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Abstract

Topic: “Effect of core strengthening with inspiratory muscle training versus core strengthening on pain, strength

and range of motion in chronic low back pain individuals: A Randomized Control Trial.”

Background: Low back pain is one of the most common health problems among all the population of the world.

Men and women are equally reported to be affected by this condition. 50% of adults and 30% of adolescents are

affected at least once. Low back pain often involves altered muscle length relationships, postural changes,

Muscular imbalances, variations in location of the centers of mass and of pressure. It has been suggested that the

diaphragm plays a role in contributing to spinal stiffness via its influence on intra-abdominal pressure, as well as

via direct mechanical effect via the attachments of the diaphragm crurae. The diaphragm, a component of core

Stability, plays a role in respiration and trunk stability by controlling intra-abdominal pressure and reducing the

stress on the spine through cooperative action with the abdominal and pelvic floor muscles.

Objectives: To compare the effect of core strengthening with inspiratory muscle training versus core

strengthening on pain, strength and range of motion in chronic low back pain individuals at the end of 6 weeks.

Methodology: Ethical committee clearance was taken for the study

= A written consent was taken from every subject and the entire procedure was explained to the patient in a
language understood by the patient.

=  The subjects were divided into two groups by randomization: Group A (n=31) and Group B (n=31)

= Group A was to continue with the inspiratory muscle training exercises with core strengthening exercises
and Group B received the core strengthening exercises for three times a week

= Single - blinding was maintained throughout the process by blinding the subject to the treatment

= Numerical Pain Rating Scale, Pressure Biofeedback and Modified Schobar's test were conducted pre and
post intervention.

Result: Total 62 male and female of age group 18-35 years, with chronic low back pian volunteered to

participate in the study, after 7 dropouts due to various reasons, 30 males (54.5%) and 25 females (45.5%) have

completed the 6 weeks of protocol.

There was statistically significant difference in NPRS, Pressure Biofeedback values and Modified Schober’s

Test scores in both the groups.

Conclusion: In the present study core strengthening with inspiratory muscle training and core strengthening both

were effective in reducing pain and improving strength and range of motion after completing the treatment

protocols. But the improvement in extension range of motion is more in core strengthening group when

compared with core strengthening with inspiratory muscle training group.
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Introduction

Low back pain is one of the most common health problems among all the population of the world [, Men and
women are equally reported to be affected by this condition. 50% of adults and 30% of adolescents are affected
at least once 2. Low back pain often involves altered muscle length relationships, postural changes, Muscular
imbalances, variations in location of the centres of mass and of pressure.

LBP is defined as pain which starts below the scapulae and above the cleft of the buttocks, with or without
radiation to the lower extremities, including nerve root pain or sciatica (Hayden et al., 2005) . Based on the
etiology, LBP is classified as specific LBP and nonspecific LBP. Nonspecific LBP is defined as LBP not
attributed to specific pathology (e.g., infection, tumor, osteoporosis, arthritis, fracture, Cauda equina syndrome,
etc.). It is thought that in some cases the cause may be a sprain (an overstretch) of a ligament or muscle or minor
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problem with a disc, facet or minor problems in the structures and tissues of the lower back that result in pain
(Koes et al., 2006) I, LBP is also categorized in three subtypes based on duration of symptoms as: acute (lasting
for few weeks), subacute (6-12 weeks), and chronic (more than 12 weeks) LBP (Krismer et al., 2007). Chronic
pain is represented by a protective adaptive muscle response in which agonists and antagonists decrease and
increase in tone respectively (Graven-Nielsen et al., 1997).

Chronic low back pain (CLBP) is generally accepted as one of the most common musculoskeletal disorders,
affecting, on average, 4% to 33% of people. CLBP can also affect the quality of life and lead to disability and
absenteeism. Approximately 85% of the cases of low back pain (LBP) are described as nonspecific CLBPs due
to the lack of compatibility between their symptoms and radiological findings [l. The prevalence rate of CLBP in
athletes ranges from 1% to 40% [3, Back injuries occur in 10% to 15% of young athletes and, as such, are a
common phenomenon Bl CLBP also strikes without a specific pathology or anatomy, and the associated pain
usually takes more than 6 months in these patients. The joints, intervertebral discs, tendons, ligaments, and
muscles can individually play a major role in the progression of this disease. For example, if transverse
abdominis muscle (TVA) activity is delayed, the activity of the global muscles increases in some cases, and vice
versa.* The incidence of multifidus muscle (MF) atrophy also results in a reduction in muscle size and an
alteration in muscle contraction in those with CLBP.

According to a previous study, impaired postural control may be due to reduced coordination in the core
muscles, along with increased muscle tension [l Examining and treating the trunk muscles comprise an
important part of physiological treatment for patients with CLBP. Patients with CLBP will be more exposed to
negative physical, social, psychological, and economic experiences if they do not receive proper treatment;
therefore, giving proper rehabilitation to these patients is essential. For these patients, rehabilitation should be
directed toward increasing coordination between the activities of the local and global core muscles . In general,
respiratory movements in the standing position lead to an internal perturbation of body balance, and the resultant
disorder can be partially compensated by the hip and the spine movements. Therefore, a decrease in the range of
motions and velocity in patients with CLBP causes a reduction in the compensation for respiratory distress, the
enhancement of postural sway, and a greater perturbation compared with people without this condition. Some of
the outcomes induced by inspiratory exercises in athletes include increased overload tolerance, improved athletic
performance, enhanced muscle strength, and elevated airway capacity 1. One of these exercises is inspiratory
muscle training (IMT), which is believed to improve the strength and endurance of the respiratory muscles.’

The management of LBP comprises with range of different interventional strategies, including drug therapy and
nonmedical interventions. Nonsteroidal anti-inflammatory drugs may be of short-term benefit and are included
in medical management. Physical therapy includes exercises and pain-relieving modalities (Burton et al., 2006).
® Short wave diathermy, interferential currents and transcutaneous electrical nerve stimulation have been known
to reduce muscle spasm and blocking pain (Deyo et al., 1990). There are various forms of exercise that can be
prescribed based on different schools of thought. This includes intensive dynamic back extensor exercises
(Manniche et al., 1991), motor control exercises (Macedo et al., 2009), yoga (Sherman et al., 2005), aerobic
exercises (Sculco et al., 2001). Lumbar stabilization exercises are aimed at improving the neuromuscular control,
strength, and endurance of the muscles that are central to maintaining the dynamic spinal and trunk stability. The
effect of lumbar stabilization exercise has been studied in subjects with recurrent LBP (Koumantakis et al.,
2005), pelvic pain (Ferreira et al., 2006) and LBP with leg pain (Saal and Saal, 19)

There is growing evidence in the literature to suggest that the presence of CLBP is associated with dysfunction
in the deep abdominal muscles. Studies have recently shown that individuals with chronic obstructive pulmonary
disease (COPD), in particular those with compromised inspiratory muscle function, exhibit postural control
strategies that are similar to those of people with LBP.

Transverse abdominis contraction occurs before the initiation of movement of the upper limbs in healthy adults.
The diaphragm and transversus abdominis muscles are both important for posture and trunk stabilization.
Contraction of the transverse abdominis also has been shown to occur before movement of the extremities to
ensure stabilization of the spine. In addition to providing intra-abdominal pressure, the abdominal muscles work
together to decrease compression of the spine and reduce force of the trunk extensors.

The human diaphragm is the principal inspiratory muscle, and it plays an essential role in controlling the spine
during postural control . It seems reasonable that an increased demand for inspiratory function of the
diaphragm might inhibit its contribution to trunk stabilization during challenges to postural balance. Healthy
individuals seem to be capable of compensating efficiently for modest increases in inspiratory demand by active
multisegmental control [¥1. Nevertheless, this compensation seems less effective in individuals with LBP,
resulting in impaired balance control. Furthermore, and as mentioned previously, specific loading of the
inspiratory muscles impairs postural control by decreasing lumbar proprioceptive sensitivity, forcing dominant
ankle proprioceptive use 9. This might be explained by fatigue signalling of the inspiratory muscles, inducing a
decrease in peripheral muscle oxygenation and blood flow, which also affects the back muscles. Furthermore,
individuals with LBP show a greater magnitude and a greater prevalence of diaphragm fatigue compared with
healthy control (4,

It has been suggested that the diaphragm plays a role in contributing to spinal stiffness via its influence on intra-
abdominal pressure, as well as via direct mechanical effect via the attachments of the diaphragm crurae.

Studies have also reported that stiffness and stability of the spine is increased, and mobility reduced, by increased
activity of the trunk muscles in people with Low back pain /). The abdominal exercises have yielded different
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pressures, some greater than 50% of the pressures generated during a maximal inspiratory maneuver. Some of
these exercises generated high enough pressures to help strengthen the diaphragm 11,

Deep breathing exercises have been shown to require more abdominal muscle activity than abdominal crunches,
and it is suggested that breathing exercises can be incorporated into a core training program in order to achieve
maximum benefits. Inspiratory muscle training is one way to train the muscles used during respiration. Research
has consistently shown that inspiratory muscle training improves respiratory muscle strength, but how this
influences core stability is unknown.

Inspiratory muscle training is a form of resistance (weight) training that strengthens the muscles of respiration.
When these muscles are regularly strengthened for a few weeks, they can manage to work longer. By improving
muscle strength before an operation, IMT can reduce breathing complications following orthopedic
surgery.’These exercises can be as effective as traditional exercises applied to increase total body
performance.? Based on theoretical foundations, long-term inspiratory exercises are likely to affect core muscle
activity and improve pulmonary parameters (11,

IMT is often used in people with diseases such as Chronic Obstructive Pulmonary Disease (COPD) and asthma.
Improving inspiratory muscle strength in these populations can improve patients’ independence, performance of
activities of daily living, and quality of life.

Hence, after reviewing the available literature, the purpose of this study is to find out the combined effect of core
training and IMT on CLBP in comparison to core training alone.

Materials and Methodology
1. Study Design: A Randomized Control trial
2. Sample Size: 62

Calculated using the formula

n (max)= Z2. P(1-P)/E2

=(1.96)20.2(1-0.2)/ (0.01)2

=0.614/0.01=61.44

Sampling Method: Purposive random sampling

Study Population: young adults (18-35 years of age)
Duration of study:1 year

Duration of intervention:6 weeks

Study setup- in and around various hospitals and clinics

Nook~w

Inclusion Criteria

1. Chronic low back pain (>3 months)

2. Adults (age between 18-35 yrs.) (13)

3. Mild to moderate pain intensity (NRS: 2-6)
4. Both males and females

Exclusion Criteria

1. Patients with specific underlying pathology as cause of LBP or with primary respiratory diseases were
excluded.

Patient with neurovascular and cardiorespiratory conditions.

Congenital/acquired malformation

Spine surgeries

Pre- and post-natal women

Fibromyalgia. 4

oakwn

Withdrawal procedure

= Subject’s participation in this project is completely voluntary

=  Subject’s may withdraw from the project for any reason (or no reason at all), at any time, without penalty of
any sort, or loss of benefit to which he she would otherwise be entitled

= Subjects were informed and explained about the right to ‘withdrawal of participation’ while obtaining
consent (Annexure D).

= The data collected on the participant to the point withdrawal remains a part of study database

Appartus

. Plinth
Inspiratory muscle training device
Pressure biofeedback device
Numerical pain rating scale
Measuring tape
Data sheet
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Procedure

Ethical committee clearance was taken for the study

= A written consent was taken from every subjectand the entire procedure was explained to the patient in a
language understood by the patient.

= The subjects were divided into two groups by randomization: Group A (n=31) and Group B (n=31)

= Group A was to continue with the inspiratory muscle training exercises with core strengthening exercises
and Group B received the core strengthening exercises for three times a week

= Single - blinding was maintained throughout the process by blinding the subject to the treatment Numerical
Pain Rating Scale, Pressure Biofeedback and Modified Schobar's test were conducted pre and post
intervention.

Group A training: (Core strengthening with Inspiratory Muscle Training)

1. Inspiratory muscle training

Position of participant: Upright sitting in chair with back support

The pressure threshold device is set at a resistance level of -2 or -4 cm H20 in respect with the average baseline
MIP of the participant. The device was placed in his/her hands. Mouthpiece was placed in mouth making a good
airtight seal. Breathe out as far as you can and take a forceful breath in through your mouth while expanding
your chest. Breathe out slowly with minimal effort. 3 sets of 5 repetitions © were performed for 3 days in a week
with a 1-2-minute rest in between sets.

Progression: A load increment of -2 to -4cm H20 over the period of 6 weeks was done @Y. The load and number
of breaths were documented.

Fig 1

2. Diaphragmatic breathing exercise

Position of participant: Upright sitting in chair with back support Shoulder rolls or shoulder shrugs were
performed to relax the muscles before performing the actual diaphragmatic breathing technique. Participant’s
hand(s) were then placed over the rectus abdominis just below the anterior costal margin. Participant was
instructed to breathe in slowly and deeply through the nose. By keeping the shoulders relaxed and upper chest
quiet, allow the abdomen to rise slightly. Relax and exhale slowly through the mouth 2, Participants were asked
to practice this, three or four times and then rest and were advised to avoid hyperventilation. If the participant
had difficulty using the diaphragm during inspiration, then he/she would inhale several times in succession
through the nose by using a sniffing action. This action was found to usually facilitate the diaphragm. Participant
were taught to self-monitor this sequence, by placing his or her own hand below the anterior costal margin and
feel the movement. It was ensured that the participant’s hand rises slightly during inspiration and lowers during
expiration 9,

Participants were asked to perform this diaphragmatic breathing for 15 minutes with appropriate breaks after
every 6-8 breaths alternatively three times a week.

Along with this the subject performed the core strengthening protocol described below

Group B: (Core Strengthening Exercises)

= Warm up (10-15 mins)

11
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Patient position hook lying (knees 90). Place pressure cuff under lumbar spine and inflate to 40 mmHg.
Begin each exercise with drawing in maneuver to activate core muscles. Determine level at which patient
can maintain pressure constant (stable pelvis) while performing either A, B, or C limb load activity.

Level 1: core activation- draw in and hold for 10 seconds

Level 2: Opposite LE on mat; bent leg fall out.

Level 3: (A, B, C) Opposite LE is on table

Level 4: (A, B, C) Hold opposite LE at 90° of hip flexion with UE

Level 5: (A, B, C) Hold opposite LE at 90° of hip flexion (no UE assistance)

Level 6: (A, B, C) Bilateral LE movement

Cool down (10-15 min)

Fig 2

Fig4

12
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Outcome Measures

1. NPRS (Numerical Pain Rating Scale)

It is 11-point numeric scale. Data obtained is easily documented, interpretable and meet regulatory requirements
for pain assessment and documentation. Reliability is 0.92 14}

1] i 2 3 4 5 6 7 8 9 10

I | | | | | | | | | |

I | | I | | I | | | |
I Wiorst pain

Mo pain
pa I | I I I I imaginable
hild Moderate Sevens
Fig 6

2. Pressure Biofeedback
Pressure biofeedback is a tool designed to facilitate muscle re-education by detecting movement of the lumbar
spine associated with a deep abdominal contraction in relation to an air-filled reservoir, @9

Procedure

Patient position-Supine, hook lying.

Place the three-chamber pressure cell under the lumbar spine horizontally across low back area.
Position the spine in neutral.

Inflate the pressure cell to a baseline of 40mm Hg.

Draw in the abdominal wall without moving the spine or pelvis.

There is an increase in the pressure from 40mm Hg.

Pressure should remain at 40mm Hg +/- 10mm Hg while performing the loading exercises.

3. Modified Schober’s test

Modified Schober’s Test (interrater (r=0.96) and intra-rater (r=0.94) reliability) 18 The subject standing erect,
knees extended, arms relaxed at the sides and body weight centered. Marks on the skin to be made using a pen.
The first mark at the lumbosacral junction, as indicated by the posterior superior iliac spines; a second mark was
made 10 cm above and a third mark made 5 cm below the lumbosacral junction. The subject then was asked to
bend forward as far as possible until the onset of the pain and the new distance between the second and third
marks to be measured. Similarly, the distance between the superior and inferior marks were measured as the
subject extended the spine as far as possible. The initial length (15 cm) was subtracted from the final length of
trunk flexion to obtain the extent of trunk flexion, while the final length of the trunk extension was subtracted
from the initial length (15 cm) to obtain the extent of trunk extension.

13
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Conclusion

In the present study core strengthening with inspiratory muscle training and core strengthening both were
effective in reducing pain and improving strength and range of motion after completing the treatment protocols.
But the improvement in extension range of motion is more in core strengthening group when compared with core
strengthening with inspiratory muscle training group. Thus, the null hypothesis which states that “Core
strengthening with inspiratory muscle training is not effective in improving pain, strength and range of motion in
chronic low back pain individuals at the end of 6 weeks.” is rejected.
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