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ABSTRACT 
 

Objectives: To compare the effectiveness of current individual practices along with a 

genesis of new combined technique (SAM PROTOCOL) for the management of non-

specific low back pain.  

Background: Globally, Non-specific Low back pain is a highly prevalent 

musculoskeletal problem. Various researches have been conducted to find an effective 

and long lasting technique for the management of non-specific low back pain: 

however, the results of these studies have been inconsistent.  This study was not only 

analyzing the effectiveness of established technique but in addition developed a new 

method (SAM PROTOCOL) to manage non-specific low back pain.   

Methodology: A two phase study was designed in which 100 patients were 

recruited and randomly allocated into four equal group. First phase was comprises of 

75 participants divided into three groups that were group A, group B and group C. In 

second phase 25 new participants were recruited and allocated into group D. The 

interventional strategy for Group A was Mobilization, Group B was Myofascial release 

and Group C was Core Stability exercises. In phase II MFR & Core stability technique   

was combine as an interventional strategy for 25 participants being recruited in Group 

D. 

Interventions: Mobilization, Myofascial release, Core stability and the combination 

of Core stability and Myofascial therapy was used for the management of non-specific 

low back pain. 

Outcome Measures: Oswestry Disability Index (ODI), Numeric Pain Rating Scale 

(NPRS) and Rehabilitative Ultrasound Imaging (RUSI) were used for the collection of 

data.  

Result: A total of 100 participants with mean age was 52.24±5.13 years, in which 

41.7% were male and 58.3% were female. The paired t test was used to analyze the 

pre-intervention reading of the baseline treatment and post intervention reading of 12 

sessions. The study was divided into two phases in such a way that in phase I, the 

participants were divided into three groups in which Group A was treated with 

Mobilization, Group B with Myofascial release and Group C with Core stability exercises, 
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then in phase II the two most significant groups were merged together into Group D 

(MFR & Core stability exercises) classified as SAM PROTOCOL. The analysis showed 

that Group D was more effective in improving muscular thickness (p-<0.000), 

functional ADLS and intensity of pain (p-<0.000) than other research groups of phase 

I. 

Conclusion: It was concluded that as compared to individual treatment regimens 

combined therapy (SAM PROTOCOL) is a beneficial and suitable protocol for the 

individuals suffering with non-specific low Back Pain. 

Keywords: Core stability, Non-specific low Back Pain, Numeric pain rating scale 

(NPRS), Myofascial release technique, Oswestry Disability Index (ODI). 
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1.1 Background 

The lumbar region is a complex structure of interconnecting bones, joints, nerves, 

ligaments and muscles all working together to provide strength, support and flexibility 

to the spine. However, any minor change in this complicated structure can lead to low 

back pain which is either localized to the lumbar spine or radiate towards the legs 

(Staal, de Bie, de Vet, Hildebrandt, & Nelemans, 2011).There are several primary and 

secondary reasons that may contribute to the symptoms of low back pain such as 

degenerative disc disease, compression of nerve roots, musculo- ligamentous injuries, 

facet joint dysfunction, sacroiliac joint dysfunction , herniation of nucleus pulposus, 

osteoarthritis, irritation of adjacent nerve roots, spinal stenosis, (Maher, 2004) scoliosis 

, spondylolisthesis, primary or metastatic cancer, spinal infection, autoimmune disease 

and any trauma or deformity of the lumbar spine (Lamoth, Meijer, Daffertshofer, 

Wuisman, & Beek, 2006) . Along with the above mentioned injuries there are several 

risk factors that can lead to the progress of low back pain like old age, family history, 

pregnancy, compression fractures, spinal surgery, congenital deformities, prolong 

sitting, sedentary lifestyle, smoking, poor posture and physical stresses applied to the 

lumbar spine (Koes, Van Tulder, & Thomas, 2006). 

Low back Pain (LBP) is a condition that is usually divided into acute (persisting for less 

than 6 weeks), sub-acute (persisting for 6 to 12 weeks) and chronic low back pain 

(persisting for more than 12 weeks) (Baranto, Hellström, Cederlund, Nyman, & Swärd, 

2009). The symptoms of acute low back pain are severe or sharp pain that is caused 

by any injury or trauma of the lumbar spine while chronic low back pain may appear 

as a deep, achy and burning type of sensation that travels down the legs.  These two 

kinds of low back pain may differ in symptoms but present with similar limitations such 

as difficulty in sitting, walking, lifting and twisting activities of lumbar spine. The 

disability and illness behavior associated with acute low back pain is directly 

proportional to the physical findings whereas chronic low back pain is strongly related 

to emotional distress, depression, failed treatment and adoption of a sick role (By, 

n.d.) (Kazmi SAM et al., 2015). 

LBP is one of the most common problem for which individuals seek help from health 

care professionals(Cairns, Foster, & Wright, 2006). Physiotherapy management for low 

back pain can be prescribed as a conservative or complimentary treatment for pre-
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operative patients while the therapy can act as a source of rehabilitation for those 

patient who suffer from low back pain after a surgical procedure.  

The one method that physiotherapist can use to distinguish between healthy adults 

and those with low back pain is ultrasound imaging. It can predict the decrease in 

muscle thickness, side to side asymmetry, decreased ability of the muscle to thicken 

during contraction and distinguish between changes in muscle thickness during 

common exercises performed for LBP (Koppenhaver, Parent, Teyhen, Hebert, & Fritz, 

2009). Along with this RUSI can also predict the future episodes of LBP by just 

measuring the asymmetry of lumber multifidus muscle (Hides et al., 2001). 

1.2 Epidemiology 

LBP is one of the most common musculoskeletal problem that affects about 60-80% 

of the population throughout their life expectancy(MacFarlane et al., 2012). The 

lifetime prevalence of low back pain is reported to be 84% with 11-12% of the 

population being disabled by this condition. In 2010 Global Burden of Disease 

conducted a study on low back pain and estimated the global age standardized point 

prevalence to be 9.4%(Bener, Dafeeah, & Alnaqbi, 2014; MacFarlane et al., 2012). 

The low back pain is a self-limiting condition that can commonly be found in middle 

age ranging between 35 to 65 years in which 90% of the people can be cured within 

3-4 months without any treatment protocol (Fredburger et al., 2009). 

1.3 Introduction 

The lumbar spine allows interaction between neurovascular and musculoskeletal 

structures to enable a stable yet mobile transition of load from thorax to pelvic region 

(Liddle, Baxter, & Gracey, 2004). It is a highly flexible structure that provides mobility 

in different plane such as flexion, extension, bending and side rotation, in order to  

accomplish tasks that are associated to the activities of daily living (ADLs)(Hakala, 

Rimpelä, Saarni, & Salminen, 2006). The lumbar spine also provides fibro-osseous 

pathway for the inferior portion of the lumbo-sacral nerves , spinal cord and cauda 

equine to  travel from trunk to the regions of  the lower extremity (Damush et al., 

2003). Considering the complexity, mechanical stresses and the amount of functional 

demands on lumbar spine, it can easily be subjected to low back pain (Benno et al., 

2006). 
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1.4 Anatomy and Mechanics of the Lumbar Spine  

The lumbar spine is a complex region that is composed of strong vertebrae’s, multiple 

bony elements, flexible ligaments, large muscles, highly sensitive nerves and 

complicated innervations. As compared to rest of the spine lumbar vertebral bodies 

are taller and bulkier in shape to withstand the pressure from body weight, powerful 

muscles and certain body movements such as walking, sitting, lifting and twisting. The 

anterior position of the vertebral bodies form a slight  wedge-shape to maintain the 

natural lordotic curve of the spine (Koppenhaver et al., 2009).  

1.4.1 Lumbo-Sacral (LS) junction 

The lumo-sacral junction consists of an L5 vertebra that transmits the weight of head, 

upper limbs and trunk towards the first vertebral body of the sacrum (‘KELLY, LIZ’, 

2008).  It is also composed of massive transverse processes that are in direct contact 

with the entire lateral surface of the pedicle and side of the sacral body (Florimond, 

2010).The immense contrast between anterior and posterior  heights of vertebral 

bodies (van der Roer, Ostelo, Bekkering, van Tulder, & de Vet, 2006) and the increase 

in anterior height of fifth inter-vertebral disk (IVD) forms an angle at the level of  

lumbo-sacral junction (Hestbaek, Leboeuf-Yde, Kyvik, & Manniche, 2006). The cavities 

of lumbo-sacral joint turns its position from sagittal to coronal plane as the inferior 

articular processes of L5 vertebrae  projects anteriorly and slightly laterally to articulate 

with the superior articular processes of the sacrum (Carneiro Machado, De Souza, 

Ferreira, & Ferreira, 2006). The change of planes during this articulation helps in 

resisting the shearing forces that are formed between L5 vertebrae, inter-vertebral 

disc and the base of sacrum to increase the integrity of lumbo-sacral junction 

(Cholewicki et al.2004). 

1.4.2 Sacrum 

Sacrum is one of the most atypical vertebrae that is made up from the fusion of five 

vertebral segments(S1-S5), that gives it a shape of an inverted triangle (Dankaerts et 

al., 2009). The broad base of sacrum projects anterio-superiorly to articulate with  L5 

vertebrae at the level of LS junction while its apex- projects anterio-inferiorly to 

articulate with the first coccygeal segment of the coccyx at the level of sacro-coccygeal 

(SC) junction(Clarke et al., 2005). Sacrum is responsible for the origination of certain 

muscles such as piriformis, multifidus, erector spine and gluteus maximus as well as 
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contains a series of four openings that allows the passage for spinal nerves(S1-S4) 

and blood vessels (Cholewicki et al.2004, Tsao & Hodges, 2008). Low back pain can 

certainly arise at the level where lumbar and sacral region connects because this 

segment of the spine is subjected to large amount of stress during certain activities 

such as sports and sitting for longer duration of time. 

1.4.3 Innominate Bone 

It is a large bone that forms one half of the pelvis , and itself is made by the fusion of 

ilium, ischium and pubis that unites at the level of the acetabulum(Tuncel, Iossifova, 

Ravelo, Daraiseh, & Salem, 2006). The cartilage on the acetabulum becomes thick in 

the periphery where it combines with the edge of fibro-cartilage that helps in stabilizing 

the hip joint (Chou, 2010). 

1.4.4 Anomalies b/w the pelvic girdle and Lumbar Spine 

Lumbarization is the process in which the junction between first and second sacral 

vertebrae fails to fuse together and results in the formation of sixth mobile lumbar 

vertebrae (Krismer & van Tulder, 2007) while sacralization is a genetic anomaly in 

which the last lumbar vertebrae fuses to sacrum or ilium on either one side or both 

sides of the body (Ferreira et al., 2007). These two processes can generate the 

pressure on lumbar spine and contribute to the symptoms of low back pain. 

1.4.5 Lumbar spine kinesiology 

The physiologic movements of lumbar spine takes place in different cardinal planes 

that includes flexion and extension in sagittal plane, lateral flexion in frontal plane and 

rotation in the transverse plane(Keller, Hayden, Bombardier, & Van Tulder, 2007). The 

main structures that allow these motions to take place smoothly and efficiently are the 

ligaments and muscles attached to the lumbar region (O’Sullivan et al.2004). 

 

1.4.6 Muscles of the Lumbar Spine 

1.4.6.1 The anterior aspect 

The anterior aspect of  lumbar spine consists of four major muscles that includes rectus 

abdominis, internal oblique abdominis, external oblique abdominis and transverse 

abdominis (Chenot et al., 2008). 
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The three main functions of rectus abdominis are flexion of trunk , depression of ribs 

(Fritz, Cleland, & Childs, 2007) and  when unilateral tension develops it causes lateral 

flexion of spine towards the tensed muscle (Anema et al., 2007). while Internal oblique 

abdominis is responsible for the flexion of trunk, ipsilateral trunk rotation, increase in 

intra-abdominal pressure, rib depression, spinal stabilization , decrease in anterior 

tilting of pelvis (Gombatto, Collins, Sahrmann, Engsberg, & Van Dillen, 2007) and when 

unilateral tension develops it causes rotation of the spine towards the tensed muscle 

(Hamlyn N, Behm DG, 2007).The external oblique abdominis functions by allowing 

trunk flexion, contra-lateral trunk rotation, increase in intra-abdominal pressure, rib 

depression ,spinal stabilization (Basler, Bertalanffy, Quint, Wilke, & Wolf, 2007), when 

unilateral tension develops then rotates  spine towards the opposite side of the tense 

muscle (Rubinstein & van Tulder, 2008) whereas transverse abdominis muscle has two 

major functions that include increase in intra-abdominal pressure and stabilization of 

the spine (O’Sullivan et al.2004). 

1.4.6.2 The posterior aspect 

The posterior aspect of the lumbar spine consists of one large muscle known as erector 

spine (Chenot et al., 2008) that itself is made up by a collection of different small 

muscles that includes sacrospinalis, semispinalis, multifidis, rotators, interspinalis, 

intertransversari, levator costarum, longissimus and iliocostalis (Dagenais, Caro, & 

Haldeman, 2008).During bilateral contraction this muscle group is responsible for 

extension and hyper extension of the trunk while during unilateral contraction it causes 

lateral flexion of the trunk (O’Sullivan et al.2004). 

1.4.6.3 The lateral aspect 

The lateral aspect of lumbar spine has two major muscles known as Quadratus 

lumborum and psoas major(Fredburger et al., 2009).  The key function of psoas major 

is to flex the trunk while quadratus lumborum is responsible for extension of trunk 

bilaterally and flexion of trunk unilaterally (O’Sullivan et al.2004). 

1.4.7 Ligaments and its Classification 

The ligaments of lumbar spine originates around fascia, the tendinous attachments of 

muscle and the outer portion of IVD (Schofferman & Mazanec, 2008). These ligaments 

provide stability by restricting the excessive motion of lumbar spine. The ligaments 
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can be classified into three segments (Jensen, Karppinen, Sorensen, Niinimäki, & 

Leboeuf-Yde, 2008). 

- Extra segmental: anterior longitudinal, posterior longitudinal and supraspinous. 

- Segmented: ligamentum flavum, interspinous and intertransversus.  

- Regional: iliolumbar.  

The anterior longitudinal ligament traverses the entire length of the spinal canal and 

is strongly attached to the anterior sacrum which helps in limiting the flexion and over 

extension of the lumbar spine (Ostelo et al., 2008), while the posterior longitudinal 

ligament extends along the posterior surfaces of vertebrae and IVD which prevents 

hyper flexion of the lumbar spine  (Sembrano & Polly, 2009). The interspinous ligament 

which is located between the spinous process and supraspinous ligament is found 

along the posterior aspects of the spinous processes that provides stability to the 

specific segments of the lumbar spine(May & Johnson, 2008). The connection between 

the adjacent vertebrae and the first segment of the sacrum is maintained by 

Ligamentum flavum (De Schepper et al., 2010), that has unique elastic properties such 

as it can be elongated to 40% of its resting length without causing any damage to the 

tissues (Bialsky et al., 2009).  Ligamentum Flavum lengthens when the spine is in flex 

position while shortens when the spine extends. This ligament is always in tension 

even if the spine is in an anatomical position thus providing stability to the lumbar 

spine (O’Sullivan et al., 2004). 

1.4.8 The Lumbo-Dorsal Fascia 

The lumbo-dorsal fascia is a dense connective tissue with a well-developed network of 

collagen fibers which provides immense support to the lumber region during their 

flexion and lifting activities (Gombatto et al., 2007). It is made up of three layers that 

include anterior, middle and posterior. The anterior and middle layer inserts into the 

transverse process of vertebral column while the posterior layer inserts in the tips of  

spinous processes  (Helm, Hayek, Benyamin, & Manchikanti, 2009). The anterior and 

middle layer encircles the quadratus lumborum and blend with the fascia of transverse 

abdominis and internal oblique abdominal muscle (Chou, 2010)to create a direct 

connection between the body of spine and deep abdominal muscles, which plays a key 

role in the dynamic stabilization of the lumbar spine  (Seco, Kovacs, & Urrutia, 2011). 
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1.4.9 Curvature of the Lumbar spine 

The lumbar spine has a natural lordotic curve which can be increased or influenced by 

different pathologic, genetic and psychological factors (Norlund, Ropponen, & 

Alexanderson, 2009). The anteversion of pelvis and the weakness of  gluteal and 

abdominalis muscles can increase the risk of lordosis by placing compressive forces on 

the posterior elements of lumbar spine thus subjecting the person to low back pain 

(Dankaerts et al., 2009). Along with these conditions one other factor that can 

contribute to the possibility of low back pain is scoliosis, that is lateral deviation of the 

spine towards either side of the body (Gibbons et al.,2000). 

1.4.10 Load bearing 

The lumbar vertebrae have a larger surface area as compared to  rest of the spine, 

thus decreasing the amount of load and external forces that act on the lumbar region 

(Ho et al., 2009). These vertebrae’s along with the IVD joint allows the spine to resist 

rotational torsion and shear forces by the percentage of 80% (Hancock, Maher, 

Latimer, Herbert, & McAuley, 2009) while the facet joints are responsible to sustain 

approximately 30% of the compressive load when the spine is in hyperextension 

(O’Sullivan et al.,2003). 

1.4.11 Spinal Stability 

The stabilization of spine does not require large muscular forces but needs proper 

coordination, activation and endurance of the muscle groups (Chou et al., 2009). Any 

inappropriate activation of a single or group of muscles can contribute to the stiffness 

of surrounding muscles and joints, which will lead to the instability of the lumbar spine 

(Fritz, Hebert, Koppenhaver, & Parent, 2009). The activation of abdominal muscles 

creates an intra-abdominal pressure (IAP) that increases the compressive loads on the 

spine which in turn provides stability to the spinal segments (Furlan, Pennick, 

Bombardier, & Van Tulder, 2009). One theory for this spinal stability is that IAP 

produces an external movement that assists the erector spinae muscle in supporting 

the spine, while the other states that abdominal muscles along with the help of trunk 

muscles stiffen the spine causing an air splint to develop around it (Lamoth et al., 

2006). Although extensive stiffness can decrease the joint motion but some of it is 

required to maintain the stability of the spine (Iles, Davidson, Taylor, & O’Halloran, 

2009). 
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1.4.12 Sacral Inclination 

The sacrum lies just below L5 vertebrae with its base tilted forward. The process of 

sacral inclination takes place when the base of sacrum leans forward by an angle 30 

degrees (range between20 to90 degrees). Sacral inclination  along with wedge-shaped 

L5 vertebral body and IVD contributes to the formation of an LS angle (Cherkin et al., 

2009).This LS angle and sacral inclination increases the chances of low back pain by 

affecting the normal lordotic curve of  the lumbar spine (Gibbons et al., 2000). 

1.4.13 The Sacro-Iliac joint 

The sacro-iliac joint is formed between the auricular surfaces of the sacrum and iliac 

bones that are connected by strong ligaments. The joint is covered by two different 

kinds of cartilages, the sacral surface by hyaline cartilage and the iliac surface by 

fibrocartilage (Pham, Landon, Reschovsky, Wu, & Schrag, 2009). The function of SI 

joint is to act as a shock absorber and to allow transverse rotations to be transmitted 

to the spine. The anterior and lower half of the joint acts as a  typical synovial joint 

that is connected by an interosseous ligament (Cohen, 2009). In people over 30 years 

the synovial part of the joint shows signs of degeneration and in those between 40 to 

80 years the joint is characterized by stiffening of the capsule, severe loss of cartilage 

thickness, subchondral bone erosion, increase in surface irregularity and intra-articular 

fibrosis of the joint surfaces (Lee D et al., 2004, Koppenhaver et al., 2009). 

1.4.14 Ligaments around the pelvis 

The iliolumbar ligament is attached from the tip of transverse process of L5 vertebrae 

to the posterior aspect of the iliac crest. The lower band of iliolumbar ligament is in 

coronal position and controls lateral flexion of the pelvis whereas the upper band is 

positioned obliquely backwards to control flexion and exertion of posterior pull on the 

L5 vertebrae in order to prevent anterior slipping of the vertebral body during weight 

bearing activities (Wallwork, Stanton, Freke, & Hides, 2009).The ventral, interosseous 

and dorsal sacroiliac ligaments provides stability to the sacroiliac joint for example 

during incremental loading of the sacrum DSIL become tense when the base of  sacrum 

moves backwards (counter-nutation) and slackens when the base of  sacrum moves 

forward (nutation)(Pellisé et al., 2009). The sacrotuberous and sacrospinous ligaments 

stabilize hip bone on the sacrum while iliofemoral ligament limits the posterior tilt of 

pelvis at the hip joint (Lee D et al., 2004). 
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1.4.15 Lumbo-pelvic rhythm during forward bending 

The lumbar spine and pelvis performs a combined movement in order to bend the 

body into forward position. When the body begins to move forward movement starts 

from  head and upper trunk then pelvis shifts backwards to keep the center of gravity 

over the base of support (Bakker, Verhagen, Van Trijffel, Lucas, & Koes, 2009). During 

first 45 degrees of forward flexion the extensor muscles of the spine maintains balance 

of the body while posterior ligaments become taut and the facet of zygapophyseal 

joints come together to provide stability for the intervertebral joints. When the 

movement reaches the point where all vertebral segments are at full range the pelvis 

begins to rotate forward until the muscles are at their full length by a process known 

as anterior pelvic tilt(Salavati et al., 2009). The final range of motion (ROM) depends 

on the flexibility of back extensors, fasciae and the hip extensors (Jarvik et al., 2015). 

In order to return to an upright position, the hip extensor muscles rotate the pelvis 

posteriorly while the back extensors extend the spine. Any interruption to this normal 

rhythm and process may result in low back pain (Lee D et al., 2004). 

1.5 The anatomy, kinesiology, biomechanics and injury mechanism of 

intervertebral disk (IVD)  

The intervertebral disk is a cushion like structure that is composed of disks, vertebrae, 

ligaments and muscles. It is one of the most critical component that absorbs shock, 

distributes load and provides flexibility to the lumbar spine. The structures that permits 

these shock-absorbing properties of IVD are annulus fibrosis, nucleus pulposis and 

cartilaginous end plates. (Gail M. JENSEN, MA, Biomechanics of the intervertebral disk, 

A Review volume 60/number 6 june 1980). 

1.5.1 The Annulus Fibrosus 

The annulus fibrosus is a laminated and fibro-cartilaginous structure that forms the 

outer portion of IVD. The collagen fibers of annulus fibrosus vertically intersects at an 

angle of 30 degrees, which makes the structure more sensitive to rotational strain and 

compressive loads in order to tolerate a high magnitude of tensile stress (Williams, 

2010). The IVD is slightly concave in a centrally posterior position to increase the area 

of annulus fibrosus which in turn allows it to resists the flexion loads that commonly 

acts in the activities of daily living (Mafi, McCarthy, Davis, & Landon, 2013). The 

annulus fibrosus plays an important role in the production of pain and proprioception 
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by the presence of large number of mechanoreceptors and free nerve endings (Mercer 

et al., 2004). 

1.5.2 The Nucleus Pulposus 

The nucleus pulposus is a gel like substance with in the annulus fibrosus that is 

composed of water, collagen and proteoglycans. It is an elastic structure that 

maintains the hydration of disk and enable smooth distribution of forces across the 

annulus fibrosus and cartilaginous endplates. The  nucleus pulposus consists of 70-

90% of water but it’s the concentration decreases as the age progresses (Nelson-

Wong & Callaghan, 2010). 

1.5.3 IVD - Hydrostatic pressure during compression load  

The intervertebral disk converts vertically applied forces to circumferential tension by 

a phenomenon known as hoop stress. When the compressive load on intervertebral 

disk is applied hydrostatic  pressure within the nucleus pulpous increases, which in 

turn responds by generating tension in the surrounding annulus fibrosus (Unsgaard-

Tøndel, Fladmark, Salvesen, & Vasseljen, 2010). The annulus fibrosus in turn resists 

this pressure by developing tension in the collagen fibers (O’Sullivan et al.,2004). 

1.5.4 Osmotic pressure during compression load on IVD 

When the IVD is subjected to stress it begins to lose water and starts absorbing sodium 

and potassium  until the internal electrolyte concentration is enough to prevent the 

further loss of water (Albaladejo, Kovacs, Royuela, Del Pino, & Zamora, 2010). Once 

the pressure on the disk is released it rapidly reabsorbs water content resulting in the 

decrease of height and volume of the disk (Chan, Mok, & Yeung, 2011). The 

intervertebral disk has an ability to store energy during loading and then recoil 

elastically once the load has been released, giving it the function of a shock- absorber. 

Some conditions such as severe dehydration can alter the capacity of disk to tolerate 

these compression loads thus allowing degenerative changes to occur. 

1.5.5 Compressive forces on the IVD during trunk movements 

The intervertebral disk permits certain movements to occur between the vertebral 

bodies such as axial compression, flexion, extension, axial rotation and lateral flexion. 

When the IVD is subjected to asymmetrical load it causes nucleus pulposus to migrate 

in a direction that is opposite to the site of compression for example during forward 



 

12 
 

bending nucleus pulposus moves towards the posterior side while performing 

extension will cause the anterior migration of nucleus pulposus. 

1.5.6 Mechanisms of IVD injury 

The three mechanisms that can lead to the injury of intervertebral disk are as follows 

(O’Sullivan et al., 2003) 

 Direct injury to the pain-sensitive portion of annulus fibrosus. 

 The presence of a herniated disk that causes chemical irritation of the pain sensitive 

structures (MacFarlane et al., 2012). 

 Degenerative disk that loses vertical dimensions and causes vertebrae to 

approximate to one another. 

1.6 Biomechanics of the Lumbar spine 

The lumbar spine is subjected to multiple forces that includes body weight, torque, 

compression, intra-abdominal pressure and  external load (Cuesta-Vargas, García-

Romero, Arroyo-Morales, Diego-Acosta, & Daly, 2011). During a standing position 

lumbar spine rotates towards the side of lateral flexion causing a decrease in lumbar 

lordosis (counter nutation) whereas when the body bends forward it rotates towards 

the opposite side of lateral flexion causing an increase in the lumbar lordosis. 

1.6.1 Loads on Lumbosacral junction 

The lumbar spine is a highly mobile region whereas the sacrum is immobile so, the  LS 

junction that acts as a transition zone between these two segments is subjected to 

immense stress (Sherman et al., 2011). The lumbosacral junction is usually oriented 

at a larger angle from horizontal plane as compared to rest of the spine making it more 

susceptible to anterior shear forces (Richardson et al., 2002). In a standing stance, 

the shear forces acting across the lumbosacral joint is approximately 50% of the body 

weight whereas when the body flexes the forces can increase to as much as 75% of 

the body weight. 

1.6.2 Loads on Sacroiliac joint 

The major function of SI joint is to provide stability and attenuate forces towards the 

lower extremities for example the extensor muscles and strong ligaments that are 

closely attached to SI joint supports lower back and generate forces that are more 
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than 6500 N. The SI joint sustains larger loads and serves as a central point of 

movement during weight transfer and shock absorption (Cholewicki et al., 2002). 

1.7 Clinical representations 

In a standing position sacrum rotates outwards( nodding nutation) and ground 

reaction forces moves towards  hip joint in order to tilt the pelvis back into retroversion 

(Cecchi, Negrini, & Pasquini, 2012). If these nutation movements are blocked, then 

pelvis will not be able to move into retroversion that may results in muscular 

imbalances which will directly lead to low back pain (Sturesson et al., 2000). 

In a stance phase one limb is extended while the other is slightly flexed. During this 

phase pelvis is tilted on the side of swinging limb causing shearing forces to exert loads 

on the pubic symphysis. This destabilization has to be compensated by the activity of 

gluteus medius of the standing leg (Alsaadi, McAuley, Hush, & Maher, 2012) but if it  

is week or inactive then it will lead to blockages and muscular imbalances causing 

referred pain to be generated in the lumbar region (Sturesson et al., 2000). 

In lying down with extended hips the flexor muscles are responsible to rotate the pelvis 

and push the tip of sacrum in to anterior direction whereas the SI joint counter-nutates 

to enable the articulation of head of femur into acetabulum. The blockage of nutation 

movements alters the normal phenomena of articulation that will cause lesions of the 

hip joint and lead to secondary referral pain in the lumbar region (Chou et al., 2009). 

1.8 The clinical relationship between low back pain and urinary 

incontinence 

The high tonicity of pelvic floor muscles often leads to an inadequate voluntary control 

of the urinary bladder known as urinary incontinence. It is a condition that activates 

the muscles of abdominal region in order to hold and release urine which can affect 

the muscles of lumbar region hence triggering low back pain. 

1.9 Physiotherapeutic treatment of UI and LBP caused by pelvic floor 

dysfunction 

The physiotherapeutic management of UI and LBP includes correction of posture, 

stretching’s, strengthening of weak muscles, removal of TrPt's, changing of breathing 

stereotypes, neuromuscular re-education and a home exercise program. 
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1.10 Breathing movements and its influence on the posture 

A slow and steady breathing pattern enhances core stability, improves tolerance to 

high intensity exercises and reduces the risk of muscle fatigue and injury. The deep 

breathing technique is incorporated in many treatment protocols that aids in the 

relaxation and elongation of hypertonic and shortened muscles (Tatiane Lizier, Vaz 

Perez, & Kimiko Sakata, 2012). 

1.10.1 Valsalva maneuver  

It is a breathing technique that is used to prevent overloading in the lumbar spine. It 

involves holding breath in inspiration with a closed airway when lifting heavy objects. 

However, this maneuver should not be used on patients with cardiac problems or any 

diseases that are aggravated once the intra-abdominal pressure increases (Allegri et 

al., 2016). 

1.10.2 Loading on the feet  

The physiological position of foot on the ground should be on 3 points that includes 

center of  calcaneus(heel), head of fifth metatarsal and head of first metatarsal 

(Sheeran, Sparkes, Caterson, Busse-Morris, & Van Deursen, 2012). The balance 

between these points provides stability to the foot (Allegri et al., 2016). 

1.11 The working pattern of postural muscles  

The tonic muscles have to work in an isometric mode along with the activity of agonist 

and antagonist muscles to maintain the balance of the body (Allegri et al., 2016).  

1.12 Mechanism of specific functional alterations  

Any alterations in the working pattern of postural muscle, loading on foot and 

breathing mechanisms will lead to nociception that in turn can contribute to the 

progress of low back pain (Allegri et al., 2016). 

1.13 Musculo-skeletal structural changes and imbalance 

The structural changes and imbalance includes lower cross syndrome that is 

characterized by a specific pattern of muscle weakness and tightness that cross 

between dorsal and ventral sides of the body.  This disorder results in anterior pelvic 

tilt, increase in hip flexion and compensatory hyper-lordosis of the lumbar spine (Allegri 

et al., 2016). 
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The pelvic retroversion reduces lumbar lordosis that in turn decreases the sheltered 

shocking mechanism of lumbar spine whereas the pelvic anteversion increases lumbar 

lordosis and overloads the hip joint (Allegri et al., 2016). All these mechanisms that 

aids to the imbalance of body puts immense stress on the muscles of lumbar region 

that can directly lead to low back pain. 

1.14 Rehabilitation of the structural pathologies of Lumbar spine  

1.14.1 Spondylolysis 

1.14.1.1 Conservative treatment 

The conservative management includes strengthening of abdominal and glutei 

muscles, correction of trunk stability and improvement in breathing patterns of the 

patient (Debnath et al., 2008). 

1.14.1.2 Surgical treatment 

The ratio of the patients that undergo surgical Intervention is very small. Only few 

patients mainly young sports man that does not respond to conservative management 

are treated surgically. 

1.14.2 Spondylolisthesis 

1.14.2.1 Conservative therapy   
The conservative management includes NSAIDS, limitation of activities, short-term bed 

rest, bracing, casting, weight reduction and physiotherapy. The epidural injections may 

be beneficial to patients that exhibit radiculopathy or spinal claudication (Dimar et al., 

2005). 

1.14.2.2 Surgical treatment 

The major indications for surgery includes severe radiculopathy, neurogenic 

claudication and incapacitating low back pain. (Dimar et al., 2005). 

1.14.3 Disk herniation 

1.14.3.1 Conservative therapy 

The conservative management for disk herniation includes NSAIDS, lengthening of 

shortened muscles (especially iliopsoas and hamstrings), strengthening of weak 

muscles (mainly abdominals and gluteal muscles) correction of breathing patterns and 

patient education (Edgar G et al., 2011). 
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1.14.3.2 Surgical Treatment 

If conservative management does not give any results, then surgical intervention is 

needed. The most recent advancement is the use of micro-endoscope and tubular 

retractor system to perform a lumbar disectomy that allow surgeons to decompress a 

symptomatic lumbar nerve root via a minimally invasive surgical (MIS) technique 

(Edgar G et al., 2011). 

1.14.3.3 Contra-lateral approaches 

The contra-lateral approaches can be used for the conditions of foraminal narrowing, 

lateral disk herniation and facet joint cysts. These approaches allow excellent 

visualization of the cyst wall for a safe resection and nerve root decompression without 

compromising the facet joints (MacFarlane et al., 2012). 

1.15 Management Strategy of Low Back pain 

Non-Specific Low Back Pain 

According to evidence-based practice different guidelines have distinct treatment 

protocols for the management of non-specific low back pain. Italian guidelines (2004), 

chiropractic-American (2008), Dutch Manual Therapy (2007), CLIP Canadian (2018), 

Dutch physiotherapy (2018), European Guidelines (2018), American Collage of 

Occupational and Environmental Medicine (2018) and CKS & NICE guidelines (2018) 

describes that individual rehabilitation techniques are effective in managing low back 

pain while New Zealand (2018) and Yannick-Tousignant (2017) concluded that 

combined therapy is the most effective Phenomena to treat the symptoms of Non -

specific low back pain. The Guidelines are described in table 1. 

 

 

 

 

 

 

 

 

 

 



 

17 
 

Table: 1: Guideline related to management strategy of low back pain  

 
Guideline 

Treatment- Non Specific Low back 

pain 

1 

Italian Guideline (2006) 

Exercises (Individual & specific), 

Instability, ADL & work 

Modification, behavioral therapy, 
back school, multidisciplinary 

Rehab. 

2 
Chiropractic – American (2008) 

Individual Intervention - 
Manipulation, Exercise Therapy 

3 

Institute for Clinical Systems 

improvement- American (2017) 

Short Course of Manipulation & 

Exercises (core Stability 
training, Graded program, intensive 

training); postural education, 
address yellow 

flags; Multidisciplinary Rehab. 

4 

Dutch Manual Therapy (2017) 

Individual Intervention Exercise 
Therapy based on behavioral 

principles, 
Manipulation. 

5 

Yannick Tousignant (2017) 

Combination Therapy - 
Rehabilitation management of low 

back pain – it’s time 

to pull it all together! 

6 American College of Physicians 
& 

American Pain Society (2018) 

Exercises, Manipulation, Behavioral 
counseling, 

Multidisciplinary rehab. 

7 

CLIP – Canadian (2018) 

Individual Intervention Exercise, 

Behavioral Therapy, 
Multidisciplinary rehab, 

Back school. 

8 

Dutch Physiotherapy (2018) 

Individual Intervention Exercise 

Therapy (Including exercise in 
water), Behavioral 

therapy. 

9 

European Guideline (2018) 

Individual Intervention Supervised 

exercises, behavioral therapy, 

manipulation 

10 American College of 

Occupational 
&Environmental Medicine 

(2018) 

Individual Intervention Aerobic 

exercises, FAB training, back School, 
Behavioral 

counseling 

11 

CKS & NICE  - Great Britain 

(2018) 

Individual Intervention 

Manipulation, Acupuncture, 

Exercise; Behavioral 
counseling if other fails 

12 
New Zealand (2018) 

Manipulation first 4 or 6weeks, 

multidisciplinary Rehab 

13 

Mayo Clinic - Guideline (2018) 

Combination Therapy is more 

effective as compare to individual 

treatment 
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1.17 Operational Definitions  

1.17.1 Numeric Pain Rating Scale (NPRS) 

The 11- Point Numerical Pain Rating Scale (NPRS) is frequently used to measure the 

intensity of pain where 0 is considered as “no pain” and 10 is the “worst possible pain” 

(Ferreira-Valente MA, et al, 2011). 

1.17.2 Oswestry Disability Index (ODI) questionnaire 

The Oswestry Disability Index (ODI) questionnaire has become one of the principal 

condition-specific outcome measure used for determining the functional disability in 

patients of low back pain, it is easily accessible online without any cost. The test is 

well recognized for its reliability, validity and sensitivity to change (Kilichan Bayar, et 

al, 2013) 

1.17.3 Rehabilitative Ultra Sound Imaging (RUSI) 

The most commonly used imaging techniques/strategies for evaluation of para spinal 

muscles are CT scan, MRI and rehabilitative ultrasound imaging (RUSI). The various 

aspects of muscle that can be assessed by RUSI includes size, density and contraction 

of the muscle. The reliability of using RUSI to measure the size of para spinal 

musculature has been shown to be both valid and reliable (ICC= 0.96;95% CI: 0.84 

TO 0.99 at L2-3 level and ICC= 0.97; 95% CI: 0.87 to 0.99 at L4-5 vertebral level), 

which is acceptable for clinical applications. If CSA measurements (cross-sectional 

area) are performed with strict criteria then RUSI can give same results as MRI (Hides 

J et al., 1995). According to various studies RUSI has good interrater and inter-rater 

reliability and is a valid tool to measure the size and activation of muscle during 

submaximal contracted states (Koppenhaver et al 2009). 

1.17.4 Mobilization 

Mobilization consists of passive movements performed in a way that they cannot be 

prevented by the patients. It includes passive oscillatory movements or sustained 

stretching’s that are performed with low amplitude to relieve pain, achieve functional 

range of movement and restore full range of motion.  
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1.17.5 Myofascial Release 

The myofascial therapy treat pain and immobility by relaxing contracted muscles, 

improving blood circulation, enhancing lymphatic drainage and stimulating the process 

of stretch and relax pattern. 

1.17.6 Core Stability 

Core stability exercises are performed in order to strengthen the core muscles.  The 

basic exercise protocol that are followed to increase the strength and stability of core 

muscles, are as follow. 

 Pilates 

 Hundreds 

 Bridges 

 Plank 

 Quadruped 

 Table top 

 Dart 
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2.1 Pathophysiology 

The lumbar spine is a complicated region that is composed of several structures. Any 

pathophysiologic change or alteration in the biomechanical properties of these 

structures such as impingement of nerve roots , muscular pain , ligamentum flavum 

hypertrophy , spondylosis ,pain in the facet joints, spinal stenosis, spondylolisthesis 

and spinal degeneration can contribute to the development of low back pain (Allegri 

et al., 2016). 

2.1.1 Impingement of Nerve Roots  

Nerve root syndromes are characterized by sharp, shooting , well localized pain that 

can be associated with paresthesia and arise due to the impingement of nerve in 

several conditions such as disk herniation, spinal stenosis, disc degeneration and cauda 

equine (Allegri et al., 2016). The symptoms that can easily be found in nerve 

impingement includes neurologic deficits, pain radiating below the knee and sharp 

shooting pain down the contralateral side of the leg  (Basbaum, Bautista, Scherrer, & 

Julius, 2010). Sometimes any irritation or inflammation can mimic the pattern of nerve 

root syndromes which in turn affects the treatment plan. 

2.1.2 Muscular pain 

The muscle spasm, strain or muscular tear caused by heavy exercises, lifting heavy 

objects, twisting movements, pulling or pushing of heavy objects and a history of fall 

can lead to the development of mechanical low back pain (Koes, 2006). 

2.1.3 Spinal stenosis 

It is narrowing of the spaces that leads to spinal cord compression within the spinal 

canal. The conditions that can lead to spinal stenosis includes herniated disks, 

thickened ligaments, tumors and spinal injuries (Dubin & Patapoutian, 2010).There is 

a possibility that some people with spinal stenosis may not show symptoms while 

others experience pain, tingling, numbness and muscular weakness in the lower back 

region. 

2.1.4 Spondylosis 

The thinning of intervertebral disk due to loss of moisture and volume can lead to the 

condition of spondylosis.  Any minor trauma during these circumstances can contribute 

to inflammation and nerve root impingement that further leads to low back pain. 
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2.1.5 Spinal degeneration 

It is a condition that occurs due to alteration in the hygroscopic quality of nucleus 

pulposus that can easily progress in to annular degeneration. The spinal degeneration 

along with the progressive posterior facet disease leads to spinal canal bulging that 

further contributes to the development of low back pain. There are three stages of 

spinal degeneration that includes 

 Dysfunction with a complain of pain. 

 Instability along with advance degeneration, pseudo spondylolisthesis and 

neurologic abnormalities. 

 Radicular pain after prolonged standing or walking (Kinkade, 2007). 

2.2 Clinical Features 

2.2.1 Non-specific back pain in the lumbar region 

Non-specific low back pain can be commonly found in approximately 90% of the cases. 

It is referred as nonspecific due to unknown reasons for example in some cases, the 

cause may be a simple sprain of the ligament or a muscle while in other the reason 

could be a minor problem with facet joints. Nonspecific low back pain is mechanical in 

nature that means it can vary with change in posture or activity such a pain can be 

eased by lying flat or worsen by coughing and sneezing. The range of pain in this 

condition can fluctuate from mild to severe without any apparent reason (Staal et al., 

2011). 

The non-specific low back pain is typically confined to one area of the lumbar region 

but sometimes it can also spread to other segments. In most of the cases people 

suffering from this condition can improve quickly usually within a week but once the 

pain has been relieved it can reoccur from time to time whereas in other cases the 

pain may persist for several months or even a year. The nonspecific low back pain can 

be diagnosed with  simple examination but mostly x-rays or scans are advised in order 

to rule out a serious underlying disease (Braun, Baraliakos, Regel, & Kiltz, 2014). 

2.2.2 Types of back pain 

The nonspecific low back pain is mainly classified into three sub type’s acute, sub-

acute and chronic low back pain. The division of these subtypes are based on duration 

of the pain such as acute low back pain persists for less than 6 weeks, sub-acute for 

http://emedicine.medscape.com/article/1263961-overview
http://emedicine.medscape.com/article/1263961-overview
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6 or 12 weeks  and chronic low back pain for 12 or more weeks (Balagué, Mannion, 

Pellisé, & Cedraschi, 2012). 

2.3 Intervention 

Physical, pharmacological and surgical interventions are taken to treat non-specific low 

back pain. 

2.4 Physiotherapy Management 

Physiotherapy management includes different approaches to treat low back pain such 

as rest, medication, electrotherapy, stretching’s, myofascial release, strengthening 

exercises, mobilization, manipulation and manual therapy. The major goal of this 

therapy is to decrease pain, increase function and prevent reoccurrence of low back 

pain (Airaksinen et al., 2006). 

One of the method that is most commonly used to treat low back pain is a Mobilization 

technique. It is a method that utilizes skilled and specific hands-on techniques to treat 

soft tissues and joint structures which results in modulating pain, increasing range of 

motion (ROM), reducing soft tissue inflammation, inducing relaxation, improving 

contractile and non-contractile tissue repair, enhancing extensibility and providing 

stability to the lumbar spine (Hidalgo, Detrembleur, Hall, Mahaudens, & Nielens, 2014). 

Spinal manipulation is another effective technique that is being used to treat acute low 

back pain. Numerous researchers have suggested that lumbar manipulation can be 

extremely effective in obtaining long-term benefits such as in one study the patient’s 

response to specific treatment regime was assessed on a Visual Analogue Scale (VAS) 

and then it was concluded on the basis of results that there was a prominent reduction 

of pain in participants who underwent manipulation therapy as compared to those with 

stretching exercises (Clarke et al., 2005) . Some of the studies suggests that SMT 

(spinal mobilization technique) provides better short-term results than MOB and 

diathermy to treat acute low back pain while other concludes that it has a similar 

impact as non-steroidal anti-inflammatory drugs on the patients of chronic low back 

pain. SMT/MOB provides either a similar or better pain outcomes for both short and 

long term periods when compared with placebo and other treatment regimens such 

as McKenzie therapy, medical care and soft tissue management to treat the chronic 

and acute back pain (Machado, de Souza, Ferreira, & Ferreira, 2006). 
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Along with spinal mobilization and manipulation MFR (mayo-fascial release) is a 

technique that is being used in clinical setups to obtain optimum results. MFR 

stimulates joint proprioceptors via stretching of a joint capsule which is capable of 

reducing pain by impeding nociceptive neuronal input at the level of spinal cord. It is 

beneficial in treating soft tissues, muscles, fascia, fibroblastic connective tissue, skin, 

tendon, ligaments, cartilage and lymph nodes (Ellythy, 2011). Balasubramanium and 

Velusamy Mohangandhi (2014) conducted a study to find out the effects of workstation 

modification with myofascial release on pain and the lumbar flexion range of motion 

in mechanical low back pain of those who works at desks. They concluded that work 

station modification along with myofascial release therapy was very effective in 

improving back pain. 

A recently published study by Ajimsha et al (2016) showed that specific back exercises 

plus MFR is more effective than specific back exercises plus sham therapy in the 

management of chronic low back pain. In this study 80 nursing professionals aged 

between 20 to 40 years with a primary diagnosis of chronic low back pain (low back 

pain >3 months) were recruited and their outcome measures were determined by Pain 

Rating Indexes that includes Quebec Back Pain Disability Scale and McGill pain 

Questionnaire. The recruited participants in this study were divided into MFR and a 

sham MFR group (i.e. control group) and were treated with these specific exercises for 

approximately 8 weeks with a session of 60 min in which 40 min were allocated for 

intervention and 20 min for specific back exercises. The results concluded that patients 

in the MFR group reported 53.3% reduction in pain with a 29.7% reduction of 

functional disability whereas patients in control group reported 43.6% reduction of 

pain and 22.7% reduction in functional disability. 

Arguisuelas and Maria (2016) investigated the effects of isolate MFR therapy on pain, 

disability and fear-avoidance beliefs in patients suffering from low back pain. In this 

study fifty-four participants were distributed in to two equal groups in which twenty-

seven patients were treated with MFR therapy whereas the other twenty-seven with 

sham MFR therapy. The variables of this study were measured by McGill Pain 

Questionnaire, Visual analogue scale, Ronald Morris Questionnaire and Fear-avoidance 

Beliefs Questionnaire. The results showed that MFR therapy produced a significant 

improvement in the conditions of pain and disability. 
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Core stability exercises plays an important role in decreasing the symptoms of low 

back pain by providing segmental stability, protecting spine and reducing stress 

impacting on the lumbar vertebrae and intervertebral discs. The primary core muscles 

that contribute to the stability of spine are Transversus abdominis, multifidi’s, 

diaphragm and pelvic floor muscles (Vasseljen, Unsgaard-Tøndel, Westad, & Mork, 

2012). The weakness of these core muscles results in loss of appropriate lumbar curve 

and a sway back posture while stronger and balanced core muscles helps to maintain 

the correct posture and reduces strain on the lumbar spine. A comprehensive 

strengthening program of these core muscles can also be used for injury prevention, 

rehabilitation and sport performance enhancement (Chang, Lin, & Lai, 2015). 

Numerous studies have proven that core stability exercises are more effective in 

treating low back pain than other therapies such as Wang et al (2012) conducted a 

study to compare general exercises with core stability and concluded that it is more 

effective in managing pain and improving physical functions of patients suffering from 

chronic LBP. However, no significant long-term difference in the pain severity was 

observed between patients who were engaged in core stability regime versus those 

with general exercises. 

Paul S. Sung et al (2003) conducted a study to examine the effects of CSE (core 

stability exercise) intervention on the levels of disability. In this study forty-six 

individuals were divided in such a way that twenty-five participants were in the CSE 

intervention group (average age of 47.7±8.9 years) while the other twenty-one in the 

SFE group (average age of 53.1±9.0 years). Each group participated in the specific 

exercise intervention program for 4 weeks while continuing their present activities and 

exercise regimes. The disability and fatigue levels were measured by Oswestry 

Disability Index (ODI) and a modified Sorensen test. The results of this study revealed 

that disability level significantly decreased in the CSE intervention group but no change 

was detected in the muscle fatigability of either group whereas Ferreira et al (2006) 

compared the impact of general and core stability exercises on the patients suffering 

from chronic LBP. According to VAS and Roland Morris Disability Questionnaire core 

stability exercise group showed a marginally better outcome than the general exercise 

group after 8 weeks of treatment but comparison was made difficult due to the 
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enrollment of varied group of subjects that includes patients with disc herniation, 

arthritis, and muscle pain. 

Hye Jin Moon (2013) stated that lumbar stabilization and conventional dynamic 

strengthening exercises increases the strength of lumbar extensor muscles which leads 

to the reduction of LBP. However, lumbar dynamic strengthening exercises were more 

effective then lumbar stabilization exercises for the strengthening of lumbar extensors 

and improvement of functional disability in patients with nonspecific LBP. 

Along with manual therapy low voltage electric current such as TENS (transcutaneous 

electrical nerve stimulation) can be used to treat acute, sub-acute and chronic low 

back pain. According to the gate control theory of pain nerve stimulation closes the 

gate mechanism at the level of spinal cord thus leading to the elimination of pain 

sensation. Serge Marchand and Louise Laurencelle (1993) conducted a study to see 

the effects of TENS on the patients suffering from chronic low back pain. They used 

visual analogue scale (VAS) to measure the sensory-discriminative and motivational 

affective components of lumbar pain. In this study forty-two participants were 

randomly assigned to one of the three groups, TENS, placebo-TENS and no treatment 

(control group). In order to measure the short-term effects of TENS, VAS pain readings 

were taken before and after each treatment session whereas to evaluate the long-

term impact participants assessed the intensity of pain at home after every 2 hours for 

a period of 3 days. When pain was compared before and after the treatment sessions 

TENS and placebo-TENS significantly reduced the intensity of chronic low back pain. 

According to the results it was concluded that TENS reduces the sensory-discriminative 

and motivational –affective components of low back pain so it could be used as a 

short-term analgesic procedure in a multidisciplinary program. 

Ronald Melzack, Phyllis Vetere and Lois Finch (2018) conducted a double-blinded study 

to administer the effects of TENS and gentle massage on the patients of acute and 

chronic low back pain. Forty-one patients were distributed in to two groups in which 

one group (n=20) received TENS stimulation while the other (n=21) underwent gentle 

massage. This treatment was given twice a week for a total of 30 minutes and the 

outcomes were measured by McGill Questionnaire. The results of this study showed 
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that TENS is significantly more effective in relieving pain and increasing straight leg 

raise than gentle massage. 

Ligia Maria Facci and Jean Paulus (2011) investigated the effects of TENS and 

interferential current among the patients of nonspecific chronic low back pain. One 

hundred and fifty participants were randomly divided into three groups, TENS, IFC and 

controls. All patients and controls were evaluated before and after the treatment 

sessions by the help of visual analogue scale (VAS), McGill pain Questionnaire and 

Ronald Morris Questionnaire. According to the results of this study TENS and IFC 

produced significant effects in relation to pain reduction, disability improvement and a 

decrease in medication consumption. 

The most commonly used imaging techniques for the evaluation of Para spinal muscles 

are CT scan, MRI and rehabilitative ultrasound imaging (RUSI). RUSI measures size, 

density and contraction of the muscle and if measurements are performed by strict 

criteria then there is no significant difference between the readings of RUSI and MRI. 

Ultrasound (US) has the advantage of being a widely available, multiplanar, fast and 

radiation-free diagnostic tool. Moreover, compared to most of the other imaging 

modalities, it is particularly efficient in the visualization and assessment of soft tissues. 

Consequently, the question about the possible diagnostic application of US in such a 

common pathology as LBP is very relevant in clinical practice (Todorov, Nestorova, & 

Batalov, 2017).  

Porter et .al (2015) was the first person who used US for the measurement of spinal 

canal diameter by placing ultrasound transducer in an oblique mid-sagittal plane 1 cm 

lateral to the midline. He found out that mean spinal canal diameter in patients with 

LBP was 1.44 cm compared to the diameter of 1.61 in normal subjects so; he 

suggested that a diameter of < 1.4 cm increases the risk of LBP. 
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3.1 Study Hypothesis (HA) 

 

The combination of selected Manual therapy techniques are effective in managing the 

symptoms of NS-LBP. 

 

3.2 Rationale of the Study 

 

Economically LBP is a huge burden, LBP causes more global disability than any other 

condition. The cost of care for LBP has been reported (in the USA) to be over $50 

billion annually. Despite the intense focus and formal research on the care of non-

specific LBP, Pransky et al reported a fivefold increase in the prevalence of LBP over a 

15-year period.  

It should be noted that most of the epidemiology/economic studies have been done in 

the western industrialized higher resourced countries and these figures will differ 

globally.  

This study compared the effectiveness of current practices in manual therapy along 

with a suitable combination of interventional techniques for the management of low 

back pain. This newly developed interventional technique shall be reducing the cost, 

time and this technique was beneficial to patient in symptomatic management among 

both young and older adults. 

 

3.3 Objectives 

1. To measure the thickness of multifidus muscle using Rehabilitative Ultra Sound 

Imaging among patients suffering with non-specific low back pain. 

2. To determine the effects of manual therapy on pain management investigated by 

Numeric Pain Rating Scale among patients with non-specific low back pain. 

3. To determine the Health Related Quality of Life through Oswestry Disability Index. 

4. To compare the effectiveness of conventional mobilization, myofascial therapy and 

core stability approach in pain management, Health Related Quality of Life and 

muscle thickness.  

5. To determine the effectiveness of SAM technique and conventional therapy among 

the patient suffering with Non-Specific Low Back Pain. 
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Phase I  
 

4.1 Study Design 

A phasic study was designed that initially includes 75 participants randomized into 

three different group, in a first phase three armed randomized controlled trial was 

performed that includes three different strategies for the management of nonspecific 

low back pain. In the second phase quasi experimental study was done on 25 

participants on which two best interventional strategies of the first phase was combine 

for the purpose of low back pain management. 

4.2 Study Setting 

Ziauddin Hospital, Clifton Campus. 

4.3 Duration of Study 

October 2017 to December 2018. 

4.4 Sample Size  

The WHO Software referred as "sample size determination in Health Sciences" was 

used for the calculation of sample size. A previous study conducted in June 2015 on 

the “Efficacy of Manual Therapy versus Conventional Physical Therapy in Chronic Low 

Back Pain due to Lumbar Spondylosis. A Pilot Study” was considered as a reference to 

calculate the sample size of this research. In this study the mean of VAS scale (activity) 

for conventional physical therapy decreased from 7.93 SD 0.704 to 3.13 SD 0.7436 

whereas the post values i.e. 3.13±0.7436 was considered as µ ̥ and σ respectively. 

The valve of µa was taken as 2.91 and Z values were incorporated from standard Z 

tables. A 5% level of significance and 80% power of the test was considered for the 

calculation of sample size by putting its values in the software of “sample size 

determination in the health sciences”. The Sample size was taken as n=100 in such a 

way that 75 participants were enrolled in “phase I” while 25 participants in “Phase II”. 
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4.5 Sampling Technique  

The randomization was done by using an envelope method initially 75 envelopes were 

made; 25 envelopes for each group and the patient were asked to take any one of the 

envelope. Blinding of the participants were maintained as none of the participants 

knew that which of the group was going to be assigned. 

4.6 Selection of Patients and Controls 

      INCLUSION CRITERIA: 

 

 Both male and females between age group of 18-70 years with low back pain. 

  

EXCLUSION CRITERIA: 

 Post Spinal surgery/instrumentation   

 Medical “red flags” (e.g. Fracture, Rheumatoid arthritis, osteoporosis, tumor) 

prolonged steroid use and bone tissue infection or malignancy) 

 Radiculopathy 

 Acute Traumatic injury of spine/lower extremity 

 Patient under anti-coagulant therapy 

 Any neurological or psychological deficit   

 Any Medico-legal Issues 

 

4.7 SAMPLING TECHNIQUE 

The sampling technique was carried out by writing the names of 75 participants on 

the envelopes in such a way that 25 envelope had the names of group A, 25 with 

group B and 25 with group C. The participants were then asked to randomly pick these 

envelops for their treatment sessions (Luciana, 2012). 

4.8 Ethical Consideration  

The present study was approved by Ethical Review Committee (ERC) (0381017SAPT) 

and Board of Advanced Studies and Research (BASR) of Ziauddin University, Karachi. 

The confidentiality of the patients was maintained by keeping research records in a 

locked file while the electronic information was coded and secured by a password. 
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4.9 Sample Collection  

4.9.1 Phases of Study 

In this study 100 patients were randomly selected and divided into four equal groups 

in such a way that in” phase I” 75 participants were randomly divided into three 

groups; Group A was treated with Mobilization, Group B with Myofascial release and 

Group C with Core Stability exercises after the successful completion of the first phase 

the two best intervention of the first group was combine for “phase II”  that was turned 

out to be the combination of MFR and core stability that were group B and C. The 

combine strategy was than applied to additional 25 participants to evaluate its effects 

during the second phase of the study. The procedure is described in figure 2 & 3. 
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4.9.2 Group Protocol Strategy 

The training procedure included intervention protocol of four weeks that is 3 

days/week. After recruiting participants in one of the three groups, each one was given 

initial treatment of 15 min with TENS and hot pack, then the intervention was applied 

according to the strategies determined for each group. Group A was treated with 

Mobilization, Group B with Myofascial release and Group C with Core stability exercises. 

4.9.2.1 Mobilization- Group A (Hidalgo et al., 2014) 

Procedure 1 

The patient was in side lying while therapist was standing by his side. The 

physiotherapist pinpointed the area of pain and performed slow oscillatory movements 

at the level of L4-L5. 
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Procedure 2 

The patient was lying prone while the therapist was standing by his side. The 

physiotherapist used heel of his hand to apply deep pressure at the level of L4-L5 and 

then performed a sudden thrust to free the range of intervertebral joints. 
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Procedure 3 

The patient was lying prone while the therapist was standing by his side. The 

physiotherapist used his thumbs to apply deep pressure at the lumbar region and then 

gently stretched the painful area. 
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Procedure 4 

The patient was lying prone while the therapist was standing by his side. The 

physiotherapist lifted and flexed the knee of patient and moved it towards the right 

side in order to apply pressure on the opposite side of the lumbar spine and vice versa. 
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4.9.2.2 Myofascial Release - Group B 

Procedure  

The patient was lying prone while the therapist was standing by his side. The 

physiotherapist used myofascial tools to release the muscles of lumbar region 

(Arguisuelas, Lison, Sanchez-Zuriaga, Martinez-Hurtado, & Domenech-Fernandez, 

2016). 

Physiotherapist released soft tissue by the 

help of selected tool 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

42 
 

 

 

4.9.2.3 Core Stability Exercise - Group C (Fenech, 2015) 

 

 

i. Pilates 

In this exercise the therapist was standing in front of the patient and advised him to 

make the starting position that is lie supine with both legs and arms besides his body. 

Once the posture was made he was instructed to lift both legs and bend them until 

they form a right angle in the hips and legs and then lift his arms and head above the 

ground. The position was maintained for 5 seconds and the procedure was repeated 

for 10 times.  
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ii. Hundreds 

The therapist was standing in front of the patient and advised him to make the starting 

position that is lie prone with legs and arms by his sides, then lift both legs in a way 

that they form right angle to the hip and knees. Along with this he lifted both arms 

and head above the ground and while maintaining this position taped the ground for 

100 times. The procedure was repeated for 10 times. 
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iii. Bridges 

The therapist was standing in front of the patient and instructed him to make the 

starting position that is lie supine with knees bent and feet flat on the floor. Once the 

posture was maintained he was instructed to lift his pelvis towards the ceiling and hold 

this position for 5 seconds. The procedure was repeated for 10 times. 
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iv. Plank 

The therapist was standing in front of the patient and advised him to make the starting 

position that is to lie prone and then lift his body by the help of forearms and toes 

while keeping the trunk straight. Once the position was maintained he was instructed 

to maintain the balance for 5 seconds. The procedure was repeated for 10 times. 
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v. Quadruped 

The therapist was standing in front of the patient and advised him to make starting 

position that is balance his body on hands and knees while keeping the back straight. 

Once the position was maintained he was instructed to simultaneously extend right leg 

and left arm then vice versa. The position was held for 5 seconds and the procedure 

was repeated for 10 times. 
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vi. Table top 

The therapist was standing in front of the patient and advised him to maintain the 

starting position that is lie supine with legs straight and arms by his sides. Once the 

position was made he was instructed to lift both legs in a way that they form right 

angle in the hip and knees. The position was held for 5 seconds and the procedure 

was repeated for 10 times. 
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vii. Dart 

The therapist was standing in front of the patient and instructed him to make the 

starting position that is lie prone with legs straight and arms besides the body. Once 

the posture was maintained he was advised to slowly lift his head and foot above the 

ground and maintain this position for 5 seconds. The procedure was repeated for 10 

times. 
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4.9.2.4 Transcutaneous Electrical Nerve Stimulation – TENS (Chou, 2010) 

All four groups received TENS protocol in a prone position before the intervention was 

applied. The frequency of TENS was set at 50Hz and treatment was given for a total 

of 15minutes on the region of lumbar spine. The procedure of applying TENS is as 

follows: 

Procedure  

The patient was lying prone while the therapist applied gel to electrodes and placed it 

horizontally at the distance of 1 cm on the lower back region. The timer was set for 

15 minutes and the intensity was increased according to the comfort level of the 

patient. Once the procedure was completed electrodes were removed and the area 

was cleaned gently. 
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4.9.2.5 Home Based Exercise Plan (Annexure 6) 

The home based exercises plan of four weeks were given to the participants along 

with the treatment enrolled in each group that is Group A, B, C and D (SAM Protocol). 

4.10 Assessment Parameters  

4.10.1 Numeric Pain Rating Scale (Annexure 3) (Sherman et al., 2011) 

Procedure 

The patients were asked to fill a questionnaire before and after the application of the 

treatment protocol. They had to mark according to the intensity of pain at that specific 

moment on the scale from 0-10. 

4.10.2 Oswestry Disability Index (Annexure 3) (França, Burke, Caffaro, Ramos, & 

Marques, 2012) 

Procedure 

The patients were asked to fill a questionnaire before and after the application of the 

treatment protocol. They had to mark according to their level of disability in performing 

the activities of daily life on the scale from 1 to 6. 
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4.10.3 Rehabilitative Ultra Sound Imaging (Annexure 4) (Koppenhaver et al., 2009)  

 

Procedure 

The Patient was lying prone with his hands under his head. The therapist placed a 

transducer on the L4-L5 spinous process and made it a reference point. He moved 

transducer 2 cm right from the reference point to assess the multifidus muscle of right 

side then moved it 2cm left from the reference point to assess the multifidus muscle 

of the left side. The procedure was conducted before and after the application of 

intervention. 
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4.11 Plan of Analysis  

Data was assessed for normality through skewness and kurtosis method. Since the 

data was found to be normally distributed. The statistical software referred as MedCalc 

was used for the data entry and statistical analysis whereas the Numeric Pain Rating 

Scale (NPRS), Oswestry Disability Index and Rehabilitative Ultra Sound Imaging were 

selected as the quantitative variables of the study. The information of the participants 

regarding quantitative variables were recorded on day1 of the 1st week and after last 

day of the 4th week. 

Along with this the statistical test referred as paired T test was used to find out the 

mean difference between quantitative variables for pre and post treatment sessions 

by considering that P-value <0.05 is statistically significant,  for normally distributed 

data, one-way ANOVA was used to find the mean difference between Numeric Pain 

Rating Scale (NPRS), Oswestry Disability Index and Rehabilitative Ultra Sound Imaging 

among 4 groups of the present study (P-value <0.05 was considered as statistically 

significant).  

Data analysis procedure are:  

 Data was entered and analyzed by the software known as MedCalc analyzing 

software. 

 Classification of study subjects with respect to gender is presented in terms of 

frequency and percentage.  

 Mean ± SD was used for quantitative variables i.e. gender, age, pain scale and 

oswestry disability index.  

 Information of the study subjects were recorded for 2 times in a period of 4 week 

i.e at the start and end of the treatment sessions. 

 Paired t test was used to find out the mean difference on NPRS, RUSI and Oswestry 

disability index before and after the exercise regime 

 One-way ANOVA test was applied to compare the mean difference of all groups 

after the exercise regime 

 The confidence level was set at 95% while P-value of < 0.05 was considered as a 

significant figure. 
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Chapter 5  

RESULTS 
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General Results  

In this study 100 patients were randomly selected and divided into four equal groups 

in such a way that in” phase I” 75 participants were randomly divided into three 

groups; Group A was treated with Mobilization, Group B with Myofascial release and 

Group C with Core Stability exercises after the successful completion of the first phase 

the two best intervention of the first group was combine for  “phase II”  that was 

turned out to be the combination of MFR and core stability that were group B and C. 

The combine strategy was then applied to additional 25 participants to evaluate its 

effects during the second phase of the study named as SAM Protocol. 

The comparative analysis of quantitative variables was calculated by intragroup 

comparison of NPRS, ODI and RUSI. The intergroup comparison of NPRS, ODI and 

RUSI in the Groups A, B, C & D was measured by paired t test considering p-value of 

<0.05 as the statistically significant figure. 

5.1 Demographic Variables 

Age and gender were the two demographic variables that were added in this study. 

Age & Gender Variables of the Group 

The mean age of enrolled participants was 52.24±5.13 years, in which 41.7% were 

male and 58.3% were female: (Table 5.1A & Figure 5.1). 

Age distribution between the participants of groups are described in table 5.1B. 

 

Table 5.1A: Gender Distribution 

 

 

 

 

Gender Percentage 

Male 41.7% 

Female 58.3% 
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Table 5.1B:  Age Distribution between the participants of all four treatment 
groups. 

 

 

 

The age of participants selected in this study ranged from the age of 18 – 70years. 

According to the results no patients were seen between the age group of 18 to 19 and 

61 to 70 while majority of the patients suffering from NS-LBP were age between 51 to 

60. 

 

 

 

 

 

 

 

 

 

Age 

Distribution 

(Year) 

Myofascial 

Release 
Mobilization 

Core 

Stability 

Combined 

Therapy 
Total 

Chi 

Square 

20-30 2 2 3 3 10 

P=0.542 

31-40 7 8 4 9 28 

41-50 5 7 10 8 30 

51-60 11 8 8 5 32 

Total 25 25 25 25 100 
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Figure 5.1: Percentage of gender distribution of enrolled participants 

 

 

The mean age of enrolled participants was 52.24±5.13 years, in which 41.7% were 

male and 58.3% were female. 

5.1 B. Gender Variables of Each Group 

In this study both male and female participants were included. In “Group A” 13 

participants were male and 12 were female, in “Group B” 12 were male and 13 females, 

in “Group C” 9 were male and 16 females while in “Group D” 11 were male and 14 

were female participants who took part in this study. 

5.2 Normality of Data 

The skewness and kurtosis test were applied to determine the normality of data. As 

the data was normally distributed within the range of normal curve so parametric test 

was applied to determine the level of significance (P<0.05 and 95% of CI,). Normality 

curve of the data is illustrated in figure & table 5.2. 

 

 

Male, 41.70%, 
42%

Female, 58.30%, 
58%

Gender Distribution

Male Female
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Skewness: It is the degree of distortion from the symmetrical bell curve. 

Kurtosis: It describes the tail of distribution and extreme value. 

RUSI: It is a non-invasive tool that is used to visualize muscle and the origin of 

musculoskeletal pain and dysfunction. 

NPRS: It is a scale that assess pain. 

ODI: It is a scale that quantify disability related to low back pain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table: 5.2 Table showing the normality of data 

Variables 

N Skewness Kurtosis 

Statistics Statistics Std. 

Error 

Statistics Std. 

Error 

RUSI – Right 

MF 

25 

.822 .464 1.447 .902 

RUSI – Left 

MF 

1.297 
.464 

-.354 .902 

NPRS .189 
.464 

-.971 .902 

ODI 421 
.464 

-.888 .902 
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Figure: 5.2 – Graphical presentation of Test of Normality of NPRS, ODI & 

RUSI 

 

Figure describes the values of kurtosis and skewness on a normality curve. 

The values of Pain (NPRS), Quality of life (ODI) and Muscle thickness (RUSI) lie 

within the range of normal distribution curve. 

 

 

 



 

59 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PHASE ‘I’ RESULTS 
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5.3 Comparison of pain score on NPRS before treatment and after 

treatment: intragroup comparison by using paired t test 

The results of paired t test displayed mean improvement in pain of Group B and C as 

compared to Group A. The mean difference between pre and post treatment values of 

Group A was 3.62±0.97, Group B was 3.75±1.18 and Group C was 3.17±0.86 with 

p<0.05 and 95% CI between week 1 and week 4. The home-based program for 4 

weeks further reduced the intensity of pain in patients with low back pain. 

 

Table 5.3: Comparison of NPRS baseline treatment and after treatment: 

(Paired t test) 

 

Group A: The mean score of pain on NPRS before treatment was 7.5±0.83 and after 

treatment was 3.88±1.15 p-<0.05. 

Group B: The mean score of pain on NPRS before treatment was 6.96±1.62 and after 

treatment was 3.21±1.41 p-<0.05. 

Group C: The mean score of pain on NPRS before treatment was 7.54±1.41 and after 

treatment was 3.17±0.86 p-<0.05. 

 

Manual 

Technique 

Outcome 

Measures 
N Before 

 Mean ± SD 

After Four  

Weeks 
 Mean ± SD 

Mean 

Difference 

95% 

of CI 
df P-value 

Group A 

Mobilization 
NPRS 25 7.5±0.83 3.88±1.15 3.62±0.97 

3.21 

to 

4.03 

24 <0.05 

Group B 

Myofascial 

Release 

NPRS 25 6.96±1.62 3.21±1.44 3.75±1.18 

3.24 

to 

4.28 

24 <0.05 

Group C 

Core 

Stability 

NPRS 25 7.54±1.41 3.17±0.86 4.37±1.2 

3.86 

to 

4.88 

24 <0.05 
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Figure 5.3:  Graphical representation of NPRS - Comparison between 

three groups  

 

According to this bar graph, post treatment NPRS score of Group C showed maximum 

decrease of 3.17±0.86 p-<0.05 in the intensity of pain as compared to Group A 

3.88±1.15 p-<0.05 and Group B 3.21±1.41 p-<0.05. 
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5.4 Comparison of ODI before and after the treatment protocol: 

intragroup comparison by using paired t test 

The results of paired t test displayed significant improvement in quality of life of Group 

B and C as compared to Group A. The   mean difference in pre and post treatment 

values of NPRS in Group A was 13.37±8.43, in Group B was 14.87±6.08 and in Group 

C was 15.7±5.69 with P <0.05 and CI of 95% in patients with low back pain. 

 

Table 5.4: Comparison of ODI baseline before and after the treatment 

 

Group A: The mean pretreatment ODI score was 37.21±8.2 and after treatment was 

23.83±9.6 p-<0.05. 

Group B: The mean pretreatment ODI score was 40.29±8.1 and after treatment was 

25.42±4.5 p-<0.05. 

Group C: The mean pretreatment ODI score was 41.04±6.8 and after treatment was 

25.33±4.6 p-<0.05. 

 

 

 

 

 

 

 

Manual 
Technique 

Outcome 
Measures 

N 
Baseline 
 Mean ± 

SD 

After Four  
Weeks 

 Mean ± SD 

Mean 
Difference 

95% 
of CI 

df P- value 

Group A 

Mobilization 

ODI 25 37.21±8.2 23.83±9.6 13.37±8.43 
9.81 to 

16.93 
24 <0.05 

Group B 

Myofascial 

Release 

ODI 25 40.29±8.1 25.42±4.5 14.87±6.08 
12.3 to 

17.44 
24 <0.05 

Group C 

Core Stability 

ODI 25 41.04±6.8 25.33±4.6 15.7±5.69 
13.3 to 

18.11 
24 <0.05 
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Figure 5.4: Graphical representation of ODI - Comparison between three 
groups 

 

According to this graph, mean ODI score of Group ‘C’ showed maximum decrease of 

41.04±6.8 to 25.33±4.6 in health related quality of life as compared to Group ‘A’ 

40.29±8.1 to 25.42±4.5 and Group ‘B’ 41.04±25.33. 
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5.5 The differences between mean and standard deviation of the pre 

and post multifidus (mf) muscle thickness with rehabilitative 

ultrasound imaging 

The statistical results of paired t test displayed that there was significant improvement 

in mean muscle thickness of Group B and Group C. The mean difference between pre 

and post valves of Group A was 0.12±0.61 to 0.04±0.55, Group B was 0.25±0.44 to 

0.25±0.53 and Group C was 0.54±0.5 to 0.5±0.51 with P<0.05 and 95 % of CI (table 

5.5). The home-based plan of 4 weeks further improved the muscle thickness in these 

three groups. 

 

Table 5.5: Comparison of RUSI baseline before and after the treatment 

 

Manual 
Technique 

Outcome 

Measure 

(Cm) 

N Side Baseline 
Mean ± SD 

After Four 
Weeks 

Mean ± SD 

Mean 
Difference 

95%of 
CI 

df P-value 

Group A 

Mobilization 

RUSI 

25 

Right 1.96±0.2 2.08±0.58 0.12±0.61 
0.38 to 

0.13 

24 

P=0.32 

Left 1.96±0.35 2±0.41 0.04±0.55 
0.27 to 

0.19 
P=0.71 

Group B 

Myofascial 

Release 

25 

Right 1.63±0.57 1.88±0.61 0.25±0.44 
0.43 to 

0.06 

24 

p=0.01 

Left 1.58±0.5 1.83±0.56 0.25±0.53 
0.47 to 

0.02 
P=0.02 

Group C 

Core 

Stability 

25 

Right 1.83±0.48 2.38±0.49 0.54±0.5 
0.75 to 

0.32 

24 

P<0.05 

Left 1.71±0.46 2.21±0.41 0.5±0.51 
0.71 to 

0.28 
P<0.05 

 

MULTIFIDUS = MF 

The comparison between right and left multifidus muscle thickness before 

and after the treatment session was assessed by RUSI. 
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Figure 5.5. Comparison between Right and Left MF muscle thickness before 

and after the treatment session of Group A, B & C 

This graph shows that there was significant improvement in post muscle thickness of 

Group C as compared to Group A and B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group A: The mean muscle thickness of right multifidus before the baseline treatment 

was 1.96±0.2 and after treatment was 2.08±0.58 p=0.32. 

Group A: The mean muscle thickness of left multifidus before the baseline treatment 

was 1.96±0.35 and after treatment was 2±0.41 p=0.71. 

Group B: The mean muscle thickness of right multifidus before baseline treatment was 

1.63±0.57 and after treatment was 1.88±0.61 p=0.01.  

Group B: The mean muscle thickness of left multifidus before baseline treatment was 

1.58±0.50 and after treatment was 1.83±0.56 p=0.02. 

Group C: The mean muscle thickness of right multifidus before baseline treatment was 

1.83±0.48 and after treatment was 2.38±0.49 p<0.05. 

Group C: The mean muscle thickness of left multifidus before baseline treatment was 

1.71±0.46and after treatment was 2.21±0.41 p<0.05. 

0
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1

1.5

2
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Right Left Right Left Right Left

Group A Mobilization Group B Myofascial
Release
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MF muscle thickness 

Baseline (cm) After Four Weeks (cm)
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5.6 Phase I Result 

All three groups have shown statistically significant improvement, when calculated on 

two parameters that are pain and HRQoL; but on muscle thickness group ‘A’ showed 

non-significant results.  

Group ‘B’ and ‘C’ have shown more significant results both clinically and statistically 

hence these groups interventions were combined to formulate a new protocol (SAM 

Protocol) to be tested in Phase II. 
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PHASE ‘II’ RESULTS 
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5.7 Phase II Methodology  

The results of “phase I” concluded the two most significant techniques MFR and Core 

stability exercises that were combined together in” phase II”. This technique classified 

as SAM PROTOCOL was applied on the participants of Group D. According to the 

sample size mentioned in the methodology section of “Phase I” the total number of 

participants (100) enrolled in this study were divided in to four equal groups in such a 

way that 75 participants were randomly divided in to three groups in “phase I “while 

25 participants self-selected themselves in “phase II”. 

5.8 Study Design 

Quasi Experimental Study  

5.9 Study Setting 

Ziauddin Hospital, Clifton Campus, 

5.10 Duration of Study 

October 2017 to December 2018 

5.11 Ethical Consideration 

The protocol of ethical consideration was same as mentioned the methodology section 

of “phase I”. 
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5.12 Interventional Strategy 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12 - Phase II: 

5.13 Group Protocol Strategy 

The training procedure included intervention protocol of four weeks that is 3 

days/week. After recruiting participants in the fourth group, they were given initial 

treatment of 15 min with TENS and hot pack, then the intervention (SAM PROTOCOL) 

was applied according to the strategy determined for Group D. 

5.14 Core Stability Plus Myofascial Release (Group D) 

The participants enrolled in group D were treated according to the protocol designed 

for Group B and Group C. The combination of these two protocol i.e. Myofascial release 

and Core stability exercise (as discussed in phase I) were used to treat the patients of 

non-specific low back pain. 

5.15 Home Based Exercise Plan (Annexure 6) 

The home based exercises plan of four weeks were given to the participants enrolled 

in Group D. 

Phase II

SAM Protocol 

Combined Therapy

3 sessions per week/ 4 
weeks
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5.16 Assessment Parameters  

The pre and post outcome measures were determined by ODI (Oswestry Disability 

Index), NPRS (Numeric Pain Rating Scale) and RUSI (Rehabilitative Ultrasound 

Imaging). The method of these parameters are discussed in the methodology section 

of “Phase I”. 

5.17 Plan of Analysis  

The paired t test was used to find out the mean difference between quantitative 

variables for pre and post treatment sessions by considering that P-value <0.05 is 

statistically significant.  The normally distributed data, one-way ANOVA was used to 

find the mean difference between Numeric Pain Rating Scale (NPRS), Oswestry 

Disability Index and Rehabilitative Ultra Sound Imaging among 4 groups of the present 

study (P-value <0.05 was considered as statistically significant). The details of data 

collection and analysis is discussed in the methodology section of “Phase I”. 
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Phase II - Results 
5.18 The Effects of Combined Therapy On NPRS & ODI Scale 

The statistical results showed that there was significant improvement in pain and 

quality of life of the individuals of Group D that was treated with combine therapy. The 

mean difference between pre and post treatment values on NPRS scale was 6.50±1.31 

and on ODI scale was 24.08±6.52 with p<0.05 and CI of 95%. The home-based plan 

of 4 weeks further improved pain and quality of life of patients with low back pain. 

 

Table 5.18: Comparison of NPRS & ODI before and after treatment: 
(Paired t test) 

 

Group D: The mean score of pain on NPRS before treatment was 7.38±1.71 and after 

treatment was 0.88±0.74 p<0.05. 

Group D: The mean score of pain on ODI before treatment was 38.58±8.53 and after 

treatment was 14.50±3.84 p<0.05. 

 

 

 

 

 

 

 

Manual 
Technique 

Outcome 
Measures 

N 
Baseline 

 Mean ± SD 

After Four  
Weeks  

 Mean ± SD 

Mean 
Difference 

95%of 
CI 

df P-value 

Combined 

Therapy 

NPRS 25 7.38±1.71 0.88±0.74 6.50±1.31 

5.94 

to 

7.05 

24 <0.05 

ODI 25 38.58±8.53 14.50±3.84 24.08±6.52 

21.33 

to 

26.83 

24 <0.05 
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5.19 The effects of combined therapy on muscle thickness 

The results of paired t test displayed that there was significant improvement in baseline 

and post treatment muscle thickness of the individuals in Group D. The mean 

difference in post treatment muscle thickness was 0.87±0.68(right side) and 

0.83±0.56(left side) with P<0.05 and CI of 95 %. The home-based plan of 4 weeks 

further increased the muscle thickness in patients of Group D. 

 

Table 5.19: Comparison of Muscle Thickness before and after treatment: 

(Paired t test) 

 

Group D: The mean muscle thickness of right multifidus before the baseline treatment 

was 1.46±0.50 and after treatment was 2.33±0.48 p=<0.05. 

Group D: The mean muscle thickness of left multifidus before the baseline treatment 

was 1.42±0.58 and after treatment was 2.25±0.44 p=<0.05. 

 

 

 

 

Manual 
Technique 

Outcome 
Measure 

(Cm) 
N Side 

Baseline 
 Mean ± SD 

After 
Four 
Week

s 

Mean 
Difference 

95% 
of 

CI 

df P –value 

Combined 

Therapy R
U

S
I
 

25 Right 1.46±0.50 
2.33±

0.48 
0.87±0.68 

1.16 

to 

0.58 

24 p<0.05 

25 Left 1.42±0.58 
2.25±

0.44 
0.83±0.56 

1.07 

to 

0.59 

24 p<0.05 
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5.20 Comparison between groups by using one-way ANOVA test 

(NPRS & ODI) 

The one-way ANOVA test was used to analyze the mean differences (pre-intervention 

reading of the baseline treatment and post intervention reading of the 12 sessions). 

The analysis showed that Group D (Core Stability Plus Myofascial) was more effective 

in improving muscular thickness (p<0.000) functional ADLS and NPRS score (p<0.000) 

as compared to the other research groups Table 4.8. According to the results Group D 

presented with remarkable differences in all domains with 20% more increase in the 

ODI score as compared to other groups. (table 5.20). 

 

Table 5.20: Comparison between mean difference by using one-way ANOVA 

test. 

 

 

Manual 

Technique 

Outcome 

Measure 
N 

Baseline 
 Mean ± SD 

After Four 

Weeks 
 Mean ± SD 

Mean 

Difference 

95% 

of CI 
df P - value 

Group B 

Myofascial 

Release 

NPRS 

25 

6.96±1.62 3.21±1.44 3.75±1.18 

3.24 

to 

4.28 
24 

<0.05 

ODI 40.29±8.1 25.42±4.5 14.87±6.08 

12.3 

to 

17.44 

<0.05 

Group C 

Core 

Stability 

NPRS 

25 

7.54±1.41 3.17±0.86 4.37±1.2 

3.86 

to 

4.88 
24 

<0.05 

ODI 41.04±6.8 25.33±4.6 15.7±5.69 

13.3 

to 

18.11 

<0.05 

Group D 

Combined 

Therapy 

NPRS 

25 

7.38±1.71 0.88±0.74 6.50±1.31 

5.94 

to 

7.05 
24 

<0.05 

ODI 38.58±8.53 14.50±3.84 24.08±6.52 

21.33 

to 

26.83 

<0.05 
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Figure: 5.20 Comparison between the mean difference of groups by using one-

way ANOVA test. NPRS 

 

According to this graph Group D showed significant improvement in the intensity of 

pain (NPRS p-<0.05) as compared to the other groups. 
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5.21 Comparison between mean difference of MF Muscle Thickness 

by using RUSI. 

The statistical results displayed that the thickness of multifidus muscle significantly 

increased in Group D that is a combination of both Myofascial and Core Stability 

exercises. (Table 5.10 & figure5.10). The mean difference between pre and post 

treatment values from week 1 to week 4 in Group B was 0.25±0.44 to 0.25±0.53, in 

Group C was 0.54±0.5 to 0.5±0.51 and in Group D was 0.87±0.68 to 0.83±0.56 with 

p <0.05 and CI of 95%. 

Table: 5.21: Comparison b/w the groups - Muscle Thickness before and after 

treatment: 

Manual 
Technique 

Outcome 
Measure 

(Cm) 
N Side 

Baseline 
Mean ± SD 

After Four 
Weeks 

Mean ± SD 

Mean 
Difference 

95% of 
CI 

df P - value 

Group B 

Myofascial 

Release 

RUSI 

25 

Right 1.63±0.57 1.88±0.61 0.25±0.44 
0.43 to 

0.06 

24 

p=0.01 

Left 1.58±0.5 1.83±0.56 0.25±0.53 
0.47 to 

0.02 
P=0.02 

Group C 

Core 

Stability 

25 

Right 1.83±0.48 2.38±0.49 0.54±0.5 
0.75 to 

0.32 

24 

P<0.05 

Left 1.71±0.46 2.21±0.41 0.5±0.51 
0.71 to 

0.28 
P<0.05 

Group D 

Combine 

Therapy 

25 

Right 1.46±0.50 2.33±0.48 0.87±0.68 
1.16 to 

0.58 

24 

p<0.05 

Left 1.42±0.58 2.25±0.44 0.83±0.56 
1.07 to 

0.59 
p<0.05 

 

The thickness of multifidus muscle significantly increased in Group D that is 

a combination of both Myofascial and Core Stability exercises. 
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There was significant improvement in multifidus muscle thickness of Group D that was 

treated with the combination therapy. 

 

 

 

 

 

 

 

 

Figure: 5.21 A Comparison between mean difference of MF Muscle Thickness by 

using RUSI. (Right MF Muscle) 

 

Group B: The mean muscle thickness of right multifidus before baseline treatment 

was 1.63±o.57 and after treatment was 1.88±0.61 p<0.05. 

Group C: The mean muscle thickness of right multifidus before baseline treatment 

was 1.83±0.48 and after treatment was 2.38±0.49 p<0.05. 

Group D: The mean muscle thickness of right multifidus before baseline treatment 

was 1.46±0.50 and after treatment was 2.33±0.48 p<0.05. 
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There was significant improvement in multifidus muscle thickness of Group D that was 

treated with the combination therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 5.21B Comparison between mean difference of MF Muscle Thickness by 

using RUSI. (Left MF Muscle) 

 

Group B: The mean muscle thickness of left multifidus before baseline treatment was 

1.58±o.50 and after treatment was 1.83±0.56 p<0.05. 

Group C: The mean muscle thickness of left multifidus before baseline treatment was 

1.83±0.48 and after treatment was 2.38±0.49 p<0.05. 

Group D: The mean muscle thickness of left multifidus before baseline treatment was 

1.42±0.58 and after treatment was 2.25±0.44 p<0.05. 
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5.22 Comparison between individual variables of ODI 

The one-way ANOVA test was used to analyze the mean differences pre-intervention 

reading of the baseline treatment and post intervention reading of the 12 sessions. 

The analysis displayed massive improvement in all variables of Group D (Core Stability 

Plus Myofascial) as compared to the other research groups. All variables are discussed 

individually in the below mentioned table & bar graphs. 

Table & Figure 5.22a: Comparison between the intensity of pain in all four 

groups. 

 

 

 

 

 

          *-(p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference between the pain intensity of 

all four groups. According to this bar graph there was slight improvement of 32.6%( 

1.96) and 34%(2.04) in Group A and B, negligible improvement of 30%( 1.80) in Group 

C, while substantial improvement of 48.6%(2.92) in Group D. 

 

 

 

  Group A Group B Group C Group D 

Pain Intensity 

(ODI) 
1.96 2.04 1.80 2.92 * 
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Table & Figure 5.22b: Comparison between the personal care of all four 

groups. 

 

 

 

 

 

*-(p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference between the personal care of 

all four groups. According to this bar graph there was slight improvement of 22.5%( 

1.37), 20%(1.20) and 23.5%(1.42) in Group A, B and C while substantial improvement 

of 37.5%(2.25) in Group D. 

 

 

 

 

 

  Group A Group B Group C Group D 

Personal Care 

(ODI) 
1.37 1.20 1.41 2.25 * 
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Table & Figure 5.22c: Comparison between lifting objects in all four groups 

 

  Group A Group B Group C  Group D 

Lifting 

(ODI) 1.92 1.88 2.08 2.80 * 

*-(p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference in lifting objects between all 

four groups. According to this bar graph there was negligible improvement of 

32%(1.92) and 31.3%(1.88) in Group A and B, slight improvement of 35%(2.08) in C 

while substantial improvement of 47.3% (2.80) in Group D. 
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Table & Figure 5.22d: Comparison between the improvement in walking of 

all four groups. 

 

  Group A Group B Group C  Group D 

Walking 

(ODI) 1.32 1.48 1.40 2.24 * 

*- (p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference in walking between all four 

groups. According to this bar graph there was negligible improvement of 22%( 1.32) 

in Group A, slight improvement of 24.6%(1.48) and 23.3%(1.40) in Group B and C 

while significant improvement of 37.3%( 2.24) in Group D. 
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Table & Figure 5.22e: Comparison between improvement in sitting of all 

four groups. 

 

  Group A Group B Group C  Group D 

Sitting 

(ODI) 1.64 1.56 1.64 2.64 * 

 

*- (p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference in sitting between all four 

groups. According to this bar graph there was a slight improvement of 27.3%(1.64) in 

Group A and C, negligible improvement of 26%( 1.56) in Group B, while substantial 

improvement of 44%(2.64) in Group D. 
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Table & Figure 5.22f: Comparison between improvement in standing of all 

four groups. 

 

  Group A Group B Group C  Group D 

Standing 

(ODI) 1.56 1.40 1.56 2.84 *  

*- (p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference in standing between all four 

groups. According to this bar graph there was negligible improvement of 26%(1.56) 

in Group A and C, slight improvement of 23.3%(1.40) in Group B while significant 

improvement of 47.3% (2.84) in Group D. 
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Table & Figure 5.22g: Comparison between improvement in sleeping of all 

four groups. 

 

  Group A Group B Group C  Group D 

Sleeping 1.32 1.36 1.28 2.0 * 

*- (p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference in sleeping between all four 

groups. According to this bar graph there was slight improvement of 22%( 1.32) and 

22.6%( 1.36) in Group A and B, negligible improvement of 21.3%( 1.36) in Group C 

while substantial improvement of 33.3%(2.0) in Group D. 
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Table & Figure 5.22h: Comparison between sex life of all four groups. 

 

  Group A Group B Group C  Group D 

Sex Life 

(ODI) 

1.12 1.87 1.75 2.87 * 

*- (p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference between sex life of all four 

groups. According to this bar graph there was negligible improvement of 18.6%( 1.12) 

in Group A, slight improvement of 31.1%( 1.87) and 29.1%(1.75) in Group B and C 

while substantial improvement of 48%(2.87) in Group D. 
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Table & Figure 5.22i: Comparison between social life of all four groups. 

 

  Group A Group B Group C  Group D 

Social Life 
(ODI) 

1.52 1.60 1.68 2.68 * 

*- (p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference between social life of all four 

groups. According to this bar graph there was negligible improvement of 25.3%( 1.52) 

in Group A, slight improvement of 27%(1.60) and 28%( 1.68) in Group B and C while 

substantial improvement of45%( 2.68) in Group D. 

 

 

 

 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Group_1_mean_diff Group_2_mean_diff Group_3_mean_diff Group_4_mean_diff

Social_life Mean Difference



 

87 
 

Table & Figure 5.22j: Comparison between traveling conditions of all four 

groups. 

 

  Group A Group B Group C  Group D 

Traveling (ODI) 1.60 1.32 1.36 2.32 * 

*(p-<0.000) as compared to the other research groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the graphical representation of mean difference between traveling conditions 

of all four groups. According to this bar graph there was slight improvement of 

27%(1.60) in Group A, negligible improvement of 22%(1.32) and 23%(1.36) in Group 

B and C while substantial improvement of 39%(2.32) in Group D. 

According to the results of phase ‘I’ Group B & C showed improvement in health related 

quality of life so in ‘Phase II’ these two groups were merged together into Group D. 

when the results of Group D were compared to the results of Group B & C then Group 

D displayed significant improvement in overall health related quality of life of all 

individuals. 
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The basic objective of this study was to reduce the physiologic and socioeconomic 

burden of low back pain. It investigated the effects of commonly used individual 

treatment protocols along with a newly developed combined technique to identify the 

specific exercise factors that could effectively reduce the severity of low back pain. 

The efficacy of combined technique was evaluated with an aim to restore the functional 

abilities of the patients suffering from LBP by reducing the intensity of pain and 

enhancing strength and flexibility of the lumbar spine. 

Several studies have been conducted to establish an effective and long lasting method 

for the treatment of low back pain but unfortunately the results of those studies have 

been equivocal. The purpose of this investigation was to examine the effects of 

individual treatment interventions such as Mobilization, Myofascial release and Core 

stability exercises and then according to statistical results combine the two most 

significant techniques into a single group for the genesis of an effective treatment 

protocol. In this study patients of LBP were selected and divided into two phases in 

such a way that in phase 1 three groups were selected, Group A was treated with 

Mobilization exercises, Group B with Myofascial release, and Group C with Core stability 

exercises and then in phase II the two most significant techniques (MFR & core 

stability) from phase I were merged together and applied on Group D classified as SAM 

protocol. The results of each group were assessed and compared by RUSI, NPRS and 

ODI scale to identify the most effective treatment protocol. 

 

One of the unique factor of this study was that it used RUSI to measure the 

effectiveness of various treatment protocols through changes in muscle size, thickness 

and contraction. The pre and post treatment values of these measurements helped in 

predicting the effects of individual and combined therapy on the patients moderately 

disabled with NS-LBP. 

 

One of the individual technique that was useful to treat the patient of NS-LBP was 

spinal mobilization. It is a common intervention that is being used by physiotherapists 

to reduce pain, stiffness and the level of functional disability (Luiz., 2016). This 

technique can give instant results by reducing pain and enhancing lumbar motion as 

described by CM Powers (2008) in his study that he found a 36% reduction in pain 

after performing spinal mobilization exercises in patients of nonspecific low back pain 
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while Goodsell (2000) concluded that after spinal mobilization exercises the average 

pain of LBP patients reduced by a total of 33%. 

The results of this research was consistent with other studies in terms of reducing pain 

and increase of spinal mobility such as Bronfort (2004) published a review on the 

efficacy of spinal mobilization exercises by emphasizing on the magnitude of treatment 

effects compared with the other treatment protocols and concluded that it has short-

term effects in patients of acute and chronic low back pain. Thiry P et al. (2018) 

reported in his study that spinal mobilization or manipulation has short-term effects in 

patients with uncomplicated acute low back pain while Cuenca (2018) conducted a 

study to find out the significance of spinal mobilization in reducing pain and disability 

and concluded that it has no advantage for a short or long term period. This present 

study evaluated the rehabilitative effects of spinal mobilization exercises and concluded 

on the basis of results that it can immediately decrease the intensity of pain but the 

effects may not remain for prolong period of time. 

There are more randomized controlled clinical trials on spinal mobilization for the 

management of LBP than for any other treatment method. Several systematic reviews 

of the studies evaluating spinal mobilization for the management of back pain has 

been published since 1987. The analysis of these numerous studies showed variant 

results in terms of reduction in pain and spinal stiffness for a longer duration of time 

such as Burton (2004) suggested that spinal mobilization exercises have a maximum 

short-term effect on the reduction of pain and disability in patients of disc herniation 

while Koes (2006) concluded that spinal mobilization has an advantage over general 

exercises and placebo effect for a longer duration of time. 

According to this study almost all the participants of Group A experienced immediate 

results when the procedure was performed but after few days they returned with the 

complain of similar intensity of pain. When the measurement of MF muscle was taken 

through RUSI it was concluded that the reoccurrence rate of back pain was high in 

Group A as compared to the other groups because it has no effect on the thickness of 

multifidus muscle. Although spinal mobilization can produce immediate results but has 

negligible effects on the muscle thickness ratio which can be a reason of the repeated 

episodes of low back pain. 

The study conducted by Wong AY (2015) has explained the same phenomena as our 

research article that after spinal mobilization technique responders displayed 
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statistically substantial reduction in spinal stiffness and negligible increase in the 

multifidus thickness ratio that was sustained only for few days. In his reports he 

explained that spinal mobilization responders exhibited major post-spinal mobilization 

improvement in deceptive diffusion coefficients which lead to significant changes in 

spinal stiffness, muscle contraction and disc diffusion but the results could not be 

maintained for a longer period of time.  

There are mixed reviews on the topic of short and long term efficacy of spinal 

mobilization exercises in the patients of low back pain. Some researchers concluded 

that the efficacy of spinal mobilization cannot be maintained for a longer duration of 

time while others suggested that spinal mobilization or manipulation can result in the 

reduction of both short and long term disability than a normally performed physical 

therapy management for example Melo et al. (2018) conducted a study and reported 

that spinal mobilization is a same effects for treating acute and chronic low back pain 

than normally used exercises, analgesics, electrotherapy and physical therapy 

management. 

Similar to all these above researches our study also focuses on the point that though 

spinal mobilization is one of the best technique to reduce pain and muscle stiffness 

but the results cannot be maintained for a longer duration of time. The results of this 

study explains the fact that spinal mobilization exercises reduce pain, decrease muscle 

stiffness and increase muscle contraction but also reveals that it has a negligible effect 

on the muscle thickness ratio which can cause recurrent episodes of low back pain. 

The RUSI results displayed that the increase in muscle thickness by spinal mobilization 

was 0.24-0.16cm which is slightly below than Group B (0.24cm to 0.28cm) but trivial 

as compared to Group C (0.56cm). Spinal mobilization has negligible effects on 

multifidus muscle thickness ratio so is not a permanent solution for the management 

of low back pain as the pain can possibly revert back within the few days of treatment. 

MFR is a treatment technique that was applied on the participants of Group B with an 

intention to promote relaxation of soft tissues that was triggering pain to their lower 

back region. Principally this study reports MFR to be more effective than spinal 

mobilization exercises, in decreasing pain and improving functional disability caused 

by low back pain.  Ajimsha (2015) reported in his study that MFR has a normalizing 

effect on rate of apoptosis and cell morphology so it can be a possible treatment 

protocol for low back pain as it will bring an end to the process of repetitive soft tissue 
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injury.  According to Beardsley (2015) the gentle stretch applied to fascial tissue 

improves blood flow through vasomotor response and leads to increase in lymphatic 

drainage which in turn allows optimal structural alignment to occur. The results of their 

study confirms that MFR can facilitate the healing process by bringing back the normal 

architecture of the soft tissues. Imtiaz (2018) stated in his research article that under 

normal conditions fascia and connective tissues have a tendency to move with minimal 

restrictions but when injury occurs as a consequence of physical trauma, repetitive 

strain injury or inflammation it will result in reduction of fascial tissue length and 

elasticity hence causing fascial restriction. In this condition MFR therapy can be used 

to stretch soft tissues and muscles in order to decrease pain, tissue restriction, muscle 

spasm and increase blood circulation and lymphatic drainage. 

MFR therapy can give results in terms of pain reduction due to its analgesic effects 

such as it is attributable to the stimulation and excitation of afferent pathways and A 

delta fiber, that can modulate segmental pain through the activation of pain inhibiting 

systems. One of the unique factor of MFR therapy is that it induces imbalance of the 

body in to a balanced condition by bringing it back into a stable and comfortable state. 

Deguzman (2016)  conducted a study and concluded that MFR therapy can be used to 

release evident fibrosis and muscle stiffness by applying direct stretch to the muscles, 

fascia, capsules and ligaments while Arguisuelas (2016) reported that MFR therapy is 

an effective tool of treatment in reducing pain and improving lymphatic circulation 

,fascial mobility and soft tissue dysfunctional state by redistribution of internal fluids, 

breakdown of limiting intermolecular cross links and elongation of collagenous tissue. 

According to the study conducted by Degenhardt (2017) MFR therapy is highly 

effective in restoration of normal alignment of the body, regeneration of lost motion 

and reduction in the intensity of pain. Our study accepts the results of above 

mentioned researches but with a single addition by concluding that though MFR 

therapy is highly effective in releasing tissue restrictions, wiping away tissue trauma 

and providing functional re-education of the desired body positions but is unable to 

control the recurrent episodes of low back pain. 

The results of this study shows that MFR is an effective therapy that significantly 

reduces pain, disability, stiffness, repetitive soft tissue injury, functional disability and 

enhance lymphatic circulation, flexibility, functional status and healing process but 

there is a strong possibility that symptoms and problems can revert back with in short 
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period of time. According to the statistical results of this study it is concluded that 

though MFR therapy reduces 34% more pain than Group A (32.6%) but still is unable 

to control the recurrent episodes of LBP. 

The purpose of MFR therapy is to stretch and relax fascia so that the muscles and 

other structures can move freely in order to restore the motion. MFR therapy helps in 

preparing the patients for more aggressive forms of strengthening exercises and pain 

relief for patients with restricted flexibility and movement thus allowing them to return 

to normal movement and function. The ability of MFR therapy to assist and enhance 

the effectiveness of other treatment regimens allows it to be combined with other 

treatment protocols to give effective and long lasting results in terms of reduction in 

pain and improvement of normal spinal function. 

The participants enrolled in Group C were treated with Core stability exercises. It is 

one of the acknowledged forms of general exercises that helps in restoring the proper 

kinetic function of lumbar spine as described by Wang et al (2012) in his systemic 

review that during his initial 3 months of intervention core stability produced better 

results than any other forms of therapeutic exercises for the management of low back 

pain. Some of the factors that can directly lead to back pain such as loss of strength, 

flexibility, endurance of trunk muscles and excessive pressure on the lumbar spine 

caused by improper standing and sitting position of the body can be significantly 

restored through core stability exercises. 

Core stability exercises can reduce pain in the patients of LBP by improving 

coordination, enhancing trunk stabilization, strengthening back muscles and reducing 

pressure on the lumbar spine. Kliziene (2015) conducted a study and concluded that 

core stability exercises can reverse the atrophy of multifidus muscle by increasing the 

diameter of muscular fibers while Wallwaork & Hides JA (2009) suggested in his data 

analysis that core stability exercises can reduce pain in the patients of LBP by 

increasing the cross sectional area of multifidus muscle. 

The reduction in endurance and strength of trunk muscles can cause muscle fatigue 

and increase pressure on the soft tissues and inactive structures of the lumbar spine 

that can subsequently lead to low back pain. Core stability exercises can reduce the 

symptoms of above mentioned conditions by enhancing the endurance of central part 

of trunk, decreasing tension on joints and ligaments of the spine and reducing the 

intensity of pain. 
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One essential phenomena to be considered in treating low back pain is that multifidus 

and transverse abdominis muscles act as core stabilizers that generate the contraction 

of other essential muscles. Core muscles can help in generating the powerful 

contractions by providing base of support to the muscles of extremity, therefore, poor 

stability of these muscles can increase the risk of spinal injury by placing surplus forces 

on the spinal structures. Therefore, considering this fact this study used RUSI to 

measure the thickness, size and contraction of core stabilizer muscles in order to 

combat the symptoms of NS-LBP.  Various researches confirms the relationship 

between LBP and muscular endurance so by increasing muscular coordination and 

endurance through core stability exercises can play an important role in preventing 

and treating chronic low back pain. 

Core stability exercises prevents the reversal of back pain by stabilizing core muscles, 

increasing muscular thickness ratio, improving endurance and flexibility of the lumbar 

spine and reducing tension on the spinal structures. As measured by RUSI core 

stabilization exercises with submaximal or maximal efforts reverse the selective 

atrophy of multifidus muscle and increase the diameter or thickness of muscular fibers 

thus helping in preventing and treating the recurrent episodes of low back pain. 

According to the statistical scores of ‘phase I’ on ODI, NPRS and RUSI it was concluded 

that core stability exercises and MFR therapy gave maximum results in terms of 

increasing muscular thickness and reduction in pain so, Group B and C were merged 

together into Group D for better, effective and long-lasting results. Participants 

enrolled in Group D (SAM protocol) were treated with a combination of core stability 

and MFR therapy and then the results were assessed in terms of reduction in pain, 

increase in muscle thickness ratio and improvement in functional abilities. The 

outcomes generated by Group D were then compared with the results of other three 

groups of phase 1 to find out the most effective treatment protocol for the 

management of non-specific low back pain. 

Numerous health benefits were achieved when the combination of these two treatment 

protocols were applied on the patients of low back pain. Combine therapy is highly 

effective in increasing endurance and flexibility of the lumbar spine which is a key 

factor in evaluating physical fitness and functional ability of the human body. Core 

stability exercises enhanced flexibility, strength and endurance of the trunk muscles 

while MFR therapy produced analgesic effects by reducing pain and stiffness of the 
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lumbar region subsequently leading to decrease in low back pain for a prolong period 

of time. The combination of these two techniques were able to facilitate the recovery 

from repeated episodes of low back pain by strengthening deep muscles, enhancing 

coordination, increasing stabilization and reducing pressure on the lumbar spine. 

According to the results in phase II Group D showed (0.83-0.88 cm) increment in 

muscle thickness ratio as compared to Group B (0.25 cm) and C (0.50-0.54 cm) while 

mean ODI pain decreased by 48.6% which was way better than Group B (34%) and 

C (30%). These results proved that combined therapy (SAM protocol) is an effective 

and potent method to reduce pain and improve functional ability of the people 

suffering from NS-LBP. 

When the results of Group D were assessed after 12 sessions of treatment there was 

a huge difference between pre and post treatment condition of the patients suffering 

from NS-LBP. Along with assessing pain, functional ability and muscle thickness the 

ten variables mentioned in this study were compared to give a better view of the 

outcomes generated by all groups. In ‘phase I’ when the results between three groups 

were compared travelling, sitting, standing, intensity of pain, personal care, lifting, 

walking, sexual and social life significantly increased in Group B and C as compared to 

Group A while in phase II when the combined Group D (SAM protocol) was compared 

to the results of phase I then the intensity of Pain decreased by 48.6%, personal care 

increased by 37.5%, lifting improved by 46.6%, walking enhanced by 37.3%, sitting 

increased by 44%, standing improved by 47.3%, sleeping enhanced by 33.3%, sexual 

life improved by 48%, social life increased by 45% while travelling enhanced by a total 

of 39% as compared to ‘phase I’. 

NPRS, ODI and RUSI were selected on the basis of strict criteria for the assessment of 

pain, functional ability and muscle thickness. NPRS is a valid and reliable scale to 

measure pain intensity that can be administered both verbally and in writing with a 

simple set of scoring. ODI is currently considered as a gold standard for measuring 

degree of disability and estimating quality of life in a person with low back pain 

whereas ultrasound imaging was used for assessing the muscle thickness of lumbar 

multifidus muscle which is getting popular among physiotherapist for clinical and 

research purposes. Clinically it has a dual application: i) A tool for objective assessment 

for detection of abnormality and monitoring of changes during the recovery ii) A tool 

for biofeedback, during the re-education of muscular contractions. As normal size is 
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available for the multifidus characteristics such as cross sectional area (CSA), shape 

and size therefore, with the help of ultrasound accurate assessment of muscle size can 

be obtained, which in turn serves as the assessment of muscle wasting in different 

muscles. 

The results of this study concluded that combine therapy is an easy, effective and 

potent method to reduce pain, stiffness and functional disability in patients of low back 

pain. This technique (SAM protocol) showed improvement in every possible aspect 

thus making it an ultimate solution for the management of low back pain. 
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7.1 Conclusion 

The purpose of this study was to evaluate the effects of combined therapy in the 

management of low back pain. In ‘phase I’ patients were divided into three groups in 

such a way that Group A was treated with Mobilization, Group B with Myofascial release 

and Group C with Core stability exercises while in ‘phase II’ the two most significant 

techniques (MFR & Core Stability) from ‘phase I’ were merged together into Group D 

that is classified as SAM protocol.  According to the statistical analysis Group D 

displayed better outcomes in terms of reduction in pain, improvement in functional 

abilities and increase in muscular thickness on the scales of NPRS, ODI and RUSI. 

Along with this SAM protocol managed and maintained the intensity of pain in variant 

postures such as standing, sitting, lifting, travelling and sleeping for a prolonged period 

of time as well as helped in stabilizing and strengthening of core muscles which in turn 

improved quality of life by reducing the reoccurrence rate of low back pain.  

Therefore, it is concluded by the results of this study that SAM protocol is a more 

beneficial and suitable intervention for reducing pain, restoring normal alignment of 

the body, improving kinetic functions and increasing quality of life in patients 

moderately disabled with low back pain. 

7.2 Strength of Study  

 The results of this study was significant both statistically and clinically.  The data 

was collected by rehabilitative ultra sound imaging that is valid tool to measure 

multifidus muscle thickness. 

7.3 Limitation of Study 

 The data collection took time because only one equipment (rehabilitative ultra 

sound imaging) was available for the Research finding. 

 There was only one therapist who was fully trained in measuring the muscle 

thickness by rehabilitative ultra sound imaging. 

7.4 Future Recommendation  

 In future it can be investigated that whether combined therapy has 

better effects on male population or female population. 
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Annexure - 3 

3. Numeric Pain Rating Scale (NPRS)/ Oswestry Disability 
Index 

 

Please mark your pain 

 

 

 

Oswestry Disability Index (ODI) Questionnaire 

Section 1 – Pain Intensity 

 I have no pain at the moment. 

 The pain is very mild at the moment. 

 The pain is moderate at the moment. 

 The pain is fairly severe at the moment. 

 The pain is very severe at the moment. 

 The pain is the worst imaginable at the moment. 

Section 2 – Personal Care (washing, dressing, etc.) 

 I can look after myself normally but it is very painful. 

 I can look after myself normally but it is very painful. 

 It is painful to look after myself and I am slow and careful. 

 I need some help but manage most of my personal care. 

 I need help every day in most aspects of my personal care. 

 I need help every day in most aspects of self-care. 

 I do not get dressed, wash with difficulty, and stay in bed. 

Section 3 - Lifting 

 I can lift heavy weights without extra pain. 

 I can lift heavy weights but it gives extra pain. 

 Pain prevents me from lifting heavy weights off the floor, but I can manage if they 

are conveniently positioned (i.e. on a table). 

 Pain prevents me from lifting heavy weights, but I can manage light to medium 

weights if they are conveniently positioned. 

 I can lift only very light weights. 

 I cannot lift or carry anything at all. 

 

No pain 0 1 2 3 4 5 6 7 8 9 10 Intolerable pain 
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Section 4 – Walking 

 Pain does not prevent me walking any distance. 

 Pain prevents me walking more than 1mile. 

 Pain prevents me walking more than ¼ of a mile. 

 Pain prevents me walking more than 100 yards. 

 I can only walk using a stick or crutches. 

 I am in bed most of the time and have to crawl to the toilet. 

Section 5 – Sitting 

 I can sit in any chair as long as I like. 

   I can sit in my favorite chair as long as I like. 

   Pain prevents me from sitting for more than 1 hour. 

   Pain prevents me from sitting for more than ½ hour. 

   Pain prevents me from sitting for more than 10 minutes. 

 Pain prevents me from sitting at all. 

Section 6 – Standing 

 I can stand as long as I want without extra pain. 

 I can stand as long as I want but it gives me extra pain. 

 Pain prevents me from standing more than 1 hour. 

 Pain prevents me from standing for more than ½ an hour. 

 Pain prevents me from standing for more than 10 minutes. 

Pain prevents me from standing at all. 

Section 7 – Sleeping 

 My sleep is never disturbed by pain. 

 My sleep is occasionally disturbed by pain. 

 Because of pain, I have less than 6 hours sleep. 

 Because of pain, I have less than 4 hours sleep. 

 Because of pain, I have less than 2 hours sleep. 

 Pain prevents me from sleeping at all. 

Section 8 – Sex life (if applicable) 

 My sex life is normal and causes no extra pain. 

 My sex life is normal but causes some extra pain. 

 My sex life is nearly normal but is very painful. 

 My sex life is severely restricted by pain. 
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 My sex life is nearly absent because of pain. 

 Pain prevents any sex life at all. 

Section 9 – Social Life 

 My social life is normal and cause me no extra pain. 

 My social life is normal but increases the degree of pain. 

 Pain has no significant effect on my social life apart from limiting my more energetic 

interests, i.e. sports. 

 Pain has restricted my social life and I do not go out as often. 

 Pain has restricted social life to my home. 

 I have no social life because of pain. 

Section 10 – Traveling 

 I can travel anywhere without pain. 

 I can travel anywhere but it gives extra pain. 

 Pain is bad but I manage journeys of over two hours. 

 Pain restricts me to short necessary journeys under 30 minutes. 

 Pain prevents me from traveling except to receive treatment. 

 

 

Total score_______________  
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Annexure - 4 

4. Rehabilitative Ultra Sound Imaging 
 

Name Age Gender 

Muscle :  Pre Treatment (cm) Post Treatment (cm) 

Right Multifidus 

Muscle 

  

Left Multifidus Muscle    
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 Annexure -5 

5. Informed Consent 
 

Research Project Title: 

A Comparative Study of Current Manual Therapy Practice in 

Management of Low Back Pain. 

 

Researcher:  

Mr. Syed Abid Mehdi Kazmi 

 

I Mr /Miss /Mrs _____________________s/o, d/o or w/o ______________ give 

consent that the data obtained during this training session may be used for research. 

I have been informed that. 

 

 The result of this study may be potentially beneficial to patient in the future. 

 I have been informed that these investigations pose no potential health risk to me. 

 I have been informed that I will not receive any monetary or other benefits for any 

participation. 

 The data of my hospital records will be kept confidential. 

 

 

 

Subject’s Signature ________________              

Subject’s Name: ___________________ 

Researcher’s Name ________________   

Researcher’s Signature______________ 
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 :عنوان پروجیکٹ یسرچر

 لئے کے کرنے تیار ٹیکنالوجی ایک لئے کے اور کی پریکٹس موجودہ مطالعہ تقابلی ایک"

 " انتظام کے درد میں پیٹھ مک

 :حققم

 کاظمی مہدی عابد سید نابج

 

 تربیتی اس_ _____________ W / O یا S / O، D / O_____________________  مسز/  مس/  مسٹر نے یںم

 بارے اس نے میں. دے رضامندی کہ ہے سکتا جا کیا استعمال لیے کے تحقیق کے شمار و اعداد کردہ حاصل دوران کے سیشن

 ہے گیا دیا کر مطلع میں

 

 .ہے سکتا ہو مند فائدہ پر طور ممکنہ کو مریض میں مستقبل نتیجہ کا تحقیق اس• 

 .ہے گیا کیا مطلع الحق خطرہ حتص ممکنہ کوئی مجھے سے تحقیقات ان کہ میں• 

 .ہوگا نہیں حاصل فوائد دوسرے یا مودرک کسی لئے کے شرکت بھی کسی میں کہ ہے ہوا معلوم مجھے• 

 .گا جائے رکھا خفیہ کو ڈیٹا کے ریکارڈ کے ہسپتال اپنے• 

 ________________ دستخط کے وضوعم

 : _______________نام کے وضوعم

 ________________ نام کے حققم
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Informed Consent to Participate in a Research Study 

Investigators: 

Name:  Dept:  Phone:  

 

Introduction 

 You are being asked to be in a research study of effects of manual therapy in low 

back pain. 

 You are selected as a possible participant according to the inclusion and exclusion 

criteria of this study (attached at the end of the consent form).   

 We ask that you read this form and ask any questions that you may have before 

agreeing to be in the study.  

Purpose of Study   

 A Comparative Study of Current Manual Therapy Practice in 

Management of Low Back Pain. 

Description of the Study Procedures 

 If you agree to be in this study, you will be asked to do exercises and different 

modalities are applied on you for the period of three weeks. 

Risks/Discomforts of Being in this Study 

 The study has the following risks.  There will be a chance of increase in pain 

threshold, you may feel discomfort. 

Benefits of Being in the Study 

 The benefits of participation are that it will reduce the pain as well as the number 

of sessions which will save their time and money. 

Confidentiality  

 The records of this study will be kept strictly confidential. Research records will be 

kept in a locked file and all electronic information will be coded and secured using 

a password protected file.  We will not include any information in any report we 

may publish that would make it possible to identify you.  
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Right to Refuse or Withdraw 

 The decision to participate in this study is entirely up to you. You may refuse to 

take part in the study at any time without affecting your relationship with the 

investigators of this study.  Your decision will not result in any loss or benefits to 

which you are otherwise entitled.  You have the right not to answer any single 

question, as well as to withdraw completely from the research at any point during 

the process; additionally, you have the right to request that the interviewer not 

use any of your interview material. 

Right to Ask Questions and Report Concerns 

 You have the right to ask questions about this research study and to have those 

questions answered by me before, during or after the research.  If you have any 

further questions about the study, at any time feel free to contact me, [Syed Abid 

Mehdi kazmi] at [syedabidmehdi@gmail.com] If you like, a summary of the results 

of the study will be sent to you. 

Consent 

 Your signature below indicates that you have decided to volunteer as a research 

participant    for this study, and that you have read and understood the information 

provided above. You will be given a signed and dated copy of this form to keep, 

along with any other printed materials deemed necessary by the study 

investigators 

Subject's Name :  

Subject's Signature:  Date:  

 

Investigator’s Signature:  Date:  
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Annexure - 6 

6. Home Based Exercises 

 
7.  Publication – 1 

8. Publication – 2  
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