Group A and Group B

Risk Factor Fast evaluation Dynamic gait
Questionnaire of  mobility, index (DGI)

balance and fear
(FEMBAF)

X+SD X+SD X+SD

Group A 9.11 35.25 11.08

+_3.7 +_5.52 +_3.62

Group B 2.65 51.34 21.71

+_0.905 +_1.71 +_1.126

It shows the mean scores of both groups i.e.fallers
and nonfallers of number of risk factors, Fast
evaluation of  mobility , balance and fear(FEMBAF)
and Dynamic gait index (DGI)  respectively.We found
a significant difference of mean scores between fallers
and nonfallers in FEMBAF (P<0.001)and DGI(P<0.001)

It was observed that the fallers scores were in the
range of ‘fall risk’Arroyo et al suggested that scores
below 45 on FEMBAF represented moderate fall risk
while Shumway Cook &Wolloacott proposed scores
below 15 on DGI represented fall risk.5,6,7,8,9

 We  plotted   sensitivity vs. specificity as a  Receiver
Operator Characteristic (ROC) curve.to choose a cutoff
value that separates ‘nonfallers’ from ‘fallers’ in our
study.We got cutoff value of 46 for FEMBAF and  18
for DGI.

The graph shows that the fallers have more number
of risk factors with less scores on both the scales i.e.
Fast evaluation of  mobility , balance and
fear(FEMBAF)  and Dynamic gait index (DGI).We
correlated risk factors scores with scores on FEMBAF
for fallers.We found a negative correlation of –0.889.We
correlated risk factors scores with scores on DGI for
fallers.We found a negative correlation of –0.932.

Thus as the risk factors go on increasing, scores on
both scales go on decreasing.

DISCUSSION

 Our study considered 22 risk factors identified by
Arroyo. We found impairements in many of the
systems contributing balance control, however there
is not a single predictable pattern that is characteristic
of all elderly fallers. A negative correlation was found
between the number of risk factors and the scores onGraph 1 Mean score of fallers and nonfallers in Fast evaluation of

mobility , balance and fear(FEMBAF)  and Dynamic gait index
(DGI)

Graph 2.correlation  between  number of risk factors and  Dynamic
gait index (DGI)

Graph 3.correlation  between  number of risk factors and  Fast
evaluation of  mobility , balance and fear(FEMBAF)
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‘Dynamic gait index’ and ‘FEMBAF’. Identification of
modifiable risk factors is an important aspect of
developing effective strategies for therapeutic
intervention to prevent falls.11,12,13

The use of several instruments to separately assess
physical performance, strength, sensory system and
influence of fear of falling is cumbersome and time
consuming. A comprehensive screening tool
developed by Arroyo and colleagues was designed to
address this problem by integrating evaluation of
physical performance and the patient’s response.8,9 It
uses one simple scoring system for all the test items.
We found consistently low scores on certain tasks as
more stress was put on the balance mechanism like
jumping over a distance equal to one’s own foot,
standing to kneeling, shoving forward and backward.
Elderly fallers complained of fear of falling on eyes
closed forward and backward fall.The only gait
component of FEMBAF was stair climbing.But the
scoring system could not judge quality of this complex
task.

We used a second scale ‘Dynamic gait index’ that
evaluated the ability to modify gait in response to
changing task demands.6,7The subjects were graded
according to the quality of the gait with change in
speed and horizontal or vertical head turns.The pivot
turn within 3 seconds was difficult for majority of
elders,fallers as well as non fallers.So the task
(particularly scoring system)was not adequate to find
the fall risk.During obstacle walking,fallers used a
more conservative strategy.Some of them stepped over
the obstacles.Stair walking accounts for the large
percentage of falls occurring in public places.This scale
assesses gait in terms of quality.

Thus it was necessary to evaluate risk factor
questionnaire as this gives us a basic guideline of the
causative factor.Grading each item in FEMBAF and
evaluating the complaints scores also gives us
guidelines in planning a rehabilitation strategy as well
as patient and family education in fall prevention
programme.

Dynamic gait index is useful for elders who lead
an active lifestyle eg going alone for marketing.The
gait component like walking with head turns is
particularly important while crossing a street.

Although this study gives indicative results, further
research using a prospective design is needed. Older
people reporting a fall or considered at risk of falling

should be evaluated for the deficit and intervention
should be planned accordingly.11

CONCLUSION

Both the scales ,Fast evaluation of  mobility , balance
and fear(FEMBAF)  and Dynamic gait index (DGI)  are
effective in differentiating between fallers and non
fallers in geriatric population.
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ABSTRACT

Objective: To examine the cardiovascular effect of repetitive McKenzie flexion and extension exercises
of lumbar spine in standing and lying position in prehypertensive individuals.

Materials and Method: All the variables i.e. heart rate (measured with polar heart rate monitor),
blood pressure (measured with sphygmomanometer) and rate pressure product (RPP=-Heart rate ×
Systolic Blood Pressure ÷ 100) were assessed before and immediately after the exercise and recorded
on data collection form.

Results: It can, therefore, be summarized that McKenzie exercise of "extension in standing" is the
least hemodynamically stressful and therefore it is the least risky and "flexion in lying" is the most
stressful and hemodynamically demanding exercise.

Conclusion: Present study reveals that all McKenzie exercises of lumbar spine i.e. FIS, EIS, FIL and
EIL cause significant increase in heart rate, blood pressure and rate pressure product in prehypertensive
individuals, but FIL has the greatest cardiovascular effect.

Keywords: Mckenzie Exercises, Prehypertension

INTRODUCTION

For the last 2 decades, lumbar spine exercises by
McKenzie have been used for management of patients
with low back pain for increasing flexibility of spine
and improving the pain with better results in pain
relief.1   Lumbar spinal flexion and extension involve
upper extremity work using both concentric and
eccentric contractions. Eccentric muscle contractions
are associated with less oxygen demand (and therefore
less cardiovascular stress) than exercises with
concentric muscle contractions.2 These distinctions
could become important when patients with low back
pain and with symptomatic or asymptomatic
cardiovascular disease perform McKenzie type
exercises.

The cardiovascular effects of repetitive McKenzie
exercises could have implications for patients with low
back pain who have coexistent cardiovascular
condition.3 Some risk factors for back pain are similar
to those associated with cardiovascular disease.4

Several authors have reported a high incidence of chest
pain on exertion, breathlessness, coughing and high
blood pressure in patients with back pain.5,6,7 This
evidence suggests that clinicians working with patients
who have low back pain need to consider that there
can be an increased risk of an adverse cardiovascular
response.

Patients with high blood pressure are routinely
cautioned about exercises requiring isometric muscle
contraction and arm work because these exercises are
associated with increased cardiovascular stress as
manifested by increased work of the heart, which is
reflected by increased heart rate and blood pressure
for a given sub maximal load compared with leg
exercise.8,9 Persons with prehypertension have shown
increased risk of developing hypertension.10 It is
associated with a high risk of myocardial ischemia and
coronary artery disease.  The maximal blood pressure
at peak exercise in hypertensive subjects is higher then
it is in normotensives subjects due to the higher starting
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levels. The differences in blood pressure between
normotensive and hypertensive individuals are related
to systemic vascular resistance because there are no
difference in cardiac output and those who have
highest blood pressure at rest have highest vascular
resistance during exercise.11

Changes in posture often experienced during
exercise and sporting activities have been shown to
elicit various circulatory adaptations. The stroke
volume and cardiac output in standing posture are
about 25% less than in supine position. But a 25%
increase in the total peripheral resistance restores the
blood pressure to almost normal level.12

A segment of patient population may be unaware
of the underlying cardiovascular dysfunction because
over 40% of people with cardiovascular disease have
no symptoms until the occurrence of sudden death and
because almost 90% of people with clinical
hypertension are without symptoms.13 So, in addition
to measuring heart rate, it is useful to monitor the rate
pressure product which is a measure of myocardial
oxygen consumption is a useful monitoring tool in
such population.14, 15, 16Direct measurement of
myocardial work as a function of myocardial oxygen
demand involves invasive techniques and is not
feasible for routine clinical examination. Simple
noninvasive measures of cardiovascular responses,
however, can be obtained with HR, systolic BP, and
the rate-pressure product (RPP). The RPP is considered
an excellent index of myocardial oxygen demand and
therefore work of the heart.14, 17

There is lack of evidence to suggest that
prehypertensive individuals have similar
cardiovascular response to McKenzie lumbar spine
exercises as that seen in normotensives individuals.
Therefore, this study aims at evaluating the
cardiovascular response i.e. heart rate, blood pressure
and rate pressure product to McKenzie flexion and
extension exercises of lumbar spine in prehypertensive
individuals.

METHODOLOGY

Procedure

Convenience sampling was used to obtain a sample
of 50 subjects (Age group: 30-45 years) with
prehypertension. Subjects were included in the study
whom had prehypertension (SBP: 120-139 and DBP:
80-89, according to JNC VII) and Normal BMI (20-

25Kg/m2). Patients were excluded from the study that
had history of any cardiovascular condition other than
prehypertension, any pulmonary condition, low back
pain, and any metabolic disorder, recent
musculoskeletal injury that limits the performance of
exercise regime, uncooperative and unwilling
individuals, obese patients and pregnant females. After
a thorough evaluation an informed consent was taken
from the subject who fulfilled the inclusion criteria.

Protocol

After all subjects met the inclusion criteria, they
were explained all the exercises. They were asked to
do 15 repetitions of each exercise. On each movement,
the subject reached the maximum possible end range
of his or her lumbar spine in the direction of the
movement and maintained the position for 1 to 2 sec
before the next repetition. Subjects rested after each
set of exercise to ensure that their B.P. and heart rate
returned to resting levels prior to performing the next
set of repetitions. After each set was completed, the
subject returned to the reference position and HR and
BP were recorded. The reference position in which B.P.
and heart rate was recorded was sitting. The exercises
performed were:

a) Flexion in Standing (FIS) - Subject was asked to
bend forward at spine to touch his toes.

b) Extension in Standing (EIS) -Subject was asked to
bend back at spine.

c) Flexion in Lying (FIL)-Subject was asked to bend
knees, hold it with hands close towards the chest.

d) Extension in Lying (EIL) -Subject was asked to
come prone on hand position while  keeping
elbows straight.

Statistical Analysis

A statistical software package called SPSS-13 was
utilized for analysis of data. Descriptive statistics for
dependent measures i.e. HR, SBP, DBP and RPP,
including mean and standard deviation were
calculated for the four set of exercises. Changes in
dependent variables before and after exercise were
analysed with paired t-test. .Differences amongst the
four set of exercises were analysed with analysis of
variance (ANOVA) and Scheffe multiple-comparison
post hoc analysis was used to determine significance
between the exercises. The significance level set for
the study was 95% (p<0.05).
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RESULTS

Fig.1 shows the detailed information on subject’s
enrollment, allocation to the intervention and dropouts
in the study.

Table 2   Comparison of mean ± SD values of Heart
rate at baseline and after exercise

FIS EIS FIL EIL

Baseline 82.3 ± 5.46 82.3 ± 5.46 82.3 ± 5.46 82.3 ± 5.46

After exercise 98.42 ± 8.38 94.74 ± 6.76 106.96 ± 7.72 101.9 ± 7.008

% increase 19.58% 15.11% 29.96% 23.81%

T -13.477** -10.543** -22.276** -17.336**

** p<.001(Highly significant)

Change in SBP

The baseline mean ± standard deviation value of
SBP for 50 subjects included in the study was 128.48 ±
5.023. The SBP increased significantly (p<0.001) for all
the subjects by 6.51% for FIS, 4.92% for EIS, 11.02% for
FIL and 8.22 % for EIL.

Table 3. Comparison of mean ± SD values of Heart rate
at baseline and after exercise

FIS EIS FIL EIL

Baseline 128.48 ± 5.023 128.48 ± 5.023 128.48 ± 5.023 128.48 ± 5.023

After exercise 136.84 ± 5.871 134.80 ± 5.925 142.64 ± 6.2 139.04 ± 5.887

% increase 6.51% 4.92% 11.02% 8.22%

T -15.196** -12.657** -18.849** -14.89**

** p<.001(Highly significant)

Change in DBP

The baseline mean ± standard deviation value of
DBP for 50 subjects included in the study was 84.28 ±
2.711. The DBP increased significantly (p<0.001) for all
the subjects by 7.21% for FIS, 5.31% for EIS, 12.58% for
FIL and 9.16 % for EIL.

Table 4. Comparison of mean ± SD values of Heart
rate at baseline and after exercise

FIS EIS FIL EIL

Baseline 84.28 ± 2.711 84.28 ± 2.711 84.28 ± 2.711 84.28 ± 2.711

After exercise 90.36 ± 5.217 88.76 ± 5.313 94.88 ± 6.223 92.00 ± 5.671

% increase 7.21% 5.31% 12.58% 9.16%

 T -9.967** -7.082** -13.556** -10.994**

** p<.001(Highly significant)

Change in RPP

The baseline mean ± standard deviation value of
RPP for 50 subjects included in the study was 105.67 ±
7.423. The RPP increased significantly (p<0.001) for all
the subjects by 27.51% for FIS, 20.90% for EIS, 44.44%
for FIL and 34.14 % for EIL.

Fig 1 Inflow of subjects in the study

Table 1 Baseline characteristics of all 50 subjects

Total no. of subjects  N = 50

Age (years) 36.52 ± 4.244

Gender· Male·
Female N = 28N = 22

BMI (Kg/cm2) 22.41 ± 1.108

Resting HR 82.30 ± 5.463

Resting BP SBP =    128.48 ± 5.023

DBP =   84.28 ± 2.711

Change in HR

The baseline mean ± standard deviation value of
HR for 50 subjects included in the study was 82.3 ±
5.46. The HR increased significantly (p<0.001) for all
the subjects by 19.58% for FIS, 15.11% for EIS, 29.96%
for FIL and 23.81 % for EIL.
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Table 5. Comparison of mean ± SD values of Heart rate
at baseline and after exercise

FIS EIS FIL EIL

Baseline 105.67 ± 7.423 105.67 ± 7.423 105.67 ± 7.423 105.67 ± 7.423

After exercise 134.74 ± 13.61 127.76 ± 11.42 152.63 ± 13.57 141.75 ± 12.34

% increase 27.51% 20.90% 44.44% 34.14%

 T -15.926** -14.272** -24.45** -20.194**

** p<.001(Highly significant)

ANOVA showed that the change in HR was
significantly different amongst the four set of exercises.
Scheffe post hoc analysis revealed that there was
statistically significant difference between FIS vs FIL,
EIS vs FIL, EIS vs EIL and FIL vs EIL.

DISCUSSION

Prehypertension appears to be associated with an
increased risk of MI and CAD as these patients had
higher common carotid artery intima media thickening
and left ventricular mass than  normotensives.18,19In
the present study, cardiovascular response of
McKenzie flexion and extension exercises was
evaluated in standing and lying position in 50
prehypertensive individuals.  The results of the study
lead us to conclude that the cardiovascular response
was different across all sets of exercises i.e.
FIL>EIL>FIS>EIS, thereby implying that flexion in
lying is the most stressful exercise hemodynamically.
It was found that McKenzie flexion and extension
exercises for the lumbar spine elicit hemodynamic
stress in prehypertensive individuals i.e. they increase
the work of the heart in people with prehypertension.
The increased myocardial work, assessed
noninvasively using RPP, reflects increases in both HR
and BP during the McKenzie flexion and extension
exercises that are commonly used in orthopaedic
assessment and management of lower back pathology
i.e. FIS, EIS, FIL, and EIL.

Cardiovascular demands were greater with the
demands of the exercises increasing to a greater extent
in lying positions (FIL>EIL) than in upright positions
(FIS>EIS). This result is consistent with known
physiology.20,21 Because of cephalad fluid shifts in lying,
which increase venous return and central blood
volume, the demand on the heart in this position is
greater than in standing. This is the basis for a
recommendation published almost 50 years ago that
advocated placing patients with cardiac conditions in
chairs rather than in beds to reduce myocardial work.22

Flexion in lying involves the work of a large muscle
mass of the upper and lower extremities, the abdominal
muscles, and the trunk muscles (acting in a stabilizing
role); therefore, the demand for oxygen to supply the
contracting muscles is increased. Consequently, the
HR, BP, cardiac output, and stroke volume are
increased.2 Because of the increased effort associated
with FIL, the inadvertent holding of breath and
increased intrathoracic pressure can increase the
resistance to blood returning to the heart, which leads
to a reflex increase in HR and BP.

In order to affect lumbar extension, EIL, a modified
push-up exercise, involves upper-extremity muscles to
raise the upper-trunk weight against gravity. Several
authors14, 20, 21, 23 have reported that, at a constant work
rate, HR, systolic BP, and RPP are greater during arm
exercise than during leg exercise. Because the range of
motion during back extension is less than during
flexion, there is presumably less muscle work, and,
therefore, less work of the heart in extension as
compared to flexion in both the lying and standing
positions. As the work rate increases, heart rate
continues to rise above this level due to continued
parasympathetic withdrawl and due to added effect
of sympathetic stimulation from cardiac accelerator
nerves.24 The increase in arterial pressure during
exercise is believed to result mainly from the activation
of motor areas of the nervous system to cause exercise
and from the activation of reticular activating system
of brain stem which includes greatly increased
stimulation of the vasoconstrictor and cardio
acceleratory areas of the vasomotor centre. These
increase the arterial pressure instantaneously to keep
pace with the increase in muscle activity.24 During
exercise, coronary blood flow increase four to six times
above resting level. This is achieved because the
increase in myocardial metabolism in exercise has a
direct effect on the coronary vessels, causing them to
dilate.20

RPP is well correlated to myocardial oxygen
consumption in young healthy subjects 25 as well as
cardiac patients14 has been well established. Because
an increased RPP is an indicator of increased
myocardial oxygen demand, the results of our study
strongly support the idea that these McKenzie
exercises, typically performed within one minute,
represent a risk for a patient with underlying
cardiovascular dysfunction. The degree to which an
increased RPP, as an index of cardiovascular stress,
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represents cardiovascular stress depends on the
underlying pathophysiology. Thus, a given absolute
increase in RPP may be inconsequential in a person
without cardiovascular or pulmonary pathology;
however, it may constitute marked hemodynamic
stress in an individual with pathology like
prehypertension.2

It can, therefore, be summarized that McKenzie
exercise of “extension in standing” is the least
hemodynamically stressful and therefore it is the least
risky and “flexion in lying” is the most stressful and
hemodynamically demanding exercise. In the present
study, we only investigated the effects of McKenzie
exercise in prehypertensive individuals, so future
research may focus on different categories of
hypertensive patients.

CONCLUSION

Present study reveals that all McKenzie exercises
of lumbar spine i.e. FIS, EIS, FIL and EIL cause
significant increase in heart rate, blood pressure and
rate pressure product in prehypertensive individuals,
but FIL has the greatest cardiovascular effect.
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ABSTRACT

Study Design: Pre test Post test Study Design

Objectives: To evaluate the effect of dual task training under fixed and variable priority instructions
set in institutionalized elder adults with balance impairment.

Background: Previous trials have investigated the effect of dual task training in community dwelling
elderly population. No clinical trial examining the effect of this type of training under fixed and
variable priority instructions set in institutionalized elder adults with balance impairment has been
reported in the literature.

Method: 30 Institutionalized elderly patients with balance impairment were assigned in to 2 groups.
The group A received Dual Task Training with fixed priority Instruction set while group B received
Dual Task Training with Variable priority Instruction set. Both groups received the selected treatment
over a 4 week periods. Outcome measures were evaluated at baseline, 2nd week and 4th week.

Results: The study shows significant improvement in balance of the elderly population following
dual task training under fixed and variable priority instruction set. But improvement is more marked
under variable priority instruction set.

Conclusion: The research hypothesis which states that there will be more improvement in balance
trained with variable priority instruction set than fixed priority in elderly population with balance
impairment has been accepted.

Keywords: Elderly population,  Balance impairment,  Dual Task training, TPOMA

INTRODUCTION

The ability of the human being to perform more
than one task at a time has long been focus of study in
the literature on human attention and memory 1

.Attention is defined as information processing
capacity which is limited for any individual that
performing any task requires a given portion of
capacity2.

 A Strong  version of this view predicts that people
should have great difficulty doing two tasks at a
time3.A second view is that Cognition is limited by the
speed with which cognitive system can operate and
normal ageing result in slowing of processing1. Falls
defined as an event which results in persons coming

to rest inadvertently on the ground or other lower
levels4,5,6. Impaired balance is one of the serious
problem associated with ageing3.Inability to produce
an appropriate postural control due to competition for
attentional resources between postural system and
cognitive tasks contributes to impaired balance3,5,6.

As the age increases, probability of functional
disability increases that further reduce balance due to
sedentary life style7. Among institutionalized elderly
people, 15% suffered at least one fall during 5 year
periods of time. No injury was sustained in 54% of
falls. 2% who had not accommodated to loss of strength
and flexibility attributed to ageing frequently had a
high probability of falling8. In the task of walking
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concurrent task like memorization influenced both step
time and step length and these are age dependent9.
Dual task method has been used to examine the
relative attention associated with different type of
postural tasks. Changes in the secondary tasks infers
task dependent changes in the attentional demands
so attentional demands vary as the function of task
complexity, age, and balance abilities10.Dual task
requires to  perform the two different tasks at the same
time i.e. postural tasks and secondary tasks which has
been used to investigate the effects of cognitive task
on postural control and vice versa11,12,13. Age related
changes in dual tasks is that older subjects have more
difficulty in coordination of multiple tasks this is
because of lack of control or attentional flexibility14.
Inability to perform concurrent task is contributing
factor to instability and falling in many older adults
who are living in residential care facilities 2 .Dual task
with various instruction set effects the balance that are
living in the residential care facilities 15 .In fixed priority
instruction set same amount of attention has been
given on both tasks i.e. on balance tasks and cognitive
tasks at all the time. In variable priority instruction set
attention has been switch between the tasks i.e. on the
balance tasks and on the cognitive tasks15. The efficacies
of theses two different tasks training strategies are for
the acquisition, retention, and transfer of tasks
coordination skills in older adults15.Tinneti
performance oriented mobility assessment provides a
simple, brief and reliable assessment of position
changes response to pertubation and gait movements.
It includes subsets of balance and gait. Balance test
consist of nine maneuvers and total scores for balance
is 16. Gait portion rates 7 characters and total score of
1216.Mini Mental Status Examination evaluates general
cognitive abilities with total score of 24.MMSE has been
shown to have a good test-retest reliability with same
(r=.887) of different(r=.824)17.

METHOD

Study Design

Pretest Posttest study design.

The independent variables were Dual Task Training
with fixed priority Instruction set and Dual Task
Training with variable priority Instruction set .The
dependent variable was Balance.

SUBJECTS

30 Elderly peoples were recruited from Yamuna
Nagar and Jagadhri old age home. .

Inclusion criteria  included Residents of old age
home, Age above 65 years, Able to understand and
follow verbal instructions, Ambulate independently
with or without walking aids for at least 9 meters
(30feets),Scores of TPOMA 19 – 24, No cognitive
impairment ( MMSE =27), Tolerate standing and
walking for at least 5 minutes.

Exclusion criteria included  Acute musculoskeletal
pain, Neurological sign and symptoms    not under
the control of medication, Unstable medical condition,
Complaint of dizziness or blurred vision leading to
difficulty in walking, Any medical condition contra
indicatory to physical activity, Lower extremity joint
deformity).

The Balance was measured by TPOMA16.

 Subjects who met the inclusion and exclusion
criteria (N=30) were randomized into one of 2 exercise
groups: Group A (N=15). Dual Task Training with fixed
priority Instruction set and Group B (N=15) Dual Task
Training with fixed priority Instruction set3.

Intervention

Both groups received the 45 Minutes balance
training session 3 times a week for 4 weeks3.

Group A received Dual Task Training with fixed
priority instruction set .It included Balance Activities
(Stance Activities, Gait Activities) and Secondary Tasks
(Counting backwards, Auditory & Visual
discrimination  tasks ) .Stance Activities  included semi
tandem position with eyes open and close , arm
alterations  forward and backward , Draw letter with
right and left foot starts with A-K, Perturbed standing,
holding a ball. Gait Activities included Walk with
narrow base of support, Step sideways, backwards
avoiding obstacles, walk and kick a ball to hit the cans,
Walk reach and trunk twisting.  Subjects were directed
to maintain attention on both postural as well as
secondary task at all time3.

Group B received Dual Task Training with variable
priority instruction set which included similar balance
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Activities and Secondary tasks. Half of the training
was done with attention focus on postural task
performance and half were done with attention focus
on secondary task performance3.

During these sessions in both groups, data on
performance accuracy in the secondary tasks were
recorded in terms of numbers of missed steps (In novel
task) which was not directly trained.

• To confirm that patient really allocate attention to
one task or not.

• To see the improvement of the performance on this
task.

Balance measurement were taken before training,
2ndweek of training (interim) and then after training
of 4 weeks.

 Novel task performance was taken before exercise
and after 4 weeks exercise.

Statistical analysis

Data analysis was performed with the software
package SPSS 13 for window version. Mean and
standard deviation of the balance performance were
calculated. Comparison between the groups for the
balance performance before exercise, 2nd week of
training and after 4th week of training was done using
unpaired t test. Comparison of effect of training within
the group  for balance performance was done using
paired t test .The significance level was kept at 95% (p
d” 0.05).

RESULTS

 The results revealed a significant difference
between group A and B at the end of the study
depicting that Dual Task Training with variable priority
instruction set was more effective than Dual Task
Training with fixed priority instruction set.

Table 1: Age of the patients in study population

Group No Mean N Std. Deviation p- value

1 74.13 15 6.209 0.644

2 73.13 15 5.502

Total 73.63 30 5.786

Table 2: MIN–Mental score in study population (mmse)

MMSE  (Mean± S.D.) Std error Mean

GROUP A  27.13±1.302 .336

GROUP B 27.40± 1.352 .346

Table 3: Tinnetti performances oriented mobility score in study population

With in group analysis revealed that there was a highly significant improvement in balance in group A and in group B also in terms of
Mean and Standard Deviation  before exercise , after 2nd and 4th week of exercise.

Week Group A Group B
(Mean± S.D.) (Mean± S.D.)

Balance BE  21.20 ± 1.740 21.53± 1.727

Balance After 2 wk 21.67 ± 1.952 23.20±1.373

Balance  After 4  wk 22.27± 1.907 24.80 ± 1.612

Table 4: Tinnetti performances oriented mobility score changes between two groups

t-test for Equality of Means

t df Sig. (2-tailed)

Balance Before exercise Equal variances assumed -.527 28 .603NS

Balance After 2 WK Equal variances assumed -2.488 28 019*

Balance After 4 WK Equal variances assumed -3.928 28 .001 **

* Significant at p d” 0.01

** Highly significant at p < 0.001

NS – Non significant
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Table 5: Comparison of performance on novel task (in terms of number of missteps) before and after exercise

Within group analysis revealed that there was a highly significant improvement of novel task in Group B in terms of Mean and Standard
Deviation.

Novel task Group A Group B
(Mean± S.D.) (Mean± S.D.)

BEFORE EXRCISE 8.67 ± 1.718 8.53± 1.598

AFTER EXERCISE 8.20 ± 2.210 5.73±1.907

Table 6. Performance on novel task changes between two groups

t-test for Equality of Means

t df p-value

Performance on Novel Equal variances assumed .220 28 .827NS  
Task Before Exercise

Performance on Novel Equal variances assumed 3.272 28 .003*

Task After Exercise  

* Significant at p d” 0.05

NS – Non significant

DISCUSSION

The data obtained from this study suggest that
Dual tasks training with variable priority instruction
set is more effective than Dual tasks training with fixed
priority instruction set for improving balance of
institutionalized elderly population.

In this study, two groups were taken, group A was
given Dual task training with fixed priority instruction
set  and group B was given Dual task training with
variable priority instruction set. The effects of exercises
were seen on Balance. There is improvement in
TPOMA Scores after 4 weeks training program in both
groups. Dual task training has been used as it suggest
that the sensory motor processing essential for motor
control that require attentional resources12.There is
more significant improvement in group B who
received dual task training with variable priority
instruction set .Our mean data after four weeks
exercise program are on the upper end of the range in
TPOMA in group B as compared to group A. One
possible explanation of this outcome is that task
coordination (strategies that people might use to
coordinate dual task performance) was included in the
balance training under dual task condition3.

Kramer and colleagues supports the benefits of
Dual tasks training albeit on non balance related tasks
and relative importance of instruction set on learning19.
According to task coordination theory, coordinating
and managing multiple task is crucial for the dual task
performances and this ability might be reduced in
elderly people. This dual task balance training is

necessary to optimized stability during performance
of concurrent tasks3,15 . Subjects who received dual task
training under variable priority instruction set also
showed improvement on a novel task performance
(untrained task).

Gopher et al supports our hypothesis that
improvement in the novel tasks is the result of
improved dual task processing skills and this skills can
be generalized to other task that are not directly
trained. So this suggest that explicit instruction
regarding attentional focus should be included when
balance is trained under Dual task with variable
priority instruction set3.Variable priority subjects
showed faster acquisition of skilled performance on
the task and higher level of mastery in acquisition and
transfer of dual task skills can be aided by embedding
within variable priority instruction set as compare to
fixed priority instruction set15. Our results supports the
fact that dual task training with variable priority
instruction set could improve balance performance
through specific type of training and improvement of
dual task processing skills can be generalized to novel
task 15 .

Clinical Relevance

As residents of elderly population residing in
institution usually adopts a sedentary life style making
them prone to physical de conditioning and decline in
motor performance when there is competition for
attentional resources between two tasks performed
under dual task condition. Balance confidence affects
the balance performances. So increasing the balance
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confidence through balance training exercises can
affects the balance performance which has important
implication for the development of rehabilitation that
aims to improve balance confidence and diminish its
impact on the function in elderly population.

In order to perform multiple task safely, older
adults with balance impairment may be restricted to
limited set of environment condition in which sensory
condition are optimal. To prevent fall, older adults
must be able to maintain postural stability while
performing multiple tasks. Dual task training with
varying instruction set could be referred so as to
prevent that further deterioration in balance and risk
of falls incidence in institutionalized elderly
population. The investigation demonstrates the
influence of cognitive demands on postural activities
in institutionalized elderly population .Continued
research is needed to determine the interaction
between motor performance and attention in older
adults with balance impairment due to ageing.

  FUTURE RESEARCH

Future research can be carried out to find the
possible mechanism by which declining motor
performances requires a increased attentional
resources. There appeared to be improved balance
benefits from a training program performed 3 times a
weeks for 4 weeks. Recent study shown the importance
of high intensity short duration training in improving
balance  function who had a stroke .It is not clear
whether improved balance could be gained with less
training or alternatively, whether increasing intensity
and duration of training would results in even greater
improvement .Future research is needed to understand
how long training benefits are sustained    among older
adults and what additional strategies (such as the
inclusion of Home exercise program ) are necessary to
sustained and maximize benefits.

CONCLUSION

The study shows significant improvement in
balance of the elderly population following dual task
training under fixed and variable priority instruction
set. But improvement is more marked under variable
priority instruction set.
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ABSTRACT

Hamstring muscle is one of the most common muscles in the human body to undergo shortening.
This can affect the normal biomechanics and lead to musculoskeletal problems. The aim of this study
was to compare 2 techniques of stretching: Proprioceptive Neuromuscular Facilitation (PNF) and
Neurodynamics (NDS) for hamstring tightness. 60 asymptomatic subjects having an active knee
extension lag of more than 200 were randomly divided in 2 groups and treated with PNF or NDS.
The results of this study show that there was significant improvement in the hamstring flexibility
with PNF as well as the NDS technique, however the improvement was more with PNF technique.

Keywords: Hamstrings, Tightness, NDS, PNF

INTRODUCTION

Movement is a natural part of human life.
Unrestricted, pain-free range of motion is often
required to perform all functional daily tasks as well
as occupational or recreational activities. An urban
sedentary lifestyle is one of the reasons responsible
for certain abnormal postures. Long hours of sitting
seen especially in people with desk jobs, students, etc.
results in altered length of soft tissues. This may lead
to decreased flexibility, most commonly seen in bi-
articular group of muscles.

Tightness causes alterations in the length-tension
relationship of the muscle and also affects the shock
absorbing capacity of the limb1. Thus altered flexibility
creates a vicious cycle of restriction in range of motion
during functional activities and further aggravation
of abnormal postures. Hence, adequate mobility of soft
tissues and joints is thought to be an important factor
in attaining and maintaining static and dynamic
postures and in preventing injury and re-injury of soft
tissues.

Hamstring muscle acts as an extensor at the hip
and flexor at the knee joint. It is one of the common
muscles to go into tightness2.  Hamstring tightness can
cause the hips and pelvis to rotate the back, flattening
the lower back and causing back problems. Tight
hamstrings can also be responsible for postural

problems and other back problems such as SI joint pain
as they will tend to pull the pelvis out of normal
position. If the muscles are tight, the blood vessels of
the muscles get compressed due to which the blood
squeezes out which causes inefficiency in the muscles
making them work at lesser capacity, hampering their
performance.  Taking this into consideration and
hamstrings being one of the major muscle in the body
and the one to undergo tightness frequently, this
muscle was included in the study 3.

Various soft tissue mobilization therapies have been
advocated to tackle the problems of loss of flexibility.
Researchers have compared the effectiveness of
different techniques to improve hamstring flexibility
like PNF, MFR, Cyriax, Passive Stretching, etc. Of these,
PNF and static stretching is routinely used technique
in Physiotherapy management.

PNF (Propioceptive Neuromuscular Facilitation) 4

stretching techniques are used to enhance both, active
and passive range of motion with the ultimate goal to
optimize motor performance and rehabilitation. It is
one of the most effective forms of flexibility training
involving both stretching and contraction of the muscle
group being targeted. Of the various PNF techniques,
hold relax was used in this study5.

Currently, a new technique of Neuro Dynamic has
emerged in Physiotherapy management.
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Neurodynamics is a term referring to the integrated
biomechanical, physiological and morphological
functions of the nervous system. Maitland implicated
that the cause of limited range of motion during slump
maneuver is due to the loss of movement of dura
matter and nerve root sleeves within the vertebral
canal 5. Neurodynamic technique of stretching
integrates the neural aspect with the musculoskeletal
system. It corrects the dynamics of the neural structures
of the central and peripheral nervous system from the
head along the spinal cord and sciatic nerve tract and
its extensions in the foot 6.

Due to our day to day activities, sciatic nerve which
innervates hamstrings is under constant pressure
during prolonged sitting, standing and other
occupational related activities which results in
hamstring tightness7.

It is claimed that neurodynamic  technique may
help in stretching a tight hamstrings muscle,  however
no published data exists to support this view.

Thus, this study was done to compare the most
commonly employed technique of PNF against the
newly developed Neuro Dynamic technique for
stretching of hamstrings muscles.

MATERIALS AND METHODOLOGY

This was a comparative type of study. Ethical
approval to conduct this study was taken from Ethics
committee of Pad. Dr D. Y. Patil University, Navi
Mumbai. Informed consent was taken from every
subject before participating in the study.

Active knee extension lag measured with
goniometer was used as the outcome measure. 60
subjects (both males and females) having hamstring
tightness with knee extension lag of 200 or more were
selected.  Any subject with any form of neurological,
musculoskeletal or vascular problem were excluded
from the study.

To measure the lag, the subjects were made to lie
supine with the hip-knee in 90°-90° flexion. They were
then asked to actively extend the knee, and the range
of extension was noted by the therapist (Fig 1) 8,9. Any
subject with extension lag of 200 or more was
considered positive for hamstrings tightness.

These subjects were then randomly allocated either
to the PNF treatment (Group 1) or NDS treatment
group (Group 2).

PNF Treatment:4 For the hold relax technique, the
subject was made to lie supine. The therapist moved
the extended leg to a point of mild discomfort and held
the stretch for 10 seconds. Then the subject was asked
to isometrically contract the hamstrings by pushing
the extended leg against the therapist’s hand. The
therapist applied just enough force so that the leg
remained static. This was the hold phase which lasted
for 6 seconds. The subject was then instructed to relax
and a second passive stretch for 30 seconds was given
by the therapist. Three repetitions were given in one
session9. This was repeated for three consecutive days
and at the end of third day the knee extension range
was measured.

NDS Treatment:5,11 The SLUMP technique was
used. The subject was made to sit at the edge of the
plinth with the knee in 900 flexion.   The subject was
then asked to slump the back into thoracic and lumbar
flexion. The therapist used one hand to apply
overpressure across the shoulders to maintain flexion
of the thoracic and the lumbar spine. Then the subject
was asked to flex the cervical spine and head as far as

 Fig 1
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possible. The therapist applied overpressure to
maintain flexion. The therapist passively dorsiflexed
the ankle and then extended the knee with the other
hand until the subject started complaining of minor
discomfort, after which the therapist flexed the knee
passively and this was repeated for 30 times. Three
sets were given in one session. This was repeated for
three consecutive days and at the end of third day again
the knee extension range was measured.

Treatment by both techniques was given to both
the sides.

RESULTS

The data was analysed using Graph Pad Instat 3
and the level of significance was set at <0.005.

Table 1: Pre treatment comparison of knee extension
lag between PNF group and NDS group.

PNF NDS p- value

Dominant side 45.03 +/-5.66       42.27 +/-5.66 0.9979

Non Dominant side      45.83+/-5.40       44.3+/-4.45 0.3023

The difference in the knee extension lag between the PNF and
NDS group before treatment was analysed using the unpaired t-
test. This difference was found to be not significant for both the
sides.

Table 2:  Difference between pre and post treatment
extension lag values of PNF group and NDS group on

dominant and non dominant side side.

PNF NDS p- value

Dominant 22.57 +/-4.97 16.43 +/-4.3 0.0435

Non – dominant 24.40 +/-5.26 16.8 +/-4.73 0.0056

The difference between pre and post treatment
extension lag values of the PNF and NDS group was
analysed using the unpaired t-test. The difference was
found more in the PNF group as compared to the NDS
group on both the sides and this difference was
extremely significant.

DISCUSSION

The result of this study shows that there is
significant decrease in the extension lag with both PNF
and NDS  techniques. However, the subjects treated
with the PNF technique of stretching showed more
improvement than those treated with the NDS
technique of stretching.

PNF TECHNIQUE

The rationale behind PNF technique is that, after
isometric contraction there is a brief period during

which the muscle is reflexively relaxed and, therefore,
can be easily stretched.

When muscles contract, they produce tension at the
point where the muscle is connected to the tendon11, 12.
Autogenic inhibition occurs in a contracted or
stretched muscle in the form of a decrease in the
excitability because of inhibitory signals sent from the
Golgi Tendon Organs12, 13. The contraction of the target
muscle takes advantage of autogenic inhibition to
decrease muscle tension, allowing for elongation of the
muscle fibers 12, 13.

Also Stress relaxation occurs when the
musculotendinous unit is under a constant stress 11,12.
During PNF stretching, the contraction of the target
muscle increases the tensile stress upon the
musculotendinous unit, encouraging the “creep” of the
muscle fibers when in an elongated orientation. The
viscoelastic properties of the muscle tissue itself allow
for the muscle to be stretched and elongated as a result
of the inhibitory signals, without substantial damage
to the tissue during stretching. The stress relaxation
phenomenon of musculotendinous units allows the
material to “creep” and slowly lengthen over time 12,13.

Both these mechanisms could be the probable
reasons for increasing the flexibility of the hamstring
muscle using PNF stretching.

NDS TECHNIQUE

According to David Butler, all the connective tissues
in a muscle are interconnected and constitute the
passive elastic component of a muscle. The connective
tissue that surrounds a muscle and other structures
such as the nerves and blood vessels form the parallel
elastic component of the muscle. Thus, when a muscle
lengthens or shortens, these tissues also lengthen or
shorten because they function in parallel to the muscle
contractile unit 7. The system is a continuum. Thus,
the nervous system is certainly involved, directly or
indirectly in all patient problems. Stresses imposed on
the peripheral nervous system during movement are
transmitted to the central nervous system. Conversely,
tension can be conveyed from the central to the
peripheral nervous system 6.

Slump maneuver creates maximal tension in the
nervous system and also causes stretching of the
hamstrings 6.

As the hip is flexed and knee extended, the
increased tension in the sciatic nerve causes the spinal
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cord to slide downwards (since the intradural nerve
roots are aligned in a reverse V pattern). Thus, there is
a movement of the entire nervous system (central and
peripheral) along with stretching of the hamstrings 6.

PNF technique directly targets the muscle and there
is active contraction of the muscle in this technique
whereas the NDS technique has indirect effect on the
muscle via the nerve. NDS technique acts through the
mechanical interface and there is no active contraction
of the muscles occurring in this technique. This direct
effect of PNF technique on hamstring muscle could
be the probable reason for the better results of PNF as
compared to NDS technique on hamstrings flexibility.

Also the subjects were selected on the basis of active
knee extension test in this study. No neural tests were
carried out in this study which could differentiate
whether the neural component was involved or not
along with the hamstrings involvement.

CONCLUSION

This study concludes that there is significant
improvement in the hamstring flexibility with PNF as
well as the NDS technique of stretching. However, the
PNF stretching was found to be more effective than
the NDS stretching for improving flexibility of
hamstrings.
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ABSTRACT

Objective: To compare the Kalternbohn mobilization treatment with that of Conventional
Physiotherapy Regimens in patients with osteoarthritis of Knee joint.

Study design: Randomized clinical trial

Method: 30 subjects were included as per inclusion criteria and then were   divided into 2 groups.
GROUP A received Kalternbohn mobilization with routine Physiotherapy treatment and GROUP B
received only routine physiotherapy treatment.The treatment duration was for  15days. Assessment
was done on 1st day and re assessment  was done on 7th  and  on  15th day.Data was analyzed using
unpaired t test. Outcome Measures included VAS scale, WOMAC  scale.

Result: There was statistically significant improvement for range of motion in  GROUP A[ t value
4.37,0.000,p value<o.o5s], there was reduction in pain with [t value 2.47,0.02, p value <0.05s] which
was significant in GROUP A, there was reduction in stiffness with [t value2.83,0.01,p value <0.05s]
and improvement in physical function  with  [t value 2.29, 0.04, p value <0.05s] which was significant
in GROUP A.

Conclusion: From the study it is concluded that Kalternbohn mobilization is more effective in reducing
pain, and improving functional ability in patients with osteoarthritis of knee joint.

Keywords: Osteoarthritis, VAS, WOMAC, Mobilization

INTRODUCTION

Osteoarthritis is a condition in which the cartilage
that acts as a cushion between bones in joints begins
to wear out,causing inflammation and pain in joints.
Thereby restricting movement osteoarthritis is also
known as degenerative joint disease.

There are two kinds of osteoarthritis –primary and
secondary.while primary osteoarthritis is a results of
old age. secondary osteoarthritis is a results of disease
or an injury which in turn leads to it. the best way to
keep osteoarthritis under check is to exercise regularly,
avoid squatting and cross legged position,maintain a
healthy diet and keep weight in control.

Osteoarthritis is accepted as a major public health
problem. As estimated by world health organization,it
is one of the major cause of impaired function that
reduces quality of life worldwide.

Estimates of number of Americans who suffer from
osteoarthritis vary from 20 millions to 40 millions.

The high incidence of osteoarthritis in India is the
results of its prevalence among women who fall victim
to it.menopausal women are especially  prone to it.
the disease is however not restricted to
women,although    diabetes and hypertension remains
the most prevalent among men.

 Study conducted by TNS and called TNS AROGYA
found that in age group 25-35 year.  osteoarthritis
figures as the second most prevalent disease after
diabetes.

Osteoarthritis is more common in women than
men.45 percentage of women over the age of 65 have
symptoms while radiological evidence is found in 70
percentage of those over 65.osteoarthritis of knee is a
major cause of mobility, impairment,particularly
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among females. osteoarthritis was estimated to be the
10th leading cause of non fatal burden in world in
1990.in version 2 estimates the global burden of disease
in 2000.study published in world health report
2002.osteoarthritis is the 4th   leading cause of YLDs

ACR Classification for Osteoarthritis of Knee

CLINICAL

1. Knee pain for most days of prior month

2. Crepitus on active joint motion

3. Morning stiffness for 30 min in duration

4. Age more than 38 years

5. Bone enlargement of the knee on examination

Osteoarthritis  present if items 1,2,3,4 or 1,2,5 or
1,4,5 Osteoarthritis of knee is common phenomena
occurring.Valgus deformity is commonly seen in
patients with osteoarthritis. Knee flexion deformity is
also common in presence of joint effusion,the intra
articular pressure and therefore the pain are minimized
by placing the knee in 30 degree flexion, this
encourages the formation of flexion deformity.

 When evaluating a patient with osteoarthritis of
the  knee,the physician must determine which joint
spaces are involved. There are three potential
compartment –medial joint
compartment,lateral,patella- femoral joint.often
patient has medial or lateral joint space.

Arthroscopic evaluation of the knee has
demonstrated the importance of meniscus in
degeneration of knee joint.

Physical therapy measures may be employed to
relief pain and restoration of function there can come
a time when patient need surgical intervention to
restore joint function.

Daily activities must be modified,modification of
the environment must be considered.immobilization
of an actually inflamed knee is frequently
advocated.rest for few days is accept table,then non
weight bearing exercises are indicated.

Use of a cane or even crutches in indicated when
the condition is acute and severe.

Local use of ice is recommended for edema of
inflamed knee.

Alternate compression and relaxation of the knee
cartilage is needed to maintain nutrition and
regeneration of damaged cartilage

 Active and passive exercise can correct early
capsular contraction or muscle fiberl contracture.

Physical therapy treatment in nutshell

It can be prevented by joint protection,  energy
conservation and by giving home exercise program,
soft tissue modifcation is necessary by pain
management, handling techniques should be proper,
proper therapeutic exercises, mobilization and home
program should be taught,  and finally exercises should
be  taught  properly  like functional
training,therapeutic exercise and home program.

Mobilization can also be given in the osteoarthritis
patient.Mobilization refers to passive therapeutics
measure intended to increase soft tissue or joint
mobility.

Joint mobilization is primarily indicated for
reversible joint hypo mobility but it is useful for
maintaining mobility,delaying progressive stiffness
and relieving pain.

 Before giving mobilization.a brief review of
relevant anatomy and joint mechanics With emphasis
on the shapes of the articular surfaces should be looked
at properly.with this joint zero starting position, resting
position, close pack position and capsular pattern
should be looked before giving mobilization..

 Neus  et al, in  did a study on “Osteoarthritis is
India’s No 1 Ailment” and concluded that incidence
of osteoarthritis is high as compare to
HIV,CANCER,DIABETES MELLITUS in india.

Deborah Symmons et al, did a study on “ Global
Burden Of Osteoarthritis In Th Year 2000” and
concluded that approx 10 percentage of the world ‘s
population who are 60 year or older have symptomatic
problems that can be attributed to osteoarthritis.the
prevalence in developing countries is variable.

GUS J.prosch, Jr, M.d, Bromed Associates, et al, Did
A Study on “Osteoarthritis: Little Known Treatment”
and concluded that 80 percentage of those over 50 year
of age will have some degree of osteoarthritis.

Deyle Gd, et al, did a study on “Effectiveness of
Manual Physical Therapy and     Exercise in
Osteoarthritis of the Knee, a Randomized, Controlled
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Trial. and concluded that patients  with osteoarthritis
who are treated with a  regimen that combines manual
physical therapy with supervised exercise have
improved function and less reported pain and stiffness
than patients who are not treated with physical therapy
program.

GRO JAMTVEDT et al, did a study on  Physical
Therapy Intervention for Patients with Osteoarthritis
of the Knee and concluded that physical therapy
intervention might be useful for people with
osteoarthritis of the knee, exercise including a weight
reduction program for patient who are obese, seems
to be valuable treatment option for with pain and
functional problems due to osteoarthritis of the knee

The need for cost effectiveness throughout health
care system emphasizes the importance of knowing
whether patient require numerous visit to a physical
therapist or whether they might receive a similar
benefit from the mobilization techniques.

The primary purpose of the study was to determine
the effectiveness of a clinically applied treatment that
included exercise and conventional physiotherapy
treatment compared with kalternbohn mobilization for
osteoarthritis of knee joint.

MATERIAL AND METHODOLOGY

Aim: To compare the Kalternbohn mobilization
treatment with that of conventional physiotherapy
treatment

Sample size: 30 subjects

Sample study: Purposive Sampling

Study design: Randomized Clinical Trial

Study set up: Ravi Nair Physiotherapy College

Inclusion Criteria

Age Group: 40-80yr

Gender: Female& Male

• Patients with prediagnosed osteoarthritis knee
joint

Exclusion Criteria

• Patients with any recent injury or any trauma to
knee joint

• Patient with any pre or post surgery in lower
extremity

• Patients with any neurological condition affecting
lower extremity.

Range of motion

Measurement

Knee Active Passive Active Passive

Right Left

Movement

Flexion 1 7 15 1 7 15

Extension

PROCEDURE

Patients were  informed about the study and informed
consent was obtained. Then patient was divided into
two group:

GROUP A: Had received kalternbohn mobilization
with routine physiotherapy treatment

GROUP B: Had received only routine physiotherapy
treatment

Routine physiotherapy treatment consisted of

Hot water fermentation

Relief of pain and muscle spasm by use of hot
packs. Once in physiotherapy department and second
time in the home.

Procedure: Patient is in supine lying position with
pillow under the head. Hot packs was applied by the
therapist on the knee joint for 15 to 30 mins.

Static Quadriceps

Procedure: Patient was in supine lying position.a
rolled towel was kept under the knee to support  it
flexion. progress of flexion was done as tolerated by
the patient or by the present condition. Patient was
asked to isometric ally contract the quadriceps and
extend the knee only against the resistance of gravity.
With extension patient was advised to hold for 10 sec
when the knee is in full extension and then release.
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Dynamic Quadriceps

Procedure: Patient was in sitting position.and a
weight cuff was tied around the ankle to increase the
resistance. And resistance was applied through the arc
of 90 degree of flexion to full extension.and resistance
was applied only on the ranges tolerated by the patient.

Vastus medialis obliques

Procedure: Patient was in supine position or long
sitting position with knee flexed at a few degree with
the help of the rolled towel kept under the knee. Patient
was instructed to contract the quadriceps isometric ally
causing the patella to glide proximally, then hold for a
count of 10. With this patient was asked to dorsiflex
the ankle and invert and hold the isometric contraction
of quadriceps.

Procedure for kalternbohn mobilization

• The use of adjustable table, fixation belts,
sandbags,rubber wedges etc are valuable aid while
carrying out mobilization techniques.

• The following rules should guide the therapist
when performing joint mobilization technique:

1) Starting position of patient

2) Starting position of therapist

3) Fixation hand

4) Mobilization hand

Active movements to be given

• Flexion-135 degrees

• Extension-from zero  5 degree

• External rotation-45 degree

• Internal rotation-15 degree

Traction- compression

Gliding- dorsal-ventral

patella-distal

medial-lateral

Procedure

Tibiofemoral articulation

The concave tibial plateau articulates  on the convex
femoral condoyle.

Resting Position: flexion 25 degree

Treatment Plane: along the surface of the tibial
plateau.therefore it moves with the tibia, as knee angle
changes.

Stabilization: Femur is stabilizes with the belt.

Tibiofemoral  Joint traction

Indications

Testing: intial  treatment, pain control, general
mobility.

Patient Position

• Sitting,supine or prone, beginning with knee in
resting position.

• Progress to positioning the knee at limit of the
range of flexion or extension

• Rotation of tibia may be added prior to applying
the traction force.

Hand Placement

• Grasp around the distal leg,proximal to the
malleoli with both hands.

Mobilizing Force

• Pull on the long axis of the tibia to separate the
joint surfaces.

Tibiofemoral  Posterior  glide

Indications

Testing: to increase flexion

Patient Position: supine with foot resting on the table.

• The position for drawer test can be used to
mobilize the tibia either anteriorly or
posteriorly,although no grade and distraction can
be applied with glides.

Theraphist Position with Hand Placement

• Sit on the table with your thigh fixating the
patient’s  foot.with both hands grasp around the
tibia, fingers pointing posteriorly and thumb
anteriorly.

Mobilizing Force

• Extend your elbows and lean your body weight
forward.push the tibia posteriorly with your
thumb.

Tibiofemoral anterior glide

Indications: to increase extension
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Pateint Position

• Prone,begin with knee in resting position.

• Progress to end of available range.

• Tibia may also be positioned in lateral rotation.

• Place a small pad under the distal femur to prevent
patellar compression.

Hand Placement

• Grasp the distal tibia with the hand that is closer
to it and place the palm of the proximal hand on
the posterior aspect of the proximal tibia.

Mobilizing Force

• Force with the hand on the proximal tibia in an
anterior direction.the force may be directed to the
lateral or to the medial plateau to isolate one side
of the joint.

Outcome Measures

Visual Analog Scale

 Vas scale  is simple and frequently used method
for the assessment of variations in intensity of pain.in
clinical pratice the percentage of pain relief assessed
by vas is often considered as a measure of the efficacy
of treatment.however as illustrated in the present

study,the validity of vas estimates performed by
patient with pain may be unsatisfactory.two types of
vas –an absolute and a comparative were compared
with respect to factors influencing the reliability and
validity of pain stimulus.

Womac (western ontario and mc master
universitis) Osteoarthritis index is attested
questionnaire to assess symptoms and physical
functional disability in patient with osteoarthritis of
knee. we adapted the womac for Italian language and
tested its metric properties in patient with
symptomatic  osteoarthritis.

 All womac sub scales (pain, stiffness, and physical
function)were internally consistent with cronbach”s
coefficient alpa of 0.91,0.81,0.84.

Reliability was satisfactory with ICC s of
0.86,0.68,0.89.

Examination of discernment validity showed that
the scores on the womac and SF-36 followed
hypothesized pattern.the womac  discernmented
better among subjects with varying severity of knee
problems.whereas SF-36 decremented  better among
subjects with varying level of self reported health
status and co morbidity. The Italian version of womac
is reliable and valid instrument for evaluating severity
of osteoarthritis knee.

Statistcal Analysis

 Table 1: Comparison of Flexion in degrees in both the groups

Days Group N Mean Std. Deviation Std. Error Mean t-value p-value

1 A 15 117.00 14.24 3.67 2.70 0.012S,p<0.05

B 15 105.00 9.634 2.48

7 A 15 127.00 6.76 1.74 3.56 0.001 S,p<0.05

B 15 116.00 9.85 2.54

15 A 15 132.00 4.55 1.17 4.37 0.000 S,p<0.05

B 15 123.33 6.17 1.594

34. Sneha Narang--167--.pmd 6/13/2014, 2:18 PM171



172 Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3

Table 2: Comparison of Extension in degrees in both the groups

Days Group N Mean Std. Deviation Std. Error Mean t-value p-value

1 A 15 124.66 8.54 2.20 0.93 0.360NS,p<0.05

B 15 121.33 10.93 2.82

7 A 15 128.66 6.39 1.65 0.64 0.526 NS,p<0.05

B 15 127.00 7.74 2.00

15 A 15 133.00 3.68 0.95 1.18 0.245 NS,p<0.05

B 15 131.33 3.99 1.03

Table 3: Comparison of pain in both the groups

Days Group N Mean Std. Deviation Std. Error Mean t-value p-value

1 A 15 3.00 0.75 0.19 1.66 0.10NS,p>0.05

B 15 3.50 0.79 0.23

7 A 15 2.53 0.87 0.24 0.59 0.56 NS,p>0.05

B 15 2.72 0.64 0.19

15 A 15 1.30 0.85 0.23 2.47 0.02 S,p<0.05

B 15 2.18 0.87 0.26
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Table 4: Comparison of stiffness in both the groups

Days Group N Mean Std. Deviation Std. Error Mean t-value p-value

1 A 15 1.86 0.74 0.19 0.85 0.40NS,p>0.05

B 15 1.57 0.78 0.29

7 A 15 2.00 0.60 0.17 1.70 0.10 NS,p>0.05

B 15 1.50 0.54 0.22

15 A 15 1.90 1.30 0.39 2.83 0.01 S,p<0.05

B 15 0.42 0.53 0.20

Table 5:: Comparison of physical function in both the groups

Days Group N Mean Std. Deviation Std. Error Mean t-value p-value

1 A 15 1.60 0.89 0.40 1.51 0.16NS,p>0.05

B 15 2.50 1.04 0.42

7 A 15 1.20 0.44 0.20 1.73 0.11 NS,p>0.05

B 15 2.16 1.16 0.47

15 A 15 0.60 0.54 0.24 2.29 0.04 S,p<0.05

B 15 1.83 1.16 0.47
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DISCUSSION

Results of the study indicates kalternbohn
mobilization is better than routine physiotherapy
treatment. This is in accordance with a study
conducted by Gail D Deyle wherein clinical
intervention consisting of manual therapy and
supervised exercise was more effective than home
exercise program for increasing function and
decreasing pain and stiffness.

Similarly, the results observed in the clinical
treatment group in this study are nearly identical to
those previously reported in their earlier study. The
level of functional improvement with this clinical
treatment program of manual therapy and supervised
exercise is greater than has been reported for other
conservative treatment. The manual therapy
techniques consisting of passive physiological and
accessory movements,muscle stretching, and soft
tissues mobilization, were applied by treating physical
therapist primarily to knee and surrounding structures.

 WOMAC scores measurement obtained at 1,7,15
days follow up were entered as dependent variables
for the statistical analysis. The combination of manual
therapy and exercise can thus  reduce the need for total
knee replacement.

From statistical analysis, it is found that there was
significant reduction of pain in patients who was given
kalternbohn mobilization and routine physiotherapy
treatment. with this increment of ranges both in flexion
and extension in this group of patients.

When compared within groups A and B by using
paired t test it was found that there was significant
reduction of pain and stiffness on day 1, 7,15 with
kalterbohn mobilization and routine physiotherapy

treatment. but group A was showing more significance
than group B at the end of day 7,15. With this there
was improvement in physical function of patients in
group A.

A comparative study was done to find out short
term efficacy of 2 methods on pain relief, stiffness and
physical function with more emphasis on WOMAC
sores for assessing status of all 3 components in
patients with osteoarthritis of knee joint.

CONCLUSION

From the study it is concluded that,kalterbohn
mobilization is more efficient in reducing pain and
improving physical function in patients in
osteoarthritis knee joint as compared to routine physio
- therapy treatment.

REFRENCES

1. Osteoarthritis is India ‘s aliment. neus “Times of
India “

2. Osteoarthritis :Little Known Treatment  by
Anthony di fabrio and paul  jaconello,M.D

3. Global Burden of Osteoarthritis in the Year 2000-
jborah symmons.

4. ”Effectivness of Manual Physical Therapy and
Excersise in Osteoarthritis of the Knee Joint”a
randomized controlled trial. Ann intern
Med.february1,2000;132:173-81

5. Knee pain and disability- edition 3,caillet.page-
179-211

6. Physical Therapy and Intervention for Patients
with osteoarthritis of Knee: An overview of
systematic review \ Gro Jamtvedt. Journel of
American Physical Therapy Association.Jan
2008,vol-88, Number-1, Page-123-135

34. Sneha Narang--167--.pmd 6/13/2014, 2:18 PM174



Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3 175
DOI Number: 10.5958/j.0973-5674.8.2.048

Perceived Stress, Sources and Severity of Stress among
Physiotherapy Students in an Indian College

Tushar J Palekar1, M G Mokashi2

1Principal, 2Professor Emeritus, Padmashree Dr. D. Y. Patil College of Physiotherapy, Dr. D. Y. Patil Vidyapeeth, Pune

ABSTRACT

Objective: To study the Perceived stress in physiotherapy students as per questionnaire along with
assessment of corroborative clinical parameters and perceived stress score.

Method: A cross-sectional, questionnaire based survey was carried out among undergraduate
physiotherapy students of Padmashree Dr. D. Y. Patil college of physiotherapy, Pune, India. Perceived
stress was assessed using the perceived stress scale (PSS 10).  A 27-item questionnaire was used to
assess sources of stress and their severity. Another 11-item questionnaire was used to find possible
institutional stress reducing factors.

Results: Of the physiotherapy students who were administered the questionnaire, 71 (74%)
respondents participated in this study. The mean age ± standard deviation (SD) of the study
participants was 19.39 ± 1.12 years, with a range of 18-23 years. Out of the 71 students, 57 (80.3%)
were female students and 14 (19.7%) were male students. The mean PSS score was 20.50 (SD 5.96).
The main sources of stress were found to be related to physical, emotional and academic factors. The
main institutional stress reducing factors were picnics (59.2%), vacations (56.3%), interaction with
friends (52.1%), and personal hobbies (54.9%).

Conclusion: High levels of perceived stress were found in Physiotherapy students. The physical,
emotional and academic factor causes stress in little to great extent.

Keywords: Stress, Undergraduate physiotherapy students, Institutional stress reducing factors, Stress inducing
factors

INTRODUCTION

Stress is defined as the body’s non-specific response
to demands made upon it, or to disturbing events in
the environment.1,2 It is not just a stimulus or a response
but rather, it is a process by which we perceive and
cope with environmental threats and challenges.3

Personal and environmental events that cause stress
are referred to as stressors.4 Recently incidence of stress
during professional courses is increasingly being
reported in published articles.5 ,6

Previous studies have shown fairly high incidence
of distress, such as symptoms of depression7,8 and even
rarely tendency of suicide9,10 among medical students.
The presence of emotional distress affects student’s
performance in class room as well as in their clinical

practice.11,12 It also increases the risk of stress-induced
disorders and deteriorating performance.11,12 Presence
of current mental distress and further health problems
was found to be high in those having perceived
medical stress.13,14

The present curriculum of the Physiotherapy course
is comprehensive and large. The course is demanding
in terms of students’ effort. Competition for post
graduate seats in best clinical setups as well as other
social and emotional factors influences students’
mental health. Hence the student undergoing this
course is predisposed to stress. The purpose of present
study is to find out Stress in Physiotherapy students
by using self-reported questionnaires, clinical
parameters and perceived stress score.
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METHOD

Setting and Participants

The present study was undertaken at Padmashree
Dr. D.Y. Patil Physiotherapy College, Dr. D. Y. Patil
Vidyapeeth, Pune. Each year 60 students have taken
admission in Bachelor of Physiotherapy (BPT). As per
their curriculum, the students have to appear for two
internal examinations namely the Terminal and the
preliminary examinations. Therefore, they are likely
to undergo stress twice in an academic year, beginning
from entry level throughout the physiotherapy course.
The students of second, third and fourth year BPT were
invited to participate in this study.

PROCEDURE

The design of this study was a cross-sectional
survey using self-administered questionnaire. This
study has approval of Institutional ethical committee
of Dr. D. Y. Patil Vidyapeeth, Pune. A total of 95
Physiotherapy undergraduate students were
participants in this study. The students were asked to
complete a 27-item questionnaire to assess sources of
stress and their severity. Another 11-item questionnaire
was used to find possible institutional stress reducing
factors.  Perceived stress was assessed using the

perceived stress scale (PSS 10).15 We also assessed
clinical parameters which include Pulse rate,
Respiratory rate, Blood Pressure and Body Mass Index.

DATA ANALYSIS

The data was analyzed using SPSS 15.0 version. The
mean scores of perceived stress were calculated. The
number and percentage of response of each stress
factors were calculated. Descriptive statistics were
considered for severity of stressors.

RESULTS

Demographic characteristics and perceived stress
score of the respondents.

Of the physiotherapy students who were
administered the questionnaire, 71 (74%) respondents
participated in this study. The mean age ± standard
deviation (SD) of the study participants was 19.39 ±
1.12 years, with a range of 18-23 years. The majority of
participants were female (80.3%). Mean PSS score in
the study population was 20.50 (SD 5.96) (Table 1).
Mean PSS score in II BPT was 20.02 (SD 6.68), III BPT
23.80 (SD 3.94) and IV BPT it was 18.62 (SD 4.48)
(Table 2).

Table 1: Demographic Data

Class Number Percent Gender Number Percent

BPT II 40 56.3 MALE 14 19.7

BPT III 15 21.1 FEMALE 57 80.3

BPT IV 16 22.5

Table 2: Clinical Data and Perceived Stress Score

Pulse RR BP (Systolic) BP (Diastolic) Weight (Kg.) Height (cm) BMI PSS

Mean 84.26 19.78 114 70 60.59 166 24.32 20.50

SD 12.53 4.23 9.02 8.10 11.44 17.61 6.56 5.96

Stress inducing factors

The most frequent [number of respondents
(percentages)] contributing factors for the sources of
stress reported by the students as “great extent/
considerable extent” were, ‘Unpredictability of
examinations’ [40 (56.6%)], ‘Fear of failure’ [35 (49.3%)],
‘Staying away from family’ [32(45.1%)], ‘High
expectations of parents for my performance’
[30(42.3%)], ‘Shortage of equipment/ lab. Facilities,
[30(42.3%)], ‘Change in the methods of study from 12th
standard’ [29(40.8%)], ‘Staying away from friends’

[28(39.4%)], ‘Other students performances being better
than mine’ [27(38%)], ‘Competition for postgraduate
seats’ [26 (36.6%)]. (Table 3, 4, 5, 6)

Stress reducing factors

The most frequent [number of respondents
(percentages)] contributing factors for reducing stress
reported by the students as “very much/considerable”
were, ‘Interaction with friends and group members’
[64 (90.1%)], ‘Personal hobbies like music, sports’ [55
(77.4%)], ‘field visits’ [52 (73.3%)], ‘Vacations and
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holidays’ [50(70.4%)], ‘Free time during college hours’
[45 (63.4%)], ‘Help from senior students’ [44 (62%)],

‘Teacher’s affection and care, [36 (50.7%)], ‘Beautiful
campus of the college’ [(34 47.9%)] (Table 7).

Table 3: Response pattern of Academic factors

Great Considerable Moderate Little None
extent extent  extent

N % N % N % N % N %

Change in the methods of study 3 4.2 26 36.6 25 35.2 10 14.1 7 9.9
from 12th standard

Unpredictability of examinations 20 28.3 20 28.3 13 18.2 8 11.3 10 14.1

Too many mid-term and unit tests 2 2.8 19 26.8 22 31 22 31 6 8.5

Too many lectures and clinics 14 19.7 11 15.5 23 32.4 17 23.9 6 8.5

Inability/ difficulty  to cope 2 2.8 4 5.6 2 2.8 28 39.4 35 49.3
with English medium

Other students performances being 13 18.3 14 19.7 13 18.3 23 32.4 8 11.3
better than mine

Competition for postgraduate seats 13 18.3 13 18.3 7 9.9 9 12.7 29 40.8

Table 4: Response pattern of Physical factors

Great Considerable Moderate Little None
extent extent  extent

N % N % N % N % N %

Living conditions in hostel 8 11.3 11 15.5 7 9.9 24 33.8 21 29.6

Noisy classrooms and surroundings 7 9.9 13 18.3 14 19.7 29 40.8 8 11.3

Shortage of equipment/ lab. Facilities 12 16.9 18 25.4 12 16.9 16 22.5 13 18.3

Every day travel to college and back 6 8.5 9 12.7 12 16.9 28 39.4 16 22.5

Food in canteen and hostel 9 12.7 6 8.5 19 26.8 14 19.7 23 32.4

lack of quiet surroundings / 9 12.7 8 11.3 21 29.6 15 21.1 18 25.4
 environment

Inadequate library facilities 12 9.9 16 18.3 8 12.7 18 42.3 17 16.9

Table 5: Response pattern of Social factors

Great Considerable Moderate Little None
extent extent  extent

N % N % N % N % N %

Inability to speak in group or public 7 9.9 13 18.3 9 12.7 30 42.3 12 16.9

High expectations of parents for 11 15.5 19 26.8 15 21.1 15 21.1 11 15.5
my performance

Interference in study by parents 2 2.8 9 12.7 6 8.5 34 47.9 20 28.2

Staying away from family 19 26.8 13 18.3 10 14.1 14 19.7 15 21.1

Trouble from senior students 2 2.8 5 7 9 12.7 20 28.2 35 49.3

Having to do household work 3 4.2 5 7 13 18.3 23 32.4 27 38
after returning from college

Inadequate social/ financial support 1 1.4 5 7 6 8.5 29 40.8 30 42.3

Table 6: Response pattern of Emotional factorss

Great Considerable Moderate Little None
extent extent  extent

N % N % N % N % N %

Feeling that you do not have time 14 19.7 10 14.1 15 21.1 20 28.2 12 16.9
for personal hobbies and sports

Getting involved in love affairs 3 4.2 0 0 6 8.5 20 28.2 42 59.2

Not accepted by other students 1 1.4 4 5.6 7 9.9 20 28.2 39 54.9

Conflicts with colleagues 3 4.2 6 8.5 15 21.1 24 33.8 23 32.4
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Table 6: Response pattern of Emotional factorss (Contd.)

Great Considerable Moderate Little None
extent extent  extent

N % N % N % N % N %

Fear of failure 19 26.8 16 22.5 6 8.5 21 29.6 9 12.7

Indifferent behavior of teachers 9 12.7 10 14.1 10 14.1 12 16.9 30 42.3

Staying away from friends. 14 19.7 14 19.7 11 15.5 16 22.5 16 22.5

Table 7: Response pattern of stress reducing factors

Very much Considerable  Some what Little None

N % N % N % N % N %

Beautiful campus of the college 11 15.5 23 32.4 15 21.1 17 23.9 5 7

Teachers’ affection and  care 17 23.9 19 26.8 13 18.3 16 22.5 6 8.5

Interaction with your friends and 37 52.1 27 38 5 7 2 2.8 0 0
group members

Vacations and holidays 40 56.3 10 14.1 14 19.7 7 9.9 0 0

Field visits 42 59.2 10 14.1 4 5.6 12 16.9 3 4.2

Student - mentor programme 9 12.7 11 15.5 14 19.7 27 38 10 14.1

Personal hobbies like music, sports 39 54.9 16 22.5 6 8.5 7 9.9 3 4.2

Help from senior students 20 28.2 24 33.8 7 9.9 16 22.5 4 5.6

Free time during college hours 33 46.5 12 16.9 8 11.3 16 22.5 2 2.8

Attending Workshops/Conferences 8 11.3 13 18.3 18 25.4 18 25.4 14 19.7
outside the college campus

Educational tours 17 23.9 13 18.3 18 25.4 12 16.9 11 15.5

DISCUSSION

In our study, we evaluated perceived stress among
physiotherapy students including its sources and
severity, which may be of importance to both
physiotherapy teachers and a psychologist. To our
knowledge such a detailed study has not been reported
in physiotherapy students in the country.

In our study, physiotherapy students reported a
higher level of perceived stress, which was higher
among second and third year BPT students. Academic
and social stressors were reportedly more common
both in terms of frequency of occurrence and severity.
The main institutional stress reducing factors were
field visits (59.2%), vacations (56.3%), interaction with
friends (52.1%), and personal hobbies (54.9%). Life of
health care professional can be very stressful. Mild,
moderate and high levels of stress and even burnout
have been reported amongst medical students and
healthcare professional from different countries.16, 17,18

The amount and severity of stress experienced by
health professional students may vary according the
settings of the college, the curricula, examination
pattern etc. Previous studies from medical schools in
different countries have reported varying levels of

stress. A study from Pakistan University has reported
that more than 90% of its students experienced stress
during their course.19 Similarly 73% students had
perceived stress at Indian medical college during
medical schooling.20 In Thai medical school 61.4% of
Students had reported incidence of stress as calculated
by the Thai stress test.21 These studies have used
different instruments to assess stress. This limits the
comparability among these studies. However, we
chose the PSS 10 since this scale has been documented
for its reliability and validity.15

Most students had experienced academic, social
and emotional stressors. Among academic stressors,
‘Unpredictability of examinations’ and ‘Change in the
methods of study from 12th standard’ were the chief
sources of stress. Although examinations are important
in the health care training as a standard for evaluation/
assessment, examinations also facilitate student’s
learning and give feedback to the teachers. Yet,
previous studies have also reported that examinations
are frequent sources of stress among medical
students.19,20,21

There may be a need to study the examination
system to make it less stressful to the students. It is
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obvious that most of the students feel that ‘Change in
the methods of study from 12th standard’ is one of the
sources of stress. Lack of command over English
language did not pose any problem in almost 90%
students. Those students whose method of study in
12th standard was not English may put to stress. Other
important source of stress was related to social and
emotional factors. This may be due to lack of time for
self, family, friends and entertainment owing to
demands of physiotherapy curriculum.  Another
reason could be high expectation from the parents
(62.9%) and fear of failure as reported by the students
(57.8%).

Present study also investigates institutional stress
reducing factors. The main institutional stress reducing
factors were field visits, vacations, interaction with
friends, and personal hobbies. Similarly  study done
by A N Supe reported that friends, Gymkhana and
personal hobbies were the most common stress
relieving factor in medical students.20

Limitations

The information provided by the students was
based on self-reported questionnaire in this cross-
sectional survey. Therefore, there is some potential for
reporting bias which may have occurred because of
the respondents’ interpretation of the questions or
desire to report their emotions in a certain way or
simply because of inaccuracies of responses. In
addition, the study took place at only one college,
which could differ in the generalizability to other
institutions.

CONCLUSION

High levels of perceived stress were found in
(60.5%) Physiotherapy students. The Academic, social
and emotional factors causes ‘No to little stress in
(28.03%) students while Moderate stress in (16.3%)
students. ‘Considerable to a great extent’ stress was
found in (13.78%) students. We encourage building up
and adopting institutional stress reducing factors to
relieve stress among these students. Especially,
‘Teachers’ perceived affectionate attitude has scope for
improvisation since almost 40% students felt
‘Indifferent behavior of teachers’. Similarly forming
self-support groups within the students has great scope
since only 22% felt trouble from Sr. students, while over
70% had help from them. This aspect should be
improved to reduce stress by including good senior

students in ‘Student Mentor programme’ which
appeared to be appreciated by less than 50% students.
There is need that examinations must be perceived as
student-friendly and parental support should be
healthier.
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ABSTRACT

Background and Objectives: Increasing HDL-C has been proven to reduce the risk of CHD. Several
trials have demonstrated that exercise training can increase HDL-C.  The objective of this study was
to investigate a dose response relationship between exercise intensity and HDL-C in sedentary Indians
who are otherwise healthy.

Method: 94 Participants were randomized to one of the four groups. Group A served as the control
group with no exercise and group B (Low intensity), C (Moderate intensity) and D (High intensity)
were administered exercise at 50 - 60%, 60 - 70% and 70 - 80% of Heart Rate Reserve (HRR) respectively.
Supervised exercise training was administered for five days per week for eight weeks. HDL-C was
measured using direct homogenous method and all other plasma lipid measurement was performed
before and after eight weeks of intervention.

Results: We found that there was no significant change in HDL-C between (p = 0.17) and within
groups. HDL-C increased by 1.75 mg/dl in the high intensity exercise group, decreased by 1.78 mg/
dl in the moderate intensity group, reduced by 0.13 mg/dl in the low intensity group, and. increased
by 0.83 mg/dl in the control group.

Interpretation and Conclusion: Improvement of 1 mg/dl has been associated with significant CHD
risk reduction. There is lack of evidence for a dose response relationship between exercise intensity
and HDL-C. Even though there was no statistically significant increase in HDL-C the present
investigation suggests that aerobic exercise administered at 70 - 80% HRR appears to improve HDL-
C in short term as there was a clinically significant improvement of 1.75 mg/dl.

Keywords: Primordial prevention, Endurance exercise, Exercise training, HDL Cholesterol

INTRODUCTION

Coronary Heart Diseases (CHD) is the leading
cause of death since 1900. Prevalence of CHD has been
reported to be 3-4% in rural and 8-10% in urban Indians
aged above 20 years1. One of the independent risk
factors of CHD is low levels of High Density
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Lipoprotein Cholesterol (HDL-C).  A recently
conducted survey on Indians in Rajasthan reported
37% prevalence in low HDL-C2. An estimated 1mg/dl
increase in HDL-C is believed to lower the risk of CHD
by 2% in men and 3% in women3. As a result HDL-C
is now considered a target for therapy in people at risk.

Increased physical activity and aerobic exercise
training is recommended for improving HDL-C4.
Many longitudinal studies and a couple of systematic
reviews have demonstrated that HDL-C increases with
aerobic training5-8. A recent meta-analysis of
interventional trials indicated that aerobic training
caused a net increase of 2.5 mg/dl improvement8.
However two trials investigating the effect of aerobic
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exercise have found no change in the levels of HDL-C
following 12 and 18 weeks of aerobic training9,10 and
one trial investigating the effects of 10 week exercise
training at low or high intensity reported that HDL-C
decreased with exercise training in prepubescent boys
and adult men11. The intensity and volume of exercise
training in these studies were very heterogeneous.
Intensities ranged from 40-85% of peak oxygen
consumption or heart rate maximum or heart rate
reserve. The results of these trials were contrasting to
each other with studies reporting medium intensity
was found to be as effective as high intensity in
increasing HDL-C12 and high intensity was found to
be superior in increasing HDL-C in another trial8.
Hence it is not clear if a dose response relationship
exist between exercise intensity and HDL-C.  Moreover
it is not known how a population that is genetically
susceptible for CHD13 and has high prevalence of low
HDL-C, would respond to varying intensities of
exercise.

The objective of this study was to investigate a dose
response relationship between exercise intensity and
HDL-C in sedentary Indians who are otherwise
healthy.

METHOD

Study Design and Randomization

Randomized Controlled, Multiple Arm Trial. This
trial is a part of a bigger trial approved by the Manipal
University Ethics Committee and was registered in the
Clinical Trial Registry of India (CTRI No: CTRI/2009/
091/001005) titled dose response relationship between
exercise intensity and C Reactive Protein in healthy
individuals.

This trial is an eight week intervention with an
active control and three exercise groups. A verbal
advertisement was given and volunteers who
responded were assessed for their eligibility to
participate and participants were allocated to one of
the four groups by random allocation (Fig 1).
Randomization was carried out by performing a
computer generated sequence and the allocation
concealment was executed by Sequentially Numbered
Opaque and Sealed Envelopes (SNOSE) method.

PARTICIPANTS

Young adults who were sedentary, otherwise
healthy and between the age group of 18 – 40 years
were recruited. Exclusion criteria were current illness
associated with systemic inflammatory response,
history of hypertension/diabetes, cardiovascular
medications (including aspirin) / NSAIDs / steroids/
statins/ niacin and any other pulmonary and
neuromusculoskeletal impairment that contraindicates
exercise. 161 volunteers were screened for eligibility
and 67 were excluded for reasons cited in Fig. 1. 94
Participants were randomized to one of the four
groups. Group A served as the control group with no
exercise and group B (Low intensity), C (Moderate
intensity) and D  (High intensity) were administered
exercise at 50 – 60%, 60 – 70% and 70 – 80% of Heart
Rate Reserve respectively. Participants gave a written
informed consent prior to randomization.

Exercise Training Program

Eight week supervised exercise training was carried
out in the Human Performance Laboratory,
Department of Physiotherapy, Manipal University.
This program consisted of five days per week and thus
had 40 exercise sessions before the post intervention
measurements were performed. Each session had a
four minute warm up and 30 minutes of aerobic
exercise (treadmill walking) and four minutes of cool
down. The 30 minutes of aerobic exercise was
progressed to 40 minutes after two weeks (10 sessions)
and further progressed to 45 minutes after four weeks
(20 sessions) for all three exercise groups. The intensity
of exercise was kept constant at 50 – 60%, 60 – 70%
and 70 – 80% of Heart Rate Reserve (HRR) for Groups
B, C and D. The exercise training program was
designed based on the guidelines of the American
College of Sports Medicine. Intensity of exercise was
monitored continuously using POLAR radio telemetric
heart rate monitor during exercise sessions.

Plasma lipid measurements

Blood sampling was obtained after an overnight
fast for a minimum of 12 hours. Blood was drawn at
the clinical laboratory of Kasturba Hospital and then
analyzed at the biochemistry lab. Lipid profile
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measured is High Density Lipoprotein Cholesterol
(HDL-C) Total Cholesterol (TC), Triglycerides (TG) and
Low Density Lipoprotein Cholesterol (LDL-C). The
units of these measurements are in mg/dl. The method
used for TC was CE-CHOD-POD enzymatic method,
TG was GPO Trinder, HDL-C was Direct Homogenous
methods while LDL was calculated14. Measurement
following the intervention was done 48 hours after the
last exercise session. Blood glucose also was measured
(hexokinase method).

Anthropometric and body composition
measurements

Height, body weight, waist circumference were
measured. Waist circumference was measured at the
level of iliac crest as recommended by the National
Institute of Health. USA. Fat percentage was estimated
using the bio-electric impedance analysis (OMRON
Body Fat Monitor HBF-302).

Measurement of Aerobic capacity

Aerobic capacity of participants was estimated
using the Bruce protocol in the Human Performance
Lab. Time recorded at the termination of exercise test
was used in the regression equation to estimate the
aerobic capacity15. The measure of aerobic capacity is
Peak oxygen uptake (VO2 peak).

STATISTICAL METHOD

Baseline comparison between groups for all
variables was measured using ANOVA. ANOVA was
used to determine the between group difference in
HDL-C after 8 weeks intervention. Tukey’s HSD (post
hoc test) was used when there was a statistically
significant difference between groups. Intention to
treat principle was adopted in the analysis of outcome
measures; baseline value of the participants was
carried forward when the outcome was missing. P
d”0.05 was considered significant in all the analyses.
Data was statistically treated in SPSS (version 16.0).

RESULTS

We started recruiting participants from November
2009 and stopped recruiting in February 2012 as the
required number of participants were adequate. Fig I

explains the flow of participants throughout the trial.
Group A, C and D has loss to follow-up and we
performed “intention-to-treat” analysis.

Baseline Characteristics

Demographic and other baseline characteristics are
displayed in Table I. Volunteers who responded to our
verbal advertisement were predominantly women (n=
62). All four groups were well matched for age,
anthropometric measures, aerobic capacity, lipid
profile and serum blood glucose. About 57% of men
and 35% of women had baseline HDL-C below the
recommended values of ATP III guidelines by National
Cholesterol Education Program. This low
concentration of HDL-C in this young Indians is a
cause for concern. About 78% of our participants
belonged to overweight or obese category as defined
by BMI (> 23).

Fig. 1. Flow of Participants

Effects of exercise training on HDL-C

There was no statistically significant difference in
the change in HDL-C between and within groups as
shown in Table II. There was an increase of 1.75 mg/
dl in HDL-C in group D, but a reduction in HDL-C
was noted (-1.78 mg/dl) in group C. We did not find
any change in any of the other measures of lipid profile
too. However, significant reduction was noted in
weight, waist circumference when compared to control
group (A) and an increase in Peak VO2.
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Table I: Baseline characteristics of participants in all the groups (n = 94)

Variables Group AN = 24 Group BN = 22 Group C N = 24 Group DN = 24
Age (yrs) 23.7±4.1 23.2±4.0 23.4±4.3 23.0±4.0
Gender (m/f) 11/13 8/14 7/17 6/18
Height (meters) 1.65±0.08 1.63±0.08 1.62±0.07 1.61±0.08
Weight (kg) 72.7±11.5 70.7±16.9 70.0±13.0 71.0±11.9
BMI (kg/m2) 26.7±4.5 26.3±5.4 26.4±4.0 27.4±3.9
Fat percentage (%) 34.0±8.4 34.4±6.5 34.4±6.5 35.8±6.1
Waist circumference (cm) 91.9±9.6 90.8±12.1 91.5±10.6 93.0±9.2
Peak VO2 (ml/kg/min) 34.8±9.2 32.6±8.1 33.3±7.6 33.0±5.8
Fasting blood sugar (mg/dl) • 97±9 96.±12 90±7 93±6
Total cholesterol (mg/dl) • 179±30 185±34 186±40 171±37
Triglycerides (mg/dl) • 103±51 95±49 98±48 102±53
LDL-C (mg/dl) • 111±30 120±27 122±40 110±31
HDL-C (mg/dl) • 46±13 46±9 44±10 41±10

• Values are rounded off to the nearest whole number

Table II Changes in the characteristics of participants after eight weeks of intervention

Variables Group AN = 24 Group BN = 22 Group C N = 23 Group DN = 24

Weight (kg) -0.5±1.7 0.8±1.7† 0.4±1.6† 0.5±0.8†

Fat percentage (%) 0.3±2.1 2.0±3.2 0.8±1.7 0.3±0.7

Waist circumference (cm) -0.5±1.2 1.5±2.4† 1.3±1.7† 1.5±1.6†

Peak VO2 (ml/kg/min) 1.2±5.5 9.5±7.3† 6.8±7.0† 7.8±7.2†

Total cholesterol (mg/dl) -3.1±14.7 1.3±19.2 2.5±19.3 -0.6±14.9

Triglycerides (mg/dl) 1.0±28.6 3.6±25.7 -16.3±46.6 6.5±29.0

LDL-C (mg/dl) -2.1±14.6 0.5±17.9 3.5±16.5 0.3±11.5

HDL-C (mg/dl) 0.8±5.7 -0.1±6.0 -1.7±4.5 1.7±5.7

† p d” 0.05 as compared to Group A

Fig. II: Changes in High Density Lipoprotein within groups

DISCUSSION

HDL-C exerts its cardio-protective effect through
the reverse cholesterol pathway by transporting excess
cholesterol from arterial wall to liver and by its anti-
inflammatory process16. Improving HDL-C levels is
one of objectives of primordial, primary and secondary

prevention as this has significant impact on
cardiovascular mortality and morbidity. Hence health
professionals adopt various strategies to improve
HDL. One of the commonly recommended non
pharmacologic intervention is aerobic exercise training
as this has favorable effects on HDL-C. This has been
reinforced by the findings in a meta-analysis by
Tambalis et.al, which concluded that a modest increase
in HDL-C by 2.53mg/dl can be expected in people who
burn 900 kcal per week or 120 minutes of exercise per
week8.

With this background, this trial investigated the
effects of varying intensities of exercise on HDL-C. We
found that there was no statistically significant
difference in the change in HDL-C before and after
different intensities of exercise training. HDL-C
increased by 0.83 mg/dl in the control group, reduced
by 0.13 mg/dl in the low intensity group, decreased
by 1.78 mg/dl in the moderate intensity group and
increased by 1.75 mg/dl in the high intensity exercise
group. Results of this trial are not consistent with
several other trials and reviews8,12,17-19, which
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demonstrated an improvement in HDL-C across
different intensities of exercise. In our study, we found
such an improvement (4.9%) only in the high intensity
exercise group and this is in line with the existing
evidence which reported an improvement ranging
between 2 – 18%7,8. Even though increase in HDL-C in
this trial is not statistically significant, it may be a
clinically important difference, as 1 mg/dl increase is
associated with 2% and 3% risk reduction in men and
women respectively3. This intensity might probably
be the threshold intensity for improving HDL-C in this
young sedentary population.

The reduction of 1.78 mg/dl of HDL-C in the
moderate intensity exercise group is aberrant and
contradicts the systematic review by Tambalis et.al
who reported a mean increase of 9.8% with moderate
intensity exercise. On further analysis of the data in
the moderate intensity exercise group, we found that
six participants in the moderate intensity exercise
group had a drop in HDL-C more than 5.0 mg/dl and
they also had significant increase in their triglycerides
level too. One probable reason for this could be the
diet (high carbohydrate) which we did not control in
this trial; this is purely speculative as we did not
monitor the diet. Miller et.al demonstrated that
triglycerides was inversely related to HDL-C levels and
this relationship could explain the reduction in HDL-
C levels in this group of participants whose
triglycerides increased after eight weeks of exercise
training20.

Several explanations can be given for the failure to
achieve sizeable difference in low and moderate
intensity exercise training. Genetic endowment should
be considered as a factor which could have retarded
the improvement in HDL-C. Short term (eight weeks)
exercise training at low and moderate intensity is
probably not enough to elicit improvements in HDL-
C and the number of participants in each group might
not have been adequate to investigate this research
question. However it is premature to comment that
low and moderate intensity exercise groups did not
have any atheroprotective benefits from exercise
training. Casella-Filho demonstrated that exercise
training has the ability to increase the HDL
subfractions and its antioxidative capacity without
increasing the plasma HDL-C5. These subfractions
were not analyzed in our study. HDL-C was noted to
be elevated at the follicular and pre-ovulatory phase
and low at the luteal phase21. The variations can be as
high as 5% and this could have also confounded the
results of this study.

CONCLUSION

There is lack of evidence for a dose response
relationship between exercise intensity and HDL-C as
there was no statistically significant difference between
groups. However, aerobic exercise at intensities
ranging between 70 – 80% HRR appears to improve
HDL-C in short term. This intensity could be
considered as minimum threshold intensity to
influence HDL-C favorably. Further trials can include
HDL subfractions and its oxidative capacity as their
dependent variables for understanding the intricacies
of this complex phenomenon.
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ABSTRACT

Background: Balance is the ability to maintain proper alignment of body segments with respect to
each other. Muscular fatigue is a key factor which can influence performance via impaired joint
proprioception and postural control. Fatigue alters the force generation capacity of the muscle and
ultimately leads to task failure. The relationship between fatigue and balance is poorly understood.
The purpose of the present study was to assess if fatigue had an immediate effect on balance and core
strength in healthy individuals, by checking the static and dynamic stability and the core muscle
strength for spinal stability.

Aim: To find the effect of Induced muscular fatigue on Balance and Core strength in Normal
Individuals.

Methodology: Functional reach tests, Single Leg Stance, Core strength were measured Pre and post
Fatigue, which was induced by squats performed till RPE of 10. The data obtained was statistically
analyzed using paired 't' test.

Results: A significant reduction was found in the mean single leg stance time from 10.05 seconds
pre-fatigue, to 3.01s post fatigue (p<0.05). The pre fatigue functional reach distance covered by
individuals was 36.36cms which was reduced to 29.48cms post fatigue (p<0.05). There was also a
reduction in the core muscle strength measured pre fatigue from 43.43mmHg to 43.16mmHg post
fatigue statistically. (p<0.05)

Conclusion: Fatigue definitely has a significant reduction on Static balance, Dynamic balance & also
on lumbar core strength as seen in normal individuals.

Keywords: Muscular Fatigue, Static Balance, Dynamic Balance, Core Strength

INTRODUCTION

Balance can be defined as the position of the body
relative to the arrange-ment of the limbs and segments,
for a specific activity, or the characteristic that one bears
the weight of one’s body [1]. It is the ability to maintain
equilibrium in a gravitational field, and to react to
destabilizing forces quickly and efficiently to regain
stability via postural adjustments before, during, and
after voluntary movement and in response to external
perturbation. Balance, is maintained by the dynamic
integration of internal and external forces and factors
involving the environment [2-4]. Specifically, balance can
be classified as either static i.e. maintaining equilibrium

with minimal movement, semi-dynamic i.e.
attempting equilibrium while the base of support
moves, or dynamic i.e. maintaining a stable base of
support while completing prescribed movement [5].
When an individual is in erect standing posture the
integrity of stance is maintained by shifting body
weight in multiple directions relative to corrective
contractions of the muscles of the lower extremities
and the trunk. Muscle fatigue is a complex
phenomenon resulting in an exercise-induced
reduction in the force-generating capacity of the
muscles regardless of the task performed [6]. The
necessity of those con-tractions is expressed via the
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somatosensory, vestibular, and visual systems [7].
Impairments of the sensory systems have been
associated with various pathological conditions, as
well as transient physiological phenomenon, that
increase the likelihood of fall or traumatic injury [8].
Fatigue, can affect the proprioceptive and kinaesthetic
properties of joints, increase the threshold of muscle
spindle discharge, which in turn disrupts afferent
feedback and can alter  joint awareness [9]. The
detrimental effect of fatigue on static balance has been
established[2,10-16], but its effect on dynamic balance is
unknown. To examine the ways in which fatigue affects
balance, some authors have induced generalized
muscle fatigue via strenuous aerobic exercise or
selective muscle-fatiguing protocols [2, 8, 17]. The
relevance of fatigue to joint stability is evidenced by
the relationship between postural control and the
endurance of the ankle, knee and back muscles [11, 12].
Studies have shown the influence of foot mechanics
on proximal structures i.e. core and have been studied
extensively [14]. The influence of proximal stability on
lower extremity structure is known. One of the studies
initially proposed that stabilization of the pelvis and
trunk is necessary for all movements of the extremities
[15]. Studies have identified trunk muscle activity before
the activity of the lower extremities, which authors felt
served to stiffen the spine to provide a foundation for
functional movements [16]. This tendency for core
instability has been suggested to predispose females
to lower extremity injury [17, 18]. Stronger core muscles
may help keep ground reaction forces (GRFs) within
an optimal range.   Based on previous literature and
current thought, we hypothesized that fatigue would
demonstrate effect on balance of the individual and
significant difference in core strength. Therefore, the
purpose of this study was to find out the relation
between muscular fatigue and balance in normal
individuals, by evaluating the static and dynamic
stability and also to find if there was any change in the
core muscle strength for spinal stability post induction
of fatigue.

METHOD AND METHODOLOGY

The current study attempted to determine whether
level of fatigue had any effect on balance & on core
strength in normal individuals. To do so, experimental
study design was used for this study and the study
was carried out on general population in an urban
region. Study approval was obtained by the
institutional ethical board and an informed consent
was obtained from all the subjects.

Sixty  volunteers (30 men and 30 women; age range,
18-25 years; mean age, 20 ± 1.78 years) were included
in the study, they were tested twice (pre and post)
during same session. Any subject who had suffered a
musculoskeletal injury to a lower extremity or a head
injury in the 6 months before testing was excluded
from the study.

The Functional reach test and single stance were
used to measure the static and dynamic balance. Core
strength was measured using aneroid
sphygmomanometer. Subjects reported for test
sessions were familiarised with the study followed by
data collection for Functional reach test, single leg
stance and the core strength.

Functional reach test is the measurement of
difference between arm’s length and maximum
forward reach in standing with a fixed base of support.
(Figure 1) The subject was asked to reach as far as
possible from comfortable standing posture without
taking a step, losing balance and lifting the heel.
Excursion of arm from start to finish was measured
with the subject standing parallel to the wall with 10
centimeters base of support [21]. Instructions were given
to avoid protraction of shoulder, flex arm near to the
wall to 90 degrees and contra lateral upper limb in

Fig. 1
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neutral.1st point at tip of middle finger on wall was
marked. Maintain of reach for three seconds and then
again measure at tip of the middle finger. (Figure 2)
Distance between 1st and 2nd point was recorded.

For the Single Leg Stance, subject was asked to
perform single leg stance barefoot with the dominant
leg and on the firm surface (dominant leg was found
out by the ball kick test).

 Instructions were given to keep both the knees
apart, not to touch hands to the body and to look
straight and focus on any object at a distance of 1 meter.
(Figure 3) Balance time was recorded until the subject
could maintain the above mentioned posture without
any movement.

Core Strength was measured by the pressure
biofeedback method using an aneroid
sphygmomanometer. Subject, in crook lying, the Cuff
placed under the lumbar spine area and inflated to
40mmHg. Subject were asked to activate core muscles
(tuck in) and maintain it between 40 to 50 mmHg for
10 seconds (not more than 50mmHg as rectus
abdominis gets activated, and not less than 40 as it
indicates arching of the lumbar spine.) If subject was
not able to hold for 10 seconds, then rest was given for
3 minutes and asked to hold again at a lower value for
10 seconds [27].

Then muscular fatigue was induced.  Subjects were
asked to perform 90 degree squats with upper limbs
in 90 degrees flexion and to be continued till rate of
perceived exertion reaches 10/10 (Modified Borg Scale)
that is extremely strong [28]. The subjects were
instructed to squat, as if sitting on a chair in which
tibia remains relatively vertical [26]. Subject may
experience musculoskeletal or cardio respiratory
fatigue. After this immediately single leg stance,
functional reach test and core muscle testing was
repeated.

Post fatigue measurements were compared with
pre fatigue levels in single leg stance, forward reach
test and core strength as well. Paired t test was used to
measure pre and post performances to find any
significant effects on the dependent variables with
alpha set at p </=0.05.

The data thus obtained was analyzed for further
statistical purposes.

Fig. 2

Fig. 3
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RESULTS

Table 1: Pre and Post fatigue values( mean) in single leg stance, functional reach test and  core strength.

Components Pre Fatigue (mean) Post Fatigue (mean) P value

Single Leg Standing 10.05 sec 3.01 sec <0.05

Functional Reach Test 36.36cms 29.48cms <0.05

Lumbar core strength 43.43mmHg 43.16mmHg <0.05

DISCUSSION

The purpose of this study was to evaluate whether
fatigue affects the balance which was tested by single
leg test and functional reach distance for static and
dynamic balance respectively. It shows that there is a
significant reduction in the single leg stance time which
means the ability of the individual to maintain a stable
posture is reduced.   Single leg stance represents a very
important phase in a normal human gait cycle. Stance
phase contributes to 40% of the gait cycle. Postural
control or balance can be either static or dynamic, and
refers to person’s ability to maintain a stable body and
body segments in response to forces that threaten to
disturb the body’s structural equilibrium [24].

Reduction in the functional reach distance can be
due to diminished ability to maintain balance when
the Center of Gravity and Line of Gravity shift out of
the base of support in a fatigued state. This requires
eccentric and isometric muscle activity by both the type
1 and type 2 muscle fibers. The key elements of muscle
performance are strength, power and endurance.
Studies concluded the effects of fatigue appear to be
condition specific, concurring with previously
reported findings that showed fatigue had more of an
effect with the tandem-foam and tandem-tremor
conditions [14]. Studies also concluded that local muscle
fatigue is the diminished response of muscle to
repeated stimuli and is reflected by a progressive
decrement in amplitude of motor unit potentials [30].
This occurs when a muscle repeatedly contracts either
statically or dynamically against imposed load. Rate
of perceived exertion is an individual’s potential
limitation to fatigue and is the ability to quantify the
amount of fatigue to which the subjects are subjected.
It would be difficult to compare the effect of fatigue
on postural stability if the degree of fatigue is varied
across the investigations. To rectify this, we have used
the Borg RPE scale in an attempt to quantify the
amount of fatigue. The RPE scale may be used as a
substitute to determine exercise intensity. Using the
15-point Borg RPE scale, study [28]   showed 10 to
moderate work load.

In the present study, the imposed load was the
persons own body weight. Ideal squat requires greater
trunk flexion to maintain balance and stronger quads
contraction to support the load of the pelvis posterior
to the knee axis.   In repetitive squatting there is fatigue
of all lower limb muscles especially glutei, quadriceps
femoris, hamstrings, planter and dorsi flexors. Fatigue
of the calf and thigh muscles affect postural sway in
standing.   Hence, the force capacity of muscles was
altered.  The effect of moderate fatigue on dynamic
balance requires control and additional demands. In
later on assessing core strength there was a difference
found in the lumbar core muscle strength from
43.43mmHg to 43.16mmHg which was statistically
significant. Research showed a clear relationship
between trunk muscle stability and activity and lower
extremity movement [29]. They concluded that Core
stability may provide several benefits to the
musculoskeletal system, from maintaining low back
health to preventing knee ligament injury & also
suggested that decreased core stability may predispose
to injury and that appropriate training may reduce
injury suggested to contribute to the etiology of lower
extremity injuries. Studies concluded that Decreased
lumbo-pelvic (or core) stability contributes to the
etiology of lower extremity injuries [13]. This prospective
study compares core stability measures between
genders and between athletes who reported an injury
during their season versus those who did not. A
combination of these strength measures could be used
to identify athletes at risk for lower extremity injury.
Fatigue after prolonged exercise leads to reduction in
muscle glycogen. This occurs even if sufficient oxygen
is available to generate energy by aerobic pathways.
Fatigue leads to increase level of blood and muscle
lactic acid and increase in H+ concentration in the
exercising muscles. All this alters the activity of
myofilaments and impairs muscular performance even
when the nerve impulses continue to fire. In all when
all motor units are maximally activated, fatigue is
accompanied by reduction in neural activity. Here as
we also see that there is affection of the lumbar core
muscles post squatting, thus local fatigue will have an
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effect at the same site but might also produce an effect
at another site in the body. So this, if not considered
can be harmful.

In our everyday life, fatigue can significantly affect
our balance & stability function making us predisposed
to falls & injuries. A reduced muscle support to the
body post fatigue will also cause abnormal joint forces
and thus markedly increase the frequency of strains,
sprains etc. Fatigue at distal/ peripheral area also has
an effect on our core stability making us at risk of back
problems & spinal damage. Thus our everyday tasks
& activities should be planned & organized so as to
minimize the effects of fatigue on our musculoskeletal
system as with our other systems. The level of fatigue
should be considered and the person should not be
pushed beyond their capacity as this will increase the
chance of injuries and thus reduced performance.

CONCLUSION

Muscular Fatigue causes a significant reduction in
Static & Dynamic balance and also has an effect on
reduction in core strength as seen in normal
individuals. These results highlight the importance of
proximal stabilization for lower extremity
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ABSTRACT

Objective: Many studies have done gait analysis in osteoarthritis knee patients. However they have
not compared gait parameters from more affected side to less affected side. Present study was aimed
to find differences in quantitative gait parameters in patients with asymmetrically involved
osteoarthritic knees.

Method: 31 patients with asymmetrical knee osteoarthritis participated in the study. The total
population was subdivided into subgroups as per their gender, severity and presence or absence of
quadriceps lag. Footprint method of gait analysis was used to evaluate quantitative gait parameters
(step length, stride length, foot angle). The parameters were compared between more affected side
and less affected side.

Results: Patients had reduced gait velocity and cadence and increased base of support. Intergroup
difference did not show significant difference except lesser cadence values in tricompartmental
osteoarthritis group when compared with bicompartmental osteoarthritis. All patients had
significantly reduced foot angle on more affected side. Out of all subgroups females, patients with
tricompartmental osteoarthritis and patients with quadriceps subgroups showed significant
differences in foot angle. No step length difference was found between the two sides.

Conclusion: Reduced foot angle on more affected side might indicate an increased knee adduction
moment on more affected side. Footprint method can be a useful tool of gait analysis in patients with
knee osteoarthritis.

Keywords: Osteoarthritis, Gait analysis

INTRODUCTION

Osteoarthritis (OA) is a major cause of disability in
the adult population. An estimated 20% of all adults
are affected by the disease1 and its prevalence increases
with age.2 Symptomatic knee osteoarthritis affects 10%
of adults over age 55 and, a quarter of those affected
are severely disabled.3 The knee is the weight bearing
joint most commonly affected with osteoarthritis.4

Although the exact mechanisms causing the
osteoarthritis are unclear, repetitive high dynamic knee
joint loads have been reported to be associated with
the development and progression of the disease
characteristics.5,6,7 Increased forces may be a
contributing factor to the development or progression
of osteoarthritis. During walking, the load on the
medial compartment is approximately 2.5 times

greater than that on the lateral compartment. This
asymmetry in the distribution of the forces may help
to explain the markedly higher prevalence of medial
compartment involvement reported in subjects with
tibiofemoral OA relative to the lateral compartment.3

Compensatory forefoot valgus and subtalar pronation
can also be found along with the former deformities.8

Common alterations in gait observed in individuals
with knee osteoarthritis have been described and
include decreased knee excursion9, altered ground
reaction force10, altered stride characteristics (i. e.
velocity, cadence and stride length), joint kinematics,
and joint kinetics.11,12,13 The adduction moment in
particular has been found to be relevant to knee
OA. 6,7,14,15,16,17
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Walking is the most common activity of daily living.
The use of quantitative gait analysis has been shown
to be an important tool in the clinical evaluation of
individuals with knee osteoarthritis5,18

Although both knees are affected in osteoarthritis,
asymmetrical involvement of knees is not uncommon.
Different studies for gait analysis in osteoarthritis knee
have considered only the most affected side and
compared it to normal healthy controls.19,20,21,22  These
studies assume that the most affected side shows the
most significant changes. Understanding gait
parameter differences for unequally involved lower
extremities might show a different view. According to
Owings et al (2004) right-left symmetry should not be
assumed in any particular subject group, if there are
musculoskeletal diseases as they are expected to
influence gait asymmetry.23 Till date no studies have
compared gait parameters from more affected side to
less affected side in arthritic population. It remains
unclear whether the asymmetrical involvement has
any effect on foot fall variation.

Recently gait analysis has undergone technological
advancements. However footprint data still can
provide a simple and inexpensive and reliable method
for measuring a gait.24

In the present study, gait analysis was done by
footprint method and data were collected to obtain
quantitative spatial parameters (step length, stride
length, foot angle) of patients with asymmetrically
affected osteoarthritis knee. Also base of support, gait
velocity and cadence were assessed. These parameters
were than compared between the more affected and
less affected side. Also correlation was assessed
between these comparisons and pain.

MATERIAL AND METHODILOGY

31 patients were selected from the Physiotherapy
OPD and knee club at Sancheti Hospital. All patients
were clinically diagnosed by orthopedic surgeons in
Sancheti Hospital OPD, and radiological assessment
of osteoarthritis was made by radiologists.

Inclusion Criteria

Patients with asymmetrical knee osteoarthritis

Patients with at least one knee assigned a Kellgren
Lawrence grade e”2 25

Exclusion Criteria

Rheumatoid or other systemic inflammatory arthritis

Avascular necrosis

Periarticular fracture

Paget’s disease of bone

Chronic knee joint infection

Gout

Total knee replacement or other surgery in either knee

Intraarticular corticosteroid injection within the
previous 2 months,

Hip or spine disease as the major source of disability

Patients with neurological disorders.

PROCEDURE

All patients signed an informed consent form as
given in appendix before they participated in the study.
The clinical assessment was done before the gait
analysis along with radiological assessment.

The clinical assessment included history taking,
observation of posture, deformity and swelling, pain
assessment by Visual Analogue Scale (0-10), palpation
for tenderness and swelling, assessment of strength
and range of motion, Q angle, special tests for knee
instability. Hip, ankle and back were also examined to
rule out any other musculoskeletal impairment.
Assessment of strength was done by modified method
as described by Ola et al, 2003.22

The clinical criteria to diagnose a patient as a case
of knee osteoarthritis were followed as given by
Altman.

The radiographic assessment was done by
radiologists in Sancheti Institute of Orthopedics and
Rehabilitation. Individual knees were graded
separately to confirm asymmetrical involvement.

The total group was further subdivided in to
subgroups as per their gender and severity as follows.
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GAIT ANALYSIS

Foot print analysis method by inking method was
used as described by Wilkinson.27 A 15 inches wide
and 40 feet long paper sheet was used. Two trials were
taken for the same. At the same time their cadence was
calculated. Initial 4 steps were excluded from the
calculation as they were considered to be the steps to
accommodate to their natural gait pattern. The
following parameters were calculated from footprints:
(step length, stride length, foot angle with ipsilateral
line of progression, foot angle with central line of
progression, and base of support). Velocity was
calculated as the total distance covered divided by the
time taken for the performance. Step length and stride
length were also assessed as percentage of their body
height (cm) as they are dependent on the individual’s
height (Tammy et al).

OUTCOME MEASURES

0-10 VAS scores for pain.

Step length difference from more affected side to
less affected side.

Stride length difference from more affected side to less
affected side.

Foot angle from ipsilateral line of progression
difference between more affected side to less affected
side.

Foot angle from central of progression difference
between more affected side to less affected side.

Knee society knee function score.

Statistical Analysis

Mean and standard deviations were calculated for
the age, height, weight, BMI, pain score on VAS 0-10
scale, knee function score, knee flexion range of
motion, and strength of quadriceps and hamstrings.

Student’s paired t test was used to calculate the
difference between the pain scores, step length, stride
length, foot angle with ipsilateral line of progression
(ILOP) and foot angle with central line of progression
(CLOP), height to stride ratio and height to step ratio
in all subgroups. Unpaired t test was used to compare
differences between subgroups like male vs. female,
and bicompartmental osteoarthritis vs.
tricompartmental group. Unicompartmental group
was excluded from the calculation because of very
small no of patients (3). Correlation was assessed of
pain with step length, stride length, ipsilateral line of
progression, and central line of progression in all
subgroups. p < 0.05 was considered as the significant
difference for all the parameters.

RESULTS

31 patients with asymmetrical osteoarthritis
participated in the study. The demographic data of
these patients is described in table 1.Fig. 2. Footprints appearance after the trials.

Fig. 1. Showing paper arrangement for two trials for walking to
take footprints.
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Velocity (mean ± sd) for total population was 0.76
± 0.23 m/sec.  No significant difference was found in
velocity between subgroups.

Cadence (mean ± sd) for total population was 92.9
± 16.8 steps/sec. No significant difference was found

between male and female subgroups. Significance
difference (p < 0.05) was found between
bicompartmental and tricompartmental subgroups.

Base of support (mean ± sd) for total population
was 11.46 ± 4.12 steps/sec.

Table 1

Step length, stride length, height to stride ratio and
height to step ratio did not show significant differences
between more and less affected sides in total as well
as sub groups. However foot angle both CLOP and
ILOP showed significant differences in total as well as
female and tricompartmental subgroups.

Correlation study was assessed between pain and
gait parameters. No significance correlation was found
in all groups.

DISCUSSION

Walking is the most common activity of daily living.
The use of quantitative gait analysis has been shown
to be an important tool in the clinical evaluation of
individuals with knee osteoarthritis.5,18

The mean velocity for the total population in the
study was 0.8 m/sec. Al Zahrani et al found
significantly reduced mean velocity of arthritic patients
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(0.55 m/sec) as compared to (1.17 m/sec) healthy age
matched controls (mean age 69 years).20 Gok et al
(mean age 58 years) found significantly reduced mean
velocity of arthritic patients (0.9 m/sec) as compared
to normal group (1.0 m/sec).22

Although the present study had not taken any
healthy age matched group mean velocity was
decreased for all populations when compared from
those of healthy adult subjects of same age groups from
other studies.20, 22 Females showed lesser velocity when
compared to males. Patients with tricompartmental
osteoarthritis group showed lesser velocity when
compared with bicompartmental osteoarthritis group.
The lesser values were not statistically significant.

Mean stride length was 98 cm for all arthritic
subjects. Al Zahrani et al found significantly reduced
stride length of arthritic patients (75cm) as compared
to (127 cm) healthy age matched controls. Gok et al
found significantly reduced stride length of arthritic
patients (100 cm) as compared to normal group
(110 cm).

According to Andriacchi et al. (1982), reduced
walking speed and stride length were part of the
adaptive mechanism to reduce pain by decreasing knee
moments as the double support time is increased.11

However knee moments were not studied in the
present study.

Mean cadence was decreased for all populations
when compared from those of healthy adult groups
of same age groups from other studies. The values were
significantly lesser in patients with tricompartmental
osteoarthritis group when compared with
bicompartmental osteoarthritis group indicating that
patients with more severe knee osteoarthritis walk
with more reduced cadence.

Comparison between subgroups showed no
significant difference in gait velocity. The gender
difference did not have significant effect on gait
velocity or cadence. Cheing et al found an inverse
correlation between the magnitude of impairment of
proprioception and subject’s cadence, though not with
walking speed.28 However proprioception was not
objectively assessed in the present study.

Statistical analysis of foot angle revealed significant
intoeing of foot on more affected side in total
population. Teichtahl et al  found that offspring of
people with medial tibiofemoral osteoarthritis walked
with less external rotation at the foot than the control
subjects during the early subjects.29

When subgroups were compared females and
patients with tricompartmental osteoarthritis showed
significant intoeing on more affected side. The results
of these sex specific and quadriceps lag specific
differences are not clear.

CONCLUSION

The study demonstrates that footprint method of
gait analysis can be used effectively to document gait
adaptations found in patients with asymmetrical knee
osteoarthritis. Quantitative spatial gait parameters like
step length, stride length do not show difference in
such patients. Significant intoeing is found on more
affected side.

Also the result of the study supports the hypothesis
that the gait parameters show differences between
more affected and less affected osteoarthritic knees.
These differences are evident in form of foot angle
which shows significant intoeing on more affected side
as compared to less affected side. This may indirectly
suggest the increased knee adduction moment on the
more affected side.
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ABSTRACT

Introduction: The goal of individualized programme requires critical analysis of potential benefits
and limitations  between Open kinetic chain(OKC) and Closed kinetic chain(CKC) in Osteoarthritis
knee .OKC exercises involve motions where the distal segment is free to move in space, without
causing simultaneous motions at adjacent joints while in CKC exercise distal segment  is fixed or
stabilized on a support surface.

Aim of Study: To study the effects of Closed Kinetic Chain Exercise and Open Kinetic Chain Exercise
in Osteoarthritis Knee.

Methodology: A Clinical trial consisted of 30 patients, diagnosed with tibiofemoral OA, as per the
Inclusion & Exclusion Criteria were recruited from orthopedic Out-patient Department to
Physiotherapy Department, Civil Hospital, Ahmedabad.  Patients were divided into two,one group
was given OKC and other group CKC exercises. The functional outcome were pain measured on
visual analogue scale (VAS) & Function by Western Ontario and McMaster universities Osteoarthritis
Index (WOMAC)  taken on the 1st day & after 8 weeks.

Results: There is no significant difference as per Wilcoxen Signed Rank and Wilcoxen Sum rank test
between CKC and OKC Exercises along with conventional therapy in reducing pain and improving
Physical Function in patients with Osteoarthritis Knee.

Discussion: CKC  exercises, in acute phase was   painful compared to OKC exercises due to
weightbearing position. But later on as patients always want improvement in their activity like
squatting, walking, stair climbing, CKC help them in their functional rehabilitation. So ultimate
rehabilitation programme of Osteoarthritis Knee patient should include both OKC exercises and
CKC  exercises.

Conclusion: CKC exercise along with conventional therapy as effective as OKC exercise for improving
the pain and functional disability

Keywords: OKC,CKC,Osteoarthritis

INTRODUCTION

Osteoarthritis is a degenerative joint disease. It is
an idiopathic, slowly progressive disease of
diarthrodial (synovial) joints, primarily affecting the
articular cartilage, characterized pathologically by

- focal degeneration of articular cartilage,

- subchondral bone thickening( sclerosis)

- marginal osteochondral outgrowths
(osteoarthritis)

- joint deformity,

Clinically by

- recurring  episode of pain

- synovitis with effusion,

- stiffness

- progressive limitation of motion,

Roentengenographically by

- narrowing of joint interval ,
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- increased density and thickening of subchondral
bone, subchondral cysts and

- marginal bony excrescences.1

Osteoarthritis knee predominatly affects the medial
compartment of  tibiofemoral joint.2,3 Cross sectional
studies demonstrate that patients with osteoarthritis
knee have a higher peak adduction moment  during
walking when compared to healthy age- matched
controls.4,5 During single limb stance phase  of gait,
weakness or decreased torque generation of hip
adductors in stance limb causes excessive pelvic drop
in the Contra lateral swing limb. This drop shifts the
body ‘s  centre of mass  towards the swing limb,
thereby increasing forces across the medial
tibiofemoral compartment cartilage of the stance limb.6

The way in which exercise alleviates symptoms of
OA is hypothesized that (a) exercise can enhance the
circulation of synovial fluid which bathes articular
cartilage with nutrients and maintains periarticular
muscle strength7(b) exercise and passive motion exert
reparative effects on inflamed joints.Studies have
shown that the type, frequency, duration, and
magnitude of mechanical force all affect cellular
responses and are important determinants of the fate
of articular cartilage.8During light-to-moderate loading
of a joint, inflammation is suppressed and anabolic
pathways are activated which may account for a
decrease in patient pain and discomfort. High joint
loads are proinflammatory and result in cartilage
damage that can increase pain and discomfort. 9

The rationale for selecting open- or closed –chain
exercises is based on the goals of an individualized
rehabilitation programme and a critical analysis of the
potential benefits and limitations inherent in either
form of exercise. Because functional activities involve
many combinations and considerable variations of
open – and closed chain motions, inclusion and
integration of task – specific open- chain and closed-
chain exercises in to a rehabilitation or conditioning
programme is both appropriate and prudent .10

Open chain exercises involve motions in which the
distal segment ( hand or foot )  is free to move in space,
without necessarily causing simultaneous motions at
adjacent joints. Limb movement only occurs distal to
moving joint. Muscle activation occurs in the muscles
that cross the moving joint. 11

Closed – chain exercises involve motions in which
the body moves on a distal segment that is fixed or

stabilized on a support surface. Movement at one joint
causes simultaneous motions at distal as well as
proximal joints in a relatively predictable manner.12

From  a biomechanical  point of view ,it must be
consider  that shear and compression forces act on a
joint in nearly  all movements. Lutset al. point out that,
in differentiating between  OKC and CKC exercise ,
the proportion of shear force in OKC  exercise may be
greater, while compression forces are more evident in
CKC exercises. 13Barrata postulated preference of CKC
exercise in osteoarthritis , since  qualitative
geometriacal analysis indicates that antagonists
provide regulated stabilizing  function to distraction
forces generated by agonists muscle.14

Hence, primary aim of this study is to determine
effectiveness of closed chain exercise versus open chain
exercise in patients with OA knee in reducing pain and
improving Physical function

MATERIALS AND METHOD

• Study Design: Clinical Trial  Study

• Study Setting: This study was conducted in
Orthopaedic Out-patient Department, Civil
Hospital, Ahmedabad to B1 ward, Physiotherapy
Department, Civil Hospital, Ahmedabad

• Sample Selection: 30 patients.

Group A: 15 patients.

Group B: 15 patients.

• Study Duration: 6 days per week ,one session for
8 weeks

Inclusion Criteria

1. Age group : 45-75 years

2. Both genders are included

3. Osteoarthritis of  arthritis of knee, complaining of
difficulty in squatting and sit-to stand

4. H/O osteoarthritis knee within 1 year

5. Duration of symptoms: Chronic according to IASP
classification of  pain.

6. Kellegren-Lawrence radiographic grade II and III.

7. Patients who are able to comprehend commands.

8. Willingness to participate in the study.
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9. No physical impairment unrelated to the knee that
would prevent the subjects from safely
participating in any aspect of the study.

10. Subjects diagnosed with OA of the knee based on
clinical criteria developed by Altman75, which he
found to be 89% sensitive and 88% specific.

Exclusion Criteria

1. History of trauma within one year to affected knee
joint.

2. Associated with any other pathological condition
such as neoplasm, osteomyelitis, vascular
problemetc.

3. Low back pain radiating to knee joint.

4. Bony abnormalities e.g. kyphosis, scoliosis.

5. Knee surgery or intra articular corticosteroid
injection within 6 months to affected knee joint.

6. History of hip joint or tibiofemoral /
patellofemoral joint replacement or tibial
osteotomy on the affected side.

MATERIALS USED IN THE STUDY

1. Consent Form.

2. Assessment Form.

3.  Examination Table.

4. Weight Cuffs, sand bags

5. low height stool

6. Short-wave Diathermy Machine.

9. Nikon Cooplex 220,3x Zoom Digital Camera

10. Paper, Pencil, Scale, Pins

11. Weighing machines

12. Height Scale

Outcome Measures

1. Visual Analog Scale.

2. WOMAC(Western Ontario and MC Master
Universities) Index of Osteoarthritis.

METHOD

All the subjects were informed in detail about the
type and nature of the study. The subjects were divided
in to two groups; Group A and Group B, 15 patients in
each group. All the subjects were randomly selected
and assigned in to each group.

Group A:

The subjects in Group A were given Open Kinetic
Chain exercises and conventional physiotherapy
treatment.

Group B:

The subjects in Group B were given Closed Kinetic
Chain Exercises and conventional physiotherapy
treatment.

Conventional Physioterapy Treatment For Both
Group -a & Group -b: -15

Conventional physiotherapy treatment given to the
subjects of both the groups was in the form of Short
wave diathermy (SWD), stretching exercises for
Hamstrings, Gastronemous-Soleus, Tensor Fascia Lata,
Pendular Exercise .The duration & intensity of SWD,
the types of exercises and the number of repetition of
each exercise is described in detailed as follows.

A. Short Wave Diathermy

All the subjects of both groups were treated by the
SWD protocol based on the results of previous
study. -Tapsi machine was used to deliver
standardized parameters of SWD. The intensity of
the current was set based on each participant’s
sensation of warmth (a mild but pleasant sensation
of heat).Each treatment session lasted for 15
minutes. All subjects were given 7 sessions of SWD,
1 session per day.2

B. Stretching Exercises

Type of exercise Dosage

1) Supine calf stretch 3 repetitions with 30 sec hold

2) Supine hamstring stretch 3 repetitions with 30 sec hold

3)  Tensor Fascia Lata Stretch 3 repetitions with 30 sec hold
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Group A: Open Kinetic Chain Exercise : 15

1. Static Quadriceps Exercise in long sitting

2. Last  15 degree extension  VMO in sitting

3. Supine SLR (Flexion, adduction, external rotation)

4. Hip abductors strengthening in side-lying

5. Quadriceps strengthening in high sitting

Group B:  Closed Kinetic Chain Exercise: 15

1. Static Quadriceps Exercise in Standing

2. Partial Squatting Exercise

3. Step-Up & down and lateral Step Up-Down
Exercise

4. Foreword And Sideways Lunges

5. Single Leg Standing

Protocol

Duration: 8 weeks

Frequency:  3 sets of 10 repetitions, daily

Closed Kinetic Chain Exercise

1. Static Quadriceps Exercises in Standing :16    2. Partial Squatting Exercise :20

3.Step- Up & Step-Down & Lateral Step- Up exercise :21
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4.Foreward And Side- way lunges :22

RESULTS

Wilcoxon Signed Rank Test 23was applied to Group
A and in Group B for with-in group analysis and it is
as follows:In Group A, results showed significant
improvement on VAS score (T = 120 > 95, p < 0.05).In
Group A, results showed significant improvement
on WOMAC score (T = 120 > 95, p < 0.05).In Group B,
results showed significant improvement on VAS

score (T = 120> 95, p < 0.05)In Group B, results showed
significant improvement on WOMAC
score(T=120>95,p<0.05).

Graph 1: Pre and Post exercise comparison of VAS &
WOMAC within both Groups

Wilcoxon Sum Rank Test (Mann Whitney ‘U’ Test)
23was applied for between-group comparison of Group
A and Group B, and it is as follows:

For VAS, T1=222.50, T2=242.50 ,P= 6909.On
comparing Group A and Group B for post-treatment
VAS score, results showed  No significant difference
in improvement in terms of VAS.

For WOMAC, T1=229.50, T2=235.50, P= 0.9173.On
comparing Group A and Group B for post-treatment
WOMAC score, results showed  No significant
difference in improvement in terms of  WOMAC.

Graph 2: Post exercise comparison of VAS and
WOMAC between two Groups

From the above findings, which suggest that there
is NO stastically significant difference between the
groups A and B.So it was concluded that there is no
significant difference  between Closed Kinetic Chain
Exercises and Open Kinetic Chain Exercises along with
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conventional therapy in reducing pain and improving
Physical Function in patients with Osteoarthritis of
Knee.

DISCUSSION

        In a series of 15 subjects with knee OA in Group
A, an improvement in physical function was observed
after 8 weeks of treatment with Open Kinetic Chain
Exercises and conventional physiotherapy treatment.
There was also a significant improvement in pain
regarding as per the VAS score on an average in all the
subjects in Group A.

In a series of 15 subjects with knee OA in Group B,
there is significant improvement in physical function
after 8 weeks of Closed Kinetic Chain Exercises and
conventional physiotherapy treatment. There was
significant improvement in pain grading as per the
VAS score.

Both treatments groups obtained successful
outcomes, as measured by considerable reduction in
VAS, WOMAC scores.

It was  also observed that in Group B, some patients
had   increased.

Proprioception and walking balance of the patients.
In a Closed kinetic Chain movement, indirect forces
from muscles of adjacent segments  are transferred to
and received from adjoining segments. The position
of an adjoining segment of the kinetic chain can assist
with proprioceptive input, helping to maintain
equllibrium.24Recent research carried out at the
American Sports Medicine Institute in Birmingham,
Alabama supports the idea that squatting is not only
relatively safe for the knees but also can be superior to
open-chain exercise for improving knee stability and
strength.25The strength of muscles was also improved
in both closed kinetic exercises and open kinetic chain
exercises group.

But it was observed that in case of   Closed kinetic
chain exercises , in acute phase it was quite painful as
compared to open kinetic chain exercises due to
weight- bearing position of limb. So in acute phase
open kinetic chain exercises were more comfortable
than open kinetic chain exercises. But later on as
patients always want improvement in their activity like
squatting, walking, stair climbing, Closed chain
exercises help them in their functional rehabilitation.
So ultimate rehabilitation programme of Osteoarthritis
Knee patient  should include both Open Kinetic chain

exercises and Closed kinetic chain exercises but
according to stage of OA and condition of patient.

LIMITATIONS:

1. The study consisted of only a small quantity
of subjects; which should be revised to a large number
of subjects and for a longer duration of period.

2. This was a short term study of 8(Eight) weeks
and no further follow up of subjects were carried out.

3. Quantitative measurement variables were not
used in the study.

4. There are no exercises  to improve
proprioception in Open kinetic Chain exercises group.

5. Home programme taught to the patients was
not supervised.

CONCLUSION

Our study suggests that Closed Kinetic chain
Exercise and Open kinetic Chain exercises  both  are
Significantly effective in improving in Pain and
Physical function in osteoarthritis of knee joint.
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ABSTRACT

Introduction: Spinal Stabilization exercises are found to be very effective in the management of Low
Back Pain (LBP). Pilates, a mind body conditioning exercise, is one kind of spinal Stabilization exercise.

Objectives: To compare the effectiveness of Modified Pilates with Conventional Core Stabilization
exercises in chronic non-specific low back pain (CNSLBP)

Materials and Method: A total of 33 subjects with CNSLBP were randomly allocated to 2 study
groups. The experimental group received Modified Pilates and Hot Moist Pack (HMP), the Control
group received Conventional Core exercises and HMP for a period of 2 weeks, both of which were
supervised. The outcome measures were assessed in terms of Roland Morris Disability Questionnaire
and Visual Analouge Scale pre and post intervention. Patients were also given instructions to tuck in
their abdominals while doing their daily functional activities in order to maintain a neutral spine
position.

Result: The study showed significant change in the intensity of Pain (Experimental Z=3.30; Control
Z=3.58, p<0.001) and between group comparison (U=4.22, p<0.001). There was a significant
improvement of disability in within group (Experimental Z=3.52; Control Z=3.52, p<0.001) and
between group comparison (U=4.46, p<0.001).

Conclusion: Modified Pilates group showed much more improvement in pain and faster recovery
than the conventional core group.

Keywords: Pilates, Modified Pilates, Spinal Stabilization, Non-Specific Low Back Pain

INTRODUCTION

Low Back Pain (LBP) has been recognized as a
common condition that affects public health in adults
and adolescents. In India nearly 60% of the population
has significant low back pain at some point in life.1

The vast majority of patients (up to 90%) are
labelled as having non- specific LBP, which is defined
as symptoms without a clear specific cause, that is,
low back pain of unknown origin.2

There are different treatments given for LBP out of
which Spinal Stabilization exercises are found to be
very effective.

The spine consists of 3 systems- the active, passive
and neural elements/systems. The active components
are muscles that surround the spine, the passive
support are the osseoligamentous structures and the
neural system by the central nervous system.3

Back pain can occur as a consequence of deficits in
control of the spinal segment when abnormally large
segmental motions cause compression or stretch on
neural structures or abnormal deformation of
ligaments and pain sensitive structures. These deficits
may potentially be caused by a dysfunction in any of
the three systems. More recent biomechanical studies
stated that the local muscle system is important in
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providing support and control to the individual
vertebral segments in any functional task, whether it
may be walking or lifting heavy objects.3

Joseph H Pilates developed the comprehensive
program known as the Pilates method.4  Pilates is a
mind body conditioning exercise program that targets
the deep postural muscles of the abdomen and spine
to improve overall central core stability and posture.
The key elements of Modified Pilates include retraining
of neutral lumbo-pelvic alignment and activation of
the key lumbo-pelvic stabilizing muscles, correct
ribcage/thoracic alignment, scapulo-thoracic
stabilization, deep neck flexor retraining to stabilize
the cervical spine. The Modified Pilates include
exercise to improve spinal mobility, flexibility of the
key trunk and lower limb muscle groups, body
awareness and postural awareness5. In Pilates central
core refers to the transverse abdominis, multifidus,
pelvic floor muscles and the diaphragm. In Pilates
abdominal hallowing techniques are utilized to
activate this central core. Pilates then challenges this
central core by introducing graduated arm and leg
movements.5 Richardson and Hodges6 also identified
the transverse abdominis muscle as being a primary
postural control muscle. Exercises that evolved from
the concept of Pilates are thought to facilitate such
movement behaviour by allowing the patient to be in
a position that minimizes unwanted muscle activity,
often responsible for inefficient movement patterns
and early fatigue which can lead to injury.7 Modified
Pilates aims to achieve breathing patterns which is
essential to get adequate oxygen to the working
muscles. The ribcage moves upwards and outwards
with inhalation and exhalation in lateral breathing.5

Continuous cueing of breathing eliminates the
valsalva maneuver, promotes relaxation and helps to
synchronize the body. There are many important
principles of Pilates like breathing, concentration,
centering, control, precision, flow, integrated isolation,
relaxation and routine.8

To define Core Stability, the combination of a global
and local stability system has been used. The global
stability system refers to the larger, superficial muscles
around the abdominal and lumbar region, such as the
rectus abdominis, paraspinals and external oblique.9,10

Local stability refers to the deep intrinsic muscles of
the abdominal wall, such as the transverse abdominis
and multifidus. Visual Analogue Scale (VAS) is used
to assess pain and it is found to be reliable and valid
for clinical rating of low back pain.11,12,13,16 Panjabi’s

hypothesis identifies control of intersegmental motion
around the neutral zone as a major parameter of spinal
instability involved in the mechanism of clinical
instability. The load-deformation behaviour of the
spinal segment is non-linear and highly flexible in the
vicinity of the neutral position. This is the region
known as neutral zone.3 Neutral spine position is when
the spine is neither in lordosis nor in flexed position.

Roland Morris Disability Questionnaire (RMDQ)
is used very often to assess changes in functional status
after treatment in patients with low back pain.14 The
English version of the RMDQ shows good reliability.17

 The aim of the study is to find out the effectiveness
of Modified Pilates in the treatment of chronic non-
specific low back pain.

MATERIALS AND METHOD

Study setting

Out-patient physiotherapy department, Father
Muller Medical College Hospital, Mangalore.

Duration

The study was undertaken for a period of 6 months
from June to December 2011.

Sampling Technique

Sixty three subjects with CNSLBP who visited
outpatient physiotherapy department were identified.
Thirty eight subjects (5 drop outs, one subject from
the modified Pilates group and 4 from the conventional
core exercise group), out of which thirty three (12 men
and 21 female) completed the study who met the
inclusion criteria were recruited through convenience
sampling for the study after a thorough
musculoskeletal assessment, informed consent was
taken and subjects were randomized into two groups
according to a randomization table obtained from
www.randomization.com. Demographic data
collected from all participants including name, age &
gender along with the duration of back pain.

Inclusion criteria

• Chronic non-specific low back pain for at least 12
weeks.

• Age between 18-45 years.

• Patient is otherwise medically fit to perform
exercises (Subjects with no systemic disease)
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Exclusion criteria

• Back pain attributed to any other pathology

• Malignancies

• Major surgery within the past years (Back surgery)

• Radiating pain in the lower limbs (Neural
involvement)

Outcome measures

• Pain: Visual Analouge Scale

• Disability: Roland Morris Disability Questionnaire

Tools

Visual Analouge Scale

• The VAS is a line of predetermined length that
separates extreme boundaries of the phenomenon
being measured. VAS has shown to be the most
sensitive, valid and reliable method of measuring
pain. Sensitivity was found to be better in the
horizontal scale than compared to the vertical scale
in assessing pain. The VAS should be oriented
horizontally because of higher sensitivity.11,12,13,16

Roland Morris Disability Questionnaire

• A study proposed by Brouwer S. proposed that
the English version of RMDQ was more reliable.17

A Study proposed by Chapman JR proposed that
the most commonly used outcome measure was
the RMDQ and VAS.

1: Flowchart to depict follow up of enrolled low back
pain cases

PROCEDURE

The study was approved by the Institutional Ethics
Committee. The researcher obtained a short training
on Pilates. Subjects with CNSLBP meeting the
inclusion criteria were given a detailed explanation of
the study and a written informed consent was obtained
from all the participants and baseline data was
collected. Before intervention, the subjects were
assessed, necessary observations (Any structural
deformity ruled out), palpation (pain on palpation of
any specific structure ruled out), examination and test
(Laseague test and slump test if present ruled out) were
performed.  A randomization table was drawn from
the site www.randomization.com as per requirements
and subjects were allocated into intervention and
control groups accordingly. Subjects in the intervention
group received modified Pilates and hot moist pack
whereas subjects in the control group received Core
Stabilization exercises and hot moist pack. The
outcome measures of VAS and RMDQ were
administered both pre and post intervention.

Moist heat was applied for 10 min duration for the
lower back region. Subjects underwent exercises
according to group allocation. Demonstration and
explanation of exercises in both the groups, along with
explanation of the key elements, principles and lateral
breathing technique in the pilates group and
diaphragmatic breathing in the conventional core
group. There were all together 6 exercises done in both
the groups, each exercise done for 8 repetitions. In the
Pilates group the subjects were asked to tuck the
abdomen in for all 8 repetition of exercise whereas in
the conventional core group for 5 second for each
exercise. Patients were called up and reminded to
practice the exercise at home. Patients were also given
instructions to tuck in the stomach in order to maintain
a neutral spine position while doing their daily
functional activities. In both groups the exercises were
done on mat (Pilates mat). This entire study was done
by a single person.

PILATES GROUP

Fig. 1. Hundreds (Modified Pilates)
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Conventional Core group

The distribution of male subjects in both the
experimental and control group were equal whereas
the distributions of females were more in the control
group than the experimental group. And overall the
female subjects with CNSLBP were more than the male
subjects.

Visual analogue scale- Between group comparison

The table below shows the difference in VAS of the
control and experimental group with a p value of
<0.001 which was highly significant.

Fig. 2.  The patient is in crook lying position, patient is asked to
tuck in the abdomen and do diaphragmatic breathing.

RESULTS TABLE

Demographic distribution of subjects according to
age

The subjects in both the groups were divided into
3 categories of age i.e. 18-28, 28-38, 38-45.There were
more of subjects of 18-28 age group in the conventional
core group than compared to the Pilates group.

Bar diagram 1: Showing the distribution of subjects
according to age

Bar diagram 2: Showing the Difference in groups based
on gender

Table 1. Roland Morris disability Questionnaire-Between group comparison

Group N Min. Max. Mean SD Median Mann- P-Value
Whitney test

Z value

Experimental 16 2 9 6.08 1.880 6.00 4.223 P<0.001

Control 17 0 5 2.58 1.352 2.20

The table below shows the difference in score for
the RMDQ between the experimental and control

group post intervention with a p value of <0.001 which
was highly significant.

Table 2

Group N Min. Max. Mean SD Median Mann- P-Value
Whitney test

Z value

Experimental 16 17 67 39.32 14.670 39.58 4.457 P<0.001

Control 17 0 25 9.32 8.781 4.20
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DISCUSSION

The demographic data was analyzed for age and
gender and no significant difference was found
between the two groups. The present study had a larger
number of female subjects and it is in accordance with
previous systematic review to find the prevalence of
LBP, which state female gender as being a risk factor
for LBP.18

The baseline scores for VAS and RMDQ were
assessed prior to administration of the intervention
which showed higher values in case of the patients in
LBP for pain and disability.

Pilates is a mind body conditioning exercise
programme19 and a review20 on Pilates in chronic non
specific LBP patients reported positive outcomes of
improving general functions and reduction in pain.

The analysis of the measures for VAS between the
two groups showed a highly significant reduction in
pain intensity.

The diaphragm interdigitates with transverse
abdominis, hence the diaphragm helps in maintaining
core stability along with the transverse abdominis. If
the diaphragm is used in breathing, it looses its
function as a core stabilizer. In Modified Pilates, the
subjects use lateral breathing and not diaphragmatic
breathing as the researcher does not want the
diaphragm to be used in breathing whereas in the
conventional core stabilization exercises. Hence it can
be stated that Modified Pilates will be more effective,
as it uses the diaphragm as a core muscle and not for
breathing.

Both groups, the modified Pilates and core
stabilization exercises showed a highly significant
improvement in their VAS scores.

The Roland Morris Disability Questionnaire
(RMDQ) is a sensitive outcome measure used for
assessing functional outcome for patients with LBP.14

The English version of the RMDQ has shows good
reliability.17 The between group analysis found a highly
significant improvement in scores with p value <0.001,
suggesting that the Modified Pilates programme was
more effective than the conventional core exercise.

Chronic pain carries with it a psychological
component and Modified Pilates is said to have an
effect on the mind and body this may have resulted in
the improvement seen in the CNSLBP patients.
Subjects in the Modified Pilates showed better pain

relief and faster functional restoration with no
complication whereas subjects in the conventional core
group showed slow recovery with some subjects
having complications like worsening symptoms such
as difficulty in walking and radiating pain in the legs.

A recent study having been done comparing Pilates
mat exercise and the conventional core exercise
program found that the transverse abdominis
activation increased following the Pilates mat exercise.
However the exercises were unsupervised and were
performed on normal subjects. 21

Future research should concentrate on modified
Pilates in the treatment of LBP and should be
prescribed in a therapeutic setting in NSCLBP, the
present study took up these suggestions to perform
the exercise in LBP subjects and found that mat
exercises were beneficial in these individuals.20

Very few studies done comparing Modified Pilates
with specific abdominal exercise in the available
database.

CONCLUSION

Modified Pilates can be used for better pain relief
and faster recovery in CNSLBP as it helps in better
recruitment of the diaphragm as a core muscle.
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ABSTRACT

Objective: Kleinert (active extension, passive flexion) is basic early motion program for rehabilitation
of hand injuries. There have been significant innovations  in therapy programme at  different zones
of tendon injuries in past. The aim of this study was to analyze the functional improvement after a
postoperative regimen with use of  modified splints and home base activities in combination with
Occupational Therapy.

Design: Twenty eight patients with different tendon injuries were retrospectively enrolled in this
study from one and a half year of routinely collected data. Gross grip, fine grip and range of motion
were measured using JAMAR, pinch O meter and finger goniometer respectively.

Result: Statistically and clinically significant improvement was observed in muscle strength (gross
and fine) and range of motion in these patients' hands after modified kleinert splint, custom made
splint and home base exercise in all patients (p <0.001 ).

Conclusion: The outcome of the current study i.e. making the patients functionally independent
with the use of low cost modified splints and home based exercises, are at par with the other studies
that have used standard splints. However postoperative occupational therapy programme is not
much documented in literature, although realised and practiced at some places in the western world.
This attempt is to produce some evidence of the utility of combination of simple techniques and
devices to get optimum results in hand injury cases.

Keywords: Splinting, Tendon Injury, Hand Injury

INTRODUCTION

Occupational therapy is a discipline that aims to
promote health through meaningful and purposeful
activities. Occupational therapists work with
individuals with mental, physical, developmental,
and/or cognitive disabling conditions by utilizing
treatments that develop, recover, or maintain their
ability to perform activities of daily living.  The goal
of occupational therapy is to help clients have
independent, productive and satisfying lives, so they
can do things they need and want to do. The trauma

related to tendons is very common in hand injury
cases.1,2,3,4 Occupational therapy has significant
contribution in rehabilitation and restoration of digital
function of affected finger and hand with tendon
injury. Since past several years, there have been
significant innovations in tendon repair and
rehabilitation of patients sustaining different zones of
flexor injuries. Based on improvements the mechanism
of repair, new differentiated concepts have been
developed although active extension, passive flexion,
as introduced by Kleinert, is still the standard
treatment in flexion tendon injury. 5 As per the kleinert
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protocol and splinting, the dorsal part of the splint
blocks the wrist at 45 degree of flexion and
metacarpophalangeal (MP) joint at 10-20 degree.
Dynamic traction is provided by rubber band between
finger tips and volar aspect of the wrist to maintain
the involved digits’ flexion to further relax and also to
prevent inadvertent active flexion of the tendon. Active
extension and passive flexion have been subjected to
several modifications over years. These are now well
established treatment techniques for flexion tendon
injuries as demonstrated in several studies.6,7,8,9 The
standard kleinert splint utilized for the purpose of
rehabilitation is costly for the poor to afford. 8,9,10

India is a developing country with many of patients
coming to the centres for treatment being non
affording.

The current study was done in the occupational
therapy unit of a tertiary care centre catering mainly
to the rural region. The large proportion of patients
coming to this centre are from lower or lower middle
socio-economic class. Majority of the patients visiting
the hospital for therapy do not have capacity to pay
for the costly splints which are usually used in cases
of tendon injuries after surgery, to maintain the
position. In the current study the authors have tried
to document the effectiveness of simple home based
exercises and custom made low cost splints to improve
the functional movement in tendon injury cases.

The purpose of the study is to document the role of
occupational therapy intervention in hand
reconstruction surgery by assessing the change/
improvement in range of motion and the muscle
strength in hand with a reconstruction surgery after
receiving occupational therapy intervention at a
tertiary care centre. Highlight of the study is the
observed effect of combination of OT along with home
base exercises and use of simple and low cost splints
made from things generally available at home.

 MATERIALS AND METHODO

This is a retrospective study done from the data
routinely collected for the hand injury cases since
February 2010 till July 2012 at the Occupational therapy
unit in KMPIP Karamsad Anand Gujarat India. Data
of twenty eight (28) patients with hand injuries were
analysed for the study purpose. Age, gender and
dominant hand, Occupation, type of surgery of the
patients were recorded. The research project was
conducted after getting clearance from Human

Research Ethics Committee (HREC) of the institution.
Waiver of informed consent from the participants was
sought from the HREC because the participants were
not accessible for obtaining the same. Besides, the data
being used in the study was collected as a part of
standard of care. Assurance about the confidentiality
and anonymity of data at every stage of the study was
given to the HREC.

All the patients referred from Orthopaedic
department after surgery were checked for fulfilment
of inclusion criterion of the study. Tendon were
repaired by use of different techniques, both profound
and superficial tendon were repaired. The patients
taking occupational therapy regularly for more than 3
weeks were only included in analysis.

Post Operative management

After the reconstructive surgery of flexion tendon
injury, three approaches were used for rehabilitation
of the patients through Occupational therapy. 11

1. Immobilization for two to three weeks before
starting active and passive mobilization.12

2. Early Passive and  Active mobilization.

3. Early passive and active mobilization along with
the activities of daily living (ADL) training
program.

All the patients visiting for OT were assessed for
their baseline readings(after the immobilization phase)
for gross grip  and fine grip strengths along with their
range of motion of the affected hand. After collecting
all the relevant baseline information from the
participants, the therapy was given to the individuals.

The modified kleinert splint made by low cost
plastic and rubber band were fitted on all the patients.
This splint was placed on the forearm up to the palmer
aspect of the hand, with the wrist positioned at 30-35
degree of flexion, MP joint positioned at 50-60 degree
of flexion. The inter-phalangeal (IP)joints were allowed
complete active extension. After application of the
palmer modified splint, four different strength rubber
loops were attached with the fingers for passive
flexion(Figure1). Early controlled active extension
exercise were initiated after the application of the
splint, if the patient was not able to extend the digits,
tension of the rubber bands were changed suitably.

The patients were instructed to actively extend the
involved digits against the tension of the rubber band
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10 times per hour. After 4 wk, the palmer  modified
splint was removed and active finger exercises were
started by applying the wire splints(Figure 2,3). Also
the patients were instructed to do some home based
activities using simple and easily available things at
home by themselves. For example:

a) For strengthening of the small muscles the patients
were taught and suggested use of dough of wheat
flour(commonly used for preparing Indian bread)
at home.

b) For pronation and supination, the patients were
taught and adviced to run the water tap by
stabilizing the elbow joint.

c) Lifting and releasing of small grains from one bowl
to another was advised for improving fine
movements and co-ordination at home.

d) To improve the range of motion of wrist joint,
motion of twisting the accelerator of motorbike
was advised.

Functional evaluation

Gross grip strength was assessed by JAMAR hand
dynamometer while fine grip strength was measured
using Pinch O Meter. Finger Goniometer and bead
board were used for assessing the range of motion and
‘grasp and release’ respectively. The two point
discrimination (2PD) test was documented with the
help of a compass aesthesiometer.

During the treatment sessions if oedema was
present in the affected hand of any patient, ice
immersion followed by oil massage was applied. If
sensory loss was present in the affected hand,
stimulations by vibration and different tactile were
given.13Clay of different consistencies was used for
strengthening of the small muscles of hand at the
hospital and the patients were recommended to do the
same exercise at home with the help of wheat dough
used to prepare bread (chapatti) at home. The exercises
with weighted blocks were made to perform for
improvement of gross grip and strengthening of the
whole limb.

After 15 days all the patients were assessed again
on the same method and the improvement were
documented for the data collection .

After some recovery, the patients, if observed
necessary (The patients who were grossly ready for
their regular activities but with some modifications

required in their work area for support), were advised
for tool modification to help them do or simplify their
work. Also, as per individual needs, the patients were
advised customized modification in their work
stations, so that they could become independent in
their life faster.

The splint that was made for use in these patients
was made using the rubber band, simple hooks,
adhesive and simple plastic material all of it together
will cost around Rupees eight or lesser. The splint so
prepared works on the same principles as that of the
kleinert’s splint which costs around thousand rupees
or more. The other type of splint which were made by
the hanger (Aluminium) wire used for the strengthen
programme which  were adviced in their home base
activities and the cost is not more the 10 rupees (INR).

The readings for the muscle strengths (both fine
and gross), range of motion and sensory assessment
by 2PD test were again taken at the end of one month
of therapy for comparison with the initial reading.

Though the patients were presenting with different
conditions and also accordingly their OT treatments
also differed, yet for analysis purpose all the patients
have been considered together for we are interested
in the difference between the pre OT and post OT
conditions for the parameters.

Plan of statistical analysis

The distribution of the participants by gender,
dominant hand and affected hand etc are presented
by frequencies. The difference of the initial assessment
from the final  readings for the recovery parameters
such as range of motion, muscle strength for gross grip
and fine grip for both active and passive movements
and 2PD test are analysed using paired ‘t’ test. The
final p values were adjusted for the multiple
comparisons using bonferroni correction.

RESULTS

In this study there are 28 patients(15 male and 13
female) who had came for the occupational therapy
services. Majority of patients are right handed affected.
In which 5 were extension tendon cut, 10 are flexion
tendon and 9 patients with some fracture and 4 are no
surgery /close reduction .Majority of the patient were
right handed dominate.

The overall range of motion (calculated by adding
all the range of motions of different fingers and thumb)
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was found to be statistically highly significant in the
patients after Occupational therapy intervention than
before (p<0.0001)

The overall gross motor power was found to be
statistically highly significant in the patients after
Occupational therapy intervention than before
(p<0.0001).

Table 1: Muscle strength & sensation

Base line Measurement P value
Measurementmean After 20 days

(SD) mean (SD)

Female=13,[mean age(sd): 32.23(16.83) ];
Male= 15[mean age(sd): 29.87(11.90) ]

Dynamometer (Kg) F 1.15(0.55) 2.23(0.44) <.0001*

M 1.06(0.26) 2.33(.49) <.0001*

Pincho meter (lb) F 14.00(9.19) 19.77(9.26) <.0001*

M 14.47(10.66) 24.57(12.70) <.001*

2PD Test (mm) F 7.93(1.98) 6.29(0.81) 0.01

M 7.41(2.01) 6.98(1.59) 0.066

ROM (for single digit = MCP+PIP+DIP) F 205.23(81.56) 225.86(55.64) 0.022

M 173(58.77) 210.93(38.39) <0.001*

* statistically significant at 5% LOS (adjusted for the multiple comparisons).

The overall fine motor power (calculated by adding
all the fine motor power) was found to be statistically
highly significant in the patients after occupational
therapy intervention than before (p<0.0001)

DISCUSSION

Early mobilization in postoperative flexion tendon
injury would get the good result even in small sample
size.

Palmer support kleinert splint, aluminium wire
splint and home base exercise programme were used
in the current study. After flexion tendon injury
Kleinert approach and Kleinert’s splints are generally
used for proper positioning. Active flexion is started
only after 28 days.14,15 But in the current study, initially
simple plastic material used was used for proper
positioning along with the splint made by hooks,
rubber bands and Velcro for passive flexion (figure 1).
This splint was used for resistive exercise of the
extensor group of muscles. Also the patients were
adviced for exercise with simple rubber bands (for
improving muscle power by gradually increasing the
number of rubber bands).

After 19 days supportive splint was removed and
the active flexion was started as done in study by Groth
GN.16 (Figure.2,3).Different studies have used different
materials for making the splint.17,1818  In this study
splints were made by simple  rubber and Velcro and
hooks which kept the hand in active extension and
passive flexion in flexion tendon injury. The reason for

using these materials for the splint making was to make
the cost of the splint lesser so the poor patients visiting
the hospital with such injuries could also afford them
and get benefited. The things used in making these
splints are easily available and affordable compared
to the ready made splints available in the market.

Fig. 1. Modified Kleinert splint
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Through all the different ways used in the current
study for regaining the range of motion and muscle
strength the patients could reach their near baseline
values within a month and could be integrated in their
normal routine life fast.

CONCLUSION

Combination of occupational therapy with home
based exercises and simple splints produces clinically
acceptable improvement in tendon injury cases of
hand, comparable to other standard splints used for
the purpose. It is the limitation of this study that there
is no control group employed to attribute the
improvement to the new regime alone. But it was felt
that having a control group for this study was not
feasible in the setting where the study was conducted
because depriving the tendon injury patients of the
occupational therapy was considered to be unethical.

Therefore, to produce stronger evidence, although the
effect of this combination therapy can be subjected to
further research with different study design but from
the current study it can be expected to be as effective
as conventional therapy.
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ABSTRACT

The purpose was to investigate the effect of using advanced technology in a form of computer
biofeedback program(CBFP) for improving fine motor abilities and hand grip force through
stimulation of visual-motor integration skills , the second part was to  compare this new treatment
with the traditional one used for improving fine-motor abilities and hand grip force for spastic
hemiparetic cerebral palsied children(SHCPC). Hand grip dynamometer was used to assess hand
grip force. Thirty children with (SHCPC) participated in this study ranging in age from five to seven
years. The patients were randomly divided into two groups. The first group treated by the traditional
treatment used for improving fine-motor abilities, the second group treated by using a (CBFP) the
results revealed that the (CBP) in form of attractive games drew the child's attention and concentration
for longer periods of time. It was recommended to use a source of augmented feedback in conjunction
with the traditional treatment in the rehabilitation of upper extremities of children with spastic
hemiparetic cerebral palsy.

Keywords: Computer Biofeedback, Visual-Motor Integration, Fine-Motor Skills, Hemiplegia, Cerebral Palsy

INTRODUCTION

There was a major interest in studying the effect of
augmented feed back and use of technology in the
treatment of a child with cerebral palsy, who have a
major impact on the hand grip and the visual motor
integration .Cerebral palsy (CP) is a term used to refer
non progressive abnormalities in the developing brain
that create a cascade of neurologic, motor, and postural
deficits in the developing child, 1 also manifested by
poor control of movement and adaptive length
changes in muscles. 2, 3

In hemiparetic CP children, spasticity interferes
with normal function of the upper limb by producing
an increase in tone of flexor and/or extensor muscles,
thus they might expect to have problems with the
component of reaching, 4 the upper extremities are
normally used mainly for reaching, grasp and
manipulation, 5 hemiplegic children with grasp
problems are obliged to use their wrist flexors at the
time of finger flexion. This disco-ordinate action
weakens the effective power of fingers.6

The hand is considered the primary mean of
interaction with physical environment, both through
the dexterous grasp and manipulation of objects and
as enabler of multiple tool function. The hand is
incredibly versatile. It can be a platform, a hook, or
needle. 7, 8

The power grip uses simultaneous finger flexion
and allows for a cylindrical hold on objects. It may be
easier to retrain this pattern for some reasons. First,
finger fractionation (used with precision grips) may
be limited. Second, power grip plays an important role
in holding and manipulating assertive mobility devices
.9

Access to technology, computer, is a skill taking on
increasing importance in children .10, 11, 12 An assistive
technology device is “any item, piece of equipment,
or product system, whether acquired commercially off
the shelf, modified, or customized, used to increase,
maintain, or improve functional capabilities of
individuals with disabilities” .13 .4
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One of the most common parts of the pointing
device are the mouse, joystick, track ball and touch
screen. The joystick as a tool for improving handgrip
performance will be studied using feed- back system
of computer games.15, 16

Litrature Review

Children with visual perception problems may
demonstrate difficulty with activities of daily living
tasks. The skilled use of computer and communication
devices may all present difficulty for the child with
visual cognitive problems.17

It was stated that, the child with hypertonia has
difficulty opening the hand for grasping.18

The following problems in development of effective
grasp in spastic hemiplegic children were observed by
19.

• Fisting or finger flexion that prevent hand opening.

• Wrist flexion often with ulnar deviation in
combination with finger extension.

• Inability to vary grasp in accordance with object
characteristics. 20

In some cases the hemiplegic hand showed an
exaggerated opening during the entire movement,
with no anticipatory grasp formation.21

Many cases of hemiplegic children had loss of
sensory information results in abnormal grip and lift
forces and problems in the control of fine movements
of the hand. 22

The severity of hemiplegia graded functionally. In
mild cases, there is a pincer grasp and individual finger
movements are possible. In moderate hemiplegia the
hand can be used globally, while in severe cases it is
not used at all. 23

No pincer grasp develops in many patients with
hypertonia resulting from lack of isolated finger
movement. 24

The role of computers appears to be much
underused in the area of motor skills. Motor areas that
are specifically addressed at the rehabilitation unit are
hand-eye coordination, dexterity, speed.25

The computer’s role can be simpler, by placing
computers on high or low tables, they can be used
while patients are in standing frames or sitting in

stools, arm slings, overhead supports and even splints
can be used as part of the therapy process to utilize
weak muscles and inhibit overactive ones. 26

METHODOLOGY

Thirty (SHCPC) from both sexes (10 girls and 20
boys), all were right hand hemiplegia, aged 5-7, mild
spasticity grade 4 equivalent to Oswestry scale,
divided to two groups control group received
traditional therapy program and study group received
both computer feed back program in addition to the
traditional exercise program given to the control group.
A hand grip dynamometer (HD) was used to evaluate
the hand grip.

Procedures for measurement of hand grip power

From sitting position elbow is flexed to 90 degree
and with adducted shoulder and forearm in midway
between supination and pronation the child was asked
to grip the handle of the dynamometer (Fig.1a,b), and
asked to pull the handle firmly. Using the verbal
command “pull, pull, pull”, for each child, five seconds
are allowed for rest and exchanging the handle with
the other hand.

Fig. 1a. Hand dynamometer.

Fig. 1b. Hanoun system for hand grip (Screen-Keyboard-CBU-
Printer-Data acquisition box)
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Group A (Control group)

Received only the traditional physical therapy
program using different shapes of puzzles, drawing
and coloring different shapes and numbers in puzzles.

Group B (Study group)

Received a computer biofeedback program directed
toward improving hand functions via stimulation of
visual motor integration. (Fig.3)

The computer joystick program divided to (6)
groups as follows:

(1st  group I) Identification: five games.

(2nd  group II): Pursuit: five games.

(3rd  group III): Coloring : ten games.

(4th  group IV): Matching: ten games.

(5th  group V): Memorizing. One game.

(6th  group VI): Sorting: one game with many levels.

RESULTS

The collected data for all variables in both groups
were statistically analyzed before and after treatment
period, which lasted for three successive months.

A paired and unpaired (t) test was used to show
the significant difference of Grasping represented by
grip force for both groups (control and study) before
and after treatment application.

Fig. 3. Computer set. (CBU, Screen, Keyboard, joystick, Sound
System, Mouse)

Table (1): The comparison in mean values of grip force in (Kgs) before and after treatment in control group:

Observation SD MD Improvement % t P Significance

Before 2.54 0.03 0.04 1.57 % 1.92 >0.05 NS

After 2.58 0.04

X : mean                SD: Standard Deviation                    t value: Paired t value

P: Probability         NS: Non Significant

Table (2): The comparison of the mean values of grip force in (kg) before and after treatment in study group:

Observation SD MD Improvement % t P Significance

Before 2.53 0.06 2.26 89.33% 14.2 <0.01 HS

After 4.79 0.03

Table (3): The comparison of the mean values of grip force in (Kgs) before treatment in both groups:

Groups SD MD t P Significance

Control 2.54 0.03 0.36 1.22 >0.05 NS

Study 2.53 0.06

Table (4): The comparison of the mean values of the grip force in (Kgs) after treatment in both groups:

Groups SD MD t P Significance

Control 2.58 0.04 2.21 7.19 <0.01 HS

Study 4.79 0.03

DISCUSSION

Grasping results that was measured by using (HD)
and was statistically non significant as X ± SD before
and after treatment were 2.54 ± 0.03 and 2.53 ± 0.06(P>
0.05) and this poor performance can be explained on

the basis that children with hemiplegia suffer
from neurological deficit that interfere with motor
function.
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This agrees with Ayres 27 reported that visual
perceptual skilled deficiencies would result in poor
visual motor integration and it is not a reflection of
global cognitive difficulties, inadequate visual
reception or poor motor abilities.

This also agrees with Lepage et al 28, reported that
these children may show a delay in the acquisition of
various motor functions such as fine motor skills due
to spastisity and motor weakness and this
consequently will interfere with the hand grip
functions.

Also this comes in agreement with Shumway,
woollacott, 29 studied and examined the reach and
grasp of developmentaly disabled children including
those with hemiplegia, they revealed that hemiplegic
hand was increasingly opened during the entire range
of motion and there was a very slight closing of the
hand after contact with the object, giving a very clumsy
grasp.

Grasping results for group I treated by the
traditional physical therapy program aiming to
improve fine motor abilities, was statistically non
significant before and after treatment as X ± SD were
2.54 ± 0.03 and 2.7 ± 0.04 that can be attributed to the
little improvement in muscle power and control, also
less control over spasticity which results in many
undesired movements that interferes with functions.

This comes in agreement to Basmajian 30, 31 who
stated that old trends of treatment modalities will only
makes the child feel pored and refuse treatment in
away that causes regression of improvement.

Grasping results for group II was statistically
significant before and after treatment were 2.53 ± 0.06
and 4.79 ± 0.03. Grasping and manipulations
improvement depended on the availability of sensory
information from sensory afferents, and the efficacy
of the integrative process of the brain to the motor out
put, so during training grasping of the joystick, small
slips between the skin and the joystick results in
activation of cutaneous receptors which can cause grip
force to be increased.

This agrees with Crofts and Crofts 32 stated that the
development of intrinsic feedback cues would improve
the ability to control more complex tasks, also the
neural control pathways can change, and that
particular movement pattern should become easier
with the repetition of frequent practice.

The results of this study also agree with the finding
of Lewthwate 33, investigated the performance on
motivation and its relationship to the physical activity
environmental motivation influences can be developed
to improve performance using effective motivational
features.

This comes in agreement with Rosenbum 34, 35,

confirmed that increased attention of children treated
with computer feedback program would stimulate the
child for more accurate performance, and consequently
increases the duration of concentration through
augmented feedback. Also that the muscular
involvement in power grip on the joystick depends
on the nature of the grasp

Grasping results was statistically significant after
treatment as X ± SD before and after were 2.58 ± 0.04
and 4.79 ± 0.03 (P<0.01).  Improvement in the grasping
was as a sequence result of the improvement of visual
motor integration, after training and educating the
child about the importance of gripping the joystick
properly in order to be able to play the animated
games.

Using selected joystick movements in the present
study is supported with the findings of Factouros 36, 37,
reported that children are required to perform
pointing, tracking, click movements with the joystick
in order to be successful in interfacing computer games
and movements were reviewed to be within the
capability of young children. Also that feedback is an
essential part of improving motor performance and
learning.

Summary and Conclusion

This improvement was mainly in the power grip
as a result of improved (VMI) skills. In addition
grasping skills were greatly improved after this
technology.

From the previous results we can suggest that this
line of treatment had a significant effect on visual-
motor integration skills, hand grip force which
consequently led to improvement of the fine motor
abilities accuracy and grasping in patients with spastic
hemiparetic cerebral palsied children.
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ABSTRACT

Objective: To compare the effectiveness of maitland compression technique with medial glide and
conventional therapy in patients with patellofemoral osteoarthritis.

Study Design: Experimental study design.

Subjects: 30 patients between the age group 45 yrs to 65 yrs having dominant patellofemoral
osteoarthritis were selected as per the inclusion and exclusion criterion.

Procedure: Using random sampling method the 30 subjects were divided into 2 equal groups with 15
patients each. Both the groups were given conventional physical therapy as a baseline treatment.
Along with conventional therapy the experimental group received Maitland Compression technique
with medial glide . 3 series of 15 compressions per session for 5 days per week., whereas the control
group received only the conventional physical therapy. The study was performed for 3
weeks.Evaluation was done before starting the treatment and then after 3 weeks. Outcomes  scores
were evaluated using KOOS Scale and VAS scale .

Result: Subjects receiving Maitland Compression Technique with Medial Glide showed significant
reductions in pain and other symptoms with an improvement in quality of life.(t of KOOS =10.52  ,t
of VAS = 8.064  ).

Conclusion: The results supported the efficacy of Maitland Compression Technique with Medial
Glide for rehabilitating the patients with Patellofemoral Osteoarthritis .These changes are clinically
significant.

Keywords: Patellofemoral Osteoarthritis (PFOA), Maitland Compression Technique (MCT), Medial Glide
(MG).,Vastus medialis obliqus(VMO)

INTRODUCTION

Osteoarthritis is defined as a heterogenous group
of conditions that leads to joint symptoms and signs
which are associated with defective integrity of
articular cartilage. The knee joint is a complex
articulation that can be regarded as having functionally
distinct compartments, tibiofemoral -medial and
lateral, and patellofemoral .Disease of patellofemoral
can cause severe pain particularly when the patient is
using stairs, squatting or kneeling18

The patellofemoral joint refers to a specific part of
joint .Medically the knee cap is known as the patella
and the thigh bone is called as the femur. During
flexion, the patella is pulled inferiorly by the patellar
tendons attachment to the tibial    uberosity. During
extension, quadriceps femoris and its tendon pull the
patella superiorly, forming the extensor mechanism9

The quadriceps muscle essential to optimal patellar
alignment are the VMO, the more distal portion of
medial quadriceps and the VL. Healthy older
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individuals have been found to exhibit synchronous
VMO and VL activity during a variety of activities .. It
is possible that a delay may be evident in people with
patellofemoral joint OA .Lower limb mal alignment
may affect patellar tracking by altering the relative
position of the femoral trochlea and changing the
tension in soft tissues17.

The Q angle defined as the angle subtended by the
patellar tendon and by a line from the centre of the
patella to the anterior superior iliac crest. In the un-
operated knee without major deformity the quadriceps
angle is always positive i.e. as the quadriceps contracts,
the bowstring effect will always tend to displace the
patella laterally . The only muscular restraint to this
lateral displacement is the VMO. VMO is a major focus
of all patellar rehabilitation programs and the search
for VMO preferential exercises continues.2

The under side of the patella is covered with
articular cartilage, Smooth slippery covering found on
joint surfaces. This covering helps the patella glide in
a special groove made by the thigh bone or femur. This
groove is called the femoral groove.

 Patello-femoral joint reaction force is the measure
of the compression of the patella against the femur.
During weight bearing activities it is the vector
summation of the quadriceps muscle and patellar
ligament forces and hence any increase in knee flexion
will   highten the patellofemoral joint reaction forces.
The patellofemoral joint reaction force can reach more
than three times the body weight during stair ascent
and descent and seven to eight times the body weight
during squatting activities8.

Conventional physical therapy is well documented
in patients with patellofemoral osteoarthritis but such
benefits are poorly documented on Maitland
compression technique. More over Maitland (1980) has
proposed that there is sufficient evidence to validate
the view that symptoms may arise from a joint surface
disorder.

Mobilization with compression is a technique in
which therapist performs passive mobilization and at
the same time exerts a compressive force on mobile
element of joint in a direction perpendicular to the
surface of contact area between both joint partners. The
cyclical loading of cartilage which occurs during
normal use of an articulation stimulates biosynthetic
activity of the chondrocytes. Therefore functional
stimulation may contribute to joint repair. Chondrocyte
metabolic activity is at least partially regulated by in-

vivo loading. Putting strain on joint cartilage is
essential to maintain the quality of matrix and synovial
fluid and probably accelerates the restoration of
homeostasis after injury. Mobilization with
compression hence seems to offer a worthwhile logical
technique in the rehabilitation of joints.4

Hence mobilization with compression seem to offer
a worthwhile logical technique in the rehabilitation of
joints. This study is a further step to find out the
efficacy of medial compression technique in
patellofemoral osteoarthritis.

METHODOLOGY

Study Design: Experimental Design

Sampling method: Random Sampling

Study Centre: Career Institute of Medical Sciences

Sample

30 Patellofemoral osteoarthritis subjects above 40
years volunteered to participate in the study. They
were randomly divided into 2 groups; Group A
(Experimental) and Group B (Control) with each group
having 15 subjects.

Inclusion Criterion:

1. American College of Rheumatology classification
criterion for OA of knee

a. knee pain and radiographic osteophytes

b. Age between 40 to 65 years.

c. Morning stiffness less than or equal to 30 min in
durations

d. Crepitus in motion

2. Anterior Knee Pain

3. Difficulty in walking and with steps and stairs

4. Radiographic grade 2 or 3

5. Eccentric step test producing pain in
patellofemoral compartment

6. Positive clarkes test

Exclusion Criterion

1. Any lower limb fracture

2. Knee pain radiating from lower lumbar spine or
hip jt.
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3. Bone disease osteomyelitis

4. Systemic disease

5. Any knee surgery in last one year

6. Peripheral neuropathy

7. Sero-negative disease

Instruments

1. Treatment Couch-

2. Short wave diathermy.

 3. Seating Stool-

PROCEDURE:

After baseline measurements subjects were
randomly divided into 2 groups.

Experimental A Group- Subjects received SWD of
continuous Sub-thermal dose for 20 min followed by
MCT in which medial glide was given with
compression for 3 series of 15 compressions. This was
followed by VMO strengthening exercises.

Control B Group

Subjects received SWD followed by VMO
strengthening exercises only. Maitland Compression
technique was not administered.

Method of application of treatment

a) Short wave diathermy

Subjects received SWD of continuous sub-thermal
doses for 20 min. using anterior posterior
alignment of electrodes in supine lying.

b) Medial Compression technique with medial Glide:

Patient was lying in supine. Physiotherapist
standing by the side of couch facing across the
patient’s   body.

Localization of forces: One hand was cupped
around the patella in order to direct  the   movement.
The other hand was placed so that the heel of the hand
was in contact with the margin of the patella at a point
relevant to the direction of movement required

Method: Pressure was applied to the anterior
surface of the patella  through one hand while moving

the patella with the other hand. The degree of
compression used was guided by assessed response.

c) VMO Strengthening Protocol

• VMO muscle contractions in sitting
position(squeezing rolled towel between the
knees)

• Exercise first with gluteal muscle contraction at the
same time.

• Controlled sitting to standing squeezing a rolled
towel between the knees to encourage the
contraction of VMO.

• Controlled small knee bends squeezing a rolled
up towel in supine.

• Stepping up and down steps emphasizing
contraction of VMO muscle.

• Controlled balancing on one leg for as long as
possible.

Maitland compression technique with medial glide
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All exercises held for 6 sec and performed 10 times
each. All exercises were to be pain free.

Treatment Sessions

3 series of 15 compressions per session for 5 days
per week for a period of 3 week intervention.

Outcome Measures

The two outcome measures used are

a) VAS b)Functional Outcome – KOOS

Statistical Analysis

 The data was analysed  with KOOS and VAS of 30
subjects. Suitable statistical analysis test was used in
order to verify the investigation of the study. Statistics
was performed using the software package SPSS 16.0

The characteristics of the data are presided through
tables. Pre and Post test scores of VAS and KOOS were
analyzed using paired t-test within the group.
Independent t-test was used to find out any significant
difference between Groups A and B. Significant level
was defined at P<0.05

RESULT

A sample of 30 patients was selected and allocated
randomly into 2 groups of equal size of 15 subjects
using random sampling method. Experimental group
A received MCT with medial Glide along with
conventional physical therapy and the control group
received only the conventional therapy for a period of
3 weeks. In this study VAS and KOOS scale was used
that has 5 subsets to assess pain, symptoms ADL Sports
and Recreation, and QOL.

Table 4.1: Comparison Between Post test Scores of Experimental Group And Control Group Using KOOS Score

 MEAN S.D t p

PAIN EXP 47.195 9.234 10.585 0.00

 CONT 19.589 7.096

SYMPTOMS EXP 61.871 7.3 17.55 0.00

 CONT 28.643 10.658

ADL EXP 38.661 12.494 2.715 0.011

 CONT 14.802 5.847

SPORTS&REC EXP 35.666 7.761 3,326 0.03

 CONT 24 10.555

QOL EXP 37.458 6.77 6.924 0.00

 CONT 18.002 8.704

TOTAL EXP 222.79 20.116 10.52 0.00

 CONT 105.04 110.33

Table 4.2: Comparison Between Total KOOS Scores of Control and Experimental Groups

 MEAN S.D t p

PRE EXP 93.839 17.746 0.134 0.895

 CONT 93.331 16.461

POST EXP 222.729 20.116 18.52 0.00

 CONT 105.04 16.178

Table 4.3: Comparison between Pre and Post test Scores between the Groups Using VAS Scale

MEAN S.D t value p

PRE

EXPERIMENTAL 7.8 0.941 12.283 0.839

CONTROL 7.4 1.055

POST  

EXPERIMENTAL 3.133 0.915 8.064 0.00

CONTROL 4.8 1.014  

43. Sneha dilip --225--231.pmd 6/13/2014, 2:19 PM228



Indian Journal of Physiotherapy & Occupational Therapy. July-September 2014, Vol. 8, No. 3 229

 DISCUSSION

This study is based on the research hypothesis that
“MCT with MG” along with conventional therapy is
more effective for PFOA patients than with
conventional therapy alone and was completed with
30 patients. Two groups of 15 patients each, in
experimental and control group had similar baseline
values of all subsets of dependent variable KOOS Scale
and VAS. The research hypothesis was proved that
MCT with MG along with conventional therapy is
more effective than conventional therapy alone.

The patients selected in this study were between
the ages of 40 to 65 years and had painful symptoms
in knee joint due to age related degeneration of
patellofemoral joint.  Ex - morning stiffness, pain
during stair climbing, painful crepitus etc.
Radiologically patients had grade 2 to grade 3 levels
of OA of knee joint15. Several clinical signs were found
positive in subjects i.e. eccentric step test and Clarkes
sign6

The dependent variables used in this study (KOOS
SCALE) has 5 subsets to check and document patients
functional status i.e. pain, other symptoms, ADL,
sports and recreation, QOL. This scale ranges from
minimum 0 to max 100. The other dependent variable
is VAS which ranges from min 0 to max 10

The independent variable used in this study is MCT
with MG. It has been advocated by sir G D Maitland
that compression techniques can be used in assessment
and treatment of painful synovial joints. Both groups
received conventional therapy including SWD and
VMO strengthening exercises. The effects of SWD in
increasing tissue temperature, circulation and reducing
pain in patients with degenerative OA have been well
documented.

Brain Equilty has shown VMO strengthening
exercises to be beneficial in improving symptoms of
patellofemoral OA.2

In this study we observe the effectiveness of the
MCT with MG on PFOA. Our finding demonstrated
that a 3 week treatment protocol with a frequency of  5
sessions per week leads to reduction in pain and joint
stiffness, improvement in physical function and quality
of life in people PFOA.

(The results obtained suggested that both group
demonstrated significant improvements in all the 5

subsets of KOOS SCALE and VAS scale at the end of 3
weeks treatment.

In this study the pre treatment values of KOOS and
vas scale have shown that there is no significant
difference between both the groups)

Therefore comparing experimental group who
received MCT and conventional therapy and control
group who received only conventional therapy we see
that experimental group is much better than control
group in decreasing patients total KOOS SCORE and
VAS.

• There are some reasons for this improvement

• Cyclic loading of cartilage (compression therapy)
stimulates biosynthetic activity of the chondrocytes
.Therefore functional stimulation can contribute to
joint repair.

• MC with compression stimulates
mechanoreceptors which inhibits the transmission
of nociceptive stimuli at the spinal cord or brain
stem levels (neurophysiologic effects)

• Adding compression helps in movement of
synovial fluid and thus maintaining good cartilage
nutrition via adequate exchange of nutrients and
waste products.

• Further because of compression synovial fluid is
distributed properly in avascular articular cartilage
area

• .It also helps in increasing total loading area of the
joint.

• .Mechanism of rapid adaptability could include
rheological (cellular) changes in synovial fluid,
enhanced exchange of ions and small molecules
between synovial fluid and cartilage matrix,
increased synovial turnover etc.

• The mechanical changes may include breaking up
of adhesions, realigning collagen or increasing
fiber glide stress specific parts of capsular tissue.

Dr. Umashankar Mohanty & Prof. Danyal9 studied
the efficacy of isometric exercises and mobilization in
management of temperomandibular joint disorders.
They found that isometrics and mobilization of
temperomandibular joint was helpful in treatment of
temperomandibular joint disorders. They showed that
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mobilization is helpful in relieving pain .Intraoral
manual oscillatory techniques stimulates type I ,II,III
mechanoreceptors in the temperomandibular joint
capsule and modulates the effect of afferent activity
of type IV receptors of the temperomandibular joint
relieving pain .So this present study is also supported
by their finding.

Recent study showed that chondrocyte metabolic
activity is  at least partially regulated by changes in
the synovial fluid induced by in vivo loading13 .All
these observations strongly suggest that putting strain
on joint cartilage is essential to maintain the quality of
matrix and synovial  fluid and could probably
accelerate the restoration of homeostasis after injury.
This assumption would encourage the therapeutic use
of functional stimuli ,not only capsules, ligaments, and
muscles but also on cartilage in order to stimulate
adaptation process in the chondrocytes resulting in
optimal functioning of the joint. Mobilization with
compression hence seems to offer a worthwhile logical
technique in the rehabilitation of joints. Adding
compression has been advocated by Maitland &
Hartman in both examination and therapeutic
mobilization16

CONCLUSION

Results of this study suggest that   a combination
of MCT and conventional therapy for a period of 3
weeks are more effective for decreasing pain and
improving functional capability in patients with PFOA
than conventional therapy alone.

Future studies are recommended which include
isolated PFOA of the knee. Future research may
include a follow up to check long term effects of MCT.
Compression technique may also be applied to other
synovial joints. as   well as to shoulder ,hip etc.
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