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A B S T R A C T   

Background: Degeneration of Lumbar muscle in chronic low back pain (CLBP) is characterized by an increase in 
fat infiltration of paraspinal muscle, decrease in the cross-sectional area (CSA) of lumbar multifidus muscle 
(LMM) and increased thickness of Thoracolumbar fascia (TLF) by 25%. The study objective is to compare the 
effects of yoga and dynamic neuromuscular stabilization (DNS) exercise on CSA, fat infiltration of LMM with 
magnetic resonance imaging (MRI), and TLF thickness using musculoskeletal ultrasound imaging (MSK-USI) in 
CLBP. 
Methods: One hundred and forty-four participants with CLBP, which persisted longer than three months, will be 
recruited for this trial. Both group interventions focused on LMM. The experimental group will receive structured 
yoga sessions, and the Control Group will receive exercise based on DNS. In each group, exercises will be per-
formed for 3–5 days/week and progressed for 12 weeks. Baseline data will be collected, followed by the 
recording of primary outcome measure (MRI) and secondary outcome measures (MSK-USI, Oswestry disability 
index, visual analogue score, optimism, self-efficacy, mood, physical activity, fear of movement, pain cata-
strophizing, and coping) at baseline and the end of 12th weeks. The normality of data will be verified. Based on 
the data distribution, within-group analysis and between-group analysis will be performed. 
Discussion: This will be the first RCT to compare the effect of yoga and DNS exercise among chronic low back pain 
participants. This will provide evidence of these interventions’ impact on CSA, fat infiltration of LMM, and 
thickness of TLF in CLBP. 
Registration number: CTRI/2021/08/035984 (This trial was registered prospectively).   

1. Introduction 

Chronic low back pain (CLBP) is defined as “pain and/or discomfort 
localized below the costal margin and above the gluteal folds with 
possible radiation to the posterior thigh not extending below the knee” 
[1]. Low back pain (LBP) is a common musculoskeletal condition, with 
prevalence rates ranging from 12 to 33%. In the Indian population, the 
prevalence of LBP ranges from 6.2% to 92% [2]. 

Lumbar paraspinal muscle degeneration is distinguished by 
decreased cross-sectional area (CSA) and increased fat content [3,4]. 

Many studies have previously compared CSA of the lumbar muscles 
between patients with chronic low back pain and healthy asymptomatic 
controls [5]. According to six studies, the multifidus (MF) muscle has a 
reduced cross-sectional area than healthy controls. Hides et al. found MF 
muscle unilateral atrophy in patients with LBP, with the atrophic 
alteration confined to one vertebral level [6–11]. Two studies found that 
MF muscle size is reduced in non-specific CLBP, although CSA of ES is 
unaltered [12–14]. In people with chronic low back pain, the 
cross-section area of paraspinal muscles (MF and erector spinae) was 
smaller in two systematic reviews [15,16]. In a recent systematic review, 
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changes in the paraspinal muscles and multifidus CSA were negatively 
linked with and predictive LBP for up to 12 months [17,18]. 

There are a variety of exercises that focus on the stability of these 
muscles and have shown to be helpful in the treatment of CLBP. MRI 
post-exercise has indicated alterations in the lumbar muscle CSA in 
CLBP participants [11,15,19,20]. Thoraco lumbar fascia (TLF) is densely 
innervated with afferent free nerve endings, including nociceptive, 
resulting in pain sources [21,22]. CLBP was associated with a higher 
average density of myofibroblasts (associated with tissue repair func-
tion) in the lumbar thoracolumbar fascia [23]. According to recent 
studies, the patients with CLBP have TLF thickened by 25% or more 
[24]. 

According to emerging scientific literature worldwide, Yoga has 
become a popular mind-body therapy for CLBP [25]. Yoga uses a 
multidimensional approach that includes activities for the body (pos-
tures), the breath (breathing methods), and the mind (meditation and 
relaxation techniques). A recent study has validated an integrated yoga 
module comprising yoga postures and breathing for CLBP [26]. How-
ever, scientific evidence of the effect of yoga postures on the pathology 
of LBP is lacking. According to a Cochrane review on Yoga for persistent 
low back pain, there is low-to-moderate certainty evidence that Yoga 
produces low to moderate improvements in back-related function after 
three and six months when compared to non-exercise controls. At three 
and six months, Yoga may be slightly more beneficial for pain. However, 
the effect size did not exceed predetermined clinical significance levels. 
It’s unclear whether Yoga and other back-related exercises differ in 
terms of usefulness [25]. 

Dynamic Neuromuscular Stabilization (DNS) is a technique used to 
provide dynamic stability to the muscle. It is a manual and rehabilitative 
approach to optimize the movement system based on developmental 
kinesiology (DK) [27]. According to the DNS method, every joint posi-
tion relies on stabilising muscle function and coordination of both local 
and distant muscles to ensure the neutral or centered position of joints in 
the kinetic chain. Its goal is to optimize the distribution of internal 
muscle forces acting on each spinal segment [27]. Magnetic Resonance 
Imaging (MRI) offers a non-invasive method that possesses outstanding 
spatial resolution and investigates these muscles [28]. However, no 
studies have shown or assessed fat infiltration of multifidus post-yoga or 
DNS postures. Hence, the current study aims to evaluate the effect of 
yoga and DNS exercise on fat infiltration of lumbar multifidus using 
MRI. There is a dearth of literature on the effect of yoga and DNS posture 
on the atrophy of MF in CLBP. This study can help us understand the 
effect of yoga and DNS posture on atrophic alteration using gold stan-
dard magnetic resonance imaging (MRI), thus enhancing the under-
standing of treatment approaches towards chronic low back pain. 

2. Methods/design 

2.1. Overview 

We are conducting this two-arm, parallel randomized controlled trial 
assessing the effect of Yoga and Dynamic Neuromuscular Stabilization 
exercises among chronic low back pain individuals. We hypothesize that 
participants randomized in the yoga group will have a better outcome in 
terms of MRI CSA of LMM and MSK USI thickness of TLF than partici-
pants in the dynamic neuromuscular stabilization exercise group. We 
also hypothesize that participants in the yoga group will have lower pain 
intensity, disability, fear of movement, pain catastrophizing, and higher 
optimism, self-efficacy, physical activity, and coping strategy than DNS 
group participants. 

CLBP individuals who seek treatment from the Spine care center, 
Manipal Hospitals, Bangalore, will be screened by Spine Consultant. 
Spine Consultant will give trial information and refer the individual to 
Outpatient – Department of Physiotherapy, Manipal Hospitals, Banga-
lore. The Project Research Fellow will screen the eligibility of partici-
pants who are referred for trial. The Principal Investigator will explain 

the trial details of individuals, and written informed consent will be 
obtained. Once the participant signature is received in the consent form, 
a copy of the Informed consent form will be given to the patient for their 
reference. An eligible individual will first complete the demographic 
details and all questionnaires under the supervision of an experienced 
physiotherapist who is unaware of the trial. While filling the question-
naire, the therapist’s supervise will not interfere or influence the 
participant in any way; Yet may help participants if they have any dif-
ficulty or queries in filling the form [56–63]. Once the form is filled, MRI 
and Musculoskeletal Ultrasound Imaging (MSK-USI) appointment will 
be fixed. MRI and MSK-USI will be performed by the experienced 
Radiologist who is unaware of the trial. Participants are reassessed at the 
end of the 12th week. This study trial will follow (Fig. 1) flowchart. The 
participants will be randomized into two groups in a 1:1 ratio. The 
intervention group will receive a yoga for three months, and the control 
group will receive a standard of care as per dynamic neuromuscular 
stabilization exercise alone. 

This protocol was approved by Institutional Review Board (IRB), 
Scientific Committee (SC), and Institutional Ethics Committee (IEC) of 
Manipal Hospital, Bangalore. The trial is registered with Clinical Trial 
Registry India (CTRI) before the participant’s enrollment. The trial 
progression, Participants’ safety, Documentation of form, and data entry 
will be reviewed, monitored every six months by the Data and Safety 
Monitoring Committee (DSMC). 

2.2. Objectives 

a) To compare the effects of Yoga on fat infiltration of lumbar multi-
fidus with DNS postures using Magnetic resonance imaging  

b) To compare the effects of Yoga on the thoracolumbar fascia with DNS 
postures using Ultrasound imaging  

c) To compare the effect of yoga and DNS postures on Oswestry 
disability index and Visual Analogue scale  

d) To compare the effect of yoga and DNS postures on optimism, self- 
efficacy, mood, physical activity, fear of movement, pain cata-
strophizing, and coping. 

2.3. Study timeline, protocol modification 

This Three-year study started on August 1, 2021, with patient 
recruitment initiated in September. The first enrolled participant in this 

Fig. 1. Overview of trial design – CONSORT flow chart.  
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trial was on September 15, 2021. No changes have been applied in study 
trial protocol version 1.0 Jan 2021 after funding agency, DSMC, IRC, SC, 
IEC, and CTRI approval. Any future study trial protocol changes/ 
Amendments will be submitted to the funding agency, DSMC, IRC, SC, 
IEC, CTRI. Their review and approval will be obtained. Accordingly, the 
study trial protocol amendments will be done, and protocol version 

number, month, and year will be changed. 

2.4. Study setting 

Project Research Fellow will recruit the CLBP participants from 
Outpatient service- Department of physiotherapy, Manipal Hospitals, 

Fig. 2. Screening form.  
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Bangalore. All CLBP participants will be initially assessed and referred 
by Spinal Consultant to the Physiotherapy department after ruling out 
red flags and absolute contraindication of exercises. 

2.5. Study participants, eligibility criteria 

The study participants are English-speaking adults who present to 
the spine care center with a primary complaint of low back pain for more 
than three months. Spine Consultant will label CLBP diagnosis based on 
International Classification of Diseases, Ninth Revision (ICD-9) or the 
International Classification of Diseases, Tenth Revision, Clinical Modi-
fication (ICD-10-CM) codes. Participants referred to Physiotherapy OPD 
from Spine Care Center will be eligible for the study to fulfill the 
following criteria [56–62]. 

2.5.1. Inclusion criteria 
Subjects diagnosed with chronic low back pain (>12 weeks). 
Age between 18 and 45 years. 

2.5.2. Exclusion criteria 
Inflammatory pathology of the lumbar spine. 
Lumbar radiculopathy. 
Subjects who have recent spinal fracture or surgery. 
Have lumbar pain of traumatic origin. 
If they are current or past smokers or tobacco chewers. 
Have participated in Yoga or lumbar exercise program in the past 

three months. 
Pain VAS more than 4/10. 
All the CLBP individuals presenting to OPD physiotherapy will be 

screened for eligibility using the screening form (Fig. 2). Based on the 
response, they will be recruited for the trial. 

2.6. Study recruitment procedure 

Participants are recruited for the study through the Spine care center 
and Physiotherapy OPD. The study coordinator will screen interested 
prospective Participants in person after they have provided verbal 
consent. To complete the Participants Informed Consent form, de-
mographic information, and all baseline outcome measures, including 
MRI and MSK-USI, interested and eligible participants will be scheduled 
for an in-person appointment with the study coordinator. Once partici-
pants complete all baseline assessments will be randomized into one of 
the two arms intervention groups. On the morning of the MRI and MSK- 
USI appointment with the Radiologist, the participant will be given a 
reminder phone call and message by the study coordinator. Upon 
completion of baseline assessment appointment for exercise session 
cabin, timing will be fixed with study physiotherapist and informed to 
the participant [56–63]. Those ineligible or who decline to participate in 
this trial are requested to provide their basic demographic details and 
other clinical information (gender, age, CLBP duration, ODI, VAS). They 
will be provided with standard care CLBP of treatment irrespective of 
ineligibility or no interest in trial enrollment. 

2.7. Study randomization and blinding 

Participants are randomly assigned to one of two arms (Yoga or DNS) 
in a 1:1 ratio using a computer-generated random size approach 
developed by the study statistician. Randomization will be performed by 
using sealedenvelope.com. Patients will be randomized in block sizes of 
8, 10 with 17 block identifiers. The unique number will also be gener-
ated along with the randomization sequence. The results of randomi-
zation will be printed on the result sheet. The result sheet consists of 
block identifier number, block size number, group allocation with a 
unique number. This result sheet will be sealed in an opaque envelope 
(Fig. 4). The study statistician will prepare all of these sealed envelopes, 
which will be handed to participants in sequential order by the study 

coordinator. 
Once participants complete all outcome measure baseline assess-

ment, the therapist who will treat the patient will open the opaque 
sealed envelope. The therapist will note the details of group allocation in 
the randomization register and form (Fig. 3). In the record following 
more information will be documented: date, time of opening, patient ID, 
name, randomizer with name and signature, witness name, and signa-
ture. The sealed opaque envelope will be preserved for documentation 
purposes. The group allocation is kept a secret from the Principal 
Investigator (PI), Statistical Analysts, and Qualitative Data Analysts 
until the final analysis is done. The primary outcome measure MRI and 
secondary outcome MSK-USI will be recorded by a Radiologist with 20 
years of experience, blinded to the allocation of treatment groups. All 
other Questionnaires and baseline assessments will be documented and 
collected from participants by a Physiotherapist with six years of 
experience who is unaware of trial objectives and intervention group 
allocation [56–62]. The participants will be blinded to the group they 
will be allocated. It is not practically possible to blind the therapist to the 
intervention groups. 

2.8. Study interventions 

Each participant will be given standard physiotherapy care for pain 

Fig. 3. Randomization form.  

Fig. 4. Randomization sealed envelope.  
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intensity management. Once the participant’s pain scores are less than 4 
out of 10 in VAS, then the participant will be randomized in any one of 
two intervention groups. Both therapies have the same duration, setting, 
and participant/therapist contact time. The choice of the standard 
physiotherapy pain management care will be according to the choice of 
the treating physiotherapist and participant requirement. 

2.8.1. Yoga group – experimental group 
The yoga group will receive structured sessions involving shithili-

karana vyayama, pavanmukthasana, shashankasana breathing, ard-
hakati chakrasana, Uttita Parsvakonasana, parivritta trikosana, 
Vakrasana. Each Posture will be performed for 30–60 s for five reps, 
active movement 5–10 reps for 30 min. Pranayama involving Vibhagya 
pranayama, Nadi shuddi, Bhramari for 5–10 min and Shavasana: 5–10 
min under supervision for two days/week and unsupervised for two 
days/week for 12 weeks [29–35]. 

2.8.2. Dynamic neuromuscular stabilization exercise group – control group 
The dynamic neuromuscular stabilization group will receive devel-

opmental postures based on developmental kinesiology. It will involve a 
supine 3month Position, side-lying Position, Quadruped, oblique sitting, 
bear position, squat Position. Each position will be performed for 30–60 
s for five reps, active exercise 5–10 reps under supervision for two days/ 
week, and unsupervised for two days/week for 12 weeks [36–44]. 

For more details of Yoga and DNS exercise progression, refer to Ta-
bles 1 and 2. 

2.8.3. Intervention fidelity monitoring 
The licensed Physiotherapist will deliver interventions with a mas-

ter’s degree in physiotherapy and who has experience in the delivery of 
yoga and DNS exercise. Also, have good experience and knowledge in 

the treatment and management of CLBP. The study will be monitor by 
Study Steering Committee, Institutional Ethics Committee and Data 
Monitoring Committee (Table 3). The Data Safety Monitoring Board 
(DSMB) will monitor the therapist’s adherence to the treatment protocol 
regimen. The main aim of DSMB is to reduce the variation or deviation 
in intervention delivery, limit the risk of bias, promote fidelity and 
optimize the treatment delivery. To maximize the treatment outcome 
and minimize the contamination of the treatment group (yoga and DNS 
group), yoga group participant’s follow-up will be fixed on Monday, 
Wednesday, Friday, and DNS group participant’s follow-up and ap-
pointments will be set on Tuesday, Thursday and Saturday. The thera-
pist will maintain a follow-up log (Fig. 5), documenting all the details of 
the participant follow-up visit. Intervention sessions at the site setting 
will be tracked and confirmed by the study coordinator. The home 
practice exercise log will be maintained by the participants individually. 
The study coordinator will weekly check it [56,58,61]. 

Table 1 
Progression of yoga.  

Yoga Asana/Posture Week of Follow-up 

1 
& 
2 

3 
& 
4 

5 
& 
6 

7 
& 
8 

9 & 
10 

11 
& 
12 

Standing Shithilikarana 
Vyayama (Loosening 
Exercises) 

S* S* S* S* S* S* 

Supine Pavanamuktasana (Wind 
Removing Pose) 

B* B* B* A* A* A* 

Sitting on 
Heel 

Shashankasana(The Hare 
or Rabbit Pose) 

B* B* B* A* A* A* 

Standing Ardhakati Chakrasana 
(Half Lateral Wheel 
Posture) 

B* B* B* A* A* A* 

Standing Utthita Parsvakonasana 
(Extended Side Angle 
Pose) 

B* B* B* A* A* A* 

Standing Parivrtta Trikonasana 
(Revolved Triangle Pose) 

B* B* B* A* A* A* 

Long 
Sitting 

Vakrasana (The Twisted 
Pose) 

B* B* B* A* A* A* 

Sitting on 
Heel 

Vibhagiya Pranayama, 
(Sectional Breathing) 

S* S* S* S* S* S* 

Sitting Nadi Shuddi Pranayama 
(Alternate Nostril 
Breathing) 

S* S* S* S* S* S* 

Sitting Bhramari Pranayama 
(Humming Bee 
Breathing) 

S* S* S* S* S* S* 

Supine Shavasana (Corpse Pose) S* S* S* S* S* S* 

Note: S* - Standard (Maintaining correct Posture, proper breathing pattern 
perform limb movement as per Yoga). 
B* - Basic (Maintaining normal breathing, performing Posture, limb movement 
depend on individual tolerance). 
A* - Advance (Progress in Maintaining correct Posture, proper breathing pattern 
perform limb movement). 

Table 2 
Progression of dynamic neuromuscular stabilization exercise.  

DNS Exercises Week of Follow-up 

1 & 
2 

3 & 
4 

5 & 
6 

7 & 
8 

9 & 
10 

11 & 
12 

Supine position, 90◦ hips 90◦ knees 
(3 months old position) 

With 
Support 
Breathing 
Ex, 
Limb 
Movement 

Without 
Support 
Breathing 
Ex, 
Limb 
Movement 

Without 
Support 
Breathing Ex, 
Resisting 
Limb 
Movement 

Prone Position (3 months old 
position) 

Breathing 
Ex 
Lift head 
from 
Cervical 
spine 

Breathing 
Ex, 
Mid- 
thoracic 
movement 

Breathing Ex, 
Head lift from 
the bench, 
Torso support 
on Gym ball 

Rolling/Side-lying position (4.5 
months old position) 

Initial 
position, 
Breathing 
Ex, 
Arm and 
Trunk 
Movement 

Breathing 
Ex, 
Trunk 
rotation, 
Arm and 
Pelvis Lift 

Breathing Ex, 
Resisting 
Trunk 
rotation, Arm 
and Pelvis Lift 

Quadruped Position (5 months old 
position) 

Initial 
position, 
Breathing 
Ex, 
Limb 
Movements 

Breathing 
Ex, Shifting 
the Trunk 
Forward 
and 
Backward 

Breathing Ex, 
Resisting the 
Shift of the 
Trunk 
Forward and 
Backward 

Side/Oblique Sitting Position (7 
months old position) 

Initial 
position, 
Breathing 
Ex, 
Limb and 
Trunk 
Movement 

Breathing 
Ex, 
Loading 
Limb, 
Trunk Lift 

Breathing Ex, 
Resisting 
Loading Limb, 
Trunk Lift 

Sitting Position (8 months old 
position) 

Initial 
position, 
Breathing 
Ex 

Breathing 
Ex, 
Lower limb 
movement 

Breathing Ex, 
Resisting 
Lower limb 
movement 

Bear Position (14 months old 
position) 

Initial 
position, 
Breathing 
Ex, 
Limb 
Movement 

Breathing 
Ex, 
Lift one Leg 
maintain 
Spine and 
Pelvis Level 

Breathing Ex, 
Resisting the 
Leg Lift 
maintain 
Spine and 
Pelvis Level 

Deep Squat Position (14 months 
old position) 

Initial 
position, 
Breathing 
Ex 

Breathing 
Ex, 
Squatting 
with Back 
Straight 

Breathing Ex, 
Resisting 
Squatting 

Note: All DNS Exercises performed maintaining good respiration and Intra- 
abdominal pressure. 
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2.9. Study participants protocol adherence and retention 

To encourage adherence to the protocol therapy and follow-up visits 
for exercise progression, various tactics will be used. Commitment to the 
treatment group will be checked using an Exercise log, Text messaging, 
Video/Audio Call. Two days once, the study coordinator will call par-
ticipants and enquire about their protocol adherence, any adverse event, 
and general health. Participants are also encouraged, permitted to 
contact the study coordinator if they have any concerns, questions. The 
appointment of the participants will be fixed on flexible timing of the 
participants to promote the participant engagement in trial and adher-
ence. The exercise pamphlet and videos will be shared with participants 
weekly upon the follow-up visit [56,58]. 

2.10. Outcome measures 

2.10.1. Primary outcome measures 
The multifidus muscle’s atrophy will be measured using magnetic 

resonance imaging as the major outcome measure. A 0.2 T resistive 
Open imaging system was used to obtain the magnetic resonance images 
(Magnetom Open Viva, Siemens, Erlangen, Germany). Two fast spin- 
echo sequences with varied T2 weighting will be used in the MR pro-
cedure. The sagittal and axial planes were used to create the images. 
Four images per spinal level will be displayed in the MRI scans. To 
compute the muscle CSA, an axial slice at the level of the L3-L4, L4-L5, 
L5-S1 will be chosen. The participants will be positioned in a supine 
position with a pillow beneath their knees. The hips and knees will be 
flexed. To avoid lumbar lordosis, the patients’ neutral postures will be 
maintained [45]. The outcome measure will be recorded by a Radiolo-
gist with 20 years of experience, blinded to the allocation of treatment 
groups. 

2.10.2. Secondary outcome measures 

2.10.2.1. Ultrasound imaging. The musculoskeletal ultrasound will help 
to measure the thickness of the thoracolumbar fascia. The Terason 3000 
scanner (Terason, Burlington MA) with a 4 cm, 10 MHz linear array 
transducer will be used to perform ultrasound B-mode imaging of the 
lumbar area on each individual during a single testing session. The 
transducer will be centered on a spot 2 cm lateral to the midpoint of the 
L2-L3 and L4-L5 interspinous ligaments to get a parasagittal image 
bilaterally [46]. The outcome measure will be recorded by a Radiologist 
with 20 years of experience, blinded to the allocation of treatment 
groups. 

2.10.2.2. Visual analogue scale. A 10-cm visual analogue scale was used 
to assess participants’ pain perception. On a 100 mm pain scale, par-
ticipants were asked to rate the degree of their pain. Subjects were asked 
to rate their pain on a scale of zero (0 mm) to one hundred (100 mm), 
with zero (100 mm) being no pain and one hundred (100 mm) repre-
senting the worst agony they could imagine. The inter-rater reliability 
The interclass correlation (ICC – 0.97) indicates that VAS is reliable. In 
chronic musculoskeletal pain, a difference of 13 mm on the VAS reflects 
the smallest detectable change in pain intensity that is clinically sig-
nificant [47]. All other outcome measures will be recorded by a Phys-
iotherapist with six years of experience, who will be blinded to 

Table 3 
Committee to monitor the study trial.  

Committee Members Functions 

Study Steering 
Committee 

Three Therapist with Ph.D. 
experience 
Prinicipal Investigator 
Co-Investigators 

Verify participants 
comfort in the trial 
Check for patient safety 
Verification of trial 
progress monthly 
Overall supervision of the 
trial 
Provide guidance and 
opinion on the trial 
progression 

Institutional 
Ethics 
Committee 

Justice, A basic medical scientist 
from pharmacology, Theologian, 
Layperson, Four experienced 
senior clinicians, different 
departments from affiliated 
Institutions, and the independent 
officer who is not affiliated to 
Institution. Totally ten members, 
which includes Chairman and 
member secretary. 

Check participant 
informed consent and 
protocol 
Review amendments to 
protocol and approve the 
amendments 
Monitor trial collected 
data 
Advice on adverse events 
reports 

Data Monitoring 
Committee 

Prinicipal Investigator 
Co-Investigators 
Statisticians have experience in 
the clinical trial 

Estimate sample size 
Prepare statistical 
analysis plan 
Data checking and 
verification 
To check the recruitment 
figure, data quality, and 
completeness 
Evaluate the datasheet  

Fig. 5. Follow-up log form.  
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treatment groups. 

2.10.2.3. Oswestry disability index. ODI is a questionnaire based on 
patients’ disabilities. The test is widely regarded as the gold standard for 
determining low-back functional outcomes. It has ten components, and 
each component scored 0 to 5. Scores are associated with the degree of 
disability ranging from minimal to bedbound. Studies have shown that 
ODI has excellent Reliability (ICC 0.877) [48]. 

2.10.2.4. The Life Orientation Test (LOT). Scheier, Carver, and Bridges 
developed the Life Orientation Test (LOT-R). The test examines a per-
son’s broad expectations for the future. Dispositional optimism is a 
personality trait that encompasses these expectations. Cronbach’s alfa 
co-efficient value of 0.76 was used to compute LOT-R reliability [49]. 

2.10.2.5. Pain catastrophizing was measured using the pain catastrophizing 
scale. The Pain Catastrophizing Scale is a 13-item questionnaire that 
assesses how often people have catastrophic thoughts and sentiments 
about pain, on a scale of 0–4, with 0 equaling “not at all” and 4 equaling 
“always.” The scale runs from 0 to 52, with higher scores indicating 
more pain catastrophizing [50,51]. 

2.10.2.6. Fear of movement was measured using the Tampa scale for 
Kinesiophobia (TSK). The TSK is a 17-item Likert scale that assesses fear 
of movement and re-injury concerning various physical activities. With 
scores ranging from 17 to 68, the TSK total score is the sum of all 
components. Greater fear of movement or re-injury is associated with 
higher ratings [52]. 

2.10.2.7. Positive and negative affect schedule (PANAS). It’s a popular 
scale with excellent psychometric features. Positive (e.g., “excited,” 
“strong,” “interesting”) and negative (e.g., “nervous,” “irritable,” 
“upset”) affect are scored separately on this twenty-item scale [53]. 

2.10.2.8. The pain coping strategies questionnaire (CSQ). Rosenstiel and 
Keefe created it. The questionnaire is used to assess the effectiveness of 
pain management measures that have been used to cope with the pain. It 
consists of 42 statements that describe various coping mechanisms and 
two questions that assess one’s pain-control abilities. Six cognitive 
strategies (reassessment of pain sensations, sensations ignoring, one’s 
declaration of coping with pain, diverting attention, catastrophizing, 
praying/pinning) and one behavioral strategy (reassessment of pain 
sensations, sensations ignoring, one’s declaration of coping with pain, 
diverting attention, catastrophizing, praying/pinning) are represented 
in the ways to cope with pain (increased behavioral activity). For the 
entire questionnaire, Cronbach’s alpha coefficient is 0.80. We examined 
the links between dispositional optimism and pain coping strategies 
such as shifting attention, increasing behavioral activity, catastrophiz-
ing, and an individual’s assertion of pain coping [54]. 

2.10.2.9. Self-efficacy for pain scale. It was created in 1995 and consists 
of 22 questions divided into three domains: self-efficacy for pain control 
(how the patient manages physical symptoms such as fatigue and pain), 
self-efficacy for functionality (how the patient performs some daily ac-
tivities), and self-efficacy to deal with other signs (addresses how pain 
affects the individual). A maximum of 100 points and a minimum of 10 
points are available in each domain. This scale has a maximum score of 
300 and a minimum score of 30; the greater the score, the better the self- 
efficacy [55]. 

2.11. Safety monitoring 

Data and safety of the study participants will be monitored by 
applying several strategies. 

All the materials, discussions, proceedings, events happening during 

the trial period are entirely confidential. Members and other partici-
pants of all these above committees are expected to maintain confi-
dentiality [56,58,60,61]. 

When a participant exhibits any serious physical or mental health 
symptoms as noted by the study therapist, a participant or attendee, the 
study coordinator, or anyone else, the participant safety protocol will be 
triggered. The participant is contacted and assessed by a study clinician 
before being cleared for safety or referred for additional care in all cases 
of Safety protocol beginning. All adverse events are recorded, reported, 
and categorized as per funding agency, IEC, and other regulatory re-
quirements. The study team reviews the adverse event reports regularly. 

2.12. Study participants withdrawal 

Participants who choose to leave the trial are contacted to address 
their concerns and any issues they encountered during the study. The 
study coordinator will try to resolve their issue or problem. Try to give a 
solution to participant concerns. If participants are convinced with the 
explanation, they can continue in the trial. After resolving the issue, if a 
Participant wants to withdraw from the study, they are eligible to 
withdraw from the trial as per the Clinical Trial Practice Guideline. The 
study coordinator will ensure that Participants receive standard treat-
ment care after withdrawal from the study [56,58,60,61]. The revoke of 
the consent form will be obtained from the participant. 

2.13. Data management 

Data collection from the participants will be the direct entry into the 
MS Excel sheet. Participants will be given a printed copy of all surveys 
during the in-person assessment sessions and asked to complete all 
forms. A study coordinator collects data on participants’ daily opioid use 
(medication type and dose), probable adverse events, and home prac-
tice. Participants can also conduct their surveys over the phone using a 
Google form or on paper, depending on their preference and availability. 
Study coordinators collect data and enter it into MS Excel sheets, which 
are then double-checked for accuracy. Participants who do not complete 
their planned follow-up assessment will be contacted once a week until 
their information is collected. During the data collection phase, the 
study coordinator conducts audits, supervises, and guarantees compli-
ance with the study protocol and data integrity [56,58,61]. 

2.14. Sample size estimation 

The sample size calculation is done using magnetic resonance im-
aging (MRI) as a primary outcome measure. Assuming a change in 
multifidus muscle thickness to 40% in the yoga group and 20% in the 
DNS group, an estimated sample size of n = 36 each group will be 
required to produce >80% power for a two-sided 5% statistical test, 
considering 10% drop out. The total sample size is 72 for each group and 
a total of 144 CLBP participants. 

2.15. Analysis approach 

The data will be analyzed with the statistics software. The descriptive 
statistics, percentage analysis, will be used for categorical and contin-
uous variables. Intention to treat (ITT) will be considered during the 
analysis of data. All events will be reported, and percentage analysis will 
be used. The normative data will be verified using the Kolmogorov- 
Smirnov test. For within-group analysis: if normally distributed data - 
paired t-test or Skewed data - Wilcoxon signed-rank test will be used. For 
between-group analysis: Normally distributed data - Independent sam-
ples t-test or Skewed data - Mann-Whitney U test will be preferred. 

3. Discussion 

According to recent studies, the application of Yoga is an effective 
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method in the treatment of CLBP. However, the yoga effect on the LMM 
fat infiltration, CSA, and thickness of TLF remains unclear. This is the 
first randomized, double-blind clinical trial to look at the effects of yoga 
and DNS exercise on fat infiltration in the lumbar multifidus and thor-
acolumbar regions using magnetic resonance imaging and ultrasonic 
imaging, respectively. The findings of this study could help determine 
the impact of yoga and DNS exercise on the lumbar multifidus and 
thoracolumbar fascia in CLBP treatment. 
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