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f Chapter-I i

1. Introduction

1.1 General Introduction:

Low back pain is a common condition originated due to myofascial pain, facet joint pain,
discogenic pain, spinal stenosis, and failed back surgery.? Nearly 80% adults experiences
lower back pain at some point in their lives.® It can range from mild to severe and may be
acute (short-term) or chronic (lasting for three months or longer).*> Globally, 619 million
persons suffered from low back pain (LBP) in 2020; by 2050, cases are expected to rise to
843 million, primarily due to aging and population growth.® Low back pain can have various
causes, including muscle strain or sprain, poor posture, overuse or injury, degenerative
conditions such as osteoarthritis or degenerative disc disease, herniated or bulging discs,
spinal stenosis (narrowing of the spinal canal), sciatica (compression of the sciatic nerve),
and other underlying medical conditions.?”#%1%11 Depending on the cause, LBP can be
categorized into different groups: 80% to 90% of the cases are mechanical (such as
degenerative disk or joint disease, vertebral fracture, deformity); 5% to 15% are neurogenic
(such as herniated disk, spinal stenosis); 1% to 2% are nonmechanical conditions (such as
neoplastic disease, infection, inflammatory); 1% to 2% are referred visceral pain cases (such
as gastrointestinal, renal, or abdominal aortic aneurysm); and 2% to 4% are other (such as
fibromyalgia, somatoform disorder, or malingering).'? According to Global Burden of

Disease 2010, out of 291 conditions, low back pain ranked highest in terms of disability.3

Ankylosing Spondylitis (AS), a spondyloarthropathy,** is a chronic, painful and
progressive inflammatory rheumatic condition characterised by stiffness and pain in rib,
shoulder, neck, hip and others part of the body, worse in the morning or after rest,!16.17.18.19
A gradual kyphotic deformity of the spine may develop in persons with Ankylosing
Spondylitis.?° In early stages of AS, erosive changes occurred in the vertebral bodies.?* Due
to chronic inflammation the disease progresses to cause complete vertebral column
calcification and fusion known as bamboo spine.?>?*> Bamboo spine progresses through
cytokine-mediated ossification together with abnormal bone remodelling and
syndeamophytes formation which results in complete fusion and rigidity causing serious

mobility limitations and life quality reduction.?4252



Photo. no. 1: Bilateral sacroiliitis on X-ray

Ankylosing spondylitis (AS) can occur at different stages of life, classified as
juvenile-onset AS at or before 16 years of age, adult-onset AS between 16 and 40 years, and
late-onset AS at or after 40 years.?” According to Aggarwal & Malaviya (2009), disease
outcomes and clinical presentations demonstrate differences when comparing various patient
age groups.?® The onset age of Ankylosing Spondylitis (AS) is markedly affected by both sex
and HLA-B27 status.?’ Prevalence rate of Ankylosing Spondylitis is more in male than
female, the ratio about 2:1%° to 3:1. Disease characteristics, sign and symptoms are
heterogeneous for the patients with Ankylosing Spondylitis.'* Approximately 80% of
individuals exhibit initial symptoms of AS before the age of 30, whereas fewer than 5%
present beyond the age of 45.%°

Photo. no. 2: Ankylosing Spondylitis: progression of deformities of 26 years of a patients®



of (SpA).*
Spondyloartharitis (SpA) is classified into Axial spondyloarthritis (axSpA) and Peripheral

Ankylosing  Spondylitis is a prototype spondyloartharitis
spondyloarthritis (pSpA).*® Furthermore axial spondyloarthritis (axSpA) divided into two
categories one Radiographic axSpA and Non -Radiographic axSpA. Ankylosing Spondylitis
comes under axial spondyloarthritis (axSpA)** with the presence of structural damage in
sacroiliac joint (SIJ), visible on conventional radiography (CR), so-called radiographic
axSpA (r-axSpA). Patients with chronic low back pain who have not developed such
structural damage on S1J define the non-radiographic (nr)-axSpA group.®® Reactive arthritis
(ReA), Inflammatory bowel disease(IBD), Uveitis, psoriatic arthritis (PsA), Undifferetiated
spondyloarthritis are the types of disease in Peripheral spondyloarthritis (pSpA).%® Human
leukocyte antigen (HLA) B27 gene is the common genetic predisposition for SpA group of
disease though this strong association varies significantly among different SpA subtypes and
diverse ethnic populations.®” The prevalence of HLA-B27 differs among various ethnic
groups.® HLA B27 is predominantly found in northern regions and certain tribes, with
prevalence rates reaching up to 50%, particularly among Eskimo populations and Haida
Indians.®® Early diagnosis of Ankylosing Spondylitis helps to enables treatment before
permanent immobility and abnormality, allows detection of the early changes in spinal

position and therefore prevention of abnormal postures.*
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Photo. no. 3: Spondyloarthritis (SpA) family of diseases (self-illustrated)




1.2 Pathophysiology of Ankylosing Spondylitis:

The specific mechanism of Ankylosing Spondylitis remains unelucidated,* studies in
immunogenetics and molecular biology have recently shed light on critical mechanisms of
disease. The complex pathogenesis of Ankylosing Spondylitis relies on an interplay of
multiple factors, including inherited genetic traits,** immune dysregulation,*? and external
environmental triggers.*® AS is a chronic immune-mediated inflammatory artharitis**#> with
symptoms of inflammatory spinal pain and spinal immobility. Enthesis is the first stage of
Ankylosing Spondylitis, where ligaments, tendons and capsules attach to bones, eventually
leading to pathological new bone formation and the hallmark spinal rigidity. Enthesitis, or
inflammation of the ligament and tendon, results in the erosion of bone at the site of

attachment.?
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Photo. no. 4: Pathology of Entheses in Ankylosing Spondylitis?

The most polymorphic proteins is Human leukocyte antigens (HLA) which
genetically positioned on chromosome 6, constitute the human major histocompatibility
complex (MHC).*® Approximately 90-95% patients with Ankylosing Spondylitis have carry
HLA B27 gene.*”* The most prominent genetic factor in AS is HLA-B27,%® recent studies
has also implicated others genes like ERAPL, IL-23R, ANTXR2, and IL-1R2 in the disease
process?. The mechanism of association between HLA B27 and Ankylosing Spondylitis(AS)
still unknown.* Currently more than 100 subtypes of HLA-B27 identified.*® HLA-B*2705,
B*2702, B*2704, and B*2707 are common subtypes associated with AS.5°Several hypothesis
have been proposed on the pathogenesis of HLA-B27 and AS, but particularly which HLA

B27 gene contributes for the disease is under investigation.>*

HLA B27 is class | MHC that interacts with CD8+Tcells, this interaction plays a
central role in autoimmune response such condition observed in Ankylosing Spondylitis.>2>3

The molecular propensity for distinctive articular site involvement remains under



investigation for the association of HLA B27 and Ankylosing Spondylitis. The damage is
caused by immune cells such as CD4+, CD8+, and natural killer cells, which vary greatly
across different sites. Biomechanical stressors can cause this disease by exposing the body to
autoantigens that were previously immune-sequestered or allowing microorganisms to
spread. Infection, for example, may be a major pathogenic step in a molecular-mimicry

process, albeit this has not been definitively demonstrated.>

The immune system regulates immune responses and inflammation by various cells,
secreted-mediators and molecular markers.Thl cells, a subset of CD4+ T cells, release
cytokines such as IFN-y, IL2, and TNF-a to activate other immune cells and contribute to
immunological responses.® The decrease plasma 25(0OH)D3 levels negatively influence the

disease activity, functional status and quality of life in AS patients.>®

Cytokines, particularly tumor necrosis factor-a (TNF-o) and transforming growth
factor-p (TGF-B), play a crucial role in the inflammatory process. They contribute to
inflammation, fibrosis, and ossification at sites affected by enthesitis.?* In a study Fang et
al.,(2023) reported that beta-nerve growth factor (b0NGF), Interleukin-1-beta (IL-1b), and
TNF-related apoptosis inducing ligand (TRAIL) may play a crucial role in the pathogenesis
of Ankylosing Spondylitis.>” Emerging evidence suggest that intestinal dysbiosis plays

significant role in the onset and development of AS.*®

In a study Hmamouchi et al., (2013) reported high incidence of vitamin D deficiency
in male AS patients which indirectly lead to osteoporosis by causing an increase in the

inflammatory activity.>®
1.3 International status of Ankylosing Spondylitis:

Different geographic locations along with distinct ethnic groups and population
samples result in wide variation of Ankylosing Spondylitis prevalence rates.®®®! There are an
estimated 1.30 - 1.56 million cases of AS in Europe and 4.63-4.98 million in Asia.?® In an
epidemiological study by Mahakkanukrauh et al., (2024) among the Tai population, reported
that the prevalence rate of AS is 20.4 per 100,000 populations in 2017.2 On the basis of
European data it is estimated that prevalence of Ankylosing Spondylitis ranges from 0-1% to
1-4%, where as it is 0-3-0-5% in Mid-Europe.*®



1.4 National status of Ankylosing Spondylitis:

There is limited epidemiological data on spondyloartharitis (SpA) as well as
Ankylosing Spondylitis (AS) in India. According to the first Indian survey on burden of
rheumatic-musculoskeletal symptoms/disorders (RMS) in rural Community under WHO-
ILAR(World Health Organization - International League of Associations of Rheumatology)
Community Oriented Program from Control of Rheumatic Diseases (COPCORD)® one study
estimated that prevalence rate of the SpA in India about 0.17-0.34%.5% A research study
published in the Indian Journal of Rheumatology found that prevalence rate of Ankylosing
Spondylitis (AS) in India ranges from 0.7 to 1.0 per 1,000 people® while global estimates
stand at 1.5 per 1,000 people according to Gabriel & Michaud, 2009.%6 The prevalence of
Ankylosing Spondylitis (AS) reaches approximately 1% among young adults in India as
reported by Nokhla in 2021.%7

1.5 Mortality in Ankylosing Spondylitis:

The predominant extra-articular signs of Ankylosing Spondylitis include uveitis,
gastrointestinal sickness, and involvement of the heart, lungs, skin, bones, and Kidneys.
Osteoporosis is very much common in patients with Ankylosing Spondylitis.®® Primarily the
cardiovascular disease affects the mortality among the patients with AS, mirroring trends in
the general population. Dyslipidemia and early endothelial dysfunction is accountable for
cardiovascular mortality in AS patients. Others factor like renal and gastrointestinal disease,
vertebral fractures and dislocations, pulmonary disease, injuries also causes of death in AS.
Research evidence reported that treatment-related options like surgery for spinal deformities,
hip surgery, spinal radiotherapy, radium-224 are associated with the causes of death in AS
patients.® Even after adjusting for age, sex, and baseline comorbidities, the mortality risk
was still greater for AS patients than for the general population.” Significant geographical

disparities found in mortality of SpA across the world.”
1.6 Auto-immunity and Ankylosing Spondylitis:

Immunity is the body’s ability to protect itself from foreign invaders such as
pathogens and harmful substances.”? The human immune system comprises two primary
types of immunity: innate immunity and adaptive (or acquired) immunity. Innate immunity
serves as the body's first line of defence and is characterized by its rapid, non-specific

response to pathogens. This form of immunity is present from birth and provides immediate
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protection against a broad range of foreign invaders. In contrast, adaptive immunity is highly
specific and develops over time through exposure to pathogens or through vaccination. It
involves a more targeted response, including immunological memory, which allows for a

faster and more effective response upon subsequent exposures.”

Ankylosing Spondylitis is an autoimmune disorder, where the body’s immune system
by mistake attacks and destroys the healthy body tissue.*” The exact cause of autoimmune
disorders is unknown. One theory is that some microorganisms (such as bacteria or viruses)
or drugs may trigger changes that confuse the immune system. This may happen more often

in people who have genes that make them more prone to autoimmune disorders.

In the pathogenesis of Ankylosing Spondylitis dysregulation of the innate immune
system plays a significant role. Emerging evidence suggest that in an innate immune cells,
such as macrophages, dendritic cells and innate lymphocytes cells, contribute to the
inflammatory process observed in AS.”*"™ Genetic association - particularly with the HLA
B27 allele - also point toward abnormalities in innate immune signalling pathways, which
may lead to inappropriate activation of inflammatory responses and contribute to disease

development and progression.’®
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1.7 Bio-psycho-social model of Disease (Ankylosing Spondylitis):

Bio-psycho-social model of Ankylosing Spondylitis provides a comprehensive
framework to understanding the disease condition just beyond the biological symptoms. It
incorporates biological, psychological and social dimensions that interact to influence the

individual’s experience, progression of disease and outcomes.’®"®
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Photo. no. 6: Bio-psycho-social profile of Ankylosing Spondylitis (self-illustrated)

Ankylosing Spondylitis has strong genetic association. Most of the patients with
Ankylosing Spondylitis have a chance to carry the HLA-B27 gene. Chronic inflammation of
the axial skeleton, particularly the sacroiliac joint and spine, is very common for AS.%
Stiffness and pain, especially in the lower back, worsen in the morning. In advanced stages of
the disease, progressive spinal fusion leads to reduced mobility and function. Various
comorbidities are like hitting inflammatory bowel disease (IBD). Cardiac muscular risk is

common for patients with Ankylosing Spondylitis.5!

Mental and emotional responses of the patient reflect the psychological symptoms of
the patients. Chronic pain leading to depression anxiety and low mood. Cognitive
disturbances like catastrophizing pain or fearing movement (kinesiophobia) is observed in AS

patients. Due to pain and stiffness mood changes and sleep disturbances happened



subsequently in the AS patient. Living with a chronic condition can affect the self-esteem and

body image of the patients.?

Quality of life is totally hampered for the patients with Ankylosing Spondylitis.
Physical restriction effects in work limitation are due to reduced ability to perform cetain
occupational jobs. Social support plays a significant role for quick disease recovery in AS.%
Differences in healthcare availability affordability and quality may bring different results in
the patients. Participation in exercise, yoga, swimming and social life can be limited but also

therapeutic if encouraged.
1.8 Management of Ankylosing Spondylitis:

The management of Ankylosing Spondylitis focuses on maintaining spinal mobility
and good posture, reducing inflammation, relieving symptoms and preventing long term
complication. A multi-disciplinary approach is typically used combining medical treatment

with lifestyle and physical therapy strategies for management of AS.848
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Photo. no. 7: Various kinds of treatment modalities of AS (self-illustrated)

In the modern era various concept of treatment modalities going on, objectives is
similar for all i.e. quick recovery from the disease. Conventional medicine includes
medication and physiotherapy, if required. Complementary medicine is used together with

conventional treatments whereas alternative medicine is used instead of conventional



medicine. Integrative medicine brings conventional and complementary approaches together

in a coordinated way.%®
1.8.1 Pharmacological management of Ankylosing Spondylitis:

According to American college of Rheumatology first-line medication therapy
involves for symptom relief for the patients with axial Spondyloarthritis (axSpA) are non-
steroidal anti-inflammatory drugs (NSAIDs). For localized joint swelling, corticosteroid
injections into the joint or tendon sheath are quickly effective. If NSAIDs do not provide
adequate relief, disease-modifying antirheumatic drugs (DMARDSs) may be used to relieve
symptoms and prevent joint damage. Medications will be advised based on the areas which
are affected, such as spine, tendons or eyes. Some important medications to treat axial
spondyloarthritis include methotrexate, sulfasalazine, anti-TNF alpha medications (such as
adalimumab, etanercept), anti-IL17 medications (secukinumab, ixikinumab) and many others.

Oral corticosteroids are not recommended. Spinal surgery is rarely needed.®’

In the year 2019 the American College of Rheumatology/ Spondylitis Association of
America/ Spondyloarthritis Research and Treatment Network (ACR/SAA/SPARTAN)
provided additional guidelines for the treatment of Ankylosing Spondylitis and Non-
radiographic Axial Spondyloarthritis, which explored new treatment options, notably
secukinumab, ixekizumab, tofacitinib, and TNFi biosimilars, for patients with axSpA.
NSAIDs and TNFi remain the primary classes of medications for the treatment of AS and nr-
axSpA. They recommended Secukinumab or ixekizumab is for patients with active disease
who have heart failure or demyelinating disease as a contraindication to TNFi, and in primary
non-responders to TNFi. For the patients with IBD or recurrent uveitis, secukinumab and
ixekizumab are not recommended, as TNFi monoclonals are better options. In this update
they strong suggested Tofacitinib is potential second-line option for patients with

contraindications to TNFi other than infections.®
1.8.2 Non-Pharmacological treatment for Ankylosing Spondylitis:

Due to the high cost of medication, most of the patients with Ankylosing Spondylitis
struggle to afford long-term treatment, especially when biologics are prescribed.?>%° This
economic burden often extended to their family; as a result, most of the patients may delay or
discontinue treatment, which can worsen their condition over overtime. Besides the

conventional therapeutic treatment for Ankylosing Spondylitis, like non-steroidal anti-
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inflammatory drugs (NSAIDs), DMARDs (Disease-Modifying antirheumatic drugs), and
biologic agents, non-pharmacological management is considered the essential complementary
treatment for AS.%! To enhance health-related quality of life, lowering inflammation and
preserving optimal functional status strategic necessitates is combination of pharmaceutical
and non-pharmacological treatment modalities, including education, exercise, and
physiotherapy.®? The multimodal approach of exercise intervention, like aerobic exercises,
strength training, and flexibility exercises, and tailored exercise with relaxation techniques
and mindfulness helps to improve the mobility, quality of life, alleviate pain; reduce the
psychological challenges; and improve their overall well-being.®®> Regular home-based
exercise, which is low-priced and easily applicable, helps the patients to improve pulmonary
functions and quality of life.%* Systematic exercise program, whether it is home based or
supervised, have demonstrated positive effects on disease activity score, pain level and

functional capacity.®
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Photo. no. 8: Complementary treatment options for Ankylosing Spondylitis (self-illustrated)
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1.8.2.1 Spa therapy:

Spa therapy comprises complementary and alternative methods that include
balneotherapy, hydrotherapy, exercise, and massage.?® One study assessed the effectiveness
of spa therapy on 224 patients of chronic low back pain with standard medication and

confirmed the effectiveness of spa therapy for such treatment.®’
1.8.2.2 Balneotherapy:

The terms “balneotherapy” and “spa therapy” refer to bathing in mineral water for
health purposes and related techniques such as mud packs. Balneotherapy may be helpful for
some cases of fibromyalgia and for developing the standard of living in people with

rheumatoid arthritis.?8 %

1.8.2.3 Physical Therapy:

Physiotherapy, also known as physical therapy, offers treatment to individuals to
facilitate the development, maintenance, and restoration of optimal movement and physical
function °2. Physical therapy includes various modalities such as - exercise, heat, cold,
electrotherapy, hands on technique (massage, spinal manipulation, myofascial release),

traction (for cervical and lumbar) etc.1®

1.8.2.4 Chiropractic Therapy:

Spinal manipulation is a practice in which chiropractors or other health professionals
use their hands or a device to apply a controlled force to a joint of the spine. To decreasing
the pain level and increase the joint mobility in patients with AS chiropractic manipulative

therapy may be an effective treatment option.2°*

1.8.2.5 Pilates:

The Pilates therapy regimen concentrated on a sequence of targeted movements
designed to improve lumbo-pelvic control.}%? Pilates body conditioning method, uses a
combination of approximately 500 stretching and strengthening exercises to create muscular
exertion. One randomized, controlled single-blind trial study reported that pilates is as an

effective and safe method to improve physical capacity in AS patients.%
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1.8.2.6 Tai Chi:

Tai chi and gigong are practices that originated in China. Qigong has both
psychological and physical components and involves the regulation of the mind, breath, and
the body’s movements and posture. Tai chi originated as an ancient martial art. Tai chi is
considered a form of gigong and involves a combination of physical postures, focused

attention, and controlled breathing.1%

1.8.2.7 Massage:

Massage is one of the oldest forms of therapeutic tools that people used to try to
relieve pain. Over the centuries it has been practiced in most cultures, both Eastern and
Western. There are many massage techniques, but in general the purpose involves
manipulating the soft tissues to stimulate the circulation and the nervous system’s response

with the goal of helping to manage a health condition or enhance wellness.'%

1.8.2.8 Swimming:

Agquatic exercise like swimming is very important therapeutic modalities for
Ankylosing Spondylitis patients to increase the spinal mobility, quality of life etc. Dundar et
al., (2014) conducted a comparison study indicating that water-based exercises resulted in
superior enhancements in quality of life and decrease pain scores for individuals with

Ankylosing Spondylitis compared to home-based exercises. %
1.8.2.9 Lifestyle Management:

Lifestyle management play crucial role in delaying the progression of Ankylosing
Spondylitis. Lifestyle management like- regular exercise, proper posture, balanced nutrition,

stress reduction, smoking cessation is essential for minimizing its long term complications.%’
1.8.2.10 Acupuncture:

Acupuncture is a medical procedure whereby practitioners apply tiny needles to the
skin to address health issues. Electroacupuncture involves using small electrical currents to
stimulate the needles, which can also be manipulated manually. Acupuncture, which
originated from traditional Chinese medicine, has gained global appeal since the 1970s.
Warm acupuncture, a traditional Chinese therapy, is widely used to treat Ankylosing

Spondylitis due to its safety, cost-effectiveness, and reduced side effects.%®
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1.8.2.11 Relaxation Techniques:

Relaxation techniques include progressive relaxation, guided imagery, biofeedback-
assisted relaxation, and deep breathing exercises. The goal of these techniques is to produce
the body’s natural relaxation response, with slower breathing, lower blood pressure, and a

feeling of calm and well-being.1%®

1.8.2.12 Yoga:

Yoga is an ancient and complex practice, rooted in Indian philosophy. It began as a
spiritual practice and has also become popular as a way of promoting physical and mental
well-being. In India yoga offered as an alternative or complementary medicine in many

mainstream clinics and hospitals.°
1.9What is YOGA?

The term “Yoga’ in the Rig Veda derived from the Sanskrit root word ‘Yuj’ meaning
to Yoke, unit or join. Yoga is a vast discipline aims to purifying the mind and spiritual
progress.t!! Yoga is an ancient Indian way of life purpose to integrating the body, mind and
sprite to achieve state of self-realization. It is a multidisciplinary holistic practice that
combines physical postures, rhythmic breathing, meditation and ethnic principles. Yoga is
usually defined as a union between the Individual self and the Supreme Self. There is
innumerable definition of yoga stated in various Hindu text based on the level of existence

and evolution of consciousness.

1.9.1 Definition of Yoga according to Patanjali Yoga sutra:

37 ARMARMHAH ] 2.2l
atha yoganuaasanam ||1.1]|

atha = now yoga = process of yoking; union anuaasanam = teaching, exposition
“Now, the teaching of yoga.” yoga is a form of discipline.

AarRacagfeafaRier: I .21

Yogas citta-vrtti-nirodhah  ||1.2||

yogai = process of yoking; union citta = consciousness Vvétti = patterning, turnings,
movements nirodhai = stilling, cessation, restriction

“Yoga is the cessation of the fluctuations of the mind.”
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1.9.2 Definition of Yoga according to Bhagvad Gita:

Two of the important definition of yoga according to “Bhagvad Gita”, an important
text book of yoga, stated below:

Do your duty without attachment—equanimity is yoga.

Yoga is skill in action

1.9.3 Definition of Yoga according to Katha Upanishad:

Yoga is said to be the steady holding of the senses.

1.9.4 Definition of Yoga according to Yoga Vasishtha:

Yoga is said to be a remedy for calming the mind
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1.10 Brief History of Yoga:
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Photo. no. 9: Historical development of yoga from pre-vedic to modern period (Self illustrated)

Yoga is a pre-Vedic science - mind body practice and path of wisdom, originated in
ancient India over 5000 years ago.'!? Traditional Yoga practices trace their origin back to the
Indus Valley Civilization and have been the integral part of Vedic & Upanishad heritage, as
well as Buddhist and Jain Traditions.!** Conceptual seeds of yoga found in ‘Rig Veda’,
though the structural and formal systems as stated in ‘Patanjali Yoga Sutra’ not outline in Rig
Veda; it emphasizes discipline, focus and meditation (dhyana). Yoga is deeply rooted in
Indian philosophy i.e. Sankhya philosophy. The eight limbs of yoga which stated in Patanjali
Yoga Sutra are Yama (ethical restraints), Niyama (personal observances), Asana (physical
postures), Pranayama (breath control), Pratyahara (withdrawal of senses), Dhrana

(concentration), Dhyan (meditation), Samadhi (state of absorption or enlightenment).

1.11 Traditional yogic practices according to classical yogic texts:

In India, several classical Hindu texts like: Hatha Yog pradipika (Asan, mudra),
Ghirenda samhita (Asan, mudra), Shib samhita, Hatha ratnabali, Basistha samhita, Hatha yog
samhita, Gorakhsa padhati, Yog Tarabali offered both theoretical and practical knowledge on
non-invasive, holistic strategies to disease management. Various yogic practices, including

Asana, Pranayama, Mudra, Bandha, Kriya and other techniques described in the traditional
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Hatha yogic text, collectively contribute to promoting physical, mental, and spiritual well-

being in human life.

One of the most traditional and classical yogic texts, Patanjali’s Yoga Sutra,
highlights several key techniques for healing. Among these, Yama (moral disciplines) and
Niyama (personal observances) form the ethical and psychological foundation for balanced
living by cultivating emotional stability, mental clarity, and inner discipline. Patanjali further
emphasizes asana and pranayama, which help strengthen the body and regulate the breath for
balanced physiological functioning. Additionally, pratyahara (withdrawal of the senses),
dharana (focused concentration), and dhyana (meditation) are highlighted as powerful tools
for restoring mental calmness, emotional equilibrium, and deep inner harmony. Together,
these eightfold practices integrate behavior, body, breath, and mind, supporting a

comprehensive healing process and promoting holistic well-being.

Non-violence, truthfulness, non-stealing, continence, and non-possessiveness are the Yamas.

Purity, contentment, austerity, self-study, and surrender to I$vara are the Niyamas.

Asana is a posture that is steady and comfortable.

When asana is mastered, pranayama is the regulation of inhalation and exhalation.

Pratyahara, withdrawal of the senses from their objects and aligning them with the mind.
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Concentration is fixing the mind on a specific point or place

Meditation is the uninterrupted flow of awareness toward the chosen object
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Photo. no. 10: Integration of Astanga yoga in holistic management of Ankylosing Spondylitis
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1.12 Description of Pain in classical Hindu Text:

1.12.1 Interpretation of Pain in Patanjali Yog Sutra:

Causes of disease or pain according to Yoga:

The word “Klish” in the ancient Sanskrit literature is the origin of the term “Klesha” which
means ‘to give pain’. According to Patanjali Yoga sutra the five kleshas i.e Avdiya
(Ignorance), Asmita (Ego), Raga (Attachment), Dvesha (Aversion) and Abhinivesha (Fear of
death) are the causes of discomfort or pain in human being. Avidya or ignorance is the source

of asmitd, réga, dvecd and
abhiniveca. The five kleshas are part

of the foundation of the Patanjali

Yoga sutras and a key feature of the
Raga

Yoga philosophy. Kleshas are

inborn mental afflictions that hinder

progress on the spiritual path.

Disease
or Pain

Annihilation of kleshas is an

intrinsic objective of Yogic practices

(kriya yoga, meditation).

Photo. no. 11: Kleshas- the cause of disease or Pain

duikhanuaayi dvezai duikha = distress, pain, suffering anudayt = following dveaai = aversion

Meaning: Something that creates pain can create aversion, if we had any painful experiences

we create aversion to those experiences, situation or people.

te = these prati = with regard to, toward, reversing prasava = flow, motion, creation, inception heyai =
overcome, overwhelmed slikeemai = subtle

Meaning: In their subtle form, these causes of suffering are subdued by seeing where they
come from.



parifidma = transformation, tapa = anguish, sadskara = latent impressions, duikhaii = distress, pain,
suffering, gufia = fundamental qualities of nature, vétti = patterning, turnings, movements virodhat =
conflict, opposition ca = and duikham = distress, pain, suffering eva = thus sarvam = all vivekinail
= a person of discrimination

Meaning: The wise see suffering in all experience, whether from the anguish of
impermanence, or from latent impressions laden with suffering, or from incessant conflict as

the fundamental qualities of nature vie for ascendancy.

heyad = overcome, overwhelmed duikham = distress, pain, suffering anagatam = future

Meaning: But suffering that has not yet arisen can be prevented.

drazgé = seer, witness, pure awareness dédyayoi = what is seen sadyogai = union, coupling heya =
overcome, overwhelmed hetui = cause

Meaning: The preventable cause of all this suffering is the apparent indivisibility of pure

awareness and what it regards.

1.12.2 Interpretation of Pain in Bhagvad Gita:

Meaning: Sensations of pleasure and pain, heat and cold arise from the contact of the senses
with external objects. Since they are temporary and constantly changing, one should learn to
patiently endure them without being disturbed.

Meaning: a wise and steady person who remains balanced in both pleasure and pain, and is
not shaken by them, attains inner peace and ultimately reaches the state of liberation.
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1.13 Management of pain according to Yoga

IATHAIATIAT AT | 2.2
abhyasa-vairagyabhyaa tan-nirodhai 1l 1.12 ||

abhyésa = practice, action, method vairdgyabhyaa = dispassion, non-reaction, non-attachment tad =
these nirodhai = stilling, cessation, restriction

Meaning: Both practice and non-reaction is required to still the patterning of consciousness.

Pancha Kosha concept of human system:

The Pancha Kosha system, described in the Taittiriya Upanishad of the vedic era, delineates
five sheath that encompass human existence. These are: annamaya kosha (physical level)
pranamaya kosha (energy or vital level), manamaya kosha (mental level), vijanamaya kosha
(intellectual level) and anandamaya kosha (spiritual or bliss level). In Yoga philosophy, the
pancha kosha represent the five layers of awareness through which all human experiences are
filtered, providing a holistic framework for understanding mind-body-split integration. 14115

Anandamaya kosha

VIERETELCHE

Manomaya kosha

Photo. no. 12: The Pancha Kosha concept of human system (Self-illustrated)
Practices at Annamayakosha or the physical layer

Practices aimed at the Annamayakosha (physical layer) including a healthy yogic diet,
kriyas, loosening exercises, and yogasanas-support pain management by improving systemic
cleansing, musculoskeletal mobility, and neuromuscular efficiency. Kriyas purify internal
organs and improve physiological functioning, while loosening movements (Sithilikarana

vyayama) mobilize stiff joints, reduce muscular tension, and increase circulation. Yogasanas
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enhance strength, flexibility, and posture, thereby minimizing biomechanical stress and
reducing pain intensity. Together, these practices promote optimal physical functioning and

contribute to long-term reduction in pain sensitivity.'*

Practices at Pranamaya kosha level

Practices at the Pranamayakosha level target the regulation of prana, the vital life
force that governs physiological and subtle energy processes. According to Hatha Yoga texts,
prana and citta (mind) are deeply interconnected-when prana flows unevenly or stagnates,
mental fluctuations increase and the perception of pain intensifies; when prana becomes
steady, the mind also becomes stable. Pranayama and conscious breathing techniques restore
balance in the five manifestations of prana, reduce autonomic arousal, and help normalize the
flow of energy in the affected regions. These practices support nervous system regulation,
reduce hypersensitivity to pain, and enhance mind-body coordination. Hence, pranayama
serves as a bridge between body and mind, contributing to improved pain modulation and

emotional equilibrium 8119

Practices at Manomaya kosha level

Practices at the Manomayakosha level aim to regulate and refine the mind, which is
often the source of emotional disturbance and pain perception. Yoga Vasistha states that the
mind arises from two roots-movement of prana and sustained imagination; therefore, mental
fluctuations can be reduced by stabilizing both breath and thought. Techniques such as
dharana (focused concentration), dhyana (meditation), samadhi (absorption), and devotional
practices help redirect the mind from random, looping thoughts toward sustained inner
stillness. With continued practice, concentration deepens into effortless meditation, allowing
the mind to dwell on a single calm focus and gradually dissolve stress-driven reactivity. This
systematic culturing of the mind enhances emotional regulation, reduces psychological
distress, and promotes inner harmony, which together contribute to reduced pain and

improved well-being.

Practice at Vijanamaya kosha level

Practices at the vijanamaya kosha level focus on cultivating inner wisdom (jiiana) and
self-awareness to guide one’s thoughts, actions, and emotional responses. When this deeper
knowledge is absent, individuals tend to develop maladaptive habits, attachments, and

aversions, which generate mental agitation and worsen the experience of pain and suffering.
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Yogic disciplines such as self-inquiry (svadhyaya), introspection, mindfulness-based
awareness, and reflective meditation help strengthen discrimination (viveka) between the Self
and fluctuating mental states. As clarity increases, one becomes less reactive to sensations
and situations, fostering emotional stability and healthier behavioral patterns. This shift in
cognitive processing contributes to reduced pain reactivity and enhanced inner resilience,

aligning individual awareness with higher wisdom.
Practices at Anandamaya kosha level

Practices at the Anandamaya kosha level aim to awaken the innate state of bliss
(ananda) that resides in the deepest layer of human existence and to allow this inner serenity
to permeate daily actions. When one functions from this layer, the natural healing potential of
the body—mind system becomes active, supporting profound recovery and overall well-being.
The essential principle here is to maintain inner silence and mental equipoise during all
activities, regardless of likes or dislikes. Through self-awareness, positive autosuggestion,
devotional attitudes, and the cultivation of a blissful inner presence, one learns to remain
calm, centered, and joyful even in challenging circumstances. This state of ananda
harmonizes the mind and nervous system, reduces stress-reactivity, and promotes deep

psychological and physiological healing.

1.14. Yoga as a bio-psycho-social-spiritual approach:
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Photo. no. 13: Bio psychosocial spiritual benefits of yoga (Concept was adapted from 108)
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Yoga is widely recognized today as a bio-psycho-social-spiritual therapeutic
approach, addressing multiple dimensions of human health rather than focusing solely on
physical symptoms. Biologically, yoga improves musculoskeletal strength, autonomic
regulation, and immune functioning, which contributes to reductions in pain and
inflammation.'?® Psychologically, practices such as pranayama, meditation, and mindfulness
enhance emotional regulation and reduce stress, anxiety, and catastrophizing associated with
chronic illness.!? Socially, yoga promotes healthy relationships and supportive group
dynamics through shared practice and compassionate communication. Spiritually, yoga
cultivates self-awareness, meaning, and inner peace, which helps individuals transcend
suffering and respond to life with greater equanimity. Together, these multidimensional
benefits illustrate that yoga is not merely a physical exercise but a comprehensive system
promoting holistic well-being through the integration of body, mind, behavior, and

consciousness.??
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Photo. no. 14: conventional bio-psycho-social model of disease and Yoga 123

The conventional bio-psycho-social model of disease explains that illness results from
the dynamic interaction among biological, psychological, and social factors. In Ankylosing

Spondylitis, biological drivers (inflammation, genetics), psychological contributors (stress,
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pain catastrophising), and social challenges (reduced participation, work limitations) interact
to worsen pain and disability.1?#12°> The yoga-based bio-psycho-social-spiritual model builds
upon this foundation by adding a fourth dimension—spiritual well-being, which relates to
meaning, inner peace, acceptance, and self-transcendence. While the biomedical model
focuses on pathology and dysfunction, yoga promotes holistic self-regulation by addressing
not only the body, mind, and social environment but also the inner spiritual dimension that
nurtures resilience, equanimity, and deep self-awareness. Through asana, pranayama,
meditation, and mindfulness-based living, yoga simultaneously reduces biological
inflammation and autonomic imbalance, improves psychological coping and emotional
stability, strengthens social connectedness through group practice, and enhances spiritual
awareness that supports acceptance and purpose.'?>192 Thus, yoga does not replace the bio-
psycho-social model but expands it, offering an integrative pathway to healing and functional

recovery in AS rather than merely symptom management.
1.15 Evidence based benefits of Yoga:

Yoga is widely used as a therapeutic tool for physical and mental well-being,*?® and it
has become the most popular complementary health approach practiced by adults in the
United States.'?® One study reported that the validated Integrated Yoga Therapy Module had
no negative impact and having advantage for pain relief, recovering disability, and reducing

stress in patients with CLBP.1%

Regular yogic practices has been shown significantly reduce resting levels of pro
inflammatory cytokines including TNF-a and IL-6 as well as decrease the serum
concentration level of cholesterol, triglyceride and VLDL, indicating its potential role in
inflammatory cytokine and metabolic parameters.!3! Systematic practice of asana enhanced
the musculoskeletal health, improve joint mobility, improve better posture and core stability,
reduce chronic pain and muscle tension.'3? Pranayama (life force or vital energy) strengthen
the respiratory muscles, increase lung capacity, improve oxygen uptake.!®® Meditation
decreases the secretion of inflammatory biomarkers such as CRP and IL-6, increased activity
of the autonomic nervous system (ANS), Brain derived neurotrophic factor (BDNF) and
hypothalamic-pituitary-adrenal (HPA) axis, reduce the perception of pain and improve pain

tolerance. 134135,
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Chronic inflammation and stress is a common factor of many of the non-
communicable diseases (NCDs), and an area where yoga has been found to be extremely
beneficial.1* In a comparative study between yoga and exercise on healthy and diseased
populations, it is reported that yoga may be as effective as or better than exercise in case of
heart rate variability, blood glucose, blood lipids, salivary cortisol, oxidative stress, and such
other health related outcome.%? The pattern of increased NFxB-related transcription of pro-
inflammatory cytokines in leukocytes may reversed due to the practice of meditation.'3” A
theoretical study reported that yoga therapy directly affects the autonomic nervous system

and whereas it also indirectly effects on the GABA (gamma amino-butyric acid) system.®

1.16 Evidence-based therapeutic benefits of yoga for ankylosing

spondylitis and other related inflammatory spinal conditions:

Yoga as a psycho-physical therapy combined with physical posture, breathing
regulation, relaxation and mindfulness can be a particular therapy that helps to reduce the
progression of disease in patients with Ankylosing Spondylitis. In several studies, yoga
demonstrates the positive effects on rheumatoid arthritis (RA), suggesting that it could be
valuable complementary therapy for managing rheumatic disorder. A randomized controlled
trial study showed that post 12 weeks of yogic practice with standard medication helps to
reduce disease activity score, inflammatory markers (interleukin-la (IL-1a), IL-6, tumor
necrosis factor-a (TNF-a), cortisol) and improves sympathovagal balance.**® Another study
found that yoga as a mind-body intervention (MBI) helps in significant reduction of the
severity level of RA, like systematic inflammatory markers and disease activity.'®® A
structured yoga practice of one and a half hours per day for seven weeks showed a significant
reduction in joint inflammation, early morning stiffness, pain intensity, pulse rate, blood
pressure, lymphocyte count, uric acid level, and C-reactive protein for RA patients.'#!
Interestingly, while yoga has been demonstrated as a promising complementary practice for
arthritis'? as well as rheumatoid arthritis,**® there is a very few research studies which
evaluated the impact of yoga for the treatment of Ankylosing Spondylitis. Rheumatoid
arthritis (RA) and Ankylosing Spondylitis (AS) fall under the term rheumatic disorder and
share some common features like inflammation and reduced physical fitness.!** Yogic
intervention demonstrates that it has positive effects on inflammatory biomarkers with

various chronic inflammatory disease conditions.#°
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1.17 Role of Yoga as a Complementary Therapy in Ankylosing
Spondylitis

Yoga is increasingly recognized as a complementary therapy for managing
Rheumatoid Arthritis (RA) because of its multidimensional influence on the psycho-neuro-
immuno-endocrine (PNIE) system, the network that connects the mind, nervous system,

immunity, and hormones'?,
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Photo. no. 15: Yoga as a complementary therapy for patients with Ankylosing Spondylitis (selfillustrated)

Regular yogic practices—asana, pranayama, and meditation—have been shown to
improve flexibility and posture, which helps reduce joint stiffness and musculoskeletal
deformity associated with AS.'*® Yogic breathing techniques optimize autonomic balance by
increasing parasympathetic activity, promoting relaxation, and improving respiratory
mechanics in individuals with restricted chest expansion.!*’ Meditation further regulates
emotional responses, boosts mood and sleep, and reduces psychological distress, contributing
to better pain tolerance and overall quality of life.'*® Through these integrated mechanisms,
yoga supports both physical and mental well-being, making it a valuable adjunct to

conventional treatment strategies for Ankylosing Spondylitis.!4°
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1.18 Mechanistic pathways illustrating how yoga practice confers
therapeutic benefits in Ankylosing Spondylitis and related conditions
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Photo. no. 16: Mechanistic Benefits of Yoga Practice in AS and related condition (self-illustrated)

Yoga produces multidimensional therapeutic effects in Ankylosing Spondylitis by
influencing disease activity, psychological health, and physiological responses
simultaneously. Regular yogic practices—such as asana, pranayama, and meditation—
enhance spinal mobility, flexibility, and overall physical function, contributing to reductions
in joint pain, stiffness, inflammation, and bone erosion,’*®*! which leads to lowered
BASDAI and BASFI scores. Psychologically, yoga helps regulate stress by improving
emotion control, mindfulness, and coping capacity, resulting in higher quality of life and

reduced perceived stress levels.'®>% Physiologically, yoga has been shown to reduce
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inflammatory markers, lower cortisol levels, regulate BP, BMI, heart rate, and optimize lipid

profile, while supporting immune and endocrine homeostasis through increased BDNF and

balanced HPA-axis activity.!>*1>® Collectively, these biological,

psychological, and

physiological improvements contribute to slowing disease progression and enhancing overall

functional well-being in people with Ankylosing Spondylitis.

1.19 Comparative benefits of exercise and yoga for patients with

Ankylosing Spondylitis:
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Photo. no. 17: Comparative effect of exercise and yoga on Ankylosing Spondylitis (self-illustrated)

Although structured exercise protocols are widely recommended for Ankylosing
Spondylitis, yoga offers additional multidimensional benefits that extend beyond physical

conditioning. Conventional exercise predominantly stimulates the sympathetic nervous
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system, involves rapid and forceful movements, and maximizes physical effort.*>® In contrast,
yoga practices activate the parasympathetic nervous system through slow, mindful, and static
movements, which lead to normalized muscle tone, balanced activation of opposing muscle
groups, and reduced risk of musculoskeletal strain.™>” Importantly, yoga cultivates internal
awareness focused on breath and present-moment experience,®®>° rather than external
performance-based goals typical of exercise, making it non-competitive and process-oriented,
which supports long-term adherence. This shift toward mind-body integration reinforces
autonomic balance,'®® reduces systemic inflammation,'®* and improves pain modulation,®?
positioning yoga as a more holistic and sustainable therapeutic strategy for Ankylosing
Spondylitis than traditional exercise alone. One study conducted to examine the comparative
effect of yoga and exercise in patients with AS, though this study found statistically
significant improvement for yoga and exercise group of mobility, functional capacity, sleep

quality and pain but between groups no significant comparison was found.%
1.20 Statement of the problems:

In yogic field there are difference types thought among various kinds of yogic school.
As a result when yoga use as a therapy for disease control or pain management purpose,
practices or protocols are also different. Thus using yoga as a therapy universally a unique
yoga module should have to develop. From the above prediction the problem is accordingly
stated as -“Development and validation of a yoga module and examine the influence of
recommended yoga module on general health status, disease activity, haematological and
inflammatory biomarkers, depression, fear avoidance belief, pain Catastrophizing of Patients
and quality of life (QoL) in patients with Ankylosing Spondylitis”. Thus the present study
was undertaken to evaluate the effect of a validated yogic intervention on patient with

Ankylosing Spondylitis and to confirm the feasibility of the module.

1.21 Significance of the Study

e By testing the feasibility of a yoga module on psychological, physiological and
biochemical (inflammatory markers) variables, this study may provide empirical
support for integrating yoga into standard AS care.

e Those patients who have a pre-condition of AS may follow the yogic module to

prevent their worst condition.
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e The finding of the study could have important implications for clinical practice,
rehabilitation strategies, and public health policies, ultimately contributing to
improved patients outcomes and quality of life.

e The yoga activities have no drug-related side effects; rather, they have a composite
effect to elevate positive health status in all domains.

e Furthermore, comparing outcomes between a conventional treatment group and
combined yoga and medication group may help establish yoga as an effective adjunct
therapy for the treatment of Ankylosing Spondylitis.

e The study may unfold the possible immune-inflammatory mechanism for the
development of autoimmunity related other disease condition after regular yogic

practices.
1.22 Aim & Objectives of the Study

Aim: To develop and validate a yoga module and test its feasibility for treating patients with

Ankylosing Spondylitis.
Objective 1:

To develop and validate a yoga module for patients with Ankylosing Spondylitis
based on the opinions of experts from relevant related disciplines.

Objective 2:

To examine the feasibility and effectiveness of the validated yoga module on selected
psychological variables (depression, fear avoidance belief, pain catastrophizing and health
related quality of life), physiological variables (haemologin and platelet count), general
health status (BMI, blood pressure, heart rate), clinical outcome measures ( BASDAI,
BASFI, BASMI, Chest expansion) and inflammatory markers(CRP, ESR, TNF alpha) by
comparing patients receiving conventional treatment alone with those receiving conventional

treatment combined with yoga practice.
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1.23 Hypothesis

Ho: There will be no significant differences between the combined group (medicine + yoga)
and the conventional group on psychological, physiological, health status, clinical outcome

measures and inflammatory markers after 24 weeks.
1.24 Definition and explanation of the Terms
Yoga:
Yoga is an ancient science established in India. It is a mind-body practice comprising

asana (physical postures), pranayama (breathing techniques), relaxation, meditation, and

kriya (cleansing practices) to promote holistic health,64165
SpA:

Spondyloarthritis (SpA) is a family term of arthritis-associated disease that is mainly

classified two groups: axial SpA (axSpA) and peripheral SpA.16®

Immunity:

Immunity is the body’s natural defence system which protect it from disease and

infection by identifying and attacking harmful invaders like bacteria, virus.'®’

Autoimmunity:

Autoimmunity is a malfunction of this system, where it mistakenly identifies healthy
cells, issues, or organs as threads and attacks them instead.%®

Inflammation:

Inflammation is the body’s normal, short term immune response to injury, infection,

or irritants, aiming to heal damage and fight off harmful stimuli.169170

Ankylosing Spondylitis:

Ankylosing Spondylitis is the disease of sacroiliac joint. Chronic inflammation is the

main features of this disease that primarily causes long term back pain and stiffness.!’*
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Sacroiliitis:
It is the painful inflammation of the sacroiliac (Sl) joint. Inflammation of the Sl joint
can lead to persistent lower back and buttock pain that often occurs when sitting for long

periods or climbing stairs. If left untreated, the inflammatory process may cause changes in

the joint structure and contribute to reduced mobility and function.’

Enthesitis:

It is the inflammation of the entheses, which are the areas where tendons, ligaments,
and joint capsules attach to bone. It often leads to tenderness, swelling, and pain at the
attachment zones and, overtime may contribute to structural changes such as calcification or

bone spur formation.”

HLA B27:

It is a gene that produces a protein, or antigen, found on the surface of white blood

cells, which plays a role in the immune system.!74+7

BASDAI:

BASDAI, the Bath Ankylosing Spondylitis Disease Activity Index, is a patient
reported outcome questionnaire that measures disease activity in individual with Ankylosing
Spondylitis (AS) and axial spondyloartharitis (axSpA).1"®
BASFI:

BASFI, the Bath Ankylosing Spondylitis Functional Index, is a self-administered

questionnaire that measures the functional limitations of the patients with AS.

TNF-alpha:

Tumor Necrosis Factor alpha (TNF- o) is a cytokine, a type of signalling protein,
produced by cells like macrophages to regulate inflammation, host defence, and cell

survival 177178

Erythrocytes Sedimentation Rate (ESR):

ESR is blood test that measures how quickly red blood cells settle at the bottom of a

test tube, which indicates the presence and inflammation level present in the body.*"®
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C-reactive protein (CRP):

CRP is a protein produced by the liver that rises in the bloodstream in response to

information in the body, serving as a marker for inflammation and potential underlying issues

like infections, autoimmune disorders, or chronic conditions. 180181

Complete Blood Count (CBC):

CBC is a common blood test that provides a detailed picture of the blood components
including white blood cell, red blood cell and platelets.82

Depression:

Depression is a mood disorder characterized by a pervasive low mood, a loss of

interest in normally enjoyable activities, and an inability to experience pleasure.!8

Fear Avoidance Belief (FAB):

Fear avoidance belief is the belief that physical activity will worsen pain or lead to re-

injury, resulting in the avoidance of activities that could be beneficial for recovery.'®

Pain Catastrophizing Scale (PCS):

Pain Catastrophizing is the tendency to focus on the negative and threatening aspects

of pain, such as exaggerating its severity and feeling helpless to cope with it.1&
HRQoL.:

Health related quality of life or HRQoL is an assessment of how a person’s health
status affects their perception of wellbeing and overall functioning.86-187

ELISA:

ELISA (Enzyme - Linked Immunosorbent Assay) is a laboratory method used to
detect and quantify specific biological substances - commonly antibodies, antigens, proteins,
or hormones in sample such as blood, serum, plasma, urine, or cell culture supernatant. It is
widely applied for assessing inflammatory biomarkers, including TNF- a, IL-6, and CRP to

evaluate immune and disease related responses.*e®
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DEVELOPMENT AND VALIDATION OF A YOGA MODULE
IN PATIENTS WITH ANKYLOSING SPONDYLITIS
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REVIEW OF RELATED LITERATURE

2.1 Selection of Studies:

A review was conducted by searching for keywords such as ‘yoga and low back pain’, ‘yoga
and inflammatory back pain’, ‘Yoga and rheumatic disorders’, ‘Yoga and autoimmune
disease’, ‘Yoga and immune system’, ‘Yoga and inflammatory markers’, ‘Exercise and
Ankylosing Spondylitis’, and ‘Yoga and ankylosing spondylitis’ in databases, including
Medline/PubMed, the Cochrane Library, EMBASE (via SCOPUS), Web of Science, and
DOAJ.

Sources of Evidences

. =

Medline/PubMed, Cochrane Library, EMBASE (through SCOPUS), Web
of Science, DOAJ, Google Advance Scholar
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Review on Yoga and Low Back Pain (32)

Review on Yoga and Inflammatory markers (19)
Review on Yoga on Inflammatory back pain (2)
Review on Yoga and Immune system (8)

Review on Yoga and Quality of life (5)

Review on Yoga on Rheumatic Disease (15)

Review on Exercise and Ankylosing Spondylitis (22)
Review on Yoga and Ankylosing Spondylitis (10)
Review on Yoga on other related disorder(12)

Fig. no. 1: Flow chart of the related study for literature review
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2.2 Selected studies for review of scientific literature:

2.2.1 Review on Yoga and Low Back Pain:

1. Patil et al., (2015) conducted a feasibility study which showed significant reductions
in pain, disability, and perceived stress among the participants. The study concluded
that the validated module was feasible and was useful in pain reduction; reduce
disability, and relief stress in patients with CLBP. The study presents a unique
approach to developing a standardized yoga therapy module for CLBP by integrating
practices from different schools of yoga. The rigorous validation process involving 30
yoga experts adds credibility to the module. The study also highlights the potential of
yoga as a complementary therapy for CLBP.1%°

2. Saper et al., (2017) administered a trial comparing yoga, physical therapy (PT), and
education for chronic low back pain (cLBP) in a predominantly low-income, racially
diverse population. 320 adults with nonspecific cLBP. Participants were randomized
to receive yoga practice, physical traing, or an educational book and newsletters over
a 12-week treatment phase, followed by a 40-week maintenance phase. The primary
outcomes were back-related function and pain intensity. The results showed that yoga
was noninferior to PT for both function and pain. It demonstrates that a structured
yoga program can be as effective as PT, which is the most common evidence-based,
reimbursable, and nonpharmacologic treatment for cLBP. The study also highlights
the challenges of adherence in exercise interventions, particularly in lower
socioeconomic status populations, and the potential for yoga to be integrated into
mainstream clinical practice for cLBP management.'8®

3. C. Joyce et al., (2022) directed a qualitative study to exploring the experiences of
predominantly low-income and minority adults with chronic low back pain (cLBP)
who participated in yoga and educational interventions. The researchers interviewed
26 participants (18 from the yoga group and 8 from the education group) to
understand their perceptions, expectations, and experiences with their respective
treatments. The yoga intervention consisted of 12 weekly 75-minute classes, including
yoga philosophy, relaxation, breathing exercises, and yoga postures. The education
intervention involved reading the Back Pain Helpbook over post 12 weeks,
supplemented by newsletters and check-in calls. The study found that participants

from both groups reported initial apprehension but eventually experienced physical
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and psychological benefits, mainly in the form of improved pain self-management.
The yoga group reported a strong sense of communal support and camaraderie, which
was absent and desired by education participants. Both groups described a newfound
sense of empowerment in managing their cLBP, either through body awareness
(yoga) or knowledge of self-care strategies (education).t*®

Marshall et al., (2022) conducted a secondary analysis of the Back to Health Study, a
randomized controlled trial comparing the effectiveness of yoga, physical therapy
(PT), and education for chronic low back pain (cLBP) in a predominantly low-
income, racially diverse population. The study involved 320 adults with cLBP
recruited from primary care clinics, who were randomized to post 12 weeks of yoga,
PT, or education. The primary focus was on changes in cognitive appraisal of pain,
measured through Pain Self-Efficacy Questionnaire (PSEQ), Coping Strategies
Questionnaire (CSQ), and Fear-Avoidance Beliefs Questionnaire (FABQ). The results
showed that all three interventions led to improvements in pain self-efficacy and
catastrophizing at post 12 weeks, with yoga and PT groups showing clinically
meaningful improvements in self-efficacy. These improvements were generally
sustained at 52 weeks. However, there were no significant between-group differences
in cognitive appraisal measures. The study also found that individuals with clinically
meaningful improvements in cognitive appraisal demonstrated greater concurrent
improvements in pain and disability during the 12-week treatment phase.!!

Groessl et al., (2020) lead a study to examine the cost-effectiveness analysis of yoga
as a treatment for chronic low back pain (cLBP) in military veterans. The study is
based on data from a randomized controlled trial (RCT) involving 150 US military
veterans with cLBP. Participants were assigned to either a 12-week yoga intervention
or a delayed treatment (DT) group. The yoga intervention consisted of twice-weekly,
60-minute yoga sessions for post 12 weeks, including yoga postures, movement
sequences, breathing techniques, focused attention, and brief periods of meditation.
The cost-effectiveness analysis was conducted from both organizational and societal
perspectives. From the organizational perspective, the incremental cost-effectiveness
ratio (ICER) for providing yoga was $4,488 per quality-adjusted life year (QALY)
gained. This is well below the commonly accepted threshold of $50,000 per QALY,
indicating that yoga is highly cost-effective. From the societal perspective, which
included lost productivity costs, yoga was found to be 'dominant,” providing both

health benefits and cost savings. The study revealed several unique and interesting
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insights. Firstly, the cost of delivering the yoga intervention was relatively low, at
$307 per participant, yet it produced significant health benefits. Secondly, the study
found that yoga could potentially be delivered at a much lower cost than physical
therapy for cLBP, while producing similar health outcomes. Finally, the study's
findings align well with previous research on non-veteran populations, suggesting that
yoga's cost-effectiveness for cLBP treatment may be generalizable across different
populations.t

. C. T. Joyce et al., (2022) carried a research study investigating whether physical
therapy (PT) and yoga improve pain and disability in adults with chronic low back
pain through psychological mechanisms. The study utilized data from a randomized
controlled trial comparing PT, yoga, and education interventions. The primary
outcomes were changes in back-related pain and disability measured at 52 weeks after
randomization. The researchers hypothesized that psychological factors such as pain
self-efficacy, fear-avoidance beliefs, depression, anxiety, perceived stress, and sleep
quality might mediate the effects of the interventions. The study analyzed data from
230 adults with chronic low back pain, predominantly female (69.6%) and non-White
(79.6%). The researchers used causal mediation analysis to estimate the total effect,
direct effect, indirect effect, and proportion mediated for each potential psychological
mediator. The analysis revealed that improvements in perceived stress mediated about
34% of the effect of PT compared to education on disability outcomes. Specifically,
the total effect of PT on disability was 2.6 points, with an indirect effect through
perceived stress of 0.9 points. No other psychological construct was found to be a
significant mediator for PT or yoga interventions compared to education.!%

Poojari et al., (2024) with a randomized controlled pilot study investigating the
effectiveness of an integrated approach to yoga therapy (IAYT) compared to usual
care for managing chronic low back pain (CLBP). The study enrolled 29 adult
patients with non-specific CLBP, randomly divided into two groups: the yoga group
receiving IAYT as an adjunct to usual care, and the control group receiving only usual
care. The primary outcomes were pain intensity assessed by the verbal numerical
rating scale (VNRS) and functional ability assessed by the Modified Oswestry
Disability Index (MODI). Secondary outcomes included pain catastrophizing, quality
of life, fear of movement related to CLBP, type of pain, and levels of certain
biomarkers. All parameters were measured at baseline, 1 month, and 3 months. The

results showed a significant decrease in VNRS scores at 1 and 3 months in both
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groups, with the yoga group demonstrating a more significant reduction in pain over
time (p=0.036). MODI improved significantly only in the yoga group at 1 and 3
months, with intergroup comparison revealing significantly better MODI over time in
the yoga group (p<0.001). Secondary outcomes such as DN4, PDQ, PCS, HADS
(anxiety), and Euro QOL showed statistically significant improvements at 1 and 3
months in the yoga group compared to the control group. The HADS (depression)
scores were significantly reduced in the yoga group at 3 months compared to the
control group (p=0.012). Additionally, there was a significant reduction in TNF-a
values in the yoga group compared to baseline (p=0.004).1%

. Tankha et al.,, (2024) organised a randomized clinical trial investigating the
effectiveness of virtual yoga classes for chronic low back pain (CLBP) among adults
in a health system employee population. 140 participants aged 18-64 were randomly
assigned to either a 12-week virtual yoga intervention (yoga now group) or a wait-list
control (yoga later group). The study found that participants in the yoga now group
experienced significantly greater improvements in pain intensity and back-related
function compared to the control group. These improvements were maintained at the
24-week follow-up. Additionally, the yoga group reported reduced pain medication
use and improved sleep quality. The improvements in pain intensity and back-related
function were even greater than those observed in previous in-person yoga trials for
CLBP.1%

Bramberg et al., (2017) evaluated the impact of early interventions for non-specific
low back pain (LBP) and neck pain among working populations. The study compared
three interventions: kundalini yoga, strength training, and evidence-based advice
(control group). The primary outcome was sickness absenteeism (SA), while
secondary outcomes included sickness presenteeism (SP), back and neck pain
intensity, and disability. The study involved 159 participants, predominantly with
chronic low back pain, who were randomized into the three groups and followed up
for 12 months. The initial results showed no statistically significant differences
between the intervention groups and the control group for the primary outcome of SA.
However, some significant effects were observed for the secondary outcomes. Yoga
showed a significant effect on reducing neck disability, while strength training
demonstrated significant effects on reducing both back pain intensity and neck

disability compared to the control group. The study also found an interaction effect
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between adherence to treatment recommendations and SA, indicating larger
significant effects among those who adhered to the interventions.'%

Groessl et al., (2017) investigated the effectiveness of yoga for military veterans with
chronic low back pain (cLBP). 150 veterans’ participants were randomly assigned to
either a yoga intervention group or a delayed treatment (DT) comparison group. The
yoga intervention consisted of twice-weekly classes for post 12 weeks, focusing on
physical postures, movement, and breathing techniques. Outcomes were assessed at
baseline, 6 weeks, post 12 weeks, and 6 months. The primary outcome measure was
the Roland-Morris Disability Questionnaire (RMDQ) score, with pain intensity as an
important secondary outcome. Results showed that while there were no significant
differences between groups at post 12 weeks, the yoga group demonstrated
significantly greater improvements in RMDQ scores at 6 months compared to the DT
group. The yoga group also showed greater reductions in pain intensity at all-time
points. Notably, opioid medication use declined among all participants, although no
significant differences were found between groups.t%’

Roseen et al., (2020) presented a secondary analysis of a randomized controlled trial
(RCT) examining the effects of yoga, physical therapy (PT), and education on sleep
quality in adults with chronic low back pain (cLBP). The study involved 320
participants, predominantly low-income and racially diverse, who were randomized to
receive post 12 weeks of yoga classes, one-on-one PT sessions, or an educational
book. Sleep quality was measured using the Pittsburgh Sleep Quality Index (PSQI) at
baseline, post 12 weeks, and 52 weeks. At baseline, nearly all participants (92%)
reported poor sleep quality. After post 12 weeks, modest improvements in sleep
quality were observed in both the yoga and PT groups compared to the education
group, although these differences were not statistically significant. By 52 weeks, the
yoga group showed significantly better sleep quality improvements compared to the
education group. Importantly, participants who experienced clinically meaningful
improvements in pain or physical function at 6 weeks were more likely to report
improved sleep quality at post 12 weeks, regardless of their assigned intervention.*%
Oz & Ulger, (2024) investigating the effects of yoga, physical therapy (PT), and
home exercise (HE) on chronic low back pain (cLBP). The study involved 54
participants randomly assigned to three treatment groups: PT (spinal stabilization
exercises with heat and electrical stimulation), HE (spinal stabilization exercises at

home), and yoga. The primary outcome measures were pain intensity (Visual Analog
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Scale) and disability (Oswestry Disability Index). Secondary outcomes included pain-
related fear, anxiety, pain sensitivity, central sensitization, stress levels, and quality of
life. The results showed that all three interventions led to improvements in pain
intensity, disability, pain sensitivity, central sensitization, anxiety, transversus
abdominis muscle activation, and quality of life. The PT group demonstrated more
significant improvement in disability scores compared to the other groups. Cortisol
levels decreased only in the PT group. The interventions did not affect DHEA-S
levels and sleep quality.®

Ulger et al., (2023) with a randomized crossover study comparing the effects of yoga
and stabilization exercises on patients with chronic low back pain (CLBP). The study
involved 28 female participants divided into two groups, with one group starting with
stabilization exercises followed by yoga, and the other group starting with yoga
followed by stabilization exercises. The interventions lasted for 8 weeks each, with a
2-week washout period in between. The study evaluated various outcome measures
including pain intensity, functional status, transversus abdominis (TrA) muscle
activation, metabolic capacity, kinesiophobia, and sleep quality. The results showed
that both yoga and stabilization exercises had positive effects on pain, functional
status, TrA muscle activation, metabolic capacity, and sleep quality in individuals
with CLBP. However, stabilization exercises were found to be more effective in
increasing TrA muscle activation compared to yoga. Neither intervention had a
significant effect on kinesiophobia. The study also found that both interventions
improved the 6-minute walk test (6MWT) distance, indicating an increase in
metabolic capacity.?®

Yildirim & Gultekin, (2022) in a randomized controlled trial investigated the effect
of a stretch and strength-based yoga exercise program on neuropathic pain due to
lumbar disc herniation (LDH). The study involved 48 female patients with
neuropathic pain caused by LDH, randomly assigned to a control group and a yoga
group. The yoga group participated in a 12-week program of one-hour sessions twice
weekly, while both groups received patient education. The primary outcomes were
neuropathic pain intensity and patient global assessment, with secondary outcomes
including disability and functional tests. The results showed statistically significant
improvements in the yoga group compared to the control group after the 12-week
intervention. The yoga group demonstrated reduced neuropathic pain, improved

patient global assessment scores, decreased low back pain, reduced disability, and
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enhanced function. These improvements were maintained at the three-month and six-
month follow-ups. The between-group effect sizes were moderate for most outcome
measures at the six-month follow-up.

Berlowitz et al., (2020) conduct a secondary analysis of a randomized controlled trial
investigating the effects of yoga and physical therapy (PT) on perceived stress in
adults with chronic low back pain (cLBP). The study, known as the Back to Health
Study, involved 320 predominantly low-income and racially diverse participants who
were randomly assigned to post 12 weeks of yoga, PT, or education (control group).
The primary outcome measure was the change in the 10-item Perceived Stress Scale
(PSS-10) scores from baseline to 12 and 52 weeks. The results showed that both yoga
and PT were more effective than education in reducing perceived stress at post 12
weeks. The effect was particularly pronounced among participants with elevated pre-
intervention stress levels. While improvements in stress were maintained over the 52-
week period, the difference between yoga/PT and education groups was no longer
statistically significant at this time. The study also found weak correlations between
improvements in pain/function and reductions in perceived stress, suggesting that
other aspects of these treatments may contribute to stress reduction.?%

Roseen et al., (2023) compared the effectiveness of yoga versus education for
Veterans with chronic low back pain (cLBP). The study, titled "Yoga Versus
Education for Veterans with Chronic Low Back Pain: a Randomized Controlled
Trial', was conducted by a team of researchers led by Eric J. Roseen. The trial
involved 120 Veterans with cLBP who were randomly assigned to either 12 weekly
hatha yoga classes or education using The Back Pain Helpbook. The primary
outcomes measured were changes in back-related disability using the Roland Morris
Disability Questionnaire (RMDQ) and pain intensity using the Defense & Veterans
Pain Rating Scale (DVPRS). The results of the study showed that yoga was not
significantly more effective than education in improving pain or disability outcomes
among the participants. At post 12 weeks, there were no significant differences
between the yoga and education groups in terms of reductions in back-related
disability or pain intensity. However, more participants in the yoga group reported
being 'very much improved' or 'extremely improved' (39% vs 19%) and 'very satisfied'
with the treatment (60% vs 31%) compared to the education group. The study also

found no differences in pain medication use or post-traumatic stress symptoms
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between the two groups at post 12 weeks. No serious adverse events were reported in
either group.?®®

McCarthy et al., (2022) examined the effect of yoga military veterans with chronic
low-back pain (CLBP). The 12-week yoga intervention measured outcomes at
baseline, 6 weeks, post 12 weeks, and 6 months. This suggests that yoga may work by
reducing both pain and fatigue, which in turn contributes to reductions in disability.?%*
Williams et al., (2005) conducted a randomized controlled trial investigating the
effect of lyengar yoga therapy on chronic low back pain (CLBP). The study compared
a 16-week lyengar yoga intervention to an educational control group. The primary
outcome was functional disability, with secondary outcomes including pain intensity,
pain medication usage, pain-related attitudes and behaviors, and spinal range of
motion. The study involved 60 subjects with non-specific CLBP, of which 42
completed the study. The yoga intervention consisted of 29 standardized postures,
focusing on correcting imbalances in muscles affecting spinal alignment and posture.
The results showed significant improvements in the yoga group compared to the
control group. The yoga group reported greater reductions in functional disability
(77% vs 39.6%), pain intensity (64% vs 31%), and pain medication usage (88% vs
35%). These improvements were maintained at the 3-month follow-up assessment.
This study is the potential of lyengar yoga as a complementary therapy for CLBP
management. The study demonstrated that even a relatively short (16-week) yoga
intervention could lead to significant and lasting improvements in pain and functional
disability.?%

Singphow et al., (2022) conducted a research study to evaluate the effects of yoga on
stress, anxiety, depression, and spinal mobility in computer users with chronic low
back pain (CLBP). The study was conducted as a randomized control trial involving
80 computer users from Bengaluru, India, who were divided into two groups: a yoga
group and a physical exercise group. The yoga group practiced an integrated module
of yoga postures and mindfulness meditation, while the physical exercise group
performed exercises designed for low back pain. Both groups followed their
respective programs for 16 weeks, with sessions lasting 1 hour, 3 days per week. The
study utilized the Depression Anxiety Stress Scale-42 (DASS-42) to assess
psychological parameters and a dial-type goniometer to measure spinal mobility. The
integration of mindfulness meditation with yoga postures appears to offer a more

comprehensive approach to addressing both physical and psychological aspects of
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CLBP. The study suggests that yoga's effectiveness may be attributed to its ability to
downregulate the hypothalamic-pituitary-adrenal axis and promote parasympathetic
nervous system dominance.?%

Lee et al., (2014) investigated the effect of yoga on chronic low back pain in pre-
menopausal women, focusing on pain intensity, brain-derived neurotrophic factor
(BDNF), and serotonin levels. The study involved 43 premenopausal women with
chronic low back pain, divided into a yoga group (n=23) and a control group (n=20).
The yoga group participated in a 12-week Hatha yoga program, consisting of three
one-hour sessions per week. The program included warm-up, yoga poses, and
relaxation/meditation. The primary outcomes measured were back pain intensity using
the visual analogue scale (VAS), serum BDNF levels, and serum serotonin levels.
Secondary outcomes included back flexibility and depression levels. After the 12-
week intervention, the yoga group showed significant improvements in back pain
intensity, flexibility, and serum BDNF levels. The control group, on the other hand,
experienced increased pain and decreased serum serotonin levels.?%’

Tekur et al., (2010) carried out a randomized control study to examine the effect of
yoga on the quality of life (QOL) in patients with chronic lower back pain (CLBP).
The study involved 80 patients divided into two groups: a yoga group and a control
group practicing physical therapy exercises. Both groups underwent a week-long
residential intensive program. The study aimed to compare the effects of yoga with
physical therapy exercises on QOL and to investigate the baseline correlations
between QOL and stress scores. The results showed significant improvements in all
domains of QOL (physical health, psychological health, social relationships, and
environmental health) in the yoga group compared to the control group. The yoga
group also demonstrated better improvement in spinal flexibility as measured by the
SLR test. Interestingly, the study found a significant negative correlation between
baseline stress levels and QOL scores, indicating that higher stress levels were
associated with lower quality of life in CLBP patients.?%®

Tekur et al., (2008) conducted a randomized controlled study for evaluating the
effect of a short-term intensive residential yoga program on pain, functional disability,
and spinal flexibility in patients with chronic low back pain (CLBP). The study
involved 80 subjects with CLBP, divided into two groups: an experimental group that
underwent a yoga-based program and a control group that received a non-yogic

physical exercise-based intervention. The yoga intervention consisted of various
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practices including asanas (physical postures), pranayamas (breathing practices),
meditation, and didactic sessions on yoga philosophy. The control group practiced
physical exercises under a trained physiatrist and had sessions on lifestyle changes.
The study measured outcomes using the Oswestry Disability Index (ODI) for
functional disability and a goniometer for spinal flexibility. Results showed a
significant reduction in ODI scores in the yoga group compared to the control group,
indicating a shift from moderate to mild disability. The yoga group also demonstrated
significant improvements in spinal flexibility measures, including spinal flexion,
extension, and lateral flexion, with higher effect sizes compared to the control
group.2%®

Tilbrook et al., (2011) administered a randomized controlled trial to assess the
effectiveness of yoga for chronic or recurrent low back pain. The study, conducted
from April 2007 to March 2010, involved 313 adults with chronic or recurrent low
back pain. Participants were randomly assigned to either a yoga group (n=156) or a
usual care group (n=157). The yoga intervention consisted of a 12-week program with
weekly 75-minute classes, while the usual care group received only a back pain
education booklet. The primary outcome measure was back function, assessed using
the Roland-Morris Disability Questionnaire (RMDQ) at 3, 6, and 12 months.
Secondary outcomes included pain, pain self-efficacy, and general health measures.
The results showed that the yoga group had significantly better back function than the
usual care group at all-time points. At 3 months, the adjusted mean RMDQ score was
2.17 points lower in the yoga group, with improvements maintained at 6 and 12
months. While there was no significant difference in back pain and general health
scores between the groups, the yoga group demonstrated higher pain self-efficacy
scores at 3 and 6 months.?%

Sherman et al., (2013) conducted a study on the effect of yoga and stretching for
chronic low back pain. The study was conducted as part of a large trial comparing
yoga, intensive stretching, and self-care for treating chronic low back pain. The
researchers explored various potential mediators, including physical factors (hours of
back exercise), cognitive factors (fear avoidance, body awareness, and self-efficacy),
affective factors (psychological distress, perceived stress, positive states of mind, and
sleep), and physiological factors (cortisol, DHEA). The study involved 228
participants randomized into yoga, stretching, and self-care groups. The primary

outcome measure was the Roland-Morris Disability Questionnaire (RDQ) for back-
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related dysfunction. The researchers used both quantitative and qualitative methods to
analyze the data. The quantitative analysis focused on identifying mediators that
explained the effects of yoga and stretching on back dysfunction. The qualitative
analysis involved coding open-ended responses from participants about their
experiences in the yoga and stretching classes.?!!

Neyaz et al., (2019) investigated effectiveness of Hatha yoga versus conventional
therapeutic exercises (CTEs) for chronic nonspecific low-back pain (CNLBP). The
study was conducted at a tertiary care hospital in India, involving 70 participants aged
18-55 years with CNLBP persisting for at least post 12 weeks. The trial consisted of a
6-week intervention period followed by a 6-week follow-up period. Participants were
randomly assigned to either a yoga group or a CTE group, each receiving six
standardized 35-minute weekly sessions and instructions for home practice. The
primary outcome measures were back pain intensity, assessed using the Defense and
Veterans Pain Rating Scale (DVPRS), and back-related dysfunction, and evaluated
using the Roland Morris Disability Questionnaire (RDQ). Secondary outcomes
included pain medication usage and perceived recovery. Assessments were conducted
at baseline, 6 weeks, and post 12 weeks. The results showed significant improvements
in back pain intensity and back-related dysfunction within both groups at 6 and post
12 weeks compared to baseline. However, no statistically significant differences were
observed between the yoga and CTE groups in terms of pain intensity, back-related
dysfunction, pain medication usage, or perceived recovery.?'?

Patil et al., (2018) compared the effects of yoga and physical exercises on the quality
of life (QOL) among nursing professionals suffering from chronic low back pain
(CLBP). The study involved 88 female nurses from a tertiary care hospital in South
India, divided into two groups: yoga (n=44) and physical exercise (n=44). The yoga
group practiced an integrated yoga therapy module (I'YTM) for 1 hour per day, 5 days
a week, for 6 weeks, while the exercise group performed physical exercises for the
same duration and frequency. The study used the World Health Organization Quality
of Life-brief (WHOQOL-BREF) questionnaire to assess QOL before and after the
intervention. The results showed significant improvements in physical, psychological,
and social domains of QOL in both groups, with the yoga group demonstrating higher
percentage improvements compared to the exercise group. The environmental domain

did not show significant changes in either group. The authors suggest that the
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superior effects of yoga may be due to its holistic approach, addressing not only
physical aspects but also psychological and social factors.?'?

Arya et al., (2022) conducted a research study on the effects of Medical Yoga
Therapy (MYT) on chronic low back pain (CLBP). The study, conducted at the All
India Institute of Medical Sciences (AIIMS), New Delhi, aimed to objectively assess
the impact of MYT on pain relief and quality of life in CLBP patients. The
researchers employed both subjective and objective measures to evaluate the
effectiveness of MYT compared to Standard Care Therapy (SCT). Subjective
assessments included Visual Analogue Scale (VAS), McGill Pain questionnaire, and
WHOQOL BREF questionnaire. Objective measures involved the Nociceptive
Flexion Reflex (NFR) and Diffuse Noxious Inhibitory Control (DNIC) tests. The
study randomly allocated 108 CLBP patients to MYT (n=58) and SCT (n=50) groups,
with assessments conducted at baseline, 4 weeks, and 8 weeks of intervention. Results
showed significant improvements in the MYT group compared to the SCT group.
MYT patients experienced reduced pain scores, improved quality of life, and
decreased medication intake. Objectively, the NFR thresholds increased significantly
in the MYT group, indicating reduced pain sensitivity. The DNIC test revealed
improved descending pain modulation in MYT patients. Physiological parameters
such as body weight, blood pressure, and heart rate also showed significant
improvements in the MYT group.!3®

Michalsen et al., (2021) conducted a three-armed randomized controlled trial to
compare the effects of yoga, eurythmy therapy, and conventional physiotherapy on
chronic non-specific low back pain. The study involved 274 participants who were
randomly assigned to one of the three interventions, each lasting 8 weeks with group
sessions of 75 minutes once per week. The primary outcome was physical disability
measured by the Roland Morris Disability Questionnaire (RMDQ), while secondary
outcomes included pain intensity, pain-related bothersomeness, health-related quality
of life, and life satisfaction. The results showed no significant differences between the
three groups for the primary and secondary outcomes. All interventions led to
comparable improvements in RMDQ scores, pain intensity, and pain-related
bothersomeness, as well as increases in quality of life. However, the within-group
effect sizes were small to moderate and did not reach clinical meaningfulness for

physical disability. Exploratory analysis suggested that eurythmy therapy might have
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a potential advantage in improving mental health-related quality of life compared to
physiotherapy.?**

Bhatta et al., (2015) a study on the effects of an Integrated Approach of Yoga
Therapy (IAYT) on chronic low back pain (CLBP). The research was conducted at
the Swami Vivekananda Yoga Anusandhana Samsthana (S-VYASA) University in
Bengaluru, India. The study involved 35 patients with CLBP who underwent a 7-day
intensive residential IAYT program. The program included a combination of Asanas
(physical postures), Pranayama (breathing practices), meditation, and interactive
sessions on yoga philosophy. The researchers used three assessment tools to measure
the effectiveness of the IAYT program: the modified Roland-Morris Disability
Questionnaire (RMDQ), the Beck Depression Inventory (BDI), and the Straight Leg
Raising (SLR) Test. These tests were administered before and after the 7-day
program. The results showed significant improvements in all measured areas. There
was a 54.13% decrease in RMDQ scores, indicating reduced disability, a 71.47%
decrease in BDI scores, suggesting reduced depression, and a 36.46% increase in right
SLR and 36.04% increase in left SLR scores, indicating improved spinal mobility.?t®
Adhikari et al., (2022) organised a feasibility study on yoga's mechanism of action
for chronic low back pain (cLBP). The study aimed to examine the feasibility and
acceptability of a yoga research protocol and investigate the preliminary effects of
yoga on psychological and neurophysiological functions, including gene expression
and DNA methylation profiles, in participants with cLBP. The research involved 11
participants who underwent a 12-week yoga intervention, with data collected on pain
characteristics, quantitative sensory testing, and blood samples for genetic analysis
before and after the intervention. The results of the study demonstrated that the yoga
intervention was feasible and highly acceptable to participants. There was a reduction
in pain severity, interference, and mechanical pain sensitivity post-yoga, along with
an increase in emotion regulation and self-efficacy.?!

Starkweather et al., (2024) conducted a study focused on investigating the
relationship between yoga practice, emotion regulation (ER), and chronic low back
pain (CLBP). The study is designed as a 2-arm parallel group blinded randomized
controlled trial involving 204 adults with CLBP. Participants will be randomly
assigned to either a yoga intervention group (n=102) or a control group practicing
stretching and strengthening exercises (n=102). Both interventions will be delivered

through web-based synchronous biweekly 75-minute sessions over post 12 weeks,
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with participants encouraged to practice for 25 minutes on other days using
prerecorded videos. Assessments will be conducted at five time points: baseline, mid-
intervention (6 weeks), post-intervention (post 12 weeks), and 3- and 6-month follow-
upS.217

32. Galantino et al., (2004) conducted a pilot study investigating the impact of modified
Hatha yoga on chronic low back pain (CLBP). The study, conducted by Mary Lou
Galantino and colleagues, aimed to evaluate a 6-week yoga protocol for individuals
with CLBP. The research involved 22 participants aged 30-65 years, randomized into
a yoga intervention group and a control group. The yoga protocol, designed by
experts, included various postures adapted for the CLBP population and was
administered twice a week for 6 weeks. The study utilized several measurement tools
to assess the effectiveness of the intervention. These included the Oswestry Disability
Index (ODI), Beck Depression Inventory (BDI), Sit and Reach Test (SR), and
Functional Reach Test (FR). Qualitative data was also collected through participant
journals and a 3-month follow-up survey. The results, while not statistically
significant due to the small sample size, showed potentially important trends. The
yoga group demonstrated improved balance and flexibility, and decreased disability
and depression compared to the control group. The qualitative data revealed that
participants found the group intervention motivating and that yoga fostered relaxation

and new awareness.?
2.2.2 Review on Yoga and Inflammatory markers:

1. Twal et al., (2016) administered a pilot randomized controlled trial investigated the
effects of Yogic breathing (YB) on pro-inflammatory biomarkers in saliva. The study
involved 20 healthy volunteers randomly assigned to either a Yogic Breathing group
or an Attention Control (AC) group. The YB group performed two YB exercises for
20 minutes, while the AC group engaged in quiet reading. Saliva samples were
collected at 0, 5, 10, 15, and 20 minutes and analyzed using a Cytokine Multiplex
assay to measure levels of various pro-inflammatory biomarkers. The results showed
significant reductions in the levels of interleukin-1p (IL-1p), interleukin-8 (IL-8), and
monocyte chemotactic protein-1 (MCP-1) in the YB group compared to the AC
group. IL-8 levels were significantly lower at all-time points in the YB group, while

IL-1p showed reduction at 15 and 20 minutes. MCP-1 levels were marginally
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different between the groups from 5 to 20 minutes. Other cytokines analyzed (IL-
1RA, IL-6, IL-10, IL-17, IP-10, MIP-1b, and TNF-alpha) did not show significant
differences between the groups.?®

Maniaci et al., (2024) conducted a pilot randomized controlled trial (RCT) to
evaluate the neurobiological and anti-inflammatory effects of a neofunctional deep
breathing (NDB) technique based on Neofunctional Psychotherapy. The study aimed
to examine the feasibility of using NDB to reduce allostatic load following the Trier
Social Stress Test (TSST) in healthy subjects. The study involved 44 healthy
participants randomized into experimental and control groups. After undergoing the
TSST procedure, participants either received a single session of NDB or an attention
control intervention. Various physiological parameters were measured, including
breath per minute (BPM), respiratory amplitude, heart rate variability (HRV), skin
conductance, and muscle activity. Additionally, salivary cortisol and cytokine
concentrations, perceived stress, and anxiety levels were assessed. These parameters
were combined into an allostatic load index (ALI) to measure the intervention's effect.
The results showed that the NDB group experienced a reduction in ALI, increased
respiratory abdominal amplitude, decreased BPM, increased HRV indicating
parasympathetic activation, and decreased cortisol and inflammatory cytokines. The
study demonstrated the feasibility of the experimental design and the practicality of
the NDB intervention in reducing allostatic load through neurobiological and anti-
inflammatory responses after exposure to acute stress.?%

Shah et al., (2022) conducted interventions which included various forms of yoga,
meditation, and pranayama, either alone or in combination. The duration of
interventions ranged from 20 minutes to 28 weeks. The review identified 25
biomarkers that showed favorable changes in response to these interventions. Among
clinical participants, significant decreases were observed in several inflammatory
markers, including IL-6, TNF-o0, and cortisol. In healthy participants, increases in
anti-inflammatory markers like IL-10 and IgA were noted, along with decreases in
pro-inflammatory markers. Pregnant women showed increased IgA and decreased
cortisol levels. The meta-analysis focused on three biomarkers: IL-6, TNF-a, and
cortisol. While the overall results showed a decrease in these markers, only TNF-a
demonstrated a statistically significant reduction. Subgroup analysis revealed that
specific combinations of interventions and durations were more effective in reducing

these biomarkers. The review suggests that yoga, meditation, and pranayama
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interventions may have potential benefits for COVID-19 patients by modulating
inflammatory responses. However, the authors note significant heterogeneity among
studies and recommend further research, particularly RCTs involving COVID-19
patients.??

Mullapudi et al., (2023) examined the effects of a six-month yoga intervention on the
immune-inflammatory pathway in schizophrenia patients stabilized on antipsychotic
medication. The research was conducted as a randomized controlled trial involving 60
schizophrenia patients, divided into two groups: yoga therapy (YT) and treatment-as-
usual (TAU). The study aimed to explore the biological mechanisms of yoga therapy
in schizophrenia, focusing on its impact on immune function. The results showed
significant reductions in plasma TNF-a and IL-5 levels in the yoga therapy group,
along with greater clinical improvements in various symptom scores compared to the
TAU group. Notably, plasma TNF-a level exhibited a positive correlation with
negative symptoms and socio-occupational functioning in the YT group.??
Mufoz-Vergara et al., (2022) evaluated the acute effects of high and moderate
intensity yoga exercise on circulating inflammatory mediators in healthy, yoga-naive
adults. The study was designed as a three-arm, pre-post randomized controlled trial
(RCT) with 30 participants divided into high-intensity yoga (HY), moderate-intensity
yoga (MY), and sedentary control (CON) groups. The primary aim was to evaluate
the feasibility of conducting a full-scale RCT, while the secondary aim was to
preliminarily characterize the temporal responses of systemic circulatory cytokines to
yoga exercise. The study protocol involved a single 60-minute yoga session for the
exercise groups, with blood samples collected at baseline and six timepoints post-
intervention (0-, 30-, 60-, 120-, 180-minutes, and 24-hours). A panel of 13
inflammatory cytokines was analysed, along with heart rate monitoring and
assessment of body soreness. The study demonstrated feasibility in terms of
recruitment, retention, and adherence to the yoga protocol. Cytokine levels showed
heterogeneous responses within and between groups, with exploratory analyses
revealing trends toward group-by-time effects for some cytokines (e.g., IFN-02, IL-6,
and 1L-33). Correlation analyses suggested coordinated and inter-dependent post-
interventional changes across different cytokines in the yoga groups.?%

Mishra et al., (2024) examined the effects of yoga on inflammatory markers and
immune function in a systematic review and meta-analysis. The study analysed 26

randomized controlled trials (RCTs) involving 2,091 participants with various health
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conditions, including cancer, rheumatoid arthritis, heart failure, and healthy
individuals. The review aimed to evaluate whether yoga practice, including yogic
meditation and breathing, impacts levels of inflammatory cytokines and other
inflammatory markers compared to usual care or sham interventions. The most
commonly reported inflammatory markers in the studies were IL-6, TNF-o, and C-
reactive protein (CRP). The majority of studies (24 out of 26) reported favorable
outcomes with yoga intervention, regardless of the type of yoga used, the condition
studied, or the duration of the intervention. Some studies also showed significant
improvements in markers of cellular immunity and mucosal defense. However, the
quality of evidence was generally poor, with considerable heterogeneity among the
studies. Only two studies had a low risk of bias, while 24 others had a high risk of
bias.??*

Pullen et al., (2008) conducted a study on the effects of yoga on inflammation and
exercise capacity in patients with chronic heart failure (HF). The study involved 19
patients with New York Heart Association Class I-111 HF, who were randomized into
two groups: yoga treatment (YT) and standard medical therapy (MT). The study
measured several parameters, including a graded exercise test to determine VO2Peak,
serum biomarkers (IL-6, hsCRP, and EC-SOD), and quality of life using the
Minnesota Living with Heart Failure Questionnaire (MLHFQ). The results showed
significant improvements in the yoga group compared to the control group. The yoga
treatment group experienced an 18% increase in treadmill time and a 17% increase in
VO2Peak, while the control group showed decreases in both parameters.
Additionally, the yoga group showed significant reductions in inflammatory markers
IL-6 and hsCRP, and an increase in EC-SOD levels. The MLHFQ scores also
improved by 25.7% in the yoga group compared to a 2.9% increase in the control
group.??®

. Yadav et al., (2012) studied on the efficacy of a short-term yoga-based lifestyle
intervention in reducing stress and inflammation. The study involved 86 participants
with chronic diseases or who were overweight/ obese, and lasted for 10 days. The
intervention program included asanas (postures), pranayama (breathing exercises),
stress management, group discussions, lectures, and individualized advice. The
researchers measured markers of stress (plasma cortisol and [-endorphin) and
inflammation (interleukin-6 and tumor necrosis factor-a) at the beginning and end of

the intervention. The results showed significant reductions in stress and inflammation
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markers. Specifically, cortisol levels decreased while B-endorphin levels increased,
indicating reduced stress. Additionally, both IL-6 and TNF-o levels decreased,
suggesting a reduction in inflammation.?%

Vijayaraghava et al., (2015) conducted a study to examine the effect of yoga
practice on inflammatory markers after moderate and strenuous exercise. The study
involved 218 participants, divided into two groups: 109 yoga practitioners and 109
non-yoga practitioners. The researchers measured levels of Tumour Necrosis Factor
alpha (TNF-a) and Interleukin-6 (IL-6) in both groups before and after moderate and
strenuous exercise challenges. The study found that yoga practitioners had
significantly lower resting levels of TNF-o compared to non-yoga practitioners. After
both moderate and strenuous exercise, the yoga group showed a smaller increase in
both TNF-a and IL-6 levels compared to the non-yoga group. This suggests that
regular yoga practice may help reduce inflammatory responses to physical stress.*3!
Shete et al., (2017) investigated the effects of yoga training on inflammatory
cytokines and C-reactive protein in employees of small-scale industries. The study
involved 48 male participants aged 30-58 years who were exposed to occupational
hazards. The participants were randomly divided into an experimental group that
underwent a 3-month yoga training intervention and a wait-list control group. The
yoga training protocol included various asanas and pranayama practices for 1 hour, 6
days a week. Blood samples were collected before and after the intervention to
measure lipid profile, interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and
high-sensitivity C-reactive protein (hs-CRP). The results showed significant
improvements in the experimental group for several parameters. There were highly
significant changes in cholesterol, HDL, LDL, hs-CRP, IL-6, and TNF-a level in the
yoga group. Comparison between the experimental and control groups revealed
significant changes in cholesterol, LDL, IL-6, TNF-a, and hs-CRP. These findings
suggest that yoga-based lifestyle intervention can favorably alter inflammatory
markers and metabolic risk factors in individuals exposed to occupational hazards.??’
Gautam et al., (2021) evaluated the effects of 8-week yoga practice with a
randomized controlled trial on mitochondrial health and disease severity in patients
with rheumatoid arthritis (RA). The study involved 70 participants divided into yoga
and non-yoga groups. The researchers examined various markers of mitochondrial
health, oxidative stress, circadian rhythm, and disease activity before and after the

intervention. The results showed significant improvements in the yoga group
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compared to the control group. Yoga practice led to a decrease in reactive oxygen
species (ROS) levels and an increase in total antioxidant capacity (TAC).
Mitochondrial activity markers, including NAD+ levels and COX-II activity, were
significantly improved in the yoga group. The study also found an increase in
mitochondrial DNA copy number (mtDNA-CN) and mitochondrial membrane
potential (AWm) in the yoga group. Additionally, there was an upregulation of genes
associated with mitochondrial integrity, such as AMPK, TIMP-1, KLOTHO, and
TFAM. The yoga intervention also positively impacted circadian rhythm markers,
with a decrease in cortisol levels and increases in melatonin and serotonin levels.??

Chen et al., (2016) conducted a study to find out the effects of 8-week hatha yoga
training program on metabolic and inflammatory markers in healthy, female Chinese
subjects. The study involved 30 participants who were randomly assigned to either a
control group or a yoga practice group. The yoga intervention consisted of 16 sessions
over 8 weeks, with each session lasting 60 minutes and including various yoga
components such as breathing exercises, loosening exercises, and different yoga
poses. The researchers measured several primary and secondary outcomes, including
plasma insulin levels, clinical biomarkers (glucose, lipid profiles), endothelial
microparticles (EMPs), and inflammatory markers. Blood samples were collected
before and after the yoga intervention for analysis. The study found significant
reductions in plasma insulin, total cholesterol, and LDL-cholesterol levels in the yoga
group compared to the control group. Additionally, the yoga practice led to a decrease
in circulating CD31+/CD42b- EMPs, which are markers of endothelial cell apoptosis.
The study also examined the effects of yoga on inflammatory responses using whole
blood culture experiments. The results showed that the yoga group had reduced
secretion of pro-inflammatory cytokines (IL-6, TNF-a, and IL-1PB) both at baseline
and when stimulated with a TLR2 agonist. This was associated with a reduction in
TLR2 protein expression in peripheral blood mononuclear cells (PBMCs) after yoga
training. One of the unique insights from this study is the potential of Hatha yoga to
improve markers related to metabolic syndrome in healthy individuals, suggesting its
value as a preventive intervention. The research also provides novel evidence on the
effects of yoga on endothelial microparticles and TLR2-mediated inflammatory
responses, which have not been extensively studied in the context of yoga practice.

These findings open up new avenues for understanding the physiological mechanisms
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through which yoga may exert its beneficial effects on cardiovascular and metabolic
health.??°

Harkess et al., (2016) investigated the effects of yoga on inflammatory markers and
DNA methylation in chronically stressed women. The study involved a subsample of
28 participants from a larger randomized waitlist control trial of 116 women reporting
psychological distress. The researchers measured protein levels of interleukin-6 (IL-
6), tumor necrosis factor (TNF), and C-reactive protein (CRP), as well as DNA
methylation of these genes and the global indicator LINE-1. The study design
included both cross-sectional and longitudinal analyses. Participants engaged in an 8-
week yoga intervention, attending at least one hour-long class per week. Blood
samples were collected at multiple time points to assess changes in inflammatory
markers and DNA methylation patterns. The researchers also explored correlations
between biochemical outcomes and psychological variables such as perceived stress,
psychological distress, and positive affect. The results indicated that participation in
the yoga intervention was associated with some changes in immune protein and DNA
methylation biomarkers. Notably, the yoga group demonstrated lower DNA
methylation of the TNF region as a whole and at specific sites compared to the control
group. This finding was supported by decreased methylation observed in the
longitudinal analysis of the waitlist control group after they completed the yoga
intervention. While the study did not find significant associations between yoga and
serum measures of inflammation, it reported meaningful effect sizes in both protein
and methylation analyses.?%

Kiecolt-Glaser et al., (2014) studied in a randomized controlled trial (RCT) the
impact of yoga on inflammation, mood, and fatigue in breast cancer survivors. The
study involved 200 stage 0 to Illa breast cancer survivors who had completed cancer
treatment within the past 3 years. The participants were randomly assigned to either a
12-week hatha yoga intervention or a wait-list control condition. The yoga group
participated in two 90-minute sessions per week, following a protocol of specific
poses and breathing practices. The main outcome measures included the production of
proinflammatory cytokines (IL-6, TNF-o, and IL-1pB), fatigue scores (MFSI-SF),
vitality scores (SF-36), and depressive symptoms (CES-D). The results showed that
immediately post-treatment, the yoga group had higher vitality scores compared to the
control group. At 3 months post-treatment, the yoga group showed lower fatigue,

higher vitality, and lower levels of IL-6, TNF-a, and IL-1B compared to the control
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group. Importantly, the frequency of yoga practice was associated with greater
improvements in fatigue, vitality, and inflammation.?%

Kiecolt-Glaser et al., (2010) studied the effects of yoga practice on stress,
inflammation, and various physiological responses in novice and expert yoga
practitioners. The researchers recruited 50 healthy women, divided equally into
novice and expert groups based on their yoga experience. The study involved three
separate visits to a Clinical Research Center, where participants underwent a yoga
session and two control conditions (movement and video watching). Before each
condition, participants were exposed to stressors to assess their physiological
recovery. The researchers measured several physiological markers, including serum
cytokines (IL-6, TNF-a, sIL-6r), C-reactive protein (CRP), cortisol, catecholamines,
and lipopolysaccharide (LPS)-stimulated cytokine production. They also assessed
heart rate, skin barrier repair, and self-reported mood. The study aimed to explore the
mechanisms underlying yoga's potential stress-reduction benefits and its impact on
inflammatory responses. The results revealed significant differences between novice
and expert yoga practitioners. Experts had lower overall serum IL-6 levels, with
novices' levels being 41% higher. The odds of a novice having detectable CRP were
4.75 times higher than those of an expert. Experts also produced less LPS-stimulated
IL-6 in response to stressors. The yoga session increased participants' positive affect
compared to the control conditions. However, there were no significant differences in
cortisol, catecholamines, or serum cytokine responses between the groups or
conditions.?*?

Long Parma et al., (2015) examined the effects of a six-month yoga-based exercise
program on inflammatory serum markers in breast cancer survivors. The research
compared outcomes from three groups: yoga-based exercise (YE), comprehensive
exercise (CE), and a comparison group (C) who chose their own exercises. The study
involved 94 post-treatment breast cancer survivors, with 20 completing the yoga-
based exercise program. The study assessed anthropometrics, cardiorespiratory
capacity, and inflammatory markers (IL-6, IL-8, TNFa, and CRP) before and after the
intervention. The yoga group showed significant improvements in body composition,
with a 3% decrease in body fat. However, there were no significant changes in
cardiorespiratory capacity or inflammatory serum markers for any group. The study
also found no significant differences between the three groups when controlling for

age, BMI, cardiorespiratory capacity, and baseline serum marker values.?*
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Rajbhoj et al., (2015) conducted a randomized controlled trial to assessed the effect
of a 12-week yoga module on pro-inflammatory and anti-inflammatory cytokines in
industrial workers from Lonavla, India. The study involved 48 male participants aged
30-58 years, divided into experimental (n=24) and control (n=24) groups. The
researchers measured levels of pro-inflammatory cytokine IL-1B and anti-
inflammatory cytokine IL-10 at baseline and after the intervention period. The yoga
intervention consisted of various asanas (poses) and pranayamas (breathing exercises)
practiced for 45 minutes, six days a week, for post 12 weeks. The control group
continued with their daily routine without any yoga training. The results showed that
the yoga group experienced a significant decrease in IL-1pB levels and a significant
increase in IL-10 levels, while the control group showed no significant changes.
These findings suggest that yoga practices could effectively reduce pro-inflammatory
cytokines and increase anti-inflammatory cytokines in industrial workers.?**

Sharma et al., (2015) conducted a study to evaluate the effect of yogic intervention
on inflammatory bowel disease (IBD). The study involved 100 IBD patients in
clinical remission, including 60 with ulcerative colitis (UC) and 40 with Crohn's
disease (CD). The participants were randomly divided into two groups: a yoga group
that underwent an 8-week yoga intervention (including physical postures, pranayama,
and meditation) for one hour daily along with standard medical therapy, and a control
group that continued with standard medical therapy alone. The researchers measured
various outcomes, including cardiovascular autonomic functions, serum eosinophilic
cationic protein, interleukin-2 soluble receptors, anxiety levels using Speilberger's
State Trait Anxiety Inventory (STAI), and clinical symptoms. After the 8-week
intervention, the yoga group showed some promising results. Fewer UC patients in
the yoga group reported arthralgia, while more patients in the control group reported
intestinal colic pain.?®®

Kwok et al., (2025) investigated the effects of meditation and yoga on anxiety,
depression, and chronic inflammation in patients with Parkinson's disease (PD). The
study involved 159 participants with mild-to-moderate PD, randomized into three
groups: meditation (n=53), yoga (n=52), and waitlist control (n=54). The
interventions consisted of 8-week programs with weekly 90-minute sessions. The
primary outcomes were anxiety and depressive symptoms, measured using the
Hospital Anxiety and Depression Scale (HADS). Secondary outcomes included motor

and non-motor symptoms, health-related quality of life (HRQOL), mindfulness
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attributes, and biomarkers of stress and inflammation. Assessments were conducted at
baseline, 2 months (post-intervention), and 6 months. Results showed that both
meditation and yoga significantly improved anxiety symptoms, motor symptoms,
describing facet of mindfulness, and HRQOL compared to usual care at 2 months.
The meditation group demonstrated additional benefits, including greater reduction in
depressive symptoms at 2 months and sustained improvements in motor symptoms
and HRQOL at 6 months. Both intervention groups showed significant reductions in

the pro-inflammatory cytokine IL-6 at 6 months compared to the control group.?®

2.2.3 Review on Yoga and inflammatory low back pain:

1. Choetal., (2015) conducted a NON RCT based study and investigated the effects of
a 12-week yoga program on back-related function, stress, and inflammatory factors in
premenopausal women with chronic low back pain (CLBP). The study was conducted
as a non-randomized controlled trial, with participants allocated to either a Hatha
yoga group or an untreated control group. The researchers evaluated various
outcomes, including back-related function using the Roland-Morris Disability
Questionnaire (RMDQ), back flexibility, stress levels using the Symptoms of Stress
Inventory (SOSI), and serum levels of cortisol, tumor necrosis factor-alpha (TNF-a),
and C-reactive protein (CRP). The results of the study showed significant
improvements in the yoga group compared to the control group. The yoga group
experienced a significant reduction in RMDQ scores and an increase in back
flexibility. Additionally, the yoga group showed a significant decrease in serum
cortisol levels and total SOSI scores, indicating reduced stress levels. Interestingly,
while TNF-a level remained stable in the yoga group, they significantly increased in
the control group over the 12-week period. CRP levels did not change significantly in
either group.®’

2. Colgrove et al., (2019) in a quasi-experimental study evaluated the physical and
physiological effects of yoga for an underserved population with chronic low back
pain (CLBP). The research aimed to investigate the feasibility of providing yoga
intervention to a predominantly low-income population and explore potential
mechanisms underlying yoga's effectiveness in improving CLBP. The study
employed within-subject wait-listed crossover design, where participants received

twice-weekly group yoga sessions for post 12 weeks following a 6-12 week no-
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intervention period. The study measured various outcomes, including pain intensity,
disability, core strength, flexibility, and plasma tumor necrosis factor (TNF)-a protein
levels. Additionally, brain-imaging analysis was conducted to examine changes in N-
acetylaspartate (NAA) levels in the dorsolateral prefrontal cortex and thalamus. The
results showed significant improvements in pain scores, disability ratings, spinal and
hip flexor flexibility, and core muscle strength following the yoga intervention. The
study also observed interesting changes in TNF-a levels and NAA concentrations in

the brain, although these findings were limited due to the small sample size.?®

2.2.4 Review on Yoga and Immunity:

1. Gopal et al., (2011) conducted a study on the effects of integrated yoga practices
on immune responses during examination stress among first-year MBBS students.
The study involved 60 female students aged 17-20 years, randomly assigned to a
yoga group and a control group. The yoga group practiced integrated yoga
techniques for 35 minutes daily for post 12 weeks, while the control group
followed their normal routine. The researchers measured various physiological
parameters, including heart rate, respiratory rate, and blood pressure.
Psychological assessments were conducted using the Global Assessment of
Recent Stress Scale (GARS) and Spielberger's State Anxiety Inventory (STAI).
Biochemical parameters such as serum cortisol levels and immunological
parameters like serum Interleukin-4 (IL-4) and Interferon-gamma (IFN-y) were
also analyzed. The results showed that the control group experienced significant
increases in heart rate, systolic blood pressure, and rate pressure product during
examination stress, while the yoga group showed no significant changes in these
parameters. The yoga group demonstrated a decrease in GARS scores, indicating
reduced stress levels, while the control group showed an increase. Both groups
experienced an increase in STAI scores, but the increase was more pronounced in
the control group. Serum cortisol levels increased in both groups during
examination stress, but the increase was less significant in the yoga group. The
study also found that examination stress led to a decrease in serum IFN-y levels,
indicating a decline in cellular immunity, which was less pronounced in the yoga

group.?®
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2. Agnihotri et al., (2014) administered a randomized controlled study for assessing
the impact of yoga on the biochemical profile of asthmatics. The study was
conducted at King George's Medical University in Lucknow, India, involving 276
patients with mild to moderate asthma. The participants were divided into two
groups: a yoga group receiving yogic intervention along with standard medical
treatment, and a control group receiving only standard medical treatment. The
study lasted for 6 months, with 241 subjects completing the entire duration. The
researchers assessed various biochemical parameters, including hemoglobin
levels, total leukocyte count (TLC), differential leukocyte count, and superoxide
dismutase (SOD) levels. The yoga group practiced specific yogic techniques for
30 minutes per day, 5 days a week, under the guidance of a qualified yoga trainer.
The results showed significant improvements in the yoga group compared to the
control group. The yoga group experienced an increase in hemoglobin levels and
SOD activity, while showing decreases in TLC and differential leukocyte counts,
particularly in eosinophils and monocytes.?*°

3. Bower et al., (2014) administered a randomized controlled trial for investigating
the effects of an lyengar yoga intervention on inflammatory signaling in fatigued
breast cancer survivors. The study involved 31 stage O-Il breast cancer survivors
who had completed treatment and were experiencing persistent cancer-related
fatigue. Participants were randomized to either a 12-week lyengar yoga
intervention (n=16) or a health education control condition (n=15). The
researchers collected blood and saliva samples at baseline, post-intervention, and
3 months post-intervention to evaluate changes in genomic and circulating
markers of inflammation, as well as diurnal cortisol production. The primary
outcome of the study was fatigue, with results showing improvements in fatigue
and energy among women assigned to the yoga group compared to the control
group. The study also examined the effects on inflammatory processes, which
may underlie symptoms of cancer-related fatigue. The results of the study
indicated that the yoga intervention led to decreased pro-inflammatory NF-«xB-
related gene expression and increased glucocorticoid receptor activity compared to
the control group. Additionally, the yoga group showed relatively stable plasma
levels of soluble TNF receptor type Il (STNF-RII), while the control group
experienced increases in this marker. The researchers also observed reduced

activity of CREB family transcription factors in the yoga group, which may
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indicate reduced sympathetic nervous system signaling. However, no significant
changes were found in cortisol production or other inflammatory markers such as
IL-6 and CRP.24

Cade et al., (2010) conducted a prospective, randomized, controlled study to
evaluate the effects of a yoga lifestyle intervention on cardiovascular disease
(CVD) risk factors in HIV-infected adults. The study involved 60 HIV-infected
adults with mild-moderate CVD risk, who were assigned to either 20 weeks of
supervised yoga practice or standard care treatment. The researchers measured
various health parameters before and after the intervention, including oral glucose
tolerance, body composition, lipid profiles, blood pressure, immune status, and
quality of life. The primary finding of the study was that the yoga intervention
significantly reduced resting systolic and diastolic blood pressures compared to
the standard care group. This reduction occurred without parallel improvements
in glucose tolerance, body weight, fat distribution, or proatherogenic lipid levels.
The yoga intervention did not adversely affect or improve immune or virological
status in the participants. While there were no significant changes in overall
quality of life, there was a trend towards improved emotional well-being in the
yoga group.?#?

Krishna, (2015) administered a prospective case-control study to explore the
effects of yoga practice on leukocyte telomere biology and its relation to
homocysteine and oxidative stress. The study involved yoga practitioners aged 30-
40 years with a minimum of two years of yoga practice (Yoga group) and age,
gender, and BMI-matched sedentary healthy individuals (Control group). The
researchers measured leukocyte telomere length (LTL) using quantitative PCR,
fasting plasma homocysteine using high-performance liquid chromatography, and
oxidative stress markers including total antioxidant status (TAOS) and
malondialdehyde (MDA) using colorimetry. The results revealed significant
differences between the yoga and control groups. The yoga group demonstrated
longer LTL, higher TAOS, and lower levels of MDA and homocysteine compared
to the control group. Furthermore, LTL was positively correlated with TAOS and
negatively correlated with MDA and homocysteine levels. These findings suggest
that regular yoga practice may help preserve telomere length and reduce systemic

oxidative stress.?*®
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6. Lim & Cheong, (2015) conducted a randomized, double-blind, controlled pilot
study for assessing the effects of regular yoga practice on antioxidant status,
immune function, and stress hormone releases in young, healthy individuals. The
study involved 25 university students divided into a yoga group (n=12) and a
control group (n=13). The yoga group participated in 90-minute weekly sessions
for post 12 weeks, with additional recommendations for daily home practice. The
program included yoga poses (asanas), breathing exercises (pranayama), and
meditation. The researchers measured various biomarkers in the participants'
blood samples before and after the 12-week period. These included oxidative
stress parameters (nitric oxide, malondialdehyde, and F2-isoprostane), antioxidant
components (glutathione and related enzymes, catalase, and superoxide
dismutase), immune-related cytokines (IL-12, IFN-y, and TNF-a), and stress
hormones (cortisol, serotonin, dopamine, noradrenaline, and adrenaline). The
results showed that yoga practice significantly decreased oxidative stress markers
and increased antioxidant levels in the body. Specifically, serum levels of nitric
oxide, malondialdehyde, and F2-isoprostane were reduced, while total glutathione
content and activities of glutathione peroxidase and glutathione-S-transferase were
increased. The yoga group also exhibited increased levels of immune-related
cytokines IL-12 and IFN-y. Regarding stress hormones, yoga practice led to
decreased plasma adrenaline levels and increased serotonin levels.?*

7. Naoroibam et al., (2016) conducted a randomized controlled pilot study for
evaluating the effects of Integrated Yoga (1Y) on psychological states and CD4
counts in HIV-1 infected patients. The study involved 44 HIV-1 infected
individuals from two rehabilitation centers in Manipur, India, who were randomly
divided into a yoga group (n=22) and a control group (n=22). The yoga group
received a month-long 1Y intervention, which included physical postures (asanas),
breathing practices (pranayama), relaxation techniques, and meditation, for 60
minutes daily, six days a week. The control group followed their normal routine
during this period. The study used the Hospital Anxiety and Depression Scale
(HADS) to assess anxiety and depression levels, while CD4 counts were measured
using flow cytometry. The results showed a significant reduction in depression
scores and a significant increase in CD4 counts in the yoga group compared to the
control group. Within the yoga group, there was a significant reduction in

depression scores, a non-significant improvement in CD4 count, and a non-
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significant reduction in anxiety scores. The control group showed non-significant
increases in both anxiety scores and depression scores, along with a non-
significant reduction in CD4 counts. This study provides interesting insights into
the potential benefits of yoga as a complementary therapy for HIV-1 infected
individuals. It suggests that regular practice of yoga may help improve
psychological well-being by reducing depression and boost immunity by
increasing CD4 counts in patients suffering from HIV-1 infection.?4

8. Vogler et al., (2011) investigated how a short-term lyengar yoga program
influences the health and well-being of physically inactive older adults. The
research, conducted by Juliane Vogler, Lily O'Hara, Jane Gregg, and Fiona
Burnell from the University of the Sunshine Coast, Australia, involved 38
participants aged 55 years and over. The 8-week lyengar yoga program consisted
of twice-weekly 90-minute classes and recommended home practice. The study
assessed various dimensions of holistic health and well-being, including physical,
mental, spiritual, and social aspects. Physical health measures included muscle
strength, active range of motion, respiratory function, blood pressure, and immune
function. Self-perceived health and well-being were evaluated using the SF12v2
Health Survey and the Life's Odyssey Questionnaire. The results showed
significant improvements in the yoga group for muscle strength, active range of

motion, physical well-being, and aspects of mental well-being.?*°
2.2.5 Review on Yoga and Quality of life:

1. Yonglitthipagon et al., (2017) investigated the impact of yoga on menstrual pain,
physical fitness, and quality of life in young women with primary dysmenorrhea
(PD). The study was conducted as a 12-week randomized controlled trial
involving 34 non-athlete women aged 18-22 years with PD. Participants were
devided randomly in to two group a yoga group or a control group, with 17 in
each. The yoga group practiced a specially designed yoga program for 30 minutes
per day, twice a week, for post 12 weeks at home and control group without any
interventions. The program included specific yoga poses such as Shavasana, Surya
Namaskar, Supta Vajrasana, Janu Sirsasana, and Pashimottanasana. Measurements
of menstrual pain intensity and physical fitness (flexibility, back and leg muscle

strength) were taken at baseline and after 12-week. The yoga intervention led to
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3.

significantly reduced menstrual pain intensity, increased flexibility and leg muscle
strength, and improved quality of life in several domains including functional
capacity, vitality, mental health, social aspects, pain, and general health in
comparison to the control group. These findings suggest that the specially
designed yoga program could be a potential complementary treatment for primary
dysmenorrhea.?*’

Woodyard, (2011) provided a comprehensive review on the benefits of regular
yoga practice and its therapeutic effects on various health conditions. The
document discusses the various therapeutic effects of yoga on mental health,
physical health, and overall well-being. It highlights yoga's ability to reduce stress,
anxiety, and depression, improve flexibility and strength, enhance cardiovascular
function, and aid in the management of chronic pain and various health
conditions. The paper also explores yoga's potential benefits for cancer patients,
its effects on sleep quality, and its role in addiction recovery. One of the unique
insights uncovered from this document is the holistic approach of yoga in
addressing health issues. Unlike modern medicine, which often focuses on treating
specific symptoms or diseases, yoga aims to heal the entire human entity -
physical, emotional, intellectual, and spiritual. The paper suggests that while yoga
may not completely eliminate physical diseases, it offers a comprehensive path to
healing that goes beyond just physical symptoms. This holistic approach to health
and well-being sets yoga apart as a complementary therapy that can work
alongside conventional medical treatments to improve overall quality of life.24®
Wolff et al., (2013) conducted a study on the impact of yoga on blood pressure
and quality of life in patients with hypertension in a primary care setting. The
research was conducted as a prospective three-arm single-center study, involving
two yoga intervention groups and one control group. The study included 83 adult
patients aged 20-80 years with diagnosed hypertension and blood pressure values
of 120-179/<109 mmHg at baseline. The interventions consisted of a yoga class
group practicing with an instructor once a week and encouraged to practice at
home daily, and a yoga at home group given instructions for two specific yoga
exercises to be practiced daily. The control group received usual care. The results
showed that the yoga at home group experienced a significant reduction in
diastolic blood pressure compared to the control group (-4.4 + 1.6 vs. 0.8 + 1.6

mmHg; p < 0.05). This group also demonstrated significant improvements in self-
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rated quality of life. However, the yoga class group did not show significant
improvements in blood pressure or quality of life compared to the control group.
The study suggests that a short yoga program practiced at home may have an
antihypertensive effect and positively impact quality of life, potentially serving as
a useful supplementary therapy to medical treatment for hypertension in primary
care.?®

. Bahgecioglu Turan & Tan, (2020) administered a research study on the effects
of yoga on respiratory functions, symptom control, and quality of life in asthma
patients. The study, conducted by Giilcan Bahgecioglu Turan and Mehtap Tan, is a
randomized controlled trial involving 112 asthma patients divided into
experimental and control groups. The experimental group underwent 12 yoga
sessions over 6 weeks, while the control group received no intervention. The study
measured respiratory function tests, Asthma Control Test scores, and Asthma
Quality of Life Questionnaire scores before and after the intervention. The results
showed significant improvements in the experimental group compared to the
control group. Respiratory function values, including FEV1, FVC, FEV1/FVC
ratio, and PEF, increased in the yoga group while decreasing in the control group.
Similarly, ACT scores and AQLQ total and sub-dimension scores improved
significantly in the yoga group, indicating better symptom control and quality of
life.20

Keerthi et al., (2017) studied the effect of post 12 weeks of yoga therapy on
Quality of Life (QoL) and Indian Diabetes Risk Score (IDRS) in normotensive
Indian young adult prediabetics and diabetics. The study involved 310 participants
aged 18-45 years, divided into healthy controls, prediabetics, and diabetics. The
prediabetic and diabetic groups were further subdivided into those receiving
standard treatment alone and those receiving yoga therapy along with standard
treatment. The study measured various parameters including QoL using the
Flanagan QoL scale, IDRS, fasting plasma glucose, fasting insulin, and HOMA-
IR. The results showed significant improvements in QoL and reductions in IDRS
for both prediabetic and diabetic groups receiving yoga therapy along with
standard treatment compared to those receiving standard treatment alone. The
yoga therapy groups also showed greater reductions in fasting plasma glucose,

fasting insulin, and insulin resistance. %!
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2.2.6 Review on Yoga on Rheumatic Disease:

1. Ganesan et al., (2020) investigated the effect of a 12-week yoga therapy program on
patients with rheumatoid arthritis (RA). The study was conducted as a randomized
controlled trial involving 166 RA patients divided into a yoga group (YG) and a
control group (CG). The primary outcomes measured were disease activity score
(DAS 28), inflammatory markers (IL-1a, IL-6, TNF-a), cortisol levels, and heart rate
variability (HRV) parameters. The results showed significant improvements in the
yoga group compared to the control group. Disease activity decreased more in the
YG, and there were significant reductions in IL-la and cortisol levels. HRV
parameters also improved in the YG, indicating a shift towards parasympathetic
predominance. Specifically, there was a decrease in LF:HF ratio and LFnu, and an
increase in HFnu, RMSSD, and SDNN.'%°

2. Evans et al., (2013) conducted a study on the impact of lyengar yoga on the quality
of life in young women with rheumatoid arthritis (RA). The research aimed to assess
the effects of a 6-week, twice-weekly lyengar yoga program on health-related quality
of life (HRQOL), pain, disability, and psychological functioning in young adults with
RA compared to a usual-care waitlist control group. The study involved 26 female
participants with a mean age of 28 years, who were randomly assigned to either the
yoga group or the control group. The results showed significant improvements in the
yoga group compared to the control group on several measures. The yoga group
demonstrated greater improvement in HRQOL, pain disability, general health, mood,
fatigue, acceptance of chronic pain, and self-efficacy regarding pain. Almost half of
the yoga group reported clinically meaningful symptom improvement. The study also
found that improvements in quality of life, pain disability, and mood persisted at the
2-month follow-up.?*2

3. Badsha et al., (2009) conducted a study on the benefits of yoga for rheumatoid
arthritis (RA) patients. The research was conducted in Dubai, United Arab Emirates,
involving 47 participants divided into two groups: 26 in the yoga group and 21 in the
control group. The study aimed to measure the effects of a bi-weekly Raj yoga
program on RA disease activity over an 8-week period. The researchers collected
data on disease activity indices, health assessment questionnaire (HAQ) scores, and
quality of life (QOL) measurements using SF-36 at the beginning and end of the
study. The yoga program, called Vishwas-Raj yoga, was specially designed for RA
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patients and included stretches, strengthening exercises, meditation, and deep
breathing techniques. Participants attended 12 sessions over 6 weeks, with each
session lasting one hour. The study found statistically significant improvements in
disease activity scores (DAS28) and HAQ scores for the yoga group. Interestingly,
while the yoga group showed improvements in all RA disease activity parameters, the
quality of life scores did not change significantly, except for improvements in role
limitations due to emotional health.>3

. Greysen et al., (2019) conducted a cross-sectional study to assess the association
between yoga use, physical function, and employment status in adults with
Rheumatoid Arthritis (RA). The study, part of the larger Rheumatoid Arthritis
Outcomes Study (RA-OS), surveyed 398 adults with RA, of which 42 (10.6%)
reported participating in yoga in the past year. The researchers investigated whether
yoga participation was associated with less RA symptomatology, better physical
function, and full-time work status. The study found significant associations between
yoga practice and certain outcomes. Yoga practitioners were more likely to be
employed full-time and less likely to be unemployed due to disability compared to
non-practitioners. They also demonstrated better physical function scores, even after
controlling for age and education. However, no significant differences were found in
pain, fatigue, depression, or sleep quality between yoga practitioners and non-
practitioners. The study also provided insights into the yoga practices of adults with
RA, noting that Vinyasa, Bikram, and Hatha were the most popular styles, typically
practiced in a group setting about once a week.?%*

Dash & Telles, (2001) conducted a study on the effects of yoga training on hand grip
strength in different groups of subjects. The research involved three categories:
normal adults (n=37), children (n=86), and patients with rheumatoid arthritis (n=20).
An equal number of subjects in each category who did not practice yoga formed the
control groups. The study design varied for each group based on the duration of their
respective yoga camps. Adults practiced for 30 days, children for 10 days, and
rheumatoid arthritis patients for 14 days. Handgrip strength was measured using a
handgrip dynamometer before and after the yoga-training period. The yoga
interventions included common practices such as yoga asanas, pranayama, meditation,
and lectures on yoga philosophy, with additional specific practices for each group.
The results showed significant increases in hand grip strength for all three categories

of subjects who practiced yoga, while the control groups showed no change. Adult

67



female volunteers and patients demonstrated a greater percentage improvement
compared to their male counterparts. This gender-based difference was not observed
in children. The study also found that patients with rheumatoid arthritis showed a
greater percentage increase in grip strength compared to normal adults, despite a
shorter duration of yoga practice.?>®

. Puksic¢ et al., (2021) investigated in a randomized controlled trial the impact of Yoga
in Daily Life program on rheumatoid arthritis (RA) patients. The study, conducted at
the University Hospital Dubrava in Zagreb, Croatia, involved 57 participants divided
into a yoga intervention group (n=30) and an education control group (n=27). The
yoga program consisted of post 12 weeks of twice-weekly 90-minute sessions, while
the control group attended weekly 60-minute educational lectures on arthritis-related
topics. The primary outcome measure, the Short Form-36 (SF-36) health-related
quality of life (HQOL) assessment, showed no significant differences between the
groups at post 12 weeks. However, the yoga group demonstrated significant
improvements in fatigue, as measured by the Functional Assessment of Chronic
Iliness Therapy-fatigue scale (FACIT-fatigue), and mood, as assessed by the Hospital
Anxiety and Depression Scale (HADS). These improvements were observed both at
the 12-week post-intervention point and at the 24-week follow-up. Notably, the yoga
program had no significant impact on RA disease activity, pain, or C-reactive protein
(CRP) levels. The study also evaluated the feasibility and safety of the yoga program
for RA patients. The recruitment rate was 16%, with a retention rate of 80.7%.
Adherence to the yoga classes was high at 87.5%, compared to 82.7% for the control
group’s educational sessions. No serious adverse events were recorded, indicating that
the Yoga in Daily Life program was both safe and well-tolerated by RA patients.?*
Gautam et al., (2020) conducted a randomized controlled trial to evaluate the effects
of an 8-week yoga-based lifestyle intervention (YBLI) on patients with Rheumatoid
Arthritis (RA). The study aimed to evaluate the impact of YBLI on disease activity,
psycho-neuro-immune markers, gene expression patterns, and quality of life in RA
patients undergoing routine medical therapy. 66 patients were randomized into two
groups: a yoga group and a non-yoga group. The researchers assessed various
inflammatory cytokines, mind-body communicative markers, and transcript levels of
several genes. Disease activity was measured using the DAS28-ESR score, while
quality of life was evaluated using the WHOQOL-BREF questionnaire. The results

showed significant improvements in the yoga group compared to the non-yoga group.
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The yoga group experienced a reduction in disease activity, normalization of psycho-
neuro-immune axis biomarkers, and improvements in quality of life. Specifically,
there was a decrease in pro-inflammatory markers (IL-6, IL-17A, TNF-a) and an
increase in anti-inflammatory markers (TGF-B). The yoga group also showed
upregulation of mind-body communicative markers (BDNF, DHEAS, B-endorphin,
and sirtuin) and downregulation of certain genes (IL-6, TNF-0, and CTLA4). The
study found improvements in physical, psychological, and social domains of quality
of life for the yoga group.?’

Gautam et al., (2019) studied on the impact of yoga-based mind-body intervention
(MBI) on rheumatoid arthritis (RA) patients. The research investigates how an 8-week
yoga program affects systemic inflammatory markers and co-morbid depression in
active RA patients who are undergoing routine disease-modifying anti-rheumatic
drugs (DMARDS) therapy. The study was conducted as a randomized controlled trial
with 72 RA patients divided into two groups: a yoga group (yoga with DMARDSs) and
a control group (DMARDs only). The researchers measured various biomarkers,
including those related to systemic inflammation, neuroplasticity, and cellular health.
They also assessed disease activity using the DAS28ESR score, functional status
using the HAQ-DI, and depression severity using the Beck Depression Inventory Il
(BDI-11) scale. The results showed significant improvements in the yoga group
compared to the control group. The yoga intervention led to a decrease in
inflammatory markers, oxidative stress, and DNA damage, while increasing anti-
inflammatory cytokines, neuroplasticity markers, and cellular health indicators. The
yoga group also experienced a significant reduction in disease activity, functional
disability, and depression severity.140

Cartwright et al., (2020) conducted a mixed methods evaluation of an individualised
yoga therapy intervention for rheumatoid arthritis (RA) in a pilot study. The study
aimed to explore patients' experiences of the intervention and its impact on patient-
reported outcomes. The study involved 10 patients who participated in a 16-week
yoga therapy intervention at a UK hospital. The intervention consisted of 10 one-to-
one consultations with a yoga therapist, followed by two group review sessions. The
researchers used a mixed-methods approach, combining quantitative assessments
(EQ-5D, HADS) at pre-intervention, post-intervention, and 12-month follow-up, with
qualitative in-depth interviews conducted post-intervention. The study reported high

attendance (98%) and strong commitment to personalized home practice among
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participants. Quantitative results showed significant improvements in measures of
depression, anxiety, pain, quality of life, and general health at post-intervention and
12-months follow-up. Qualitative findings revealed that participants experienced
positive changes in their symptoms, with some reporting reductions in medication
use. Many participants also reported broader benefits such as improved sleep, mood,
and energy, enabling re-engagement with life activities.?>®

Ward et al., (2018) implemented a pilot randomized controlled trial (RCT) for
investigating the feasibility and safety of a relaxation-based yoga intervention for
rheumatoid arthritis (RA). The study, conducted at the University of Otago, New
Zealand, involved 26 participants with mild pain, mild to moderate functional
disability, and moderate disease activity. The participants were randomized into two
groups: one receiving an 8-week yoga program alongside usual care, and the other
receiving only usual care. The yoga intervention consisted of weekly 75-minute
instructor-led classes and home practice using a guided relaxation CD. The study
found that the yoga program was both feasible and safe for the RA population.
Recruitment rates were satisfactory, with 25% of invited individuals participating.
Retention rates were excellent, with 100% for yoga participants and 92% for usual
care participants at both weeks 9 and 12. Adherence to the yoga classes was high,
with participants attending a median of seven out of eight classes. However,
adherence to home practice was lower, with only 38% of yoga participants meeting
the target of 16 out of 24 home sessions. No serious adverse events related to the yoga
intervention were reported, although some participants experienced minor, transient
musculoskeletal pain.?®

V. K. Singh et al., (2011) investigated the effects of a Yogic Package (YP) on various
parameters associated with rheumatoid arthritis (RA). The study employed a
randomized control group design with 80 participants (56 females and 24 males) aged
23-48 vyears, divided equally into experimental and control groups. The YP
intervention consisted of pranayama, cleansing practices, and meditation, practiced
for 1.5 hours daily over 40 days. The study measured several RA-related parameters,
including pain intensity, inflammation, stiffness, and pulse rate, blood pressure, and
lymphocyte count, C - reactive protein, and serum uric acid levels. The results showed
statistically significant improvements in most parameters for the experimental group
compared to the control group. After the YP intervention, participants experienced

significant reductions in pain intensity, number of inflamed joints, morning stiffness,
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pulse rate, systolic and diastolic blood pressure, lymphocyte count, C-reactive protein,
and serum uric acid levels. These improvements were observed at various significance
levels (p<0.05, p<0.01, and p<0.001). The control group showed no significant
improvements in most parameters, with only slight reductions in the number of
inflamed joints and morning stiffness.

Pandya, (2020) investigated clinically the combined effects of yoga, an anti-
inflammatory diet, and self-monitoring on children with chronic rheumatic diseases.
The study involved 22 children aged over 8 years with newly diagnosed rheumatic
diseases. The participants were divided into two groups: an experimental group and a
control group. All participants were advised to follow up monthly for four months,
and baseline disease activity and damage scores were calculated for all. The
experimental group, consisting of 14 children, received three types of printed
materials: pictures of yoga asanas with explanations, food classification (beneficial
and harmful), and a self-monitoring kit with disease information and simplified
monitoring scores. The experimental group underwent a single yoga training session
with an experienced teacher and were advised to practice yoga for 45 minutes daily at
home. They were also put on a strict diet chart and instructed to calculate their disease
scores before each follow-up visit. The study's conclusion suggests that the
combination of yoga, an anti-inflammatory diet, and self-monitoring showed
extremely beneficial effects in children with rheumatic diseases in multiple ways.?®
Evans et al., (2011) conducted a qualitative study to evaluate the experiences and
perceived benefits of lyengar yoga (1Y) for young adults with rheumatoid arthritis
(RA). The study involved a small group of participants aged 24-31 years who
completed a 6-week 1Y intervention. The research aimed to explore potential
mechanisms of change resulting from the yoga practice and gather insights into how it
impacted the participants' functioning. The study utilized face-to-face interviews
conducted before and after the I'Y program. Pre-intervention interviews revealed that
participants had initial hesitations about their ability to practice yoga due to their
physical limitations. However, post-intervention interviews showed that these
concerns were quickly alleviated, and participants reported numerous benefits. These
included improved relaxation, increased energy levels, better sleep quality, and
enhanced mood. Participants also noted physiological changes such as increased
strength, improved posture, and greater body awareness. Psychospiritual benefits were

reported as well, including increased confidence, self-efficacy, and mindfulness.?5*
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14. Haslock et al., (1994) explored in a pilot study the impact of yoga on patients with
rheumatoid arthritis (RA). The study involved 20 volunteers with severe RA, divided
into two groups of 10 each - a yoga group and a control group. The yoga group
participated in a program of daily 2-hour sessions for 3 weeks, followed by weekly 2-
hour sessions for 3 months, in addition to their normal medical treatment. The control
group continued with only their normal medical treatment. The study assessed various
rheumatological measurements and psychological factors at the beginning and after 3
months. The results showed significant improvements in the yoga group, particularly
in left-hand grip strength, which increased by 63 mmHg compared to only 8 mmHg in
the control group. The yoga group also showed improvements in HAQ scores and left
hand ring sizes, although not to statistically significant levels. All six patients who
completed the yoga course reported subjective benefits and expressed a desire to
continue.?%?

15. Bosch et al., (2009) investigated in a pilot study the effects of yoga on women with
rheumatoid arthritis (RA). The study involved 16 postmenopausal women with RA,
divided into a yoga group and a control group. The yoga group participated in a 10-
week Hatha yoga program, attending three 75-minute classes per week. The
researchers measured various physiological and functional parameters before and
after the intervention, including diurnal cortisol patterns, resting heart rate, balance,
disability index, pain perception, and depression symptoms. The results of the study
showed significant improvements in several areas for the yoga group. Participants
experienced a decrease in the Health Assessment Questionnaire (HAQ) disability
index, reduced perception of pain and depression symptoms, and improved balance as
measured by the Berg Balance Test (BBT). The yoga intervention did not result in
significant changes in awakening or diurnal cortisol patterns, although there was a
trend towards a more robust awakening response in the yoga group after the

intervention,263

2.2.7 Review on Exercise and AS:

1. Ghosh & Mandal, (2019) conducted a randomized controlled trial to assess the
effectiveness of a supervised rehabilitation program (SRP) for patients with axial
spondyloarthritis (Ax-spA). The study was carried out at the Department of Physical
Medicine and Rehabilitation, R.G. Kar Medical College, Kolkata, from June 2014 to

72



July 2015. A total of 63 participants aged 18-45 years with Ax-spA were randomly
allocated into two groups: an intervention group undergoing SRP and a control group
following a home exercise program, both for duration of 3 months. The SRP consisted
of multimodal exercises, lifestyle modification, group therapy sessions, counseling,
joint protection techniques, energy conservation techniques, environmental
modification, and cognitive behavioral therapy for pain management. The primary
outcome measures were physical function, assessed using the Bath Ankylosing
Spondylitis Functional Index (BASFI), and spinal pain, measured using the Numerical
Rating Score (NRS). These were evaluated at baseline and after 3 months for both
groups. The results of the study showed significant improvements in both BASFI and
spinal pain for both groups after 3 months. However, the intervention group (SRP)
demonstrated significantly greater improvements in both measures compared to the
control group (home exercise program). The study concludes that a 3-month SRP can
lead to significant improvements in physical function and reduction in spinal pain for
patients with Ax-spA, potentially enhancing their quality of life and socioeconomic
productivity.264

Ince et al., (2006) studied on the effects of a multimodal exercise program for people
with ankylosing spondylitis (AS). The research involved 30 patients with AS, divided
into an exercise group and a control group. The exercise program lasted post 12
weeks and included aerobic, stretching, and pulmonary exercises, conducted three
times a week for 50 minutes per session. The study aimed to investigate the impact of
this program on spinal mobility, vital capacity, and physical work capacity in AS
patients. The methodology involved various measurements, including clinical tests
(such as chest expansion, chin-to-chest distance, and Modified Schober Flexion Test),
inclinometric measurements for spinal range of motion, and physiological tests
(PWC170 test and vital capacity measurements). These assessments were conducted
at baseline and after the 12-week program. The results showed significant
improvements in the exercise group compared to the control group in several areas,
including chest expansion, spinal mobility, physical work capacity, and vital capacity.
The study's findings highlight the importance of multimodal exercise programs in
managing AS. The exercise group showed improvements in spinal mobility, work
capacity, and chest expansion, while the control group either showed no significant
changes or experienced decreases in some measurements. This research supports the

notion that exercise is as crucial as drug treatment in AS management, emphasizing
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the need for a comprehensive approach to treatment that includes both medical
intervention and structured exercise programs.2®

Rosu et al., (2014) conducted a randomized controlled study to evaluate the effects of
a multimodal exercise program with combined Pilates, McKenzie, and Heckscher
techniques on patients with ankylosing spondylitis (AS). The study involved 96
patients with axial AS, divided into two groups: one following the multimodal
program (group 1) and the other following a classical kinetic program (group I1). The
exercise regimen consisted of 50-minute sessions performed three times weekly for
48 weeks. The study assessed various parameters at baseline and after 48 weeks,
including pain, spine mobility, chest expansion, vital capacity, disease activity, and
functional indices. The results showed significant improvements in both groups
compared to baseline. However, group I, which followed the multimodal program,
demonstrated significantly better outcomes in pain, lumbar spine motility, chest
expansion, and various AS-related indices (BASFI, BASDAI, BASMI) compared to
group Il. A unique insight from this study is the potential of combining different
exercise techniques to address multiple aspects of AS management. The multimodal
approach incorporating Pilates, McKenzie, and Heckscher methods appears to offer
comprehensive benefits, targeting not only spinal mobility and pain but also
respiratory function.2%®

Gurpinar et al., (2021) investigated a randomized controlled study to find out the
effects of multidimensional functional mobility exercises on pulmonary functions and
disease-related scales in patients with Ankylosing Spondylitis (AS). The study
involved 57 patients with definite AS, divided into three groups: aquatic (AG), land-
based (LG), and home (HG) exercise groups. Participants performed exercises twice a
week for 8 weeks. The study measured various parameters including pulmonary
function tests, respiratory muscle strength, and disease-related scales such as BASMI,
BASDAI, and BASFI. The results showed significant improvements in pulmonary
functions and disease-related symptoms in both AG and LG groups, while the HG
group showed no significant changes. Specifically, the AG group demonstrated
improvements in peak expiratory flow (PEF), vital capacity (VC), maximum
voluntary ventilation (MVV), and maximal inspiratory pressure (MIP). The LG group
showed increases in PEF and MVV. Both AG and LG groups experienced
improvements in BASMI, BASDAI, and pain levels. The AG group also showed

improvement in BASFI scores, which was not observed in the LG group.2¢’
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5. Souza et al., (2017) carried out a study to evaluate the effectiveness of a progressive
muscle strengthening program using a Swiss ball for patients with Ankylosing
Spondylitis (AS). The study involved 60 AS patients divided into an intervention
group (IG) and a control group (CG). The IG performed eight exercises with free
weights on a Swiss ball twice a week for 16 weeks, while the CG received no
intervention. The researchers evaluated various outcomes including muscle strength,
functional capacity, disease activity, spinal mobility, walking performance, and
quality of life. The results showed significant improvements in the 1G compared to the
CG in several areas. Muscle strength increased in exercises such as abdominal,
rowing, squat, triceps, and reverse fly. The 6-minute walk test performance improved
significantly in the 1G. The Timed Up and Go test and patient satisfaction (measured
by Likert scale) also showed better results for the 1G. However, no significant
differences were observed between groups in functional capacity (measured by
BASFI and HAQ-S), spinal mobility (BASMI), quality of life (SF-36), disease
activity (BASDAI, ASDAS, ESR, CRP), or medication intake.2%

6. Song et al., (2022) conducted a randomized controlled trial to evaluate the effects of a
theory-based mobile health (mHealth) intervention on disease knowledge, self-
efficacy, and exercise adherence among Chinese patients with ankylosing spondylitis
(AS). The study was conducted at a tertiary hospital in Chengdu, China, involving
118 AS patients. The intervention group received a 12-week educational program
based on the Health Belief Model (HBM), delivered through WeChat, a popular social
networking app in China. The control group received standard care. The primary
outcomes measured were disease knowledge, self-efficacy, and exercise adherence,
while secondary outcomes included disease activity and physical function. Data were
collected at baseline and after post 12 weeks. The results showed that participants in
the intervention group had significantly higher disease knowledge and self-efficacy
scores, and a larger proportion adhered to regular exercise routines compared to the
control group. However, no significant differences were found in disease activity or
physical function between the two groups at the end of the intervention.?5°

7. Passalent et al., (2010) conducted a study on exercise habits and perceptions among
patients with ankylosing spondylitis (AS). The research, conducted by Passalent et al.,
aimed to determine the type and extent of exercise performed by AS patients and
examines their perceptions of exercise. The study involved 61 patients from the

Toronto Western Hospital AS clinic, with a mean age of 38 years and average disease
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duration of 14.7 years. The researchers used an exercise inventory questionnaire and
the Exercise Benefits and Barriers Scale (EBBS) to collect data. The results showed
that 57.4% of patients reported engaging in at least one form of exercise three times
per week. Walking (35.0%) and stretching (32.8%) were the most commonly reported
types of exercise performed at least three times weekly. The mean EBBS benefits
score was 87.1, indicating a positive perception of exercise among AS patients. The
most frequently reported benefits were increased physical fitness and improved
cardiovascular functioning. However, the study also revealed that fatigue was a
significant barrier to exercise, with 71.4% of participants reporting that exercise tires
them. 2™

. Subramanian, (2017) undertook a case study on the treatment of Ankylosing
Spondylitis (AS) using innovative physiotherapy techniques. The study focuses on a
41-year-old male patient diagnosed with AS in February 2016, although he had been
experiencing symptoms since 2012. The research aims to analyze the efficacy of
Physioball-based exercises incorporating yoga and gravity-assisted postures. The
patient's medical history included type Il diabetes, vitamin D deficiency, increased
parathyroid hormone levels, and decreased bone mineral density. The study details the
patient's anthropometric findings, complaints, and physical examination results. The
treatment plan involved a combination of active exercises, regular walking, incentive
spirometry, sunlight exposure, pranayama, and a specialized home program using a
Physioball. The therapy sessions lasted 20-25 minutes, conducted twice weekly from
February 2016 to March 2017. The results of the study were encouraging, with the
patient's Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) improving
by 32% over the course of the treatment. The researchers emphasize the unique
aspects of their approach, including the application of biomechanical concepts such as
proprioception, co-contraction, and closed kinematic exercises. They also highlight
the use of gravity for mobilizing and strengthening the spine with the Physioball as a
supportive medium.?"

Husakova et al., (2017) conducted a study to assess the impact of intensive exercise
therapy on patients with axial spondyloarthritis (axSpA), specifically comparing
outcomes between non-radiographic axSpA (nr-axSpA) and Ankylosing Spondylitis
(AS) subgroups. The researchers aimed to investigate how a structured rehabilitation
program impacts the quality of life and disease activity in these patient populations.
The study involved 46 axSpA patients (23 with nr-axSpA and 23 with AS) who
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participated in a 24-week intensive rehabilitation program. This program consisted of
twice-weekly 60-minute group physiotherapy sessions and daily home-based
exercises. Various outcome measures were assessed at the beginning and end of the
program, including disease activity indices (BASDAI and ASDAS-CRP) and quality
of life measures (ASQoL and EurQoL). The study found improvements in disease
activity across all axSpA patients, with particularly significant improvements in the
nr-axSpA subgroup. Both subgroups reported positive changes in their global
assessment scores. Interestingly, only the nr-axSpA group showed significant
improvement in pain assessment and EurQoL scores. The researchers concluded that
the intensive exercise program was beneficial for both nr-axSpA and AS patients,
with nr-axSpA patients potentially benefiting even more than those with the
radiographic form.?"

Sveaas et al., (2018) implemented a randomized controlled pilot study to investigate
the effects of high-intensity cardiorespiratory and strength exercises on emotional
distress, fatigue, and ability to perform daily activities in patients with axial
spondyloarthritis (axSpA). The study involved 28 physically inactive axSpA patients,
who were randomly assigned to either an exercise group (EG) or a control group
(CG). The EG underwent a 12-week exercise program consisting of supervised high-
intensity interval training on a treadmill and strength exercises, while the CG received
usual treatment. The outcomes measured included emotional distress (using the
General Health Questionnaire-12), fatigue (using a numeric rating scale), and ability
to do a full day's activities (using a numeric rating scale). The results showed
statistically significant beneficial effects of the exercise program on all three
outcomes. The exercise group demonstrated improvements in emotional distress (31%
improvement), fatigue (46% improvement), and ability to do a full day's activities
(52% improvement) compared to the control group.?”

Jennings et al., (2015) executed a study on the effects of aerobic training in patients
with ankylosing spondylitis (AS). The research, conducted by Fabio Jennings and
colleagues, aimed to evaluate how aerobic exercise impacts various aspects of AS
patients' health. The study involved 70 patients classified with AS, randomly assigned
to two groups: an intervention group (IG) performing 50 minutes of walking followed
by stretching exercises, and a control group (CG) performing only stretching
exercises, both three times a week for post 12 weeks. The researchers assessed

multiple outcomes, including functional capacity, spinal mobility, disease activity,
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quality of life, aerobic capacity, and lipid levels. The study used various measurement
tools such as the Bath indices (BASFI, BASDAI, and BASMI), Health Assessment
Questionnaire for Spondyloarthropathies (HAQ-S), AS Disease Activity Score
(ASDAS), 6-minute walk test (6MWT), and the Medical Outcomes Study Short
Form-36 (SF-36). Assessments were conducted before randomization and at 6, 12,
and post 24 weeks. The results showed significant improvements in functional
capacity, mobility, and disease activity in both groups. However, the IG demonstrated
additional benefits in walking distance and aerobic capacity compared to the CG.
Specifically, the 1G showed a significant increase in the distance walked during the
6MWT and improved cardiopulmonary capacity. Interestingly, aerobic training did
not provide additional benefits in functional capacity, mobility, disease activity,
quality of life, and lipid levels when compared to stretching exercises alone.?™
Rodriguez-Lozano et al., (2013) carried out a study on the impact of a structured
education and home-based exercise programme for patients with ankylosing
spondylitis (AS). The research was conducted as a 6-month prospective multicentre
controlled study involving 756 AS patients, with 381 randomized to an education
intervention and 375 to standard care. The education intervention consisted of a 2-
hour informative session about AS and the implementation of a non-supervised
physical activity programme at home. The main outcome measures included the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI) and Functional Index
(BASFI), while secondary measures included pain scales, quality of life assessments,
and knowledge of the disease. The results showed statistically significant
improvements in the education group compared to the control group. The adjusted
mean difference for BASDAI was 0.32 (p=0.005) and for BASFI was 0.31 (p=0.002).
Significant differences were also found in visual analog scale (VAS) scores for total
pain and patient's global assessment, as well as in the Ankylosing Spondylitis Quality
of Life questionnaire (ASQoL). Patients in the education group demonstrated
increased knowledge about the disease and its treatments, and practiced more regular
exercise than controls. However, the magnitudes of the clinical benefits in terms of
disease activity and physical function were relatively small.?"

Sveaas et al., (2014) undertook a randomized controlled pilot study for investigating
the efficacy of high-intensity exercise on disease activity and cardiovascular risk in
patients with active axial spondyloarthritis (axSpA). The study involved 28 patients,

with 24 completing the 12-week intervention. The exercise group (EG) performed
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high-intensity endurance and strength exercises, while the control group (CG)
received treatment as usual. The primary outcome measure was the Ankylosing
Spondylitis Disease Activity Score (ASDAS). Secondary outcomes included patient-
reported disease activity (BASDAI), physical function (BASFI), cardiovascular risk
factors such as arterial stiffness (Alx and PWV), cardiorespiratory fitness (VO2
peak), and body composition. The results showed improvements in disease activity,
with a mean treatment effect of -0.7 in ASDAS score. Significant improvements were
also observed in BASDAI, BASFI, arterial stiffness, VO2 peak, and body fat
composition in the exercise group compared to the control group.?’

Altan et al., (2012) conducted a study for investigating the effects of Pilates exercises
on patients with ankylosing spondylitis (AS). The research was conducted as a
randomized, prospective, controlled, and single-blind trial involving 55 participants
diagnosed with AS. The study aimed to evaluate the impact of Pilates on pain,
functional status, and quality of life in AS patients. The participants were divided into
two groups: Group | received a Pilates exercise program for post 12 weeks, while
Group Il served as the control group continuing their standard treatment. The primary
outcome measure was functional capacity, assessed using the Bath Ankylosing
Spondylitis Functional Index (BASFI). Exploratory outcome measures included the
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing
Spondylitis Metrology Index (BASMI), chest expansion, and the Ankylosing
Spondylitis Quality of Life (ASQoL) questionnaire. The results showed significant
improvements in the Pilates group (Group 1) for BASFI, BASMI, BASDAI, and chest
expansion immediately after the 12-week program. At the 24-week follow-up, the
Pilates group maintained improvements in BASFI and BASMI compared to the
control group. However, the improvements in BASDAI and chest expansion were not
sustained at the 24-week mark. The study found no significant changes in the ASQoL
scores for either group.1%

DOonmez et al.,, (2014) conducted a randomized controlled trial to evaluate the
effectiveness of physical therapy modalities, specifically microwave therapy and
Global Postural Reeducation (GPR) exercises, in managing Ankylosing Spondylitis
(AS). The study involved 77 AS patients divided into three groups: one receiving only
GPR exercises, another receiving GPR exercises plus microwave therapy, and a
control group. The researchers evaluated various parameters including disease

activity, pain, quality of life, and functional status at baseline, 3 weeks, 3 months, and
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6 months. The results showed significant improvements in all measured parameters
for both exercise groups compared to the control group. The GPR exercise program
led to statistically significant improvements in Bath Ankylosing Spondylitis
Metrology Index (BASMI), Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI), Beck
Depression Inventory (BDI), and Ankylosing Spondylitis Quality of Life (ASQoL)
scores. Notably, the addition of microwave therapy before exercises did not provide
any additional benefits over exercise alone.?”’

Fernandez Garcia et al., (2015) executed a randomized clinical trial to evaluate the
effects of an aquatic exercise and relaxation program on patients with
spondyloarthritis (SpA). The study involved 30 participants with axial SpA, divided
into an experimental group (n=15) and a control group (n=15). The experimental
group underwent a supervised aquatic exercise program consisting of 24 sessions over
8 weeks, while the control group continued with their normal daily activities. The
program included relaxation techniques, breathing exercises, active joint exercises,
strength-resistance training, and aerobic exercises. The researchers used various
assessment tools to measure the outcomes, including the Bath Ankylosing Spondylitis
Functional Index (BASFI), Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI), and SF-12 Health Survey. The results showed statistically significant
improvements in the experimental group for quality of life, functional capacity, and
disease severity.?’®

Lim et al., (2005) carried out a study to investigate the effects of home-based daily
exercise therapy on patients with ankylosing spondylitis (AS). The research,
conducted by Hyun-Ja Lim, Young-Im Moon, and Myeong Soo Lee, aimed to assess
the impact of a structured exercise program on joint mobility, functional capacity,
pain, and depression in AS patients. The study involved 50 subjects randomly
assigned to either an exercise group or a wait-list control group. The exercise group
performed a 20-minute daily exercise program for 8 consecutive weeks, while the
control group maintained their usual routine. The researchers measured various
parameters before and after the 8-week period, including joint mobility (using an
inclinometer), finger-floor distance (FFD), functional capacity (using the Bath
Ankylosing Spondylitis Functional Index - BASFI), pain levels (using a visual
analogue scale - VAS), and depression (using the Beck Depression Inventory - BDI).

The results showed significant improvements in the exercise group compared to the
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control group. After 8 weeks, the exercise group demonstrated increased joint
mobility in various areas (cervical, shoulder, hip, and knee), improved FFD, enhanced
functional capacity, reduced pain, and decreased depression scores. These findings
suggest that a home-based daily exercise program can be an effective intervention for
AS patients, improving both physical and psychological aspects of their condition.?’
Kjeken et al., (2013) implemented a randomized controlled trial for evaluating the
long-term effects of a multidisciplinary in-patient rehabilitation programme for
patients with ankylosing spondylitis (AS). The study involved 95 participants, with 46
receiving a 3-week in-patient rehabilitation programme and 49 receiving treatment as
usual. The primary outcomes were disease activity measured by the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and function measured by the Bath
Ankylosing Spondylitis Functional Index (BASFI). Secondary outcomes included
well-being, spinal and hip mobility, and health-related quality of life. Assessments
were made at baseline, 4 months, and 12 months. The results demonstrated significant
overall treatment effects in favor of the rehabilitation group over the 1-year period.
The BASDAI score showed a mean difference of -10.0 (95% CI: -3.7 to -16.3)
between the groups. Significant improvements were also observed in well-being and
several SF-36 variables, including social functioning, role physical, role mental, and
bodily pain. These findings suggest that the rehabilitation programme had positive
effects on disease activity, pain, function, and well-being, indicating its importance as
a complement to medical disease management in AS patients.?°

Masiero et al., (2011) conducting a randomized controlled trial for evaluating the
effects of rehabilitation treatment on patients with ankylosing spondylitis (AS) who
have been stabilized with tumor necrosis factor (TNF) inhibitor therapy. The study
involved 62 outpatients divided into three groups: rehabilitation plus educational-
behavioral program, educational-behavioral program only, and a control group. The
rehabilitation program included exercises for stretching, strengthening, and improving
chest and spine/hip joint flexibility, which patients were instructed to perform at home
as well. The study assessed outcomes at 2 and 6 months follow-up, measuring factors
such as spinal pain intensity, chest expansion, and various indices including BASMI,
BASFI, and BASDAI. The results showed significant improvements in the
rehabilitation group compared to the other groups, particularly in spine mobility, pain
reduction, and functional ability. These positive outcomes were maintained at the 6-

month follow-up.?
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Xie et al., (2019) carried out a study on the effects of Baduanjin Qigong exercise on
patients with ankylosing spondylitis (AS). The research, conducted as a randomized
controlled trial, involved 60 AS patients divided into two groups: an exercise group
practicing Baduanjin Qigong for post 12 weeks, and a no-treatment group maintaining
their current lifestyle. The study aimed to evaluate the efficacy and safety of this
traditional Chinese exercise in improving AS symptoms. The results showed that
while the total Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) scores
did not differ significantly between the two groups, the exercise group demonstrated
improvements in specific areas. Patients who practiced Baduanjin Qigong reported
reduced fatigue, as well as decreased intensity and duration of morning stiffness.
Additionally, the exercise group showed higher patient global assessment scores.
These improvements were observed without any significant adverse -effects,
suggesting that Baduanjin Qigong could be a safe and potentially beneficial exercise
for AS patients.?8?

Sweeney et al., (2002) conducted a study to assess the effect of a home-based
exercise intervention package on outcomes in patients with Ankylosing Spondylitis
(AS). The research, conducted by Siobhan Sweeney, Gordon Taylor, and Andrei
Calin, aimed to evaluate the impact of a self-care promoting intervention on various
outcome measures in AS patients. The study was designed as a 6-month randomized
controlled trial involving 200 subjects randomly selected from a database of 4,569 AS
patients. The intervention group received an exercise/educational video, an
educational booklet, an exercise progress wall chart, and exercise reminder stickers.
The outcome measures included function (BASFI), disease activity (BASDAI), global
well-being (BAS-G), exercise self-efficacy (ESE), arthritis self-efficacy (SES), and
quantity of AS mobility/aerobic exercise. The results showed significant
improvements in the intervention group for self-reported AS mobility exercise (p <
0.001), aerobic exercise (p < 0.05), and exercise self-efficacy (p = 0.045). While there
were no statistically significant between-group differences for BASFI, BASDALI, and
BAS-G, the p-value of 0.08 for function (BASFI) approached significance.?®
Widberg et al., (2009) conducted a randomized controlled study for evaluating the
effects of physiotherapeutic intervention, specifically self- and manual mobilization,
on patients with ankylosing spondylitis. The study involved 32 male patients aged 23-
60 years, divided into treatment and control groups. The treatment group underwent

an 8-week program of individualized self- and manual mobilization sessions twice a
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week, along with prescribed home exercises. The control group maintained their usual
physical activities. The study assessed various parameters including chest expansion,
vital capacity, posture, spine mobility, and disease-related factors using Bath
Ankylosing Spondylitis (BAS) scales. The results showed significant improvements
in the treatment group compared to the control group in several areas. Chest
expansion increased at the processus xiphoideus level, posture improved in the
cervical and thoracic spine, and spinal mobility increased in flexion and range of
motion. The Bath Ankylosing Spondylitis Metrology Index (BASMI) also showed
significant improvement in the treatment group. However, there were no significant
changes in vital capacity or the other BAS scales (Disease Activity Index, Functional

Index, and Global Score).?®
2.2.8 Yoga and Ankylosing Spondylitis:

1. Acar et al., (2023) conducted a randomized controlled trial, for evaluting the effects
of tele-yoga on patients with Ankylosing Spondylitis (AS). The study aimed to
evaluate the impact of an 8-week tele-yoga intervention on various physical and
psychological parameters in AS patients. Sixty patients were randomly assigned to
either a tele-yoga group (TYG) or a wait-list control group (CG). The TYG
participated in online yoga classes three times per week for 8 weeks, while the CG
continued their standard medical treatment. The primary outcome measure was
physical function, assessed using the Bath AS Functional Index (BASFI). Secondary
outcomes included disease activity, spinal mobility, flexibility, muscular endurance,
exercise capacity, balance, sleep quality, stress, depression, anxiety, quality of life
(QoL), and mindfulness. The strudy demonstrates that online yoga practice can be a
safe, feasible, and effective intervention for managing both physical and
psychological aspects of AS.14

2. Singh et al., (2023) administered a randomized controlled trial for investigating the
efficacy of a 3-month tele-yoga intervention for patients with Ankylosing Spondylitis
(AS) during the COVID-19 pandemic. The study involved 120 AS patients divided
into two groups: a yoga intervention arm (YG) and a control arm (CG). The YG
received a 60-minute structured yoga module online for 3 months in addition to
standard medical care, while the CG followed only standard care. The study assessed

various outcomes, including disease activity (BASDAI), functional index (BASFI),
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quality of life (AS-QoL), psychological measures (anxiety and depression), and
inflammatory markers (ESR and CRP). Results showed significant improvements in
the yoga group compared to the control group in several measures. Between-group
analysis revealed significantly better improvements in the yoga arm for BASDI,
BASFI, anxiety, and AS-QoL compared to the control arm.?8

. Acharya et al., (2024) compared the effects of Yoga with traditional exercise on
mobility and functional capacity in individuals with ankylosing spondylitis (AS). The
study was conducted as an open randomized controlled trial at the physiotherapy
department of Manipal Hospital, Bangalore. Participants were divided into two
groups: a Yoga group and an Exercise group. Both groups underwent an 8-week
intervention program with 3 weekly sessions. Outcome measures were assessed at
baseline, post-intervention (8 weeks) and follow-up (post 12 weeks). The study
utilized several outcome measures including the Bath Ankylosing Spondylitis
Metrology Index (BASMI) for spinal mobility, Bath Ankylosing Spondylitis
Functional Index (BASFI) for functional capacity, Pittsburgh Sleep Quality Index
(PSQI) for sleep quality, Numerical Pain Rating Scale (NPRS) for pain, and chest
expansion (CE) for rib-cage mobility. The results showed statistically significant
improvements in within-group scores for both Yoga and Exercise groups across all
outcome measures. However, there were no significant differences between the two
groups in the between-group comparison. 63

. S. K. Singh et al., (2022) organised a case study on the role of selected yoga practices
in treating Ankylosing Spondylitis (AS). The study focuses on an 18-year-old male
patient who presented with severe pain in the pelvic region radiating to the thighs and
calves, along with indigestion, insomnia, and weakness. The results of the study
showed significant improvements in the patient's condition. The patient reported
reduced pain, improved joint movements, better sleep quality, and overall well-being.
Notably, the C-reactive protein (CRP) value, an indicator of inflammation, decreased
from 11.39 mg/L before the yoga therapy to less than 4 mg/L after 14 weeks of
practice. The BATH Indices scores also showed progressive improvements in the
patient's overall condition, including reduced pain intensity and increased range of
joint movements. 2

. J. Singh et al., (2021) led a retrospective study for evaluating the potential role of
yoga in managing Ankylosing Spondylitis (AS), a chronic autoimmune inflammatory

spondyloarthropathy. The study analyzed data from 24 male AS patients aged 30-50
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years who underwent a two-week residential yoga retreat between 2015 and 2020 at a
yoga center in South India. The yoga intervention included postures, breathing
practices, meditation, a healthy diet, and devotional sessions. The study assessed the
efficacy of the yoga intervention on spinal flexibility, blood pressure, heart rate, and
symptom scores. The results showed significant improvements in several areas. The
sit-and-reach test scores, which measure spinal flexibility, increased by 37% after the
intervention. Systolic blood pressure and heart rate were significantly lower post-
intervention. Additionally, both the symptom score and analgesic medication score
showed significant improvements compared to the baseline. 4

. Sushma et al., (2022) operated a case report which discussed the integrative approach
combining Ayurveda, counselling, Yoga, and meditation with conventional
management for a patient with Ankylosing Spondylitis (AS). The patient, a 59-year-
old HLA-B27 positive male, had been suffering from AS for 40 years and sought
Ayurvedic treatment for relapse of pain, stiffness, fatigue, intermittent constipation,
and disturbed sleep. The Ayurvedic diagnosis was Amavata, a clinical condition
characterized by joint inflammation. The patient underwent treatment as an outpatient
for eleven days and was hospitalized for thirty-three days. The treatment included
internal medicines, external therapies, diet modification, lifestyle adjustments,
counselling, Yoga, and IAM Technique (Integrated Amrita Meditation Technique).
At the yearly follow-up, significant improvements were observed. The C-Reactive
Protein (CRP) reduced from 37.5 mg/L to 15.7 mg/L, and the Erythrocyte
Sedimentation Rate (ESR) decreased from 103 mm/h to 8 mm/h, indicating a
reduction in inflammation. The frequency of NSAID and DMARD (Disease
Modifying Antirheumatic Drug) administration was reduced from once in twenty-four
hours to once in eighty-four hours, and steroids from twice daily to once a week. The
case report highlights several unique and interesting insights. Firstly, it demonstrates
the potential of an integrative approach in reducing dependence on steroids and pain
medications in chronic AS, a condition that typically requires lifelong medication for
symptomatic relief. Secondly, it showcases the effectiveness of combining traditional
Ayurvedic treatments with modern medical management, resulting in improved
quality of life for the patient. Lastly, the report provides a detailed account of the
Ayurvedic diagnosis and treatment process, offering valuable insights into how
Ayurvedic principles can be applied to manage complex, chronic conditions like
AS.287
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7. J. Singh et al., (2022) presented a research study on developing and validating a yoga
module for patients with ankylosing spondylitis (AS). The study was conducted in
three phases: development of the yoga module, validation of the module, and
feasibility testing. In the first phase, a comprehensive review of classical and
contemporary yoga texts was conducted to develop a yoga module aimed at
alleviating pain, reducing disability, and improving the quality of life in AS patients.
Initially, 56 practices were identified, of which 41 were included in the designed yoga
module. The second phase involved the validation of this module by 41 yoga experts
with a minimum of five years of experience in clinical yoga. The experts rated each
practice on a 3-point scale, and the Lawshe content validity ratio (CVR) method was
used to determine the content validity. Practices with a CVR score of >0.3 were
retained in the final module, resulting in 31 practices being included. The third phase
involved a pilot study to assess the feasibility and acceptability of the validated yoga
module. Nineteen AS patients with an average age of 35.5 + 10.7 years participated in
the study, practicing the yoga module thrice weekly for a month. The feasibility was
evaluated based on attrition rate, retention rate, attendance, and subjective responses.
The results showed that the module was feasible, acceptable, and easy to practice for
AS patients. Most participants (65%) were able to practice for a minimum of 30
minutes per day, and 85% of the participants reported high efficacy in reducing pain
and increasing spinal flexibility.?®

8. Yu et al., (2021) framed a study on an online pain management programme for
patients with ankylosing spondylitis (AS). The programme incorporates mindfulness-
informed exercises and cognitive behavioral therapy (CBT) elements. Thirty AS
patients participated in a five-week online programme delivered primarily through a
website. The materials covered included breathing and body scanning exercises,
mindful walking, positive thinking, and management of dysfunctional thinking.
Participants completed various psychological measures before and after the treatment
programme, and four face-to-face focus groups were conducted to gather qualitative
feedback. The results indicate that the online pain management programme can
improve sleep quality and reduce pain interference and catastrophic responses to pain
in AS patients. However, it was not very effective in mitigating pain intensity. 23°

9. Buijze et al., (2019) presented a proof-of-concept clinical trial for investigating the
safety and potential anti-inflammatory effects of an add-on training program in

patients with axial spondyloarthritis (axSpA). The training program consisted of
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breathing exercises, cold exposure, and meditation. The study involved 24 patients
with moderately active axSpA, randomized into early intervention (n=13) and late
intervention (n=11) groups. The primary endpoint was safety, while secondary
endpoints included changes in inflammatory markers such as hs-CRP, ESR, and
serum calprotectin levels. Exploratory endpoints included disease activity measures
and quality of life assessments. The results showed that the add-on training program
could be safely applied in axSpA patients, with no significant differences in adverse
events between the intervention and control groups. The intervention group
demonstrated a significant decrease in ESR levels and ASDAS-CRP scores over the
8-week period. Additionally, there were improvements in disease activity measures
(BASDAI) and quality of life (SF-36) following the intervention. The study also
observed a trend towards decreased serum calprotectin levels in the intervention
group, although this did not reach statistical significance. This study provides
intriguing insights into the potential modulation of inflammatory responses in chronic
inflammatory diseases through voluntary techniques. The results suggest that the
combination of breathing exercises, cold exposure, and meditation may have
beneficial effects on inflammation and disease activity in axSpA patients. However,
the authors acknowledge limitations such as the small sample size, unblinded design,
and the inability to determine the specific mechanism of action or the individual
contributions of each component of the training program. The findings warrant
further investigation with larger sample sizes to formally evaluate clinical efficacy
and elucidate the underlying mechanisms of this novel therapeutic approach.?*°

Acar et al., (2022) investigated the effects of tele-yoga on patients with ankylosing
spondylitis (AS). The study aimed to assess the impact of tele-yoga on various aspects
of patient health, including disease activity, functional limitation, and spine flexibility,
quality of sleep, anxiety, stress, depression, and overall wellness. The study involved
36 AS patients (15 female and 20 male) from the Division of Rheumatology and
Immunology at Dokuz Eylil University. Participants were randomly assigned to
either a waiting-list control group (n=18, mean age 44.9 + 8.01 years) or a tele-yoga
group (n=18, mean age 43.22 + 8.54 years) using block randomization. The tele-yoga
group participated in one-hour sessions three times a week for eight weeks, conducted
via Zoom with a maximum of five participants per group. Examinations were
performed before and after the eight-week program. The control group continued their

regular activities and medication regimens without additional assistance. The
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researchers used various assessment tools to measure the outcomes, including the
Pittsburgh Sleep Quality Index (PSQI), Short Form-36 (SF-36), Hospital Anxiety and
Depression Scale (HADS), Perceived Stress Scale (PSS), Bath AS Disease Activity
Index (BASDAI), Bath AS Functional Index (BASFI), and Bath AS Mobility Index
(BASMI). These tools evaluated sleep quality, overall health, anxiety and depression,
stress levels, disease activity, functionality, and spinal mobility, respectively. The
study found that the tele-yoga group showed significant improvement in all measures
(p < 0.05) compared to the control group.?!

11. Jana (2024) evaluated the therapeutic effectiveness of yoga in Ankylosing
Spondylitis by comparing a yoga intervention with conventional medical management
across post 24 weeks. The study assessed disease activity, inflammatory markers,
blood count, general health, psychological parameters, and HRQoL. At post 12
weeks, the yoga group showed significant improvements over the control group in
disease activity, inflammatory markers, psychological and HRQoL variables (p <
0.05), whereas most blood count and general health variables remained nonsignificant
(p > 0.05). At post 24 weeks, significant differences were again found between groups
across nearly all outcome variables, confirming sustained improvement in the yoga
group (p < 0.05). Within-group analyses also revealed significant improvement from
baseline to 12 and post 24 weeks in the yoga group (p < 0.05), while the control group
showed limited changes. Overall, the study concluded that yoga is an effective
complementary therapy for AS, producing meaningful reductions in disease activity

and psychological distress and enhancing HRQoL (p < 0.05).2%
2.2.9 Yoga in other related disorder:

1. Manik et al., (2017) conducted a study on the effect of selected yogic practices on
pain and disability in patients with lumbar spondylitis. The research was conducted at
the All India Institute of Medical Sciences, Bhubaneswar, involving 172 patients aged
21-79 years. The study design was a prospective, randomized trial without a control
group, dividing participants into three subgroups: Instant Relieve Practice Group
(IRPG), Short-Term Practice Group (STPG), and Long-Term Practice Group (LTPG).
The yoga intervention included a module of selected practices such as
pawanamuktasana series 1, backward bending asanas, pranayama, and relaxation
techniques like Yoga Nidra. The effectiveness of the intervention was measured using
the Roland-Morris Back Pain and Disability Questionnaire (RMDQ). The results
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showed significant reduction in pain and disability across all groups, with the LTPG
demonstrating the most substantial improvement. Statistical analysis, including
ANOVA and regression analysis, revealed high correlations between pre- and post-
intervention scores in all groups.?®

Deepeshwar et al., (2018) conducted a randomized controlled trial for evaluating the
effect of an integrated approach of yoga therapy (IAYT) on patients with knee
osteoarthritis (OA). The study involved 66 participants aged 30-75 years, divided into
two groups: Yoga (n=31) and Control (n=35). The Yoga group received a 1-week
IAYT intervention at a yoga center, while the Control group maintained their normal
lifestyle. The study measured several primary and secondary outcomes. Primary
outcomes included the Timed Up and Go Test (TUG), Sit-to-Stand (STS) test, and
goniometer measurements for knee flexibility. Secondary outcomes comprised the
Falls Efficacy Scale (FES) and Handgrip Strength (HGS) tests. These assessments
were conducted on day 1 and day 7 of the study. The results showed significant
improvements in the Yoga group for TUG, STS, right and left knee flexion and
extension, and left handgrip strength. The Control group showed no significant
improvements and even experienced some worsening of symptoms. 2%

Ebnezar et al., (2012) conducted a randomized control study examining the effect of
integrated yoga therapy on pain, morning stiffness, and anxiety in patients with
osteoarthritis (OA) of the knee joint. The study involved 250 participants aged 35-80
years, divided into yoga and control groups. Both groups received transcutaneous
electrical stimulation and ultrasound treatment, followed by either integrated yoga or
physiotherapy exercises for 40 minutes daily over two weeks, with a three-month
follow-up. The integrated yoga therapy consisted of yogic loosening and strengthening
practices, asanas, relaxation, pranayama, and meditation. The study measured various
outcomes, including resting pain, morning stiffness, state and trait anxiety, blood
pressure, and pulse rate. Results showed significant improvements in the yoga group
compared to the control group across all measured variables. The yoga group
demonstrated better reduction in resting pain, morning stiffness, state and trait anxiety
scores, blood pressure, and pulse rate.?%

. Jain et al., (2021) focussed on the effect of a selected group of asanas (yoga poses) as
an adjunct treatment for cervical spondylosis (CS) of mild to moderate severity. The
study was conducted as an observational study on a cohort of patients who visited the
AYUSH department between May and November 2016. The researchers aimed to
assess the potential benefits of specific yoga practices over a short time frame and
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evaluate the functional outcomes of patients. The study included 30 patients (19 males
and 11 females) with mild to moderate CS, as determined by their Neck Disability
Index (NDI) scores. The patients were taught a 'Selected Group of Asana' (SGOA)
module, which they practiced for 30 minutes under supervision initially and then
continued as a home-based program for 8 weeks. The SGOA included six specific
yoga poses designed to address CS symptoms. Patients were followed up fortnightly,
and their degree of severity and disability were assessed using the NDI score. The
results showed a significant improvement in the patients' NDI scores over the 8-week
period. The mean NDI score decreased from 17.83 at baseline to 7.40 at the final
follow-up, with statistically significant improvements noted at each follow-up interval.
The researchers concluded that the SGOA, when practiced as a home-based program
for eight weeks, could be useful in reducing pain and disability in people suffering
from mild to moderate CS.?%®

Hartfiel et al., (2017) conducted a study on the cost-effectiveness of yoga for
managing musculoskeletal conditions in the workplace, specifically within the
National Health Service (NHS) in the UK. The research, conducted as a randomized
controlled trial, involved 151 NHS employees who were divided into yoga and usual-
care groups. The yoga intervention consisted of an 8-week program with one 60-
minute session per week, along with home practice materials. The study assessed the
effectiveness of yoga using the Roland-Morris Disability Questionnaire (RDQ) and the
Keele STarT Back Screening Tool, while cost-effectiveness was evaluated using
health-related quality of life (HRQL) measures and various cost factors. The results
indicated that yoga participants experienced greater reductions in back pain-related
disability compared to the usual-care group at both 8 weeks and 6 months. From a
healthcare perspective, yoga was found to be more costly but more effective than usual
care, with an incremental cost-effectiveness ratio well below the £20,000 per quality-
adjusted life year (QALY) threshold. From a societal perspective, which included
production loss costs, yoga was found to be dominant (more effective and less costly)
compared to usual care. The study also noted a reduction in healthcare resource use
and sickness absence days among yoga participants.?®’

. Joshi & Bellad, (2011) conducted a randomized controlled trial to evaluate the impact
of yogic exercises on musculoskeletal disorders (MSDs) of upper limbs among
computer users. The study was conducted at Jawaharlal Nehru Medical College,
Belgaum, involving symptomatic administrative and supporting staff aged less than 45

years who regularly use computers for 10-15 hours per week for at least a year. The
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primary objective was to evaluate the effectiveness of yogic exercises in improving
symptoms of MSDs in the upper limbs. The study involved 60 participants divided
into two groups: yoga with counseling and counseling only. Both groups received
counseling from physiotherapy experts for three days. The yoga group additionally
received training from a yoga expert and performed daily yoga exercises for one hour,
six days a week, for three months. The results showed a significant reduction in
symptom severity score (P = 0.002) and improvement in functional status score in the
yoga with counseling group compared to the counseling-only group. There was also a
significant decrease in self-reported symptoms, particularly in cervico-thoracic
myalgia (P = 0.019) and weakness. The study concluded that a yoga-based regimen is
more effective than counseling alone in relieving symptoms of computer-related
musculoskeletal disorders.?%

Metri et al., (2023) conducted a randomized controlled study to assess the impact of
workplace yoga on female teachers with chronic musculoskeletal pain (cMSP). The
study involved 50 female teachers aged 25-55 years, split into a yoga group (n=25)
and a control group (n=25). The yoga group received a 60-minute structured Integrated
Yoga intervention four days a week for six consecutive weeks at school, while the
control group received no intervention. The study assessed various outcome measures
including pain intensity, anxiety, depression, stress, fatigue, self-compassion, sleep
quality, and quality of life at baseline and after six weeks. The results showed
significant improvements in the yoga group compared to the control group. There was
a notable reduction in pain intensity and pain disability, as well as improvements in
anxiety, depression, stress, sleep scores, and fatigue in the yoga group after six weeks.
The study also found improvements in physiological measures such as systolic blood
pressure, diastolic blood pressure, and heart rate in the yoga group.®®

Mirzaei et al., (2022) conducted a clinical trial study to evaluate the effect of yoga on
musculoskeletal pain in elderly females. The research was conducted on 60 females
over 60 years of age with musculoskeletal pain, randomly divided into intervention
and control groups. The intervention group participated in three one-hour yoga
sessions weekly for eight weeks, while the control group received no special
intervention. Pain was measured using the McGill Pain Questionnaire before the
intervention and at weeks four and eight. The results showed a significant decrease in
mean musculoskeletal pain in the intervention group compared to the control group at
the end of both the 4th and 8th weeks ( $\mathrm { P } <0.005% ). Interestingly, while
the subscales of sensory dimension and severity of pain did not show a decrease after
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four weeks compared to the control group, all pain subscales decreased significantly in
the intervention group by the end of the eighth week. The study also found that the
knee was the most common area of pain among participants, which may be related to
the traditional Iranian lifestyle and activities that put stress on the knee joint.3%

Liu et al., (2021) investigated the biomechanical aspects of five common standing
yoga poses: Chair, Tree, Warrior 1, Warrior 2, and Warrior 3. The study aims to
quantify the physical demands on the lower extremities during these poses and provide
insights for their application in musculoskeletal rehabilitation. The researchers
analyzed joint moments of force (JMOFs) and electromyography (EMG) data from
eleven experienced female yoga instructors performing these poses. The study found
significant differences in hip, knee, and ankle JMOFs across the different poses. The
Chair pose produced the highest knee extensor JMOF and lowest knee adductor
JMOF, making it potentially suitable for knee osteoarthritis patients. Warrior 1 and
Warrior 2 poses generated high hip JMOFs, with Warrior 1 producing the greatest hip
extensor JMOF in the front limb and the greatest hip flexor JMOF in the back limb.
Warrior 2 generated the highest knee adductor JMOF in the back limb, which could
potentially impact the medial side of the knee joint. Single-leg balance poses like Tree
and Warrior 3 generally produced lower hip JMOFs due to the ground reaction force
passing close to the hip joint center.3%

Curtis et al., (2017) conducted a pilot randomized controlled trial for evaluating the
effects of a specialized yoga program for individuals with spinal cord injury (SCI).
The study aimed to assess the impact of lyengar yoga (1Y) on pain, psychological
factors, and mindfulness in people with SCI. The trial involved 23 participants who
were outpatients or community members affiliated with a rehabilitation hospital. They
were randomly assigned to either an 1Y group (n=11) or a 6-week wait-list control
(WLC) group (n=12). The 1Y group participated in a twice-weekly, 6-week seated I'Y
program, while the WLC group received the same yoga program after the 1Y group's
program ended. The yoga intervention incorporated various aspects of yoga, including
breathing practices, physical postures, yoga philosophy, mindfulness, and
meditation/relaxation techniques. The program was designed and taught by certified
I'Y teachers with extensive experience in therapeutics and teaching yoga to limited-
mobility populations. Data were collected at multiple time points using various self-
report measures assessing psychological well-being, pain-related variables, and
mindfulness factors. The results of the study indicated that participants in the I'Y group

showed significant improvements in depressive symptoms and self-compassion
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compared to the WLC group. When both groups were combined for analysis, there
were significant improvements in depression scores, self-compassion, overall
mindfulness, and specific mindfulness facets such as observing and non-reactivity.
However, the study did not find significant improvements in pain intensity, pain
interference, or pain catastrophizing.3%2

Schmid et al., (2019) implemented a feasible pilot study for evaluating the benefits of
8-week yoga intervention for individuals with chronic pain. The study, conducted at a
community-based pain clinic, included 67 participants with various types and locations
of pain. The yoga intervention consisted of twice-weekly 60-minute sessions over 8
weeks, incorporating physical postures, breathing exercises, positive affirmations, and
meditation. The primary outcome measure was the Brief Pain Inventory (BPI),
assessing pain severity and pain interference on daily activities. The results indicated
that the yoga intervention was feasible and beneficial for participants with chronic
pain. While pain severity scores did not significantly change, there was a significant
decrease in pain interference scores for the yoga group. Additionally, the yoga group
showed improvements in quality of life, self-efficacy for managing chronic pain, and
body responsiveness. The study found that yoga was particularly effective in
enhancing pain management skills and physical functioning, as measured by the
Chronic Pain Self-Efficacy Scale (CPSS).3%

Lazaridou et al., (2019) conducted a qualitative study for assessing the impact of a
daily yoga program on women with fibromyalgia (FM). The study was conducted
following a 6-week pilot trial that combined group yoga sessions with individual home
practice. Fifteen participants were interviewed via telephone after completing the yoga
intervention, and their responses were analyzed using thematic analysis. The study
identified five major themes from the participants' experiences: (1) physical/body
perceptual changes, (2) practices affecting pain, (3) emotional changes, (4) practice
motivators and barriers, and (5) group effect. Participants reported improvements in
body awareness, flexibility, and energy levels. They also noted reductions in pain,
particularly in areas of maximum discomfort. The yoga program had positive effects
on mood, stress levels, and self-confidence. Participants found motivation in the desire
for physical fitness and the feeling of taking action towards healing. The group setting

was particularly beneficial, providing a sense of connection and accountability.3%
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2.3 Summary of the Review:

Table No. 1 Summary of scientific literature on yoga-based interventions for the management of rheumatic disorders

Authors and Participants Intervention (type, Comparison
SI. No. ear Title of the study (recruited, sex and intensity and condition & Study Findings
y age) duration) Design
Effect of Yoga Therapy on
Disease Activity, voga: _M/F 83 post 12 weeks Control group with Disease activity, IL-1a, cortisol levels,
Ganesan et | Inflammatory Markers, and Control: M/F 83 : L ) .
1 139 I . (30min, standard medication | LF:HF ratio and LFnu decreased, HFnu,
al,, 2020 Heart Rate Variability in Age: 30-60yrs 3times/week) RCT RMSSD, and SDNN increased (p<0.05)
Patients with Rheumatoid (Both Gender) ' p<RL9).
Arthritis
Impac_t of Iye:*nggr yoga on Yoga:11 Control group with C_;rea_te_}r improvement in HRQOL, paln
Evansetal., quality of life in young . 6-week, L disability, general health, mood, fatigue,
2 250 : Control: 15 : standard medication o
2013 women with . 2 times/weekly acceptance of chronic pain, and self-
. . Age: 16-35yrs RCT . . .
rheumatoid arthritis efficacy regarding pain
The benefits of yoga for Yoga: 26 . Significant |mpr(_)vemer_1ts (DASZS.) and
: el . 8 weeks, Control group with HAQ scores quality of life scores did not
Badshaetal., | rheumatoid arthritis: results Age: 44.0 £10.0 . A g
3 253 . . 1 hour/12 sessions | standard medication change significantly, except for
2009 of a preliminary, structured Control: 21 . . T
8-week program Age: 46.2 + 107 of yoga Non-RCT improvements in role limitations due to
T emotional health (p<0.05).
Effects of Yoga in Daily Life . significant reduction in depression
4 Puksi¢ et al., program in rheumatoid Con::glgar.oio' 97 pos(tgf)4mv;/§eks Control cohort (HADS.D), anxiety (HADS.A) and
2021%° arthritis: A randomized Age: 53 3 +p.11 2 times /we’ek) receiving Insignificant changes in DAS28CRP, CRP,
controlled trial ge: 09.9 Pain VAS and PSS,SF 36
Effect of an 8-Week Yoga Significant reduction in DAS28-ESR (p <
Based Lifestyle Intervention 0.001), improvement seen in the physical
on Psycho-Neuro-Immune Yoga: 33 sweeks Control aroun with health, psychological, social relationships
Gautam et Axis, Disease Activity, and Age: 45.1+ 8.7) . grotp Wi domains (p < 0.001) of QOL, Significant in
5 257 . . . _ 120 min, standard medication :
al., 2020 Perceived Quality of Life Control: 33 5 times/week RCT also up regulation of (TGF-), down
in Rheumatoid Arthritis Age: 43.4+9.3 regulation of certain genes (IL-6, TNF-a,

Patients: A
Randomized Controlled Trial

and CTLAA4) but no significant changes (p
> (.05) in the environmental health domain
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Yoga for the management of

. . . Yoga:13 Control group with | Relaxation based yoga program is feasible
Ward et al., | painand sleep in rheumatoid ] _— . .
6 259 I : Control: 13 8- week standard medication | and safe for rheumatoid arthritis- related
2018 arthritis: a pilot randomized . . o
. 54 + 11 years RCT pain and functional disability.
controlled trial
Impte)l(():(tj Ofir?t?r]\?ea?issg (r)nnlnd- Decrease level of inflammatory markers as
S ste)r/nic iflammator well as in DAS28ESR (p-value <0.0001;
y Y Yoga: 36 8weeks Control group with effect size=0.210) and HAQDI (p-value
Gautam et markers and co-morbid ) . L . . . .
7 140 . . Control: 36 120 min, standard medication | 0.001; effect size=0.159), while increasing
al., 2019 depression in active . . . .
. .. Age: 18-60 years 5 times/week RCT anti-inflammatory cytokines,
Rheumatoid arthritis -
L . neuroplasticity markers, and cellular health
patients: A randomized .
. indicators
controlled trial
Now | see a brighter day":
expectations and perceived . Improvements were seen in wellbeing,
. Yoga: 5 6 weeks . S
Evansetal., | benefits of an lyengar yoga _ No control group range of motion, physiological awareness,
8 261 . ; Control: NA 1.5 hour . .
2011 intervention for young . Non-RCT acceptance, coping mechanisms, self-
. . X Age: 24-31 years 2/week . .
patients with rheumatoid efficacy, and mindfulness.
arthritis.
Yoga: 80 . Pain intensity, mean heart rate, blood
V. K. Singh Effect of yogic package on Age: 35.08+7.3 A.'O Day Control group W!th pressure, serum uric acid, CRP, lymphocyte
9 141 : - ) (90 minutes/ Each | standard medication o
etal., 2011 rheumatoid arthritis Control: 80 day day) RCT count and were all significantly reduced
Age: 34.65+7.3 y aay (p<0.05).
Functional and physiological (HAQ) dlsa.b”'ty index, .
. perception of pain and depression
10 Bosch et al., effects of yoga in women 16 10 week No control group improvedbalance
2009%3 with rheumatoid arthritis: A 75minutes/week Non-RCT - : .
. Not significant changes found in awakening
pilot study . .
or diurnal cortisol pattern.
2-hour sessions for . Significant improvements in yoga group of
Measuring the Effects of _ 3 weeks, followed antrol group W.'th left-hand grip strength, HAQ scores and left
Haslock et . . Yoga: 10 their normal medical LT -
1 262 Yoga in Rheumatoid ) by weekly 2 hand ring sizes, although not to statistically
al., 1994 o Control: 10 . treatment o
Arthritis hour sessions for 3 significant levels.
months Non-RCT
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The Impact of Yoga, Anti-

Pandya, Inflammatory Diet & Self- Yoga: 1.4 4_Weeks (45 Control group W.Ith Very helpful effects include yoga, anti-
12 260 . . . Control: 8 minutes /day) standard medication . . o
2020 Monitoring In Children With inflammatory diet, and self-monitoring.
L. Above 8 years Non-RCT
Rheumatic Diseases.
A mixed methods evaluation
Cartwright et of an |nd|v_|duallsed_ yoga N No control group Improve RA symptoms, increase self-care
13 258 therapy intervention 10 participants 16-week behaviours and manage stress and
al., 2020 . e Non-RCT .
for rheumatoid arthritis: Pilot anxiety
study
Improvemenj[ in hand grip Normal adults
strength in normal B Adults: 30 days, . L
Dash & . (n=37) ) _ Greater percentage increase in grip strength
volunteers and rheumatoid . _ children:10 days, Between Group . . . .
14 Telles, - Children (n=86) o for patients with rheumatoid arthritis
255 arthritis . RA patients:14 Non-RCT
2001 . : Rheumatoid compared to normal adults.
patients following yoga arthritis (n=20) days
training -
The Association between Yoga practitioner - . .
. ... - No significant differences were found in
Yoga Use, Physical 398 adults VS non practitioners | Yoga practitioner vs X . . :
Greysen et . _ .. pain, fatigue, depression, or sleep quality
15 254 Function, and mean age: 61.8 (here author do not no practitioner .
al., 2019 . . o . between yoga practitioners and non-
Employment in Adults with years giving any cross-sectional study cactitioners
Rheumatoid Arthritis treatment) P '
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Table No. 2: Summary of scientific literature on yoga-based interventions for the management of ankylosing spondylitis

Authors Participants Intervention (type, | Comparison
SI. No. and vear Title of the study (recruited, sex and intensity and condition & Outcome measures and result
y age) duration) Study Design
No Positive changes in BASFI, BASDAI,
S. K. Singh Role of selected Yoga practices . BAS G score, and CRP level,
i Yoga: M/F 1/0 Yoga: 3 comparison i .
1 etal, in the treatment of i enhancement of spinal mobility,
i . Control: NA weeks/weekly basis group _ ) ;
202228 Ankylosing Spondylitis: a case study reduced inflammation, and pain
Case study ) )
intensity
. ) ‘Balance, spinal mobility, flexibility,
) ) ) continue their ) .
The Effects of Tele-Yoga in Ankylosing Yoga: 60 min/Day ) muscular endurance, disease activity,
Acar et al., . ) Yoga: M/F 28/0 ] routine _ .
2 Spondylitis Patients: 3times/week for 8 L sleep quality, stress, depression, and
2023146 ) ) Control: M/F 27/0 activities . e o
A Randomized Controlled Trial weeks RCT quality of life” improved significantly
(p<0.05)
For exercise and yoga, both groups
. . . showed significant improvement in
Comparison of Yoga with exercise in . - , .
Acharya et _ . Yoga: M/F 13/2 Yoga: 3 days/week | Exercise group mobility, sleep quality, functional
3 Ankylosing Spondylitis on ) ) i
al., 202413 . i i Exercise: M/F 17/1 for 8 weeks RCT capacity, and reduced pain level, but
mobility and functional capacity .
between-group differences no
significant differences occurred
Tele-yoga in the management of Control group
. ankylosing Yoga: 60 min with i
J. Singh et . . Yoga: M/F 57/0 . ‘BASDALI, BASFI, Anxiety, AS-QoL’
4 spondylitis amidst COVID 2 session/week for 3 standard . o
al., 2022% i ) i Control: M/F 52/0 . statistically significant (p<0.05)
pandemic: A prospective randomized months medication
controlled trial RCT
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Control group

‘ESR, ASDAS-CRP BASDAI, SF-36

with
An add-on training program involvin PCS SF-36 MCS’ significantl
. . gprog g 8 weeks standard , Slenficanty
. breathing exercises, cold exposure, and . . . L improved (p<0.05). ‘hsCRP,
Buijze et o . ) Intervention:13 Breathing exercises, medication .
.o | Meditation attenuates inflammation and . . Calprotectin, EQ-5D, EQ-5D VAS,
al., 2019 . L . control group:11 cold exposure, and Randomised .
disease activity in axial spondyloarthritis . HADS-Anxiety and HADS-
. meditation one-way ] .
— A proof of concept trial depression’ found no significant
crossover (0>0.05)
design pR.59)
‘Integrative approach combining No
Ayurveda, counselling, Yoga and Participants: 1 . CRP (37.5 mg/L- 15 mg/L) and ESR
Sushma et o . . comparison
al. 2022 %7 meditation with conventional Age: 59 years 44 days aroup (103 mm/h to 8 mm/h) decreased
! management of Ankylosin ndyliti Mal
g ylosing Spondylitis (Male) Non RCT reported
- A case report’
Breathing and body ‘Pain Catastrophizing Scale score’
scanning (PCS) decreased significantly (p<0.05)
- : . 33 of exercises, mindful No but ‘Brief Pain Inventory, Ryff's
A preliminary study of an online pain . . . . . .
Yuetal., . Females:17 walking exercise, comparison Psychological Well-being Scale, Pain
280 management programme for patients _ . o . . ) .
2021 , , . Males:13 positive thinking and group Self-Efficacy Questionnaire, Cognitive
with Ankylosing Spondylitis’ . :
Age: 49+10.39 management of Non RCT and Affective Mindfulness Scale-
dysfunctional Revised’ remain not significant
thinking (p>0.05).
Tele-yoga : 18,
(Age 43.22 +8.54 Control group
Ankylosing spondylitis and tele-yoga ears with PSQI, SF-36, HADS, PSS BASDAI
Acar et al., .y .g pondy . .){g . y. ) 3 days a week for 8 Q . .
2002 21 during covid-19 pandemic: preliminary | waiting-list control weeks standard BASFI, BASMI, spinal mobility found
results of a randomized controlled trial group: 18, medication improvement (p<0.05).
(age 44.9 £8.01 RCT
years)
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Designing, validation, and feasibility of

No

J. Singh et ) i Participants: 25 comparison i o
9 a yoga module for patients with 1 month Pain and flexibility improved
al., 202228 ) N (age 35.5 +10.7) group
Ankylosing Spondylitis
Non RCT
‘BML, systolic blood pressure, and
) ) Participants: 24 No heart rate were not significant;
. Potential Role of Yoga in the . .
J. Singh et _ . male comparison however, the sit-and-reach test
10 Management of Ankylosing Spondylitis: 2 weeks .
al., 202149 _ average age 38.3 + group revealed that the heart rate and systolic
A Retrospective Study o
10.5 years Non RCT blood pressure’ were significant
(p<0.05).
) Control group | Disease activity, functional limitation
Intervention:23(mal ) )
. . ) with Inflammation, blood pressure, BMI,
Influence of Yogic practices on patients e) _ i i .
11 Jana.,2024 ) . . post 24 weeks standard depression, fear avoidance belief, pain
with Ankylosing Spondylitis control L .
roup:20(male) medication | catastrophizing decreased (p<0.05) and
grotp Non RCT HRQoL improved(p<0.05)
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Conclusion of the Review:

In the present study, after comprehensive review out of 125 secelted studies, only 11
studies were found which are conducted to examine the effect of yoga on ankylosing
spondylitis. In the present systematic search, only a limited number of controlled trial studies
(n = 4) were identified. This comprehensive literature review described on the effects of yoga
and other mind-body interventions on various health conditions, with a particular focus on
low back pain, inflammatory markers, and Ankylosing Spondylitis (AS). Multiple studies
demonstrate that yoga interventions can significantly reduce pain intensity, improve
functional disability, and enhance quality of life in individuals with chronic low back pain.
Various studies also suggests that yoga may be as effective as physical therapy for managing
low back pain, and it can be a cost-effective treatment option. In this review several studies
indicate that yoga practice can lead to reductions in pro-inflammatory cytokines such as I1L-6
and TNF-a, while increasing anti-inflammatory markers. This suggests that yoga may have
potential benefits for conditions characterized by chronic inflammation. A significant portion
of the review highlighted the effectiveness of exercise on Ankylosing Spondylitis. It is also
revealed from few studies that yoga and other forms of exercise can improve disease activity,
functional capacity, and quality of life in AS patients. Some research also suggests that yoga
may have anti-inflammatory effects in AS, potentially modulating the immune response. The
review highlights several studies that demonstrate yoga's ability to not only improve physical
symptoms but also address psychological aspects of chronic diseases. Another interesting
finding is the emerging research on tele-yoga interventions, which suggests that online yoga
programs can be effective in managing conditions like AS, especially in situations where in-
person sessions are not feasible. Overall, the studies demonstrated that a comprehensive yoga
program is an effective intervention for managing various aspects of ankylosing spondylitis.
Furthermore, robust randomized controlled trials based studies are required to establish the

effectiveness of yoga in managing AS.
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DEVELOPMENT AND VALIDATION OF A YOGA MODULE
IN PATIENTS WITH ANKYLOSING SPONDYLITIS
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j Chapter-I11 i
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METHODOLOGY

The study is divided into three Stages: Part-1 is the development of a Yoga Module, part-11 is the
validation of yoga module through expert’s opinion and in part-1l1 is the test the feasibility of that
module through experimentation. For development, validation and feasibility test of the Yoga

Module a systematic approach®® was taken, which are clearly described as follows:

Part-I
Literature search and Yoga module development:
with the help of 10 yogic experts

Part-11

Validation of Yooa module bv Experts

Part-111

Experiment for the preparation of Validated Yoga module

Fig. no. 2: Flow chart of the entire study

The procedure adopted for selection of experts, develop and validation of yoga
module through experts, for feasibility test of the yoga module selection of subjects, selection
of variables and tests, experimental design, reliability of instruments, tester’s competency and
reliability of the tests, reliability of data, reliability of the tests, reliability of questionnaire,
subject reliability, orientation of the subjects, administration of tests, collection of data and

statistical techniques were employed for analysis of the data are described in this chapter.
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OBJECTIVE -I: To develop and validate a yoga module for patients with Ankylosing

Spondylitis through the opinion of experts from different relevant fields of related disciplines.

)

(&

PART I

3. A Literature searchand Yoga module development

3. A. 1 Selection of Internal Experts
3. A. 2 Literature search
3. A.3 Demographic information of internal experts

3. A. 4 Developed yoga module




3. A.1 Selection of Internal Experts:

Twelve internal yoga experts from West Bengal were approached. All experts
possessed at least master’s degree in Yoga or a related discipline and had a minimum of 5
years of professional experience. Selection was based on two criteria: (i) sound foundational

knowledge of yogic text and literature, and (ii) substantial research publications in the field of

yoga.
3. A.2 Literature search:

Out of 12 experts 10 accepts invitation to participate in review process. Out of 10
yoga specialists, four were selected to explore the scientific literature review, focusing on
classical texts such as the Shiva Samhita, Patanjali Yoga Sutra, Hath Yoga Pradipika,
Gheranda Samhita, Hath Ratnavali as well as contemporary yogic literature. Six yoga experts
using search engines like web of science, Scopus, PubMed, Google scholar search the articles
on pain management, spinal flexibility, and quality of life in patients with musculoskeletal
difficulties such as chronic lower back pain, cervical spondylitis, rheumatoid arthritis, slip
disc, sacroiliac joint dysfunction and fibromyalgia using maximum possible keywords: “yoga

29 €6

and inflammatory back pain” “yoga and Sacroiliac pain” “yoga and Low back pain”, “yoga

2 [13 2 (13

and Chronic back pain”, “yoga and cervical pain”, “yoga and spinal mobility”, “yoga and

Ankylosing Spondylitis”, “Exercise and Ankylosing Spondylitis”.
3. A.3 Demographic information of internal experts:

Table No. 3 Demographic summary of internal experts involved in Part-I

Area of Total Qualification No. of Average experience
Participation Experts Experts in the field (years)
Classical yoga M.A in Yoga 2 17.5+2.5
4 I
texts M.Sc in Yoga 2 1545
Scientific M. Phil 2 8.15+ 0.35
: . 6 '
literature review Ph.D. 4 6.6+1.12
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3. A.4 Result of Part-1: Developed yoga module

Table No. 4: Based on the literature review, yogic techniques suggested for developed yoga module for patients with Ankylosing Spondylitis

Item - Physical, physiological and psychological benefits related with
Name (Description) Reference y PRySIOIog P y . g
No. activity
L Griva Shakti vikashaka 286, 288, 293, 306, 307, To maintain flexibility, reduce stiffness, and prevent fusion of the cervical
(Neck movement) 308,309 spine.
2 Antarmukha-Bahirmukha hzsttr?e?:r?)a " vayama (Hands in and out 288 Enhancing chest expansion and improving breathing capacity
Purna-Bhuja-Sakthi-Vikasaka 208 . ,
3 (Swinging arm forward and backward-Hand rotation) Tones and improve the physique of the upper body
A Skandha Sanchalana 23 To preserve mobility, reduce stiffness, and maintain functional range of
(Shoulder rotation) motion in ball and socket joint and associated ligaments and tendons
5 Kati Chakra 310 To maintain spinal flexibility, prevent stiffness, and improve overall mobility
(Trunk twisting) of the hip joint
Kati sanchal Pelvic Rocki . L .
6 Al San;efv?:?iﬁr(sjp\il:;) ocking 311, 312, 313, 314 Too improve the flexibility of lumbopelvic part
Baddhakonasana movement 293 . . - . o , .
7 (Butterfly) To improve hip flexibility, reduce stiffness, and maintain pelvic mobility.
g Urdhva Janu Sanchalana 288 To maintain knee flexibility, reduce stiffness, and support overall lower body
(Vertical stretch of the knee) mobility.
9 Janu-pada-kati Sanchalana 288 To improve lumbar flexibility, reduce stiffness, and enhance lower back
(Alternate foot knee lumbar stretch) mobility.
10 Supine Hamstring stretch 308, 315 To strengthen hip muscles and maintain lower body mobility
11 Parsha pada uttana (Side leg raising) 288 Reduce the stiffness of sacroiliac joint
1 Dandyaman Bharmanasana(Kneeling superman 208 Builds strength in abdominal and lower back muscles. Restoring the hip
posture/Alternate arm and hand stretch in table top position) flexibility
13 Spinal twist with shoulder opening mobilization (Upper Body 316 To enhance spinal flexibility, reduce upper back stiffness, and improve
Roll) posture.
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Improving spinal mobility, reduce stiffness and enhancing postural

H i i 288
14 Lateral flexion (Side bending) alighnment
15 Side bending Chakrasana/A;)rg:ea)katl chkrasana (Half Wheel 130, 293, 309 To enhance spinal flexibility, reduce stiffness, and improve lateral mobility.
16 Trikonasan (Triangle pose) 123, 205, 286, To improve spinal flexibility, strengthen core muscles, and enhance overall
gep posture and balance.
. , . To improve spinal rotation, maintain flexibility, and reduce stiffness in the
17 Katichakrasana (Waist r nal 286, 298, 317 .
atichakrasana (Waist rotational pose) back and waist.
18 Tadasana (Mountain pose) 139, 163, 253, 286, 293 To improve posture, enhance spinal alignment, and maintain flexibility.
19 Brikhasana (Tree posture . . -
50 Birbhadarsara 1( (Warfior pos)ture) 205, 301, 318, 319 To improve balance, strengthen leg muscles, and enhance spinal stability.
21 Utkatasan (Chair posture) 320 Effective in strengthening the core and legs
2 Hsata Uttanasana (Raise hand pose) - Improve spinal flexibility, posture, and circulation for reducing stiffness and
pain
23 Meru wakrasana (Spinal twist posture) 116 To maintain spinal mobility, reduce stiffness, and improve posture
24 Bhunamanasana (Earth pose) 322, 323 For improves joint mobility
o5 Ardha matsyendrasana (Half lord of fish psoe -Seated twist) 16 Seated twist that energises the spine, stimulates proper digestion, and
improves postural and body awareness
26 Parvatasana (Mountain pose) 116 Parvatasana helps tone and strengthen your abdominal muscles
57 Uttanmandukasana (Extended frog pose) 116 Stretches, Strengthens, Lengthens Flexibility and Range of Motion Chest,
9P Diaphragm and Breath
Achieving physical flexibility by stretching the entire body and boosting
2 kh f 123,140
8 Gomukhasana (Cow face pose) mental focus,
29 Marjarasana (Cat pose) 265, 308, 309, 311 Help maintain spinal flexibility
Counteract spinal stiffness and maintain flexibility in the thoracic and lumbar
Ardh Half I 24 .
30 rdhaustrasana (Half camel pose) spie.
31 Baddhakonasana (Bound angle pose) - Maintain mobility in the hip joints, encourages relaxation in the lumbar spine
gep and relieves strain
32 Kurmasan (Tortoise pose) 116 stretches the spine, hips, and shoulders
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Focuses on hip flexibility, spinal alignment, and relaxation, Supports Spinal

33 Bhadrasana (Graciors pose) 116 Alignment
34 Dandasana (Staff pose) 252 Promotes spinal alignment, core strength, and flexibility
35 Akarna Dhonurasana (Bow and angle pose) 116 Enhances hip & hamstring flexibility, opens the chest & shoulders
36 Makarasana (Crocodile pose) 163,293 Eases sacroiliac joint discomfort
37 Bhujangasana (cobra pose) 130,139,286, 288, 203,307, 321 Help maintain spinal flexibility
. " Yoga posture that requires balance and strength, often involving lifting the
38 Niralambasana (Unsupported pose) 6 chest and head while lying on the stomach
39 Ardhasalbhasana/ Shalabhasana (Loctus pose) 286, 288, 307 Improve spinal mobility, core strength, and_ postu.re while redu_cing stiffness
in the back and hips. Increases Circulation to the Spine.
40 Sarpasana (snake pose) 293 Gentle back-strengthening and spine-mobilizing
Engages the lumbar, thoracic, and cervical spine, improving posture and
H Dhonurasana (Bow pose) * reducing the forward bending, reduce stiffness in the hip flexors
1 Noukasana (Boat pose) ” Increases Circulation & ReQuces Inflamm_ation - §timulates blood flow to the
spine and abdominal region.
43 Tiryak bhujungasan (Twisting cobra pose) 116 Supports the lumbar and thoracic spine, reducing strain and discomfort.
24 Ekpadauttanasana/ Uttanpadasana (Raised leg pose) 130, 163 Strengthens Cor? & Lower Back Muscles — S.uppo.rts the spine and pelvis,
improving posture and reducing stiffness.
45 Pavanmukiasana (Wind reliever pose) 130, 286,309 Promotes relaxation & stress relief — helps reli.eve tensio_n in the lower back,
pelvis, and abdomen, promoting relaxation
46 Setubandhanasana (Bridge posture) 232,258 Helps to maintain spinal flexibility
. Gently stretches the spine, shoulders, and chest, reducing stiffness in the
4 Setu asana (Bridge posture) 116 thoracic and lumbar regions, opens the chest & enhances breathing
Engages the lower back, glutes, and abdominal muscles, providing better
48 Kandhrasna (Shoulder pose) 116 spinal support, opens the chest and ribcage, promoting better breathing and
oxygen intake
49 Supta udarakarshanasana (Reclined pase) 130 Helps correct imbalances ip th.e spine, preventing hunching and
misalignment.
50 Shava udarakarshanasana 130 Encourages ribcage mobility, improving lung capacity and reducing

breathing restrictions
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Engages the upper back, shoulders, and neck, promoting better spinal

51 Matsyasana (Fish pose 163, 307, 317, 321
y (Fish pose) support.
52 Basic abdominal breathing
53 Hands in and out breathing
54 Tiger breathing 04 130,218 220, 221, 288, 325 | Enhance lung function, reduce stiffness, and improve circulation, promoting
55 Diapharagm breathing relaxation and boost energy levels.
56 Chest Breathing
57 Yogic Breathing
58 Surya Anuloma-viloma Pranayama -Focuses on activating the 116 To enhance energy, circulation, and boosting metabolism, reducing joint
Pingala Nadi (Sun Channel) stiffness.
59 Suryaveda Pranayama 116 Helps to activate solar energy channel
Chandra Anuloma Viloma Pranayama Cooling and calming 116 139 I , : :
60 breathing ' To promotes deeper sleep, which is essential for healing and managing
chronic pain
61 Chandraveda pranayama 139 P
62 Nadisodhana Pranayama 139, 146, 163, 293 Promoting mental calmness, improved circulation, and reduced inflammation,
_ helps to balance the nervous
63 Anulom-Vilom Pranayama 123, 130 P
. To activate the parasympathetic nervous system, reducing stress,
64 Bhramari Pranayama - (Bee Breath) 130,139, 286, 288, parasymp . Y g
inflammation, and pain
65 Bhastrika Pranayama 116, 141 To stimulating oxygen flow, improving circulation
66 Shetali Pranayama 116 Managing flare-ups, reducing joint pain, cool the body, reduce inflammation,
67 Shitkari Pranayama and calm the nervous system
68 Ujjayi Pranayama - (victorious breath or ocean breath) 146, 232, 263 Helps increase oxygenation
69 Murcha Pranayama - (Fainting or Swooning Breath) 116 Induces a deep state of calmness and relaxation
Anunasika Pranayama - (also known as nasal resonance . , .
70 y ( i 116 Helps improve nasal airflow, lung function, and mental calmness
breathing)
71 Savitri Pranayama 116 It promotes deep relaxation, improved oxygenation, and enhanced circulation
Helps improve spinal flexibility, reduce inflammation, and promote mental
72 Naga Pranayama (serpent breath) 116 ps1mp P y P

calmness.
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It promotes deep relaxation, reduces stress-induced flare-ups, and enhances

73 Nadanusandhan Pranayama (Sound Resonance Breathing) 130, 128 .
spinal awareness.
74 Instant Relaxation Technique (IRT) 130, 307 Quick release of physical and mental tension
75 Quick relaxation techngq:(;e; E;QIaRXZ)ti;r(]:onsuous breathing and 130, 307 It ideal for managing flare-ups and improving mobility.
76 Deep relaxation technique(DRT) 130, 307 progressive relaxation, breath awareness, and mindfulness
I OM chanting stimulates the vagus nerve, which has anti-inflammatory effects
286

77 OM Meditation on the body
8 Focused Meditation Pain management, stress reduction, enhancing body awareness and overall
79 Mindfulness Meditation 16 ' o

— well-being.
80 Body Awareness Meditation J

**(Details of the module mentioned in Appendix sl.no.9)
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With the collaboration of ten yoga experts, a comprehensive list of 80 yogic practices
was systematically developed as a preliminary therapeutic module for Ankylosing
Spondylitis. This compilation (presented in Table 4) consisted of 14 loosening exercises; 37
customized asanas; 6 breathing techniques; 16 pranayama practices; 3 relaxation techniques;
and 4 meditation practices.

Literature search and Yoga module
development

¥

12 approached

¥

10 internal Expert’s analysis and shortlisting

Classical Yoga Text (n=4) Scientific literature review (n=6)

Draft Integrated Yoga Module consisting of 80 yoga Practices

Fig. no. 3: Details flow chart of stage |
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OBJECTIVE -I: To develop and validate a yoga module for patients with Ankylosing

Spondylitis through the opinion of experts from different relevant fields of related disciplines.

)

/
@ PART II

3. B Validation of Yoga module by Experts

3. B. 1 Selections of experts

3. B. 2 Development of Google form

3. B. 3 Demographic Variables of the Experts

3. B. 4 Yogic Practices with Content Validity Ratio scores
3. B. 5 Validated yoga module for the patients Ankylosing
Spondylitis

3. B. 6 Final yoga intervention module




3. B.1: Selections of experts for Part-11:

In the part II, 34 experts (22-yoga expert, 6-experienced Rheumatologist, 6-experts
from Physical medicine and rehabilitation) from the various medical and academic institution
of India of different relevant field were invited through Google form

(https:/forms.gle/ng22uBbU3ezDH3e88) and e-mail (Comprising with 80 yogic techniques as in

part 1) for yoga module validation. Experts those have at least 5 years’ experience in his/her
own field, minimum qualification master degree on the relevant field was invited for the
study.

3. B.2 Development of Google form:

Google form comprises with seven section — section I) would contains — Name,
Degree, affiliations and experience of the experts, II) Loosening exercise/Yogic Suksma
vyama, III) Asana, IV) Breathing Practices (Preparation techniques for Pranayama) V)
Pranayama, VI) Relaxation Techniques, VII) Meditation. Experts were rating the each yogic
practices in patients with Ankylosing Spondylitis as a) very much useful (Essential), b)
moderately useful (Important, but not essential), c) Not at all useful (Not necessary). After
getting the feedback from experts, Laswhe content validity ratio (CVR) method **® was used
to calculate the Content Validity of the entire yoga module. Using the formula CVR=(n, —
N/2)/N/2 where, n. is the number of panel experts indicating item is essential and ‘N’ is the

total number of experts in the panel.

Flow chart of Experts Recruitment

Approach -34
1. Yoga —22

2. Physical Medicine and Rehabilitation -06

3. Rheumatologist -06

Fig. no. 4: Recruitments of experts in Part II

Photo no. 18: Feedback received from the rheumatologist experts
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3. B.3 Demographic information of the experts

Table No. 5: Demographic summary of experts involved in Part-11

Experts Total Qualification No. of Average experience
Category Experts Experts in the field (years)
Yoga experts 16 PhD 7 18.2+8.57
Post-graduation 9 14.89+8.054
Physiatrist 05 MD(Physical Medicine 5 25.02+£15.01
and Rehabilitation)
Rheumatologist 05 MD/DM 5 16.80+11.92

In the second phase of the study, for validating the yoga module, we approached 36

experts, of whom 26 provided feedback. Among 16 yoga experts 7 were working and

affiliated as a yoga therapist and medical practitioners in the field of yoga. In the present

study few from Midnapore Homeopathic Medical College and hospital, West Bengal, Morarji
Desai National Institute of Yoga (MDNIY), AYUSH Health Programme Birbhum and
Rampurhat Health District. Table No. 5 shows that the module was assessed by highly

experienced professionals from relevant disciplines.

36 External experts were
approached

Validated by
26 external experts o

‘ :

CVR analysis using Lawshe Formula

¥

Final Validated Yoga Module for AS

Yoga—24
Physiatrist -06
Rheumatologist -06

Yoga- 16
Physiatrist- 05
Rheumatologist -05

Fig. no. 5: Conceptual framework of Part-11 for Validated Yoga Module
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3. B.4 Yogic Practices with Content Validity Ratio scores

Table No. 6: Details of the Content Validity Ratio of each practice following validation

Technique . Opinion given by the experts CVR scores| Remarks
Name of the practices Number of experts | Necessary but|  Not Accepted/
number . . CVR .
marked essential | not essential | necessary rejected
Loosening Practices
1 Neck movement 20 6 0 0.538 | Accepted
2 Hands in and out stretch 23 0 3 0.769 | Accepted
3 Swinging arm forward and 18 7 1 0385 Accepted
backward
4 Shoulder rotation 18 8 0 0.385 | Accepted
5 Trunk Twisting 19 6 1 0.462 | Accepted
6 Pelvic tilt (supine) 20 6 0 0.538 | Accepted
7 Butterfly 9 10 7 -0.308 | Rejected
8 Vertical stretch of the knee 12 9 5 -0.077 | Rejected
9 Alternate foot knee lumbar 19 4 3 0462 | Accepted
stretch
10 Supine Hamstring stretch 19 7 0 0.462 | Accepted
11 Side leg raising 7 9 10 -0.462 | Rejected
12 Kneeling superman posture 17 3 6 0.308 Rejected
13 Upper Body Roll 21 5 0 0.615 | Accepted
14 Lateral flexion (Side bending) 20 6 0 0.538 | Accepted
Asanas
Side bending Chakrasana/
15 ArdhakatigChakrasana 18 3 > 0.385 | Accepted
16 Konasana/Trikonasan 11 6 9 -0.154 | Rejected
17 Katichakrasana 20 3 3 0.538 | Accepted
18 Tadasana 19 7 0 0.462 | Accepted
19 Brikhasana 4 10 12 -0.692 | Rejected
20 Birbhadarsana-1 8 12 6 -0.385 | Rejected
21 Utkatasan 6 8 12 -0.538 | Rejected
22 Bandha Hsata Uttanasana 8 10 8 -0.385 | Rejected
23 Meru wakrasana 11 15 0 -0.154 | Rejected
24 Bhunamanasana 10 12 4 -0.231 | Rejected
25 Ardha matsyendrasana 11 12 3 -0.154 | Rejected
26 Parvatasana 18 5 3 0.385 | Accepted
27 Uttanmandukasana 19 4 3 0.462 | Accepted
28 Gomukhasana 10 13 3 -0.231 | Rejected
29 Marjarasana 19 7 0 0.462 | Accepted
30 Ardhaustrasana 12 10 4 -0.077 | Rejected
31 Baddhakonasana 7 15 4 -0.462 | Rejected
32 Kurmasan 4 12 10 -0.692 | Rejected
33 Bhadrasana 9 12 5 -0.308 | Rejected
34 Dandasana 11 14 1 -0.154 | Rejected
35 Akarna Dhonurasana 4 10 12 -0.692 | Rejected
36 Makarasana 23 3 0 0.769 | Accepted
37 Bhujangasana 20 3 3 0.538 | Accepted
38 Niralambasana 20 3 3 0.538 | Accepted
Ardhasalbhasana/

39 Shalabhasana 19 7 0 0.462 | Accepted
40 Sarpasana 14 10 2 0.077 Rejected
41 Dhonurasana 4 10 12 -0.692 | Rejected
42 Noukasana 9 12 5 -0.308 | Rejected
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43 Tiryak bhujungasan 13 10 3 0 Rejected
44 Ekpadauttanasana/ 20 3 3 0.538  |Accepted

Uttanpadasana

Pavanmuktasana lumbar
45 stretch (Single and both legs) 18 3 > 0.385 | Accepted
46 Setubandhanasana 19 7 0 0.462 | Accepted
47 Setu asana 6 8 12 -0.538 | Rejected
48 Kandhrasna 7 15 4 -0.462 | Rejected
49 Supta udarakarshanasana 18 3 5 0.385 | Accepted
50 Shava udarakarshanasana 14 10 2 0.077 Rejected
51 Matsyasana 9 12 5 -0.308 | Rejected
Breathing Exercise
52 Tiger breathing 19 7 0 0.462 | Accepted
53 Fast breathing 2 10 14 -0.846 | Rejected
54 Basic abdominal breathing 19 7 0 0.462 | Accepted
55 Diapharagm breathing 20 3 3 0.538 | Accepted
56 Chest Breathing 18 3 5 0.385 |Accepted
57 Yogic Breathing 21 5 0 0.615 | Accepted
Pranayama
58 Surya Anuloma-viloma 11 14 1 -0.154 | Rejected
Pranayama
59 Chandra Anuloma Viloma 9 12 5 0308 | Rejected
pranayama
60 Suryaveda Pranayama 8 12 6 -0.385 | Rejected
61 Chandraveda pranayama 10 13 3 -0.231 | Rejected
62 Nadisodhana Pranayama 19 7 0 0.462 | Accepted
63 Anulom-Vilom Pranayama 24 2 0 0.846 | Accepted
64 Bhramari Pranayama 18 3 5 0.385 |Accepted
65 Bhastrika Pranayama 9 12 5 -0.308 | Rejected
66 Shetali Pranayama 20 3 3 0.538 | Accepted
67 Shitkari Pranayama 18 3 5 0.385 | Accepted
68 Ujjayi Pranayama 14 10 2 0.077 Rejected
69 Murcha Pranayama 7 15 4 -0.462 | Rejected
70 Anunasika Pranayama 9 10 7 -0.308 | Rejected
71 Savitri Pranayama 4 12 10 -0.692 | Rejected
72 Naga Pranayama 7 5 14 -0.462 | Rejected
73 Nadanusandhan Pranayama 11 14 1 -0.154 | Rejected
Relaxation Technique
74 Instant Relaxation Technique 9 10 7 10308 | Rejected
(IRT)

Quick relaxation
75 techniques(QRT) 18 3 5 0.385 | Accepted

Deep relaxation
76 techrﬁ’ique ORD) 19 7 0 0.462 | Accepted

Dhyana

77 OM Meditation 24 2 0 0.846 | Accepted
78 Focused Meditation 17 3 6 0.308 Rejected
79 Mindfulness Meditation 16 9 1 0.231 Rejected
80 Body Awarness Meditation 23 3 0 0.769 | Accepted

CVR 2>0.385 were retained, CVR < 0.385 were rejected
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A total of 36 experts were approached for their feedback in content validation process.
Among 36 experts 26 experts have provided their feedback (Table 5). According to the
Lawshe formula the content validity ratio CVR (Critical) = (ne —N/2)/N/2 for a panel size (N)
of 26 is 0.385 where, ‘ne’ is the number of panel experts indicating the item is ‘essential’, N
is the total number of experts in the panel. With the help of 26 external experts opinions from
relevant fields, out of the 80 yogic techniques, 38 yogic techniques with CVR >0.385 were
retained, and the other 42 techniques with CVR < 0.385 were rejected (table 6).

3. B.5 Validated yoga module for the patients Ankylosing Spondylitis:

Table No. 7: Yogic practices accepted for inclusion in the yoga module according to CVR > 0.385

SL. no. | Practices Name of the practices CVR Value
Neck Movement(Front-back-side bending, twisting, and
1 . 0.538
rotation)

2 Hands in and out stretch 0.769
3 Hand rotation 0.385
4 . Shoulder rotation 0.385
5 Loose{nng Trunk Twisting 0.462
6 practices Pelvic tilt (supine) 0.538
7 Alternate foot knee lumbar stretch 0.462
8 Supine Hamstring stretch 0.462
9 Upper Body Roll 0.615
10 Lateral flexion (Side bending) 0.538
11 Standin Side bending Chakrasana/Ardhakati chkrasana 0.385
12 Asana g Katichakrasana, 0.538
13 Tadasana 0.462
14 e Parvatasana 0.385
15 SAl:;l:ag Uttanmandukasana 0.462
16 Majrasana 0.462
17 Makarasana 0.769
18 Prone Niralambasana 0.538
19 postures Ardhasalbhasana/ Shalabhasana 0.462
20 Bhujangasana 0.538
21 Ekpadauttanasana/ Uttanpadasana 0.538
22 Supine Pavanmuktasana (Single and both legs) 0.385
23 postures Setubandhanasana 0.462
24 Supta udarakarshanasana 0.385
25 Tiger breathing 0.462
26 Breathin Basic abdominal breathing 0.462
27 Exerciseg Diaphragm breathing 0.538
28 Chest Breathing 0.385
29 Yogic Breathing 0.615
30 Anulom-Vilom Pranayama 0.846
31 Nadisodhana Pranayama 0.462
32 Pranayama Bhramari Pranayama 0.385
33 Shetali Pranayama 0.538
34 Shitkari Pranayama 0.385
35 Relaxation Quick relaxation techniques (QRT) 0.385
36 techniques Deep relaxation technique (DRT) 0.462
37 Meditation Body Awareness Meditation 0.769
38 OM Meditation 0.846
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The content validity ratio (CVR) analysis revealed a range of values, with the highest
CVR recorded at 0.846 and the lowest at 0.385 (table no. 7). In the loosening practice section,
the highest CVR (0.769) was observed for antarmukha- bahirmukha hastapasar vyama
(Hands in and out stretch). Within the standing asana category, katichakrasana attained the
highest CVR of 0.538. In the sitting asana section, both uttanmandukasana and marjarasana
achieved the highest CVR, each scoring 0.462. In the prone posture group, makarasana
recorded the highest CVR of 0.769. Among the supine posture Asanas, Setubandhnasana had
the highest CVR which was 0.462. For breathing exercises, yogic breathing emerged with the
highest CVR of 0.615. Within the pranayama section, anulom-vilom pranayama achieved the
highest CVR, registering 0.846. In the relaxation technique category the deep relaxation
technique which had a CVR of 0.462. Finally, in the meditation section, OM meditation
attained the highest CVR of 0.846.

3. B.6 Final yoga intervention module:

Table No. 8: Details of the Yoga intervention with duration and sequence for treating Ankylosing

Spondylitis
S1 Name of Yogic practices Execuation | Repetitions | Recovery | Duration of
No. time time practice
1 Neck Movement(Back-side bending, 20secx4 2 times 10sec x 4= 80x2+40
twisting, and backward half rotation) =80sec 40sec =200 sec
2 Hands in and out stretch 20 sec 2 times 10 sec 40+10=50
seconds
3 Hand rotation 20 sec 2 times 10 sec 50 seconds
4 Shoulder rotation 20 sec 2 times 10 sec 50 seconds
5 Trunk Twisting 20 sec 2 times 10 sec 50 seconds
6 Pelvic tilt (supine) 20 sec 2 times 10 sec 50 seconds
7 Alternate foot knee lumbar stretch 20 sec 2 times 10 sec 50 seconds
8 Supine Hamstring stretch 20 sec 2 times 10 sec 50 seconds
9 Upper Body Roll 20 sec 2 times 10 sec 50 seconds
10 Lateral flexion (Side bending) 20 sec 2 times 10 sec 50 seconds
11 Tadasana 25 sec 2 times 10 sec 1 minute
12 | Side bending- Chakrasana /Ardhakati 25 sec 2 times 10 sec 1 minute
chkrasana
13 Katichakrasana 25 sec 2 times 10 sec 1 minute
14 Parvatasana 25 sec 2 times 10 sec 1 minute
15 Uttanmandukasana 25 sec 2 times 10 sec 1 minute
16 Majrasana 25 sec 2 times 10 sec 1 minute
17 Makarasana 25 sec 2 times 10 sec 1 minute
18 Niralambasana 25 sec 2 times 10 sec 1 minute
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19 Ardhasalbhasana/ Shalabhasana 25 sec 2 times 10 sec 1 minute
20 Bhujangasana 25 sec 2 times 10 sec 1 minute
21 |Ekpadauttanasana/ Uttanpadasana 25 sec 2 times 10 sec 1 minute
22 Pavanmuktasana lumbar stretch 25 sec 2 times 10 sec 1 minute
(Single and both legs)
23 Setubandhanasana 25 sec 2 times 10 sec 1 minute
24 Supta Udarakarshanasana 25 sec 2 times 10 sec 1 minute
25 Tiger breathing 30 sec 2 times 10 sec 70 seconds
26 Basic abdominal breathing 30 sec 2 times 10 sec 70 seconds
27 Diaphragm breathing 30 sec 2 times 10 sec 70 seconds
28 Chest Breathing 30 sec 2 times 10 sec 70 seconds
29 Yogic Breathing 30 sec 2 times 10 sec 70 seconds
30 Nadisodhana Pranayama 1 minute 2 times 30 sec 2.5 minutes
31 Anulom-Vilom Pranayama 1 minute 2 times 30 sec 2.5 minutes
32 Bhramari Pranayama 1 minute 2 times 30 sec 2.5 minutes
33 Shetali Pranayama 1 minute 2 times 30 sec 2.5 minutes
34 Shitkari Pranayama 1 minute 2 times 30 sec 2.5 minutes
35 Quick relaxation techniques(QRT) 2 minutes 1 times 30 sec 2.5 minutes
36 Deep relaxation technique(DRT) 4 minutes 1 times 1 minute 5 minutes
37 Body Awareness Meditation 3 minutes 1 times 1 minute 4 minutes
38 OM Meditation 4 minutes 15 times 1 minute 5 minutes

Total: 60 minutes(Approx.)

Based on previous literature to ensure maximum therapeutic benefits of an integrated

approach of yoga for patients with Ankylosing Spondylitis, the module was structured for a

total duration of 1 hour, with time allotted to each section as follows: loosening exercises

(app. 7 minutes), asanas (app. 14 minutes), breathing exercises (app. 6 minutes), pranayama

(app. 12.5 minutes), relaxation techniques (app. 7.5 minutes), and meditation (app. 9

minutes). Detailed description of the procedure for each yogic practice is presented in
Appendix (SI. No. 9).

115




OBJECTIVE-Il: To examine the feasibility and effectiveness of the validated yoga
module on selected psychological variables (depression, fear avoidance belief, pain
catastrophizing and health related quality of life), physiological variables (haemologin and
platelet count), general health status (BMI, blood pressure, heart rate), clinical outcome
measures ( BASDAI, BASFI, BASMI, Chest expansion) and inflammatory markers(CRP,

ESR, TNF alpha) by comparing patients receiving conventional treatment alone with those

)

receiving conventional treatment combined with yoga practice.

(D PART: I

3. C Experiment for the preparation of VValidated Yoga

module

3. C. 1 Study Location
3. C. 2 Design of the study
3. C. 3 The Subjects
3. C.3.1 Selection of the subjects
3. C.3.2 Inclusions Criteria
3. C.3.3 Exclusions Criteria
3. C.3.4 Determination of sample size
3. C.3.5 Enrolment of the patients
3. C.3.6 Demonstration session of the training protocol
3. C.3.7 Ethical Consideration
. C. 4 Selection of Variables
. C. 5 Reliability of Data
. C.6 Procedure of collecting Data
. C.7 Training protocol for the experimental group
. C. 8 Exercise program of the control group
. C. 9 Medication
. C. 10 Statistical Procedure /
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3. C.1 Study Location:

The study carried out at the department of Physical Education, Jadavpur University, Raja Sc
Mallick Road,Jadavpur Kolkata-700032 and Clinical Immunology and Rheumatology,
Institute of Post Graduate Medical Education & Research (IPGME&R); Kolkata, West
Bengal, India.

3. C.2 Design of the study:

A longitudinal observational experimental pre- post control group design
employed to evaluate the effect of the intervention. Convenient sampling method was

used for select the participant.

Experimental Design:

Experimental group Control group
(Medicine with Yoga practice) (Conventional treatment procedure)

L U

. Pre-test (Baseline)
Pre-test (Baseline)

T I

N
e - 1
After 12 weeks’ of intervention After 12 weeks’ of study
‘ ‘ I} J
, ] , ,
After post 24 weeks’ of intervention After post 24 weeks’ of study
\. y — J
Post test Post test

Fig. no. 6: Flow diagram of observational longitudinal-experimental trial design

116



3. C.3 The Subjects:

3. C.3.1 Selection of the subjects:

70 male patients were selected who came for treatment of Ankylosing Spondylitis at outdoor
patient (OPD) of Clinical Immunology and Rheumatology, Institute of Post Graduate
Medical Education & Research (IPGME&R); Kolkata . Subjects are selected from those who
are engaged at different occupational activities. Patients were selected by Bath Ankylosing
Spondylitis - Disease Activity Index (BASDAI) and Bath Ankylosing Spondylitis Functional

Index (BASFI) questionnaire and confirmed with the certified rheumatologist expert.

3. C.3.2 Inclusions Criteria:

1. Patients’ suffering from Ankylosing Spondylitis for >3months to <5 years were included
on the basis of an expert's opinion of rheumatology.

2. Age range of the subjects were of >18 to <40 years.

3. C.3.3 Exclusions Criteria:

1. Associated other causes of back pain such as herniated disk problem, neuropathic pain,
dysfunction of internal organs of the pelvis and abdomen, strain of ligaments.

2. Comorbidity like serious cardiopulmonary disease which precludes yoga and exercise.
3. Musculoskeletal conditions which contraindicates or complicates yoga and exercises
4. Psychiatric diseases or inability to comprehend commands.

5. Smokers and alcohol adductor
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3. C.3.4 Determination of sample size: (G*Power 3.1.9.7)
Cohen’s d (effect size): 0.74
Error probability of .05
Power of .84
Df: 64.8450761
Sample size group 1: 35 (experimental)
Sample size group 2: 35 (control)

Total sample size: 70

critical TE99725

——

0.3
0.2

0.1

Photo. no. 19: Sample size distribution plot showing Type I error (a), Type II error (), and critical value.
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3. C.3.5 Enrolment of the patients:

Total Enrollment of subject
N=93

Excluded (n=23) Not meeting inclusion criteria:

Assessed for eligibility e Planning for Biologic Board
e Not confirmed

e Unstable
e Acute

Finally included for the study
N=70

Allotment of Yoga practice
(Experimental) and Non-yoga practice
(control group) N=70

v
i l

Experimental Group Control Group
n=35 n=35

Baseline Assessment (Pretest)

Experimental Group Control Group
n=35 n=35

Fig. no. 7: Enrolment of the subjects
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3. C.3.6 Demonstration session of the training protocol:

The subjects were called to the department of Physical Education, Jadavpur
University for introduced the details of the study. In front of the subjects: purpose of the
present study, procedure of testing on selected variables, details of training protocol, duration
of the trail, does and don’t everything clearly stated. Subjects were allowed to asking any
questions related to the study. Every part of the training protocol demonstrated to the subjects
of the experimental group, during the demonstration subjects were instructed to practice the
yogic techniques as per their capacity. For better understanding of the obstacles, wrong
practices of the yogic events a video was recorded parallay correction was did subjects to

subjects.

Photo no. 20: Patients of yoga group attending demonstration session of the training protocol at
Jadavpur university

3. C.7 Ethical Consideration:

3. C.7.1 Ethical Clearance:

This study received ethical approval from the Institutional Ethics Committee of
Jadavpur University, Kolkata, West Bengal, India Ref No: IEC/26/C/23 on 31/05/2023 and
the IPGME&R Research Oversight Committee (Registration No. ECR/35/Inst/WB/2013/RR-
19 under CDSCO) under Memo No. IPGME&R/IEC/2024/0078 on 04/04/2024. The study
also registered in Clinical Trial Registry of India and the CTRI No is CTR1/2025/04/084429.
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3. C.7.2 Signed inform consent:

Signed inform consent taken from the subjects of experimental and control both groups.

3. C.4 Selection of variables:

YOGA
MODULE
Psychological
General Clinical Outcome Haemato]ogica] Inflammatory and Health-
Health Measures Variables Markers related
Variables Quality of Life
(HRQoL)

Fig. No. 8: Conceptual framework of the selected dependent variables and independent variable

Table No. 9: Selection of Variables

G 1 Clinical -
enera ted Haematological Inflammatory| Psychological Healt.h relat.ed
Health Outcome ariables Markers Variables Quality of Life
vari i
Variables| Measures (HRQoL)

Fear Avoidance | SF-36, Health
Beliefs (FAB) Survey

Blood C-reactive Pain

BMI BASDAI Haemoglobin | TNF-alpha

BASFI . ..
ressure rotein (CRP) | Catastrophizin
P Platelet Count P ( ) P B
BASMI Erythrocyte
Resting ryt Y )

sediment rate Depression
Heart rate Chest
. (ESR)
Expansion
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3. C.4.1 Criterion measures:

Table No. 10: Method used for measuring demographic and general health variables:

Variables Test/ Instruments Units of Measurement
Age Identity Proof Card Year
Height Stadiometer cm
Weight Weighing Machine kg
Body Mass Index BMI was estimated by body mass divided by the square of the body height kg/m?
Blood Pressure Blood pressure was measured by digital sphygmomanometer mmHg

Heart Rate

Heart Rate was measured by digital sphygmomanometer

beats/Minutes

Table no.11: Method used for Clinical outcome measures

Category of . Units of
9 4 Variables Test/ Instruments
Variables Measurement
Di Bath Ankylosing Spondylitis Disease Activity Index
|s.ea.lse BASDAI Y 9P y . Y Self-reported Score
Activity, questionnaire
Functional . . . . .
Index and BASFI Bath Ankylosing Spondylitis Functional Index questionnaire Self-reported Score
Cervical rotation Goniometer cm
Tragus to wall distance Measuring tape cm
Metrology - - -
Index BASMI Lumbar side flexion Measuring tape and Marker pen cm
Modified Schober’s Measuring tape and Marker pen cm
Intermalleolar distance Measuring tape and Marker pen cm
Chest Expansion Measuring tape and Marker pen cm
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Table No. 12: Method used for measuring physiological (haematological) variables and inflammatory markers

Category of Variables Test/ Instruments Units of
Variables Measurement
Haemoglobin Electrical Impendence & VCS, Westergen g/dl
Blood Count -
Platelet Count Electrical Impendence & VCS, Westergen thou/mm:
Inflammatory markers parameters TNF-alpha was detected
TNF-alpha through ELISA (Enzyme-linked immune sorbent assay) test by ng/L
Inflammatory help of biochemical expert.
Markers C-reactive Protein (CRP) Immunoturbidimetry mg/L
mm/hr

Erythrocyte Sediment Rate (ESR)

Electrical Impendence & VCS, Westergen

Table No. 13: Method used for Psychological and Health-related Quality of Life (HRQoL) variables:

Category of Variables

Variables

Test/ Instruments

Psychological

Variables

Fear Avoidance Beliefs (FAB)

Fear Avoidance Beliefs was measured by Fear Avoidance Beliefs

Questionnaire (FABQ).This questionnaire was developed by Waddle et

al(1993)

Pain Catastrophizing

Pain Catastrophizing was measured by Pain Catastrophizing Scale (PCS) by

Michael JL Sullivan (2009).

Depression

Depression was measured by Hamilton Depression Rating Scale (1960)

Health-related
Quality of Life (HRQoL)

Health Survey (RAND SF-36)

Health Survey (RAND SF-36) was estimated by RAND 36-Item Health Survey

questionnaire, 1992)
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3. C.5 Reliability of Data:

The reliability of the test is influenced by multiple factors, including the precision of

the instruments used and the reliability and competency of the testers.

3. C.5.1 Reliability of the instrument:

The instruments used in the study included a digital sphygmomanometer (Omron
Model HEM-7051-C12), a weighing machine (Krups Countess Weighing Machine, 125 kg
capacity), a stadiometer (anthropometric rod), and the Human TNF-alpha ELISA Kit
(RayBiotech, CAT: ELH-TNFa, LOT: 0207250193). Standardized psychological and quality-
of-life assessment tools were also employed: the Hamilton Depression Rating Scale by
Hamilton(1960),%?" the Fear Avoidance Beliefs (FAB) Questionnaire developed by Waddell
et al. (1993),%? the Pain Catastrophizing Scale developed by Michael J. L. Sullivan (1995),%2°
and the Short Form-36 Health-Related Quality of Life Questionnaire (RAND-SF-36, Hays et
al;1993).33% All instruments and scales used have been widely applied in previous research
and are well established for their reliability and validity. The questionnaire (FAB, PCS,
RAND-SF-36) were translated by the supervisors Professor Asish Paul and two faculties of
Dr. Atanu Ghosh and Dr. Papan Mandal Dept. of Physical Education, Jadavpur University.
The researcher himself guided the patients with proper explanation of questionnaire if

required.

3. C.5.2 Testers Reliability:

Data collection was carried out by qualified academicians, laboratory assistants, and
the principal researcher, with support from fellow research scholars of the Institute of
Postgraduate Medical Education & Research (S.S.K.M), Kolkata.

3. C.6 Procedure of Data Collection:

Disease activity, functional status, spinal mobility, and chest expansion were
evaluated using standardized tools: the Bath Ankylosing Spondylitis Disease Activity Index
(BASDALI), the Bath Ankylosing Spondylitis Functional Index (BASFI), the Bath Ankylosing
Spondylitis Metrology Index (BASMI), and a steel tape, respectively. Anthropometric and
physiological parameters—including height, weight, heart rate, and blood pressure—were
also measured. Psychological variables were assessed using validated questionnaires: the
Fear Avoidance Beliefs Questionnaire (FAB), the Pain Catastrophizing Scale (PCS), and the
Hamilton Depression Rating Scale (HAM-D). Health-related quality of life was evaluated
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through the RAND SF-36 Health Survey. Laboratory investigations included measurements
of haemoglobin, platelet count, TNF-alpha, C-reactive protein (CRP), and erythrocyte

sedimentation rate (ESR).

For the experimental group, the investigator developed a self-demonstrated video
comprising all yogic components—loosening exercises, asanas, breathing techniques,
pranayama, relaxation techniques, and meditation—with verbal instructions for each
technique. The video was shared with participants via memory drive or mobile transfer.
Additionally, each participant received a printed sheet with still images and the sequence of
practices to support better understanding and recall. Participants were instructed to practice
for one hour per day on at least five days per week. Compliance was monitored through
regular online supervision supplemented by monthly physical follow-ups. The control group

continued only standard medical treatment without yogic intervention.

By week 12, four participants in the control group and five in the experimental group
withdrew from the study. Furthermore, data from two additional control participants and one
experimental participant could not be collected due to their inability to attend scheduled
assessments. A total of 58 patients completed the study (Yoga group: 29 and Control group:
29). However TNF-a level were below the assay detection limit in 3 patients from each
group, therefore TNF-o analysis was performed using the available 26 samples per group.
The total intervention period lasted post 24 weeks, with outcome measurements taken at the

12-week and 24-week milestones.

3. C.6.1 Measurement of blood pressure and Heart rate:
Purpose: To measure heart rate (beats per minute) and blood pressure (mmHg)

Equipment:

The heart rate and blood pressure of the subjects were recorded using the OMRON
Automatic Blood Pressure Monitor Model: ‘SEM-1 (HEM-7051-C12), Serial No.
20090717056LF’, manufactured by ‘OMRON Healthcare Co., Ltd.’, Japan.
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Procedure:

e The patients were asked to seat comfortably with the arm supported, Palm facing
upward, and instructed to remain Steel.

e The blood pressure cuff was positioned at heart level.

e The cuff was applied directly on the bare upper arm.

e The lower edge of the cuff was aligned approximately 1 inch above the antecubital
(elbow) crease.

e Propper placement of the cuff over the brachial artery was verified

e After pressing the start button, the cup inflated automatically.

e The cuff tightened for a few second during measurement.

e As the device deflated, digital readings and heart symbol appeared on the screen

e The final display values were noted and recorded

Before beginning Data collection, blood pressure measurements of three patients were
first taken using a manual sphygmomanometer. The same three patients were then assisted
with digital OMRON automatic blood pressure monitor to calibrate and compare reading. As
the digital device produced values consistent with the manual measurements the OMRON

digital monitor was subsequently used to record blood pressure for the remaining patients.

3.C.6.2 Measurement of BASDAI:**

Purpose: To define disease activity and thus disease status in the person with Ankylosing
Spondylitis. Patient reported severity of fatigue, spinal pain, peripheral joint pain, localized
tenderness, quantity, and duration of morning stiffness using a 0—10 numeric rating scale
(NRS) or 10-cm visual analog scale (VAS) with symptoms ranging from “none” to “very

severe.” In between 3 and 2 minutes, the BASDAI is a quick and easy index to complete.
Reliability:

The reliability of the BASDAI was statistically significant (p<0.001). Good test-retest
reliability was reported for all scale responses.
Validity:

It is proven that the BASDALI is better than an earlier disease activity index in terms of

the symptoms it takes into account and how they are weighted. This could be a result of the
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suggestions made by AS sufferers during the index's development. Calin et al., (1999)
assessment of the validity of the BASDAI went further. They found that the content validity
of the BASDAI is excellent.

Responsiveness:

The BASDAI revealed a significant (p=0.009) 16.4% score development after a
3-week physiotherapy course, indicating a sensitivity to change. In summary, the
BASDAI is sensitive to clinical changes, reflects the full range of the illness, is very
dependable, and is easy to use.’®

Scoring: The final BASDAI score is calculated by summing the first four questions and the
average of the last two questions and dividing the result by 5. The score ranges from 0 (no
disease activity) to 10 (very active disease). A cut-off of 4 is frequently used to define active

disease, and a score of 4 or more is suggestive of high disease activity.

3.C.6.3 Measurement of BASF|:3%2

The Bath Ankylosing Spondylitis Functional Index (BASFI) was employed to
evaluate the functional disability of participants. BASFI consists of 10 items that measure the
individual’s ability to perform and manage activities of daily living. Each item is rated on a
10-cm visual analog scale (VAS) based on the patient’s status over the previous month. The
final BASFI score is calculated as the mean of the 10 items, where a higher score (maximum

10) indicates greater functional impairment.3%

Purpose: To define and monitor functional ability in persons with Ankylosing Spondylitis.

Reliability:

There was sufficient outstanding test-retest consistency when patients were evaluated
based on how they performed eight items from the BASFI that represented activities of daily

living.3%
Validity:

The investigators found that the BASFI's concept validity and internal consistency

reliability were satisfactory.3%
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Responsiveness:

In comparison to the 6% (P = 0.03) improvement shown by the Dougados functional
index in the time of the physiotherapy management over the same three weeks period, there

was a 20% (P = 0.004) improvement in function throughout that time.3®

Scoring:

The ten items that make up the BASFI are linked to daily living activities and are
rated on a scale of 0 (no functional deficiencies) to 10 (maximal deficiency). Each question
has a numeric response scale (NRS) or a 10 cm horizontal VAS for answers. A score of 0
means the task was simple, while a score of 10 means the participant couldn't complete the
exercise. After adding up each question's score from 1 to 10, divide the total by 10. The mean
of the discrete scores is used to calculate the overall index score. A greater degree of
functional restriction is indicated by a higher score.

3.C.6.4 Measurement of BASMI: %7

Purpose: To assess the axial status (Cervical rotation, Tragus to wall distance, Lumbar side
flexion, Modified Schober’s, Intermalleolar distance.) of individuals with Ankylosing
Spondylitis and derive a metrology index to define clinically significant changes in spinal

movement.
Reliability:

e The original version of BASMI*® showed good reproducibility (inter- and intra-
observer) in clinical measurement of spinal mobility and hip/leg distance

components.

e More recent work confirms acceptable inter- and intra-rater reliability for BASMI

measurements.
e Various study %% reported on inter- & intra-rater reliability of BASMI.

e Thus BASMI is considered sufficiently reliable for clinical and research use (when

measurements are done in a standardized way).
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Validity:

e The index was developed to reflect axial mobility (spine, hips, pelvis) in patients with
Ankylosing

e Spondylitis. The initial validation demonstrated significant correlation with the
original 20-measurement metrology index.

e Subsequent studies*** assessed validity of spinal mobility measures in AS (which
relate to BASMI).

e The more modern linear version®*? supports construct validity of BASMI definitions.

e In summary, BASMI is considered valid for measuring spinal/hip mobility

impairment in AS.

Responsiveness:

e The original BASMI development booklet reports that in a sample of 56 in-patients
undergoing 3 weeks of physiotherapy, BASMI showed significant sensitivity to
change (p < 0.01) (mean improvement -30% in 71% of patients) when compared to
the original 20-measurement index.

e In van der Heijde et al.3*® ("Proposal of a linear definition...", 2008) the Guyatt effect
sizes for sensitivity to change were: BASMI(2) = 0.66, BASMI(10) = 0.95, BASMI
(lin) = 1.04 (showing improved responsiveness of the refined definition).

e These data support that BASMI is reasonably responsive to change, especially when

using refined scoring versions.

Procedure of measurement:

Tragus to wall:

e The patient was instructed to stand barefoot with the
back against the wall, keeping the knees straight,

scapulae, buttocks, and heels in contact with the wall.

e The feet are positioned 30 cm apart and parallel, with the

head in neutral alignment.

e The chinis drawn in as far as possible for retraction.

Photo. no. 21 Measurement of
Tragus to wall distance
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e The examiner, with both eyes open and the side of their face against the wall, distance

was measured between the tragus of the ear and the wall using a rigid ruler

Lumbar Side Flexion:

e Subject was instructed to stand bare foot with outer edges of feet
30 cm apart; mark a point midway between the Dimples of Venus,

then another 10 cm above and another 5 cm below (total 15 cm).

e Patient bends forward from the waist with knees fully extended.

e Distance was measured between the upper and lower marks; any

increase beyond 15 cm indicates the movement achieved

Photo. no. 22 Measurement of
Lumbar Flexion (modified Schober’s test) lumbar side flexion

e Subjects was instructed to stand barefoot with outer edges of
feet 30 cm apart; mark a point midway between the Dimples of
Venus, then another 10 cm above and another 5 cm below (total
15 cm).

e Patient bends forward from the waist with knees fully extended.

e Distance was measured between the upper and lower marks;

any increase beyond 15 cm indicates the movement achieved. 7
Photo. no. 23 Measurement of

Cervical Rotation: lumbar flxion

e Patient lies supine with head in neutral and forehead
horizontal ( supports used if needed and document setup).

e Using a goniometer/inclinometer, the patient rotates the head

maximally while keeping shoulders still; measure both sides

Photo. no. 24 Measurement of
Cervical rotation
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Intermalleolar Distance

e Patient lies supine with knees extended and legs in contact

with the surface.

e The patient abducts both legs as far apart as possible

without lifting them.

e Distance was measured between the medial malleoli.

Table no.14: BASMI Score Calculation Table

Photo. no. 25 Measurement
of intermalleolar distance

0 1 2 3] 4 5) 6 7 8 9 10

Tragus to Wall (cm) <10| 10-12.9 | 13-15.9 | 16-18.9 | 19-21.9 |22-24.9| 25-27.9 |28-30.9| 31-33.9 |34-36.9|>37

Lumbar Side Flexion (cm) >20| 18-19.9 |15.9-17.9(13.8-15.8|11.7-13.7(9.6-11.6| 7.5-9.5 |5.4-7.4| 3.3-5.3 |1.2-3.2|<1.2
Lumbar Flexion (modified Schober’s) (cm)|(>7.0| 6.4-7.0 | 5.7-6.3 | 5.0-5.6 | 4.3-4.9 |3.6-4.2| 2.9-3.5 (2.2-2.8| 1.5-2.1 |0.8-1.4|<0.7
Cervical Rotation (degrees) >85(76.6-84.9(68.1-76.5| 59.6-68 |51.1-59.5|42.6-51 (34.1-42.5|25.6-34|17.1-25.5| 8.6-17 [<8.5
Intermalleolar Distance (cm) >120/110-119.9|100-109.9| 90-99.9 | 80-89.9 [70-79.9| 60-69.9 |50-59.9| 40-49.9 |30-39.9|<30

For cervical spine rotation, tragus to wall and lumbar spine flexion, mean of the left

and right measurements were taken. After that, added the scores together for each
measurement. Divide this by 5 to get the BASMI score. The higher the BASMI score the

more severe the patient’s limitation of movement due to their AS.

3. C.6.5 Measurement of Chest Expansion:

Pupose: To assess thoracic mobility

Procedure:

e The Patient was asked to stand in anatomical position with chest

exposed.

e A steel tape placed horizontally around the chest at the nipple

level.

Photo. no. 26 Measurement
of chest expansion

e Patients were first asked to exhale much as possible, and the

measurement was recorded.

e After that again the patients was instructed to inhale maximally, and the second

measurement noted.
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Scoring:

e Chest expansion was calculated as the difference of maximum inhalation to maximum
exhalation.

3. C.6.6 Haematological variables:
Haemoglobin & Platelet count:

Purpose:

e To identify whether haemoglobin levels in Ankylosing Spondylitis patient deviate
from normal, indicating possible anaemia or disease related hematological changes.
e To determine whether platelet levels are elevated or reduced in Ankylosing

Spondylitis patients reflecting inflammation related or coagulation abnormalities.
Procedure:

Participants were comfortably seated for blood collection. An experienced technician from
IPGMER, Kolkata obtained 2.5 ml of venous blood from each patient. The collected samples
were transferred into EDTA vials and maintained at room temperature. These vials were
subsequently delivered to Dr. Lal Path Labs (Bhawanipur CC Branch, Kolkata — 700025), a
well-recognized diagnostic laboratory in India. Haemoglobin and Platelet Count were

analyzed using the Electrical Impedance and VCS technique based on the Westergren system.

3. C.6.7 Inflammatory marker:
C-reactive protein (CRP):

Purpose: To measure acute-phase inflammation associated with active AS.

Procedure:

The patients were seated in a comfortable position, and 2.5 ml of venous blood was drawn by
an expert staff member from IPGMER, Kolkata. The collected blood samples were then
transferred into clot vials and kept at room temperature. Subsequently, the vials were
submitted to Dr. Lal Path Labs (Bhawanipur CC Branch, Kolkata — 700025), a reputed blood
testing laboratory in India, where Serum CRP levels were analyzed using the

Immunoturbidimetry method.
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Erythrocyte Sedimentation Rate (ESR):

Purpose: To evaluate the overall inflammatory status and progression of the AS patients.
Procedure:

Patients were seated comfortably before sample collection. A trained professional
from IPGMER, Kolkata drew 2.5 ml of venous blood from each participant. The blood
samples were transferred into EDTA vials and kept at room temperature. Then vials were
sent to Dr. Lal Path Labs (Bhawanipur CC Branch, Kolkata — 700025), one of the reputed
blood testing laboratories in India. Erythrocyte Sedimentation Rate (ESR) was assessed using

the Electrical Impedance and VCS method based on the Westergren principle.
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Photo no. 28: Centrifugation of
blood samples for serum separation
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Photo. no. 29: Serum Separation Photo. no. 30: Storage of serum at —40 °C
for TNF-a analysis.
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TNF alpha:

Purpose: To assess pro-inflammatory cytokinin
levels reflecting disease activity in Ankylosing
Spondyilitis.

Detection Method: Enzyme-linked Immunoassay

(ELISA)

Kit Description: Human Tumor Necrosis Factor

Alpha

ELISA Kit (RayBiotech, CAT. ELH-TNFa, LOT-

0207250193)

Range: 3ng/L - 900ng/LSensitivity: 1.52ng/L

Laboratory: Research Laboratory, Department of

Clinical Immunology and Rheumatology, IPGMER, Kolkata.

Photo. no. 31: TNF-alpha ELISA Kit

Reagent Preparation:

Vi)

All reagents and serum samples were brought to room temperature (18-25 °C)
prior to analysis.

Assay Diluent B was diluted 5-fold with deionized water before use.

For sample dilution, Assay Diluent A was used for serum samples, and 1X Assay
Diluent B was used for cell-culture-based samples. Serum samples were diluted
two-fold, and further dilution factors were determined based on individual TNF-
alpha concentration variability.

The standard solution was prepared according to the RayBiotech protocol. A vial
of standard protein was briefly centrifuged and reconstituted with 400 pl of Assay
Diluent A to prepare a 60 ng/ml standard stock. From this, 50 ul was transferred
into 450 ul of Assay Diluent A to obtain a 6,000 pg/ml working stock. Serial
dilutions were subsequently prepared in Assay Diluent A to generate the standard
curve, with Assay Diluent A serving as the zero standard (0 pg/ml).

The Wash Buffer (20X) was inspected for crystallization and gently warmed until
fully dissolved, after which 20 ml of buffer was diluted in deionized water to
obtain 400 ml of 1X Wash Buffer.

The Detection Antibody vial was briefly centrifuged, reconstituted with 100 pl of
1X Assay Diluent B, and diluted 1:80 immediately prior to use. HRP-Streptavidin
concentrate was gently mixed and diluted 1:600 with 1X Assay Diluent B before
application; the diluted solution was not stored for subsequent use.
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Assay Procedure for TNF-alpha Quantification:

1) All reagents and serum samples were brought to room temperature (18-25 °C)
before analysis, and all standards and samples were processed in duplicate.
Removable 8-well strips of the ELISA plate were labelled according to the sample
layout.

i) A volume of 100 pl of each standard and diluted serum sample was pipetted into
the designated wells, covered, and incubated for 2.5 hours at room temperature
with gentle shaking. Following incubation, the plate contents were discarded and
washed four times with 1X Wash Buffer to ensure complete removal of residual
fluid.

i) Subsequently, 100 pl of 1X biotinylated detection antibody was added to each
well and incubated for 1 hour at room temperature with gentle shaking. The
solution was discarded, and the washing process was repeated.

iv) Then, 100 ul of 1X HRP-Streptavidin solution was added to each well and
incubated for 45 minutes under similar conditions, followed by another washing
cycle.

V) Next, 100 ul of TMB One-Step Substrate Reagent was dispensed into each well
and incubated for 30 minutes in the dark at room temperature with gentle shaking.
The reaction was terminated by adding 50 ul of Stop Solution to each well, and
the optical density was measured immediately at 450 nm using a microplate
reader.

Photo no. 32: Raw serum samples prepared Photo no.33: Preparation of
for TNF-a assay TNF-a standards

Photo no.34: Incubation of samples Photo no.35: TNF-a quantification
and standards
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3. C.6.8 Fear avoidance belief scale (FABQ):

The Fear-Avoidance Beliefs Questionnaire (FABQ) was developed from fear-
avoidance theories to assess patients’ beliefs about how physical activity and work influence
their low back pain.3** There are two subscales in the FABQ. The FABQ consists of two
subscales: the Physical Activity Subscale (FABQpa, items 1-5) and the Work Subscale
(FABQw, items 6-16).

Validity and Reliability:

For the measurement of fear avoidance beliefs, the FABQ and the two subscales have
been found to be valid and reliable. For the FABQpa, Cronbach’s alpha was 0.75 (test-retest
reliability, r=0.64). Cronbach’s alpha for the FABQw was 0.82 (test-retest r=0.80).

The Tampa Scale of Kinesiophobia and the FABQ were correlated to varying degrees,
ranging from 0.53 (FABQpa) and 0.76 (FABQw) to 0.39 (FABQpa) and 0.33 (FABQw).

Scoring and Interpretation:

The FABQ consists of a total of 16 items which are rated on a 7-point likert scale (0-
6) where 0 = completely disagree and 6 = completely agree. The total FABQ (FABQ-T)
score ranges from 0 to 96.34

Scoring of the FABQ subscales:
Sum items 2, 3, 4, and 5 to score the Physical Activity subscale (FABQpa)
Sum the items 6, 7, 9, 10, 11, 12, and 15 when scoring the Work subscale (FABQw)

Fear-avoidance beliefs can be interpreted based on the total FABQ score. Scores
between 048 indicate low levels of fear-avoidance beliefs, scores within 49-64 reflect
moderate levels, and scores in the range of 65-96 represent high levels of fear-avoidance
beliefs. Higher scores indicate a higher degree of fear-avoidance beliefs.

3.C.6.9 Depression:

The Hamilton Depression Rating Scale (HAM-D)3* is a clinician - administered instrument
designed to assess the severity of depressive symptoms in adults over the past week. The
original version comprised 17 items (HDRS-17) and was developed by Max Hamilton in
1960. It remains among the most widely used depression scales in clinical and research

settings.34
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Relaibility and validity:

Studies show that the HAM-D has good psychometric properties. For example, a meta
-analysis of studies from 1960 to 2008 reported a mean cronbach’s o of approximately 0.79
for internal consistency, and intraclass correlation coefficient around 0.94 for inter -rater
reliability.3*® Vailidity has also been supported- concurrent validity concurrent validity with

structured clinical interviews is strong.
Scoring:

In the HDRS-17, each item is scored on a 5 points scale in this study. Scoring varies
across HDRS versions. In the HDRS-17, a total score of 0-7 is generally interpreted as being
within the normal range or clinical remission, whereas a score of 20 or above typically
reflects at least moderate depressive severity and is commonly used as an inclusion threshold

for clinical trials.

3. C.6.10 Pain catastrophizing Scale (PCS):

The Pain Catastrophizing Scale (PCS) is a 13-item self-report questionnaire designed
to evaluate the extent of catastrophic thoughts and worries associated with pain in adults.
Pain catastrophizing is widely understood as a pattern of exaggerated, negative cognitive

responses to the anticipation of pain or to the actual pain experience.>*°

Scoring:

e The PCS consist of 13 items rated on a 5-point Likert scale from 0 (“not at all”) to 4

(“all the time total”).3%0-31

e Total PCS score is calculated by summing the responses for all 13 items, giving a
possible range of 0 to 52.

e The PCS also provides scores for three sub scales:

e Rumination (item 8, 9, 10, 11)

e Magnification (items 6, 7, and 13)

e Helplessness (items 1, 2, 3, 4, 5, and 12)

e Highest scores represent greater lavels of catastrophizing. A commonly cited

threshold is > 30 on the total PCS for clinically relevant catastrophizing
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3. C.6.11 Health related quality of life (HQRoL):

The RAND 36-Item Health Survey (Version 1.0) taps eight health concepts: physical
functioning, bodily pain, role limitations due to physical health problems, role limitations due
to personal or emotional problems, emotional well-being, social functioning, energy/fatigue,
and general health perceptions. It also includes a single item that provides an indication of
perceived change in health. These 36 items, presented here, are identical to the MOS SF-36
described in.**2 They were adapted from longer instruments completed by patients
participating in the Medical Outcomes Study (MOS), an observational study of variations in

physician practice styles and patient outcomes in different systems of health care delivery.3>3
Scoring:
Scoring the RAND 36-item*®** Health Survey is a two-step process:

1. Each item is recorded so that higher values represent better health status and are then
transformed to a 0-100 scale (where 0= worst possible health status and 100 = best
possible health state)

2. For each of the eight health domains (Physical Functioning, Role physical, Role
Emotional, Energy/fatigue, Emotional wellbeing, Social Functioning, Bodily pain,
General Health), the scores of the relevant items are averaged to create a domain
score (0-100)

3. A higher domain score indicates a better health-related quality of life in the domain.

Table No. 15: Allocation of RAND-36 questionnaire items to their corresponding subscales

Subscale No. of Items Item Numbers
Physical Functioning 10 3,4,5,6,7,8,9,10, 11, 12
Role Limitations Due to Physical Health 4 13, 14, 15, 16

Role Limitations Due to Emotional 3 17,18, 19

Problems

Energy / Fatigue 4 23,27, 29, 31
Emotional Well-Being 5 24, 25, 26, 28, 30
Social Functioning 2 20, 32

Pain 2 21, 22

General Health 5 1, 33, 34, 35, 36

Health change 1 2
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https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html

3. C.6.12 Steps of Collecting Data:

Patient fills up the consent form

@

Psychological questionnaire fill up

\ 4

Physical Measurement/Demographical variables record

@

Measurement of Functional ability through BASMI measurement

@

Blood sample taken

-
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@

Distinguish serum

@

Serum blood stored in -40° degree centigrade for TNF-alpha

@

EDTA and Clot vials Submitted to Lal Path Lab for CBC and CRP

Fig. No. 9: Steps of data collection
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3. C.7 Training protocol for the experimental group:

The experimental group received conventional treatment with yogic intervention
(table no. 8) 1 hour/day, 5 d/week, for post 24 weeks. Instructional videos were recorded after
demonstration and provided to the patients for self-practice. Patients were monitored by

virtual mode and monthly physical interaction.

Photo. no. 36 Photo. no. 37 Photo. no. 38
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Photo. no. 39 Photo. no. 40

Photo. No. 36-40: Virtual Monitoring of patients
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3. C.8 Exercise program of the control group:

Patients from the control group practiced exercise with standardised medicine. Most
of the patients did the exercise practice by the suggestions from the experts of Physical
Medicine and rehabilitation, of Institute of Post Graduate Medical Education & Research
(IPGME&R).

3. C.9 Medication:

Standardised Medicine was prescribed for the experimental and controls both groups
by the rheumatologist experts from the OPD of Clinical Immunology and Rheumatology,
Institute of Post Graduate Medical Education & Research (IPGME&R). Subjects were taken

two kinds of drugs: Analgesics and disease modifying anti rheumatic drugs.
Analgesics: Disease Modifying Anti Rheumatic Drugs (DMARDS).

1. Paracetamol: up to 1.5 mg/day 1. Sulphasalagine: 500-2000 mg/Day
2. Etoricoxib: 60-90mg/day (SOS) 2. Methoretrexate: 7.5-15mg/week
3. Naproxin: 500-1000 mg/day 3. Tofacitinive: 5-10mg/Day — one/twice time

Due to severity of the disease, some patients in control group planning for biologics drugs,
besides the standardised medicine DMARDs.

3. C.10 Statistical Procedure:

Data collected at baseline, post-12 weeks, and post-24 weeks were systematically
recorded and analyzed using SPSS version 27. After assessing the normality of the dataset,
non-parametric statistical methods were applied. Between-group comparisons (yoga Vvs.
control) at each phase were conducted using the Mann—Whitney U test, with the level of
significance set at p < 0.05. To evaluate within-group changes across the three time points,
the Friedman test, the non-parametric equivalent of repeated-measures ANOVA was used for

both the yoga and control groups.
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Ho: There will be no significant differences between the combined group (medicine + yoga)

and the conventional group on psychological, physiological, general health status, clinical

outcome measures and inflammatory markers after 24 weeks.

)

\D Chapter-1V

RESULTS & DISCUSSIONS

4.1 Results

4.1.1 Baseline comparison between Yoga and Control Group

4.1.2 Post-12-Weeks comparison between Yoga and Control Group
4.1.3 Post-24-Weeks comparison between Yoga and Control Group

4.1.4 Within Group Comparisons across baseline, post 12weeks and post
24 weeks

4.1.5 Comparison of the changes between the yoga and control groups
baseline to post 12 weeks and post 24 weeks
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RESULTS & DISCUSSIONS

4.1 Results:

The results and analysis aimed to evaluate the process and outcomes associated with the
developed yoga module, emphasizing its scientific validation and practical applicability. The
data encompass experimental results that collectively demonstrate the module’s feasibility
and effectiveness for patients with Ankylosing Spondylitis. The results of these stages are
presented in the following sections.

Results of Part-111:

Total Enrollemnt

N=70
Experimental Group Control Group
n=35 n=35

Baseline Assessment
Absent: Dropout:
Doses of medicine changes: 1 _ D(?ath: 1
Not willing to continue: 4 Biologics starts: 4
n=30 n=31

Post 12 weeks

Not willing to Biologics starts: 1
continue: 1 Hip replacement: 1

n=29 n=29

Post 24 weeks

Fig. no. 10: Flow of Participants through the Study
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Finally, in this study, 58 patients among which yoga group (n) =29 and control group
(n) =29 completed the study from enrollment to post 24 weeks. The quantitative analysis of
patient data was carried out using appropriate non-parametric statistical methods. Owing to
the non-normal distribution of the data, Mann—Whitney U tests were employed for between-
group comparisons (yoga vs. control groups) at baseline, after post 12 weeks, and after 24

weeks.

To examine within-group changes over time, a Friedman test (non-parametric
equivalent of repeated-measures ANOVA) was applied. For variables showing significant
differences, post-hoc analyses with Boneferroni correction were conducted using the
Wilcoxon signed-rank test to identify specific pairwise differences between time phases

within each group.

The results of the quantitative analysis are presented in tabular and graphical formats

to illustrate the comparative and longitudinal effects of the yoga intervention.

Table No. 16: Demographic & Anthropometric Variables of patients

Sample Experimental Sample
) ) ) Control group
Variable Size group Size
Mean = SD
(n) Mean + SD (n)
Height (cm) 29 165.02 £ 6.13 29 164.58 + 5.28
Weight (kg) 29 61.62 + 9.56 29 60.17 £ 9.42
Age (years) 29 29.86 £ 5.222 29 30.69 £4.70
Duration of Disease(yrs) 29 4.05 £ 2.06 29 419+212

****TNF-a level were below the assay detection limit in 3 patients from each group, therefore TNF-o analysis was

performed using the available 26 samples per group.

The baseline demographic and clinical characteristics of the participants demonstrated
homogeneity between the experimental and control groups. There were no noticeable
differences in height, weight, age, or duration of disease between the two groups at the

baseline of the study.
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4.1.1 Baseline comparison between Yoga and Control Group:

4.1.1.1 General Health Variables:

Table No. 17: Baseline comparison of general health variables between the Yoga group and Control Group

Variables Groups Mean + SD Median Mann- p-value
(IQR: Q1-Q3) Whitney U
BMI Yoga 22.68+3.39 22.40(20.50-25.10)
(kg/m?) Group 374.5 0.47
Control 21.87+3.10 22.70(19.15-23.75)
Group
Systolic BP Yoga 115.86+14.67 113(107.50-122)
(mmHg) Group 387 0.60
Control 117.03+12.92 115(107-126.50) '
Group
Diastolic BP Yoga 78.76x£10.60 78(71.50-86)
(mmHg) Group 352.5 0.29
Control 76.24+8.43 76(70.50-82.50) '
Group
Heart Rate Yoga 80.34+8.99 82(75.50-86.50)
(beats/minutes) Group 295 0.051
Control 77.14+£7.16 77(72.00-82.50)
Group

P-value < 0.05 is significant

Table no. 17 shows that at baseline, no significant differences were found between the

yoga and control groups in BMI, systolic blood pressure, diastolic blood pressure, or heart

rate, which indicating that both groups were comparable in these general health variables.

p=0.47 p=0.60 p=0.29 p=0.051
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Fig. no. 11: Baseline graphical comparison of General health variables between the Yoga Group and the

Control Group
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4.1.1.2 Disease activity index, functional Index, metrology Index and chest
expansion Variables (Clinical outcome measures):

Table No. 18: Baseline comparison of clinical outcome measures between the Yoga and Control Group

Variables Groups Mean = SD Median Mann-Whitney p-value
(IQR: Q1-Q3) u
BASDAI Yoga Group 4.60+1.69 4.60(3.05-5.75)
52
Control Group 4.30+1.40 4.20(3.35-4.90) 879 05
BASFI Yoga Group 4.47+1.65 4.30(3.05-5.55)
Control Group 4.91+1.65 4.30(3.70-6.25) 360 035
BASMI Yoga Group 3.20%1.72 3(2-4.40)
417 0.96
Control Group 3.21+1.74 2.60(1.70-4.60)
Chest Yoga Group 2.48+1.62 2.50(1-3)
Expansion 392.50 0.66
(cm) Control Group 2.70£1.77 2.50(1-4)

p-value < 0.05 is significant

From table no. 18 it is reported that no significanct differences were observed
between yoga and control group at baseline for BASDAI, BASFI, BASMI, and chest

expansion.
0=0.52 p=0.35 p=0.96 p=0.66
8- 87 6+ 54
IS
6- £
6 4 5 3
— —_ —_ ) -
< LL = c
@B 44
@ 4- < 4 2 g
2 @ 5 5 2]
21 27 g,
L1
O
0- 0= 0- 0-
& > Ca > > > & S
& & & & & & & 0(\\‘
Q/’&Q < é\& ¢ Q:;\@ 9) Q/@\@ ¢
Q;‘-Q Q}‘"Q Q/+Q Q/.‘.Q

Fig. no. 12: Baseline graphical comparison of clinical outcome measures between the Yoga Group and the
Control Group
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4.1.1.3 Haematological and Inflammatory Markers Variables:

Table No. 19: Baseline comparison of haematological and inflammatory marker variables between yoga
Group and control Group

. Wi p-value
Variables Groups Mean + SD (IQAIRCIF?QIT?QS) Mann \lSVhltney
13.19+1.20 13.40(12.45-14)
Haemoglobin | Y°92 Group 285 0.59
(g/d1) Control Group 13.36+1.34 13.80(12.30-14.25)
211.24+91.70 166(154-239)
Platelet Count Yoga Group 409 0.86
3
(thou/mms3) Control Group 200.31+53.85 181(160-243.50)
EsR Yoga Group | 24-21%22.24 20(6.50-30)
416 0.94
(mm/hr) Control Group e 18(9-30.50)
cre YYoga Group 9.62+11.59 5.77(2.15-13.34)
417.50 0.96
(mg/L) Control Groyp | 9-81%12.14 5.92(1.95-11.62)
Yoga Group 33.12+61.38 8.20(3.59-37.48)
TNF-alpha 364 0.99
(ng/L) Control Group 31.52+52.20 5.69(2.41-33.17)

p-value < 0.05 is significant

Table no. 19 showed that there were no significant differences were observed between

yoga and control group for haemoglobin, platelet count, ESR, CRP, and TNF-alpha.
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Fig. no. 13: Baseline graphical comparison of haematological variables and inflammatory markers
between the Yoga Group and the Control Group
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4.1.1.4 Psychological Variables:

4.1.1.4.1 Depression and Fear Avoidance Beliefs

Table No. 20: Baseline comparison of Depression and Fear Avoidance Beliefs variables between yoga
Group and control Group

Variables Groups Mean = SD a Ql\élfegi'_ng) Wl;l/:?r?eny_ U p-value
13.24+4.04 13(10.50-15
Yoga Group ( ) 326.5 0.14
Depression ' '
Control Group 12.24+4.70 11(9-14)
15.38+4.04 16(12-18)
Fear Avoidance Belief Yoga Group 307.5 0.08
in Physical Activit -
in Physical Activity Control Group 12.83+5.82 12(9-17)
Yoaa Grou 21.90+5.56 22(19.50-26)
Fear Avoidance Belief g P 377.5 0.50
in Work Activity Control Group 20.45+8.54 22(15-27.50)
52.24+14.16 52(48.50-63
Yoga Group ( ) 358 0.33
FABQ Total S '
Q Total Score 48.79+16.88 51(37.50-61)
Control Group

p-value < 0.05 is significant

From table no. 20 it is reported that at baseline, depression, fear avoidance belief in
physical activity, fear avoidance belief in work activity and FABQ total Score has no

significant difference exist between yoga and control group.
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Fig. no. 14: Baseline graphical comparison of Depression and Fear Avoidance Beliefs between the Yoga
Group and the Control Group

147




4.1.1.4.2 Pain Catastrophizing

Table No. 21: Baseline comparison of Pain Catastrophizing between yoga Group and control Group

. Median Mann- p-
Variables Groups Mean + SD (IQR: Q1-Q3) Whitney U value
Yoaa Grou 6.86+2.86 7(6-7.50)
Rumination g P 344.50 0.23
subscale Control Group 7.24+1.98 7(6-8)
4.83+2.19 5(3-6)
Magnification Yoga Group 396.50 0.71

subscale Control Group 5.07+2.03 5(3-6)

Youa Grou 10.79+4.93 10(7.50-13.50)
Helplessness g P 388.50 0.62
subscale Control Group 10.07£3.20 9(8-12)
22.55+8.99 20(16-28)
PCS Total Yoga Group 411 0.88
Score 22.3845.55 23(19-25)

Control Group

p-value < 0.05 is significant
Table no. 21 showed that at baseline among the subscale of pain catastrophizing i.e.

Rumination subscale, Magnification subscale, Helplessness subscale and PCS total score had

no significant difference between the yoga and control group.
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Fig. no. 15: Baseline graphical comparison of Pain Catastrophizing between the Yoga Group and the
Control Group
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4.1.1.5 HRQoL Variables

Table No. 22: Baseline comparison of HRQoL dimensions between the Yoga Group and Control Group

. Median Mann-
Variables Groups Mean = SD (I0R: Q1-03) Whitney U p-value
. Yoga Group 54.66+20.57 50(37.50-70)
Physical 328 015
Functioning Control Group 60.17+17.14 65(50-70)
o Yoga Group 43.10+42.73 25(0-100)
Role limitation- 403 078
Physical Control Group 45.69+34.76 50(12.50-75)
31 +34.48 33(0-67)
Role limitation- Yoga Group 393 065
Emotional Control Group 35.62+36.72 33(0-67)
Yoga Group 38.93+14.99 35(30-50)
Vitality (Energy) 251721065 45(40-52.50) 305.5 0.07
Control Group
+ -
Mental Health Yoga Group 40.69+14.62 40(30-52) -
(Emotional 0.44
wellbeing) Control Group 43.31+12.00 44(34-52)
Yoga Group 42.10+17.74 38(25-56.50) s
Social Functioning 429721983 38(31.50.50 0.97
Control Group i (31.50-50)
61.62+18.04 68(50-78
Yoga Group ( ) 381 053
Pain ’
Control Group 66.55+11.04 68(58-78)
Yoga Group 30.17+19.06 35(12.50-42.50)
General Health 33282131 30(10-47.50) 384.5 0.57
Control Group
Yoga Group 42.24+26.81 25(25-75) sss
Health Change 500022216 50(25.75 ' 0.24
Control Group R (25-75)

p-value < 0.05 is significant

From table no. 22 it is revealed that at baseline there were no significant differences
observed in Physical Functioning, Role limitation-Physical, Role limitation-Emotional,
Vitality (Energy), Mental Health (Emotional wellbeing), Social Functioning, Pain, General

Health and Health Change between the experimental and control group.
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Fig. no. 16: Baseline graphical comparison of HRQoL Dimensions between the Yoga Group and the

Control Group
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4.1.2 Post-12-Weeks comparison between Yoga and Control Group:

4.1.2.1 General Health Variables:

Table No. 23: Post-12-week comparison of general health variables between the Yoga Group and Control

Group

Median Mann-
Variables Groups Mean + SD (IQR: Q1-Q3) Whitney U p-value
22.57+2.76 22.80(20.35-25)
BMI Yoga Group 405.5 0.2
(kg/m?) Control 22.55%3.28 22.80(20.10-24.70) '
Group
112+9.47 110(105-117)
SystolicBp | 092 Group 358.5 0.33
(mmHg) Control 115.66+13.15 113(106.50-120)
Group
76.17+6.55 75(71.50-81.50)
Y
Diastolic BP 0ga Group 322.5 0.13
(mmHg) Control 72.97+8.48 73(66.50-78.50) '
Group
77.76+9.15 77(72-83)
Heart Rate | ' C9a Group 349.5 0.27
(beats/minutes) Control 81.21+8.58 78(75-89)
Group

p-value < 0.05 is significant
Table no. 23 showed that post 12 weeks comparison between the yoga and control

groups no significant differences were observed in BMI, Systolic blood pressure, diastolic

blood pressure and resting heart rate.
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Fig. no. 17: Post-12-week graphical comparison of general health variables between the Yoga group and
the Control group
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4.1.2.2 Clinical outcome measures:

Table No. 24: Post-12-week comparison of clinical outcome measures between the Yoga Group and

Control Group

Median Mann-
Variables Groups Mean + SD (IQR: Q1-Q3) Whitney U p-value
Yoga Group 3.19+1.82 3(1.90-4.60)
24 )
BASDAI 4.46+1.62 4.60(3.35-5.55) 3 0.006
Control Group
Yoga Group 3.19+1.82 3(1.90-4.60) o
BASFI 183.50 '
Control Group | >-21*1-67 5(4.10-6.15)
2.32+1.45 1.80(1-3.30
Yoga Group ( ) o1e0 o
PASMI 4.06%1.64 4(2.50-5.60 ' '
Control Group e (2.50-5.60)
Chest Yoga Group 3.32+1.74 3(2-4.50) e,
Expansion XIS T . 0.02
(cm) Control Group AR (1.50-3)

p-value < 0.05 is significant

From table no. 24 it is reported that post 12 weeks there were significant differences
observed in BASDAI, BASFI, BASMI, and chest expansion between the yoga and control

groups.
p=<0.001 p=<0.001 =0.02
p=0.006 P

8 6]
- - 6 ~
IS
L

61 6 T S 4
- 4+ n
oy T s g
3 g - : :

é o o 11} 24
24 7
2+ 2 g
O

0- o4 0 0-

Y
& O JUC & @ JL
é\& o & ¢ & ° Q/{\é\ @
Q (9
& P s &

Fig. no. 18: Post-12-week graphical comparison of clinical outcome measures between the Yoga group
and the Control group
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4.1.2.3 Haematological variables and Inflammatory Markers:

Table No. 25: Post-12-week comparison of haematological variables and inflammatory markers of between
the Yoga Group and Control Group

Variables Groups Mean = SD Median(IQR: Q1-Q3) p-value
13.44+1.11 13.50(12.60-14.40)
Haemoglobin Yoga Group 0.04
(g/dh Control Group | 12.74+1.25 12.50(11.95-13.85)
188.38+57.01 162(155-202.50)
Platelet Count Yoga Group 0.07
. .
(thou/mm®) | control Group | 222.48+77.58 188(163-275.50)
EsR Yoga Group 22.55¢19.18 15(8-40.50)
0.004
(mmhr) Control Group | 38-17%24.38 30(19.50-53)
8241149
CRP Yoga Group 3.61(1.18-12.91) 0.006
(mg/L) Control Group | 15-38+13.89 10.86(4.70-24.06)
Yoga Group 12.35+17.87 6.72(2.36-13.80)
TNF-alpha 0.10
(ng/L) Control Group | ©63-84+125.38 10.63(4.46-39.42)

p-value < 0.05 is significant

Table no.25 reported that post 12 weeks of comparison between the yoga and control

groups significant differences were observed in Haemoglobin only, whereas no significant

difference found in Platelet Count. For inflammatory marker ESR and CRP are significant

differences observed at post 12 weeks. But no significant differences observed in TNF-alpha.
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Fig. no. 19: Post-12-week graphical comparison of haematological variables and inflammatory markers
between the Yoga group and the Control group
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4.1.2.4 Psychological Variables:

4.1.2.4.1 Depression and Fear Avoidance Beliefs

Table No. 26: Post-12-week comparison of Depression and Fear Avoidance Beliefs Variables between the
Yoga Group and Control Group

Variables Groups Mean + SD ( ngg‘ﬂ?a Wm;ir?:y_ U vszIJe
Yoga Group 10.5245.21 9(6.50-13)
Depression Control Group 17 284543 18(16-20) 151.5 0.00
Fegr Avoidan_ce Yoga Group 12.10£5.50 12(8.50-15.50) 166.5
Be“e;\(l:rt]i\ljitgsmal Control Group 17.97+4.40 18(16-21) oo
Fear Avoidance Yoga Group 14.00£7.57 12(8.50-19.50)
Be',i:;iir\‘,i\gork Control Group | 25:0026.36 | 27(21.50-28.50) 120 0.00
Yoga Group 37.21£17.10 31(25.50-53)
FABQ Total Score =" — Group | 60.95+1386 |  64(54.50-68.50) 132 0.00

p-value < 0.05 is significant

Compared to the control group, the yoga group showed significantly lower scores in

depression and in all components of the fear avoidance belief questionnaire (FABQ),

indicating improved psychological well-being and reduced fear avoidance beliefs following

the post 12 weeks yoga intervention.
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Fig. no. 20: Post-12-week graphical comparison of Depression and Fear-Avoidance Belief variables
between the Yoga group and the Control group
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4.1.2.4.2 Pain Catastrophizing

Table No. 27: Post-12-week comparison of Pain Catastrophizing between the Yoga and Control Group

Variables Groups Mean = SD a Qg?g(ﬂ?@ Mann—\L/JVhltney p-value
5.72+2.27 6(4-0.7)
Rumination Yoga Group 261 0.01
| -
subscale Control Group 7.76%3.32 8(4-10.50)
3.21+1.70 3(2-4)
Magnification Yoga Group 208 0.001
subscale Control Group 5.21+2.16 5(3-7)
6.10+3.18 5(4-8)
Helplessness Yoga Group 153 .000
subscale Control Group 10.76+4.59 9(8-14)
Yoga Group 15.03+5.41 15(11-18) - 0
PCS Total Score '
23.69+8.62 23(16.50-30)

Control Group

p-value < 0.05 is significant

Table no. 27 showed that significant differences were observed between the yoga and
control groups across all the components of the pain catastrophizing scale, indicating a
positive influence of yoga on pain catastrophizing after the post 12 weeks yoga interventions.
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Fig. no. 21: Post-12-week graphical comparison of Pain Catastrophizing between the Yoga group and the
Control group
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4.1.2.5 HRQoL Variables

Table No. 28: Post-12-week comparison of HRQoL Dimensions between the Yoga and Control Group

Variables Groups Mean = SD a Ql\lél'egTQ@ sz?g; U p-value
. Yoga Group 78.45+12.26 80(70-87.50)
Physical 755 0.00
Functioning Control Group 48.97+£17.75 50(35-65)
o Yoga Group 81.03+22.81 75(75-100)
Role limitation- 92 0.00
Physical Control Group 32.76+29.20 25(0-50)
o Yoga Group 74.79+30.43 67(67-100)
Role limitation- 208 0.001
Emotional Control Group 40.21+37.21 33(90-67)
Yoga Group 58.79+10.49 60(47.50-65) eas
Vitality 41.03+16.87 40(27.50-55 | 0.00
Control Group R (27.50-55)
Yoga Group 59.03+£11.20 60(52-68)
Mental Health 91.5 0.00
Control Group 38.00+12.79 36(30-50)
_ Yoga Group 61.97+11.12 63(50-63)
Social 168 0.00
Functioning Control Group 39.48+22.25 38(25-50)
Yoga Group 76.10+9.75 78(68-78) Jas
Pain 60.03+19.58 65(45-78) | 0.001
Control Group T
Yoga Group 55.86+15 55(47.50-67.50)
General Health 28 832031 25(10-47.50) 131.5 0.00
Control Group
Yoga Group 79.31+15.04 75(75-100)
Health Change 39.48+24.69 25(25-50) . 0.00
Control Group

p-value < 0.05 is significant

According to the above table it is evident that post 12 weeks, all dimensions of health
related quality of life (HQRoL) scale showed a statistical significant improvement in the yoga

group compared to the control group at the 0.05 level.
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Fig. no. 22: Post-12-week graphical comparison of Health-Related Quality of Life (HRQoL) dimensions
between the Yoga group and the Control group
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4.1.3 Post-24-Weeks comparison between Yoga and Control Group:

4.1.3.1 General Health Variables:

Table No. 29: Post-24-week comparison of general health variables between the Yoga Group and Control
Group

Median :
Variables Groups Mean + SD (IQR: Q1-Q3) Mann—\L/JVhltney p-value
22.09+2.25 22.30(20.30-23.65)
BMI oga Group 328 0.15
(kg/m?) 23.02+3.47 23.70(19.80-25.25)

Control Group

113.79+12.34 113(106-119.50)

Systolic BP Yoga Group 347 0.25
(mmHg) Control Group | 117-38%12:21 117(107.50-127)
76.48+8.43 77(70.50-82)
Diastolic BP Yoga Group 389.5 0.63
(mmHag) Control Group | 752821049 77(65-82.50)
75.10+7.18 76(70-79.50)
%
Heart Rate 0ga Group 187 0.00
(beats/minutes) 84.03+£10.39 84(77-90)

Control Group

P-value < 0.05 is significant

The above table indicates that there were no significant differences between the yoga
and control groups in BMI, systolic blood pressure and diastolic blood pressure after 24

weeks; however, a statistically significant difference were observed in case of heart rate only.
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Fig. no. 23: Post-24-weeks comparison of general health variables between the Yoga group and the
Control group
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4.1.3.2 Clinical outcome measures Variables:

Table No. 30: Post-24-week comparison of clinical outcomes measures variables between the Yoga Group
and Control Group

Median Mann-
Variables Groups Mean + SD (IQR: Q1-Q3) Whitney U p-value
Yoga Group 2.08+1.09 1.90(1.25-2.80) 000
BASDAI 49.50 '
Control Group 5.24+1.64 5.40(4.30-6.35)
2.08+1.09 1.90(1.25-2.80
Yoga Group ( ) 30 0.000
BASFI :
Control Group 5.77+1.75 5.90(4.35-6.95)
2.16+1.43 2(90.80-3.20
Yoga Group ( ) 23 0.000
BASMI 5.23+£1.68 5(4-6.40 .
Control Group oo (4-6.40)
Chest Yoga Group 4.08+2.14 4(2-5.75) - oo
Expansion 2.43+1.62 2.50(1-3.75 | .
(cm) Control Group e 50(1-3.79)

p-value < 0.05 is significant

Table no. 30 clearly indicates that after 24 weeks, the comparison between the yoga
and control groups showed a statistically significant difference in disease activity, functional
index metrology index, and chest expansion parameters among patients with Ankylosing

Spondylitis.
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Fig. no. 24: Post-24-weeks comparison of clinical outcome measures variables between the Yoga group
and the Control group
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4.1.3.3 Haematological variables and Inflammatory Markers:

Table No. 31: Post-24-week comparison of haematological and inflammatory marker Variables between the
Yoga Group and Control Group

. Median Mann-
Variables Groups Mean = SD (I0R: Q1-Q3) Whitney U p-value
13.73+1.07 13.70(12.95-14.80)
. Yoga Group
Haemoglobin 193 0.00
(g/dl) Control Group 11.95+2.42 12(11.05-13.60
oua Gron 207.72+69.02 181(154.50-239
Platelet Count g P 281 0.03
3 -
(thou/mm?) Control Group | 249.76£106.26 | 210(173.50-303)
. Yoga Group 15.45£12.92 15(3.50-23
177.500 000
(mm/hr) Control Group 44.72£32.10 36(18.50-69.50
Yoga Group 5.65£5.97 3.83(1.71-8.42)
CRP 132,500 000
(mg/L) Control Group 29.37%27.48 24.96(7.59-37.90)
Yoga Group 9.46£9.81 4.57(2.41-14.72)
TNF-alpha
(ng/L) 81.37128.02 190.000 0.03
Control Group e 20.08(5.84-102.65)

p-value < 0.05 is significant

Table no.31 revealed that after 24 weeks there were statistically significant
differences between the yoga and control groups in haemoglobin level, platelet count,
erythrocyte sedimentation rate (ESR), C-reactive protein, and TNF-alpha.
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Fig. no. 25: Post-24-weeks comparison of haematological variables and inflammatory markers between
the Yoga group and the Control group
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4.1.3.4 Psychological Variables:

4.1.3.4.1 Depression and Fear Avoidance Beliefs

Table No. 32: Post-24-week comparison of Depression and Fear Avoidance Beliefs Variables between the
Yoga Group and Control Group

. Median Mann- p-
Variables Groups Mean + SD (IQR: Q1-Q3) Whitney U | value
Yoga Group 7.28+3.60 7(4.50-9)
Depression 7.5 0.00
Control Group 23.03+5.70 23(19-28)
_ o Yoga Group 10.55+5.36 11(7.50-13)
Fear Avoidance Belief in 1025 0.00
Physical Activit - ' '
ysical AcCuvity Control Group 18.93+6.50 19(16-21)
_ o Yoga Group 12.66+7.14 12(8-14)
Fear Avoidance Belief in 67 0.00
Work Activity Control Group 29.48+9.64 30(26.50-34.50)
Yoga Group 32.72+15.02 30(25-39)
FABQ Total Score 66.10215 40 70(54.50-78) 63.5 0.00
Control Group

p-value < 0.05 is significant

The above table demonstrate that after 24 weeks, a comparison of depression and fear
avoidance belief variables between the yoga and control groups revealed a statistically

significant differences at the 0.05 level.
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Fig. no. 26: Post-24-weeks comparison of Depression and Fear Avoidance Beliefs VVariables between the
Yoga group and the Control group
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4.1.3.4.2 Pain Catastrophizing

Table No. 33: Post-24-week comparison of Pain Catastrophizing between the Yoga Group and Control
Group

Variables Groups Mean = SD a Q'\F:I'egi-nQ@ Wl;l/:?r?eny_ U p-value
4.07+1.53 4(3-5)
Rumination Yoga Group 59 0.00
subscale Control Group 9.97+3.71 10(8-12)
2.55+1.50 3(1.50-3.50)
Magnification Yoga Group 48 0.00
subscale Control Group 7.52+2.67 8(6-9)
4.48+2.53 4(2.50-6)
Helplessness Yoga Group 63.50 0.00
subscale Control Group 12.9315 14(8.50-16.50)
Yoga Group 10.90£4.37 10(8-13.50) .
PCS Total Score 29.52+9.05 30(25.50-36 o
Control Group e (25.50-36)

p-value < 0.05 is significant
Table no. 33 showed that significant difference was observed in rumination subscale,
magnification subscale, helplessness subscale, and PCS total score between the yoga and

control group after 24 weeks.
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Fig. no. 27: Post-24-weeks comparison of Catastrophizing between the Yoga group and the
Control group
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4.1.3.5 HRQoL Variables

Table No. 34: Post-24-week comparison of HRQoL Dimensions between the Yoga Group and Control

Group
Variables Groups Mean = SD a Ql\lél'egi?Q@ Wm?r?er;/_ U p-value
Yoga Group 85.69+12.23 90(75-95)
Physical Functioning 39 6622453 3520-55) 58.5 0.00
Control Group T
81.90+29.05 100(75-100
o Yoga Group
Role limitation- 91 0.00
Physical Control Group 17.86+33.31 0(0-25)
o Yoga Group 84.79+24.35 100(67-100)
Role limitation- 77 0.00
Emotional Control Group 22.03+31.01 0(0-33)
Yoga Group 64.14+14.83 65(55-77.50)
Vitality 39.83+13.85 40(30-50 955 0.00
Control Group
Yoga Group 64.14+15.91 64(50-76)
Mental Health 78 0.00
(Emotional wellbeing) Control Group 35.34+14.75 36(24.50-44)
Yoga Group 69.62+18.84 63(50-88)
Social Functioning 112452112 38(25-56.50) 139 0.00
Control Group
Yoga Group 80.97+13.48 78(78-90) ",
Pain 51.03+19.45 45(35-66.50 . 0.00
Control Group DA (35-66.50)
Yoga Group 55.69+22.11 60(37.50-70)
General Health 19.59+15.69 15(10-27.50) o7 0.00
Control Group
Yoga Group 71.21+2.21 75(62.50-75)
Health Change 3345160 2500.75) 147 0.00

Control Group

p-value < 0.05 is significant

It is evident from table no. 34 that all components of health related quality of life

(HQRoL) showed statistically significant differences between the yoga and control groups

after 24 weeks.
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Fig. no. 28: Post-24-weeks comparison of HRQoL Dimensions between the Yoga group and the Control group
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4.1.4 Within Group Comparisons across baseline, post 12weeks and post 24

weeks:

4.1.4.1 General health variables

Table No. 35: Within-group comparison of baseline, post-12-week and post-24-week general health

variables in the Yoga Group and Control Group

) ] ) Mean Friedman y? | Friedman
Variables Group Time point Mean = SD
Rank (df=2) p
Baseline 22.68+3.39 1.9
Yoga post 12 weeks 22.57+2.76 2.02 0.57 0.75
post 24 weeks 22.09£2.25 2.09
BMI (kg/m?) _
Baseline 21.87+3.10 1.79
post 12 weeks 22.55+3.28 2.1 1.96 0.38
Control
post 24 weeks 23.02+3.47 2.1
Baseline 115.86+14.67 2.10
Yoga post 12 weeks 112+9.47 1.88 0.76 0.68
Systolic BP post 24 weeks 113.79+12.34 2.02
(mmHg) Baseline 117.03+£12.92 212
post 12 weeks 115.66+13.15 1.81 1.63 0.44
Control
post 24 weeks 117.38+£12.21 2.07
Baseline 78.76+10.60 2.26
Yoga post 12 weeks 76.17+6.55 1.84 3.11 0.21
Diastolic BP post 24 weeks 76.48+8.43 1.90
(mmHg) Baseline 76.24+8.43 2.21
post 12 weeks 72.97+8.48 1.76 3.02 0.22
Control
post 24 weeks 75.28+£10.49 2.03
Baseline 80.34+8.99 2.43
Yoga post 12 weeks 77.7619.15 2.24 20.73 0.00
Heart Rate post 24 weeks 75.10£7.18 1.33
(beats/minutes) Baseline 77.14+7.16 1.60
post 12 weeks 81.21+8.58 1.91 11.84 0.003
Control
post 24 weeks 84.03+10.39 2.48

p-value < 0.05 is significant

Table no.35 shows that, across the three phases -baseline, post 12 weeks, and post 24
weeks, there were no significant changes in BMI, systolic blood pressure, or diastolic blood
pressure within either the yoga or control groups. Specifically, the Friedman test for BMI
indicated non-significant results for both the yoga group (y*> = 0.57, p = 0.75) and the control

group (y% = 1.96, p = 0.38). Similarly, systolic blood pressure showed no significant change
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in the yoga group (%> = 0.76, p = 0.68) or control group (x> = 1.63, p = 0.44), and diastolic
blood pressure remained stable in both groups (yoga: > = 3.11, p = 0.21; control: > = 3.02, p
= 0.22). However, a significant change was observed in heart rate across time in both groups,
with the effect being more pronounced in the yoga group (y* = 20.73, p < 0.001) than in the
control group (x> = 11.84, p=0.003).
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Fig. no. 29: Graphical representation of general health variables of the Yoga and Control groups at
baseline, post-12 weeks, and post-24 weeks
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Table No. 36: Results of Post hoc comparisons of heart rate across three phases in the yoga group and

control group

Post-hoc analysis

Std. Test
Variables Time Series Group |Test Statistic|Std. Error o Sig. Adj. Sig.2
Statistic
Baseline vs. post 12 wks .190 .263 722 470 1.000
Baseline vs. post 24 wks 1.103 .263 4.202 .000 .000
Yoga
. post 12 wks vs. post 24
914 .263 3.480 .001 .002
wks
Heart Rate
Baseline vs. post 12 wks -.310 263 -1.182 237 712
Baseline vs. post 24 wks -.879 .263 -3.348 .001 .002
Control
. post 12 wks vs. post 24
-.569 .263 -2.167 .030 .091

wks

Above table reported that heart rate showed a significant reduction in the yoga group

from baseline to post-24 weeks and post-12 to post-24 weeks, indicating progressive

improvement. The control group also showed a significant change from baseline to post-24

weeks, but the change was less favourable than yoga. Overall, yoga produced a stronger and

more sustained reduction in heart rate.
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4.1.4.2 Clinical outcome measure variables

Table No. 37: Within-group comparison of baseline, post-12-week and post-24-week Clinical outcome
measures in the Yoga Group and Control Group

) ) ) Mean Friedman > | Friedman
Variables Group Time point Mean + SD
Rank (df=2) p
Baseline 4.60+1.69 2.79
Yoga post 12 weeks 3.19+1.82 1.97 34.97 0.00
post 24 weeks 2.08+1.09 1.24
BASDAI i
Baseline 4.30+1.40 1.60
Control post 12 weeks 4.46+1.62 2.00 9.20 0.01
post 24 weeks 5.24+1.64 2.40
Baseline 4.47+1.65 2.79
Yoga post 12 weeks 3.19+1.82 1.97 34.97 0.00
post 24 weeks 2.08+1.09 1.24
BASFI _
Baseline 4.91+1.65 1.72
Control post 12 weeks 5.21+1.67 1.98 4.75 0.09
post 24 weeks 5.77£1.75 2.29
Baseline 3.20£1.72 2.60
Yoga post 12 weeks 2.32+1.45 1.81 17.16 0.00
post 24 weeks 2.16+1.43 1.59
BASMI i
Baseline 3.21+£1.74 1.67
Control post 12 weeks 4.06+1.64 1.76 14.57 0.001
post 24 weeks 5.23+1.68 2.57
Baseline 2.48+1.62 1.33
Yoga post 12 weeks 3.32+1.74 1.97 29.69 0.00
Chest
) post 24 weeks 4.08+2.14 27
Expansion i
Baseline 2.70£1.77 2.12
(cm)
Control post 12 weeks 2.34+1.46 1.95 0.67 0.71
post 24 weeks 2.43+1.62 1.93

p-value < 0.05 is significant

As presented in table no. 37, a significant change was observed across the three
phases for the experimental group. The Friedman test results indicated significant
improvements in disease activity (BASDAIL: > = 34.97, p < 0.001), functional ability
(BASFI: > = 34.97, p < 0.001), metrology index (BASMI: ¥*> = 17.16, p < 0.001), and chest
expansion (x> = 29.69, p < 0.001). Notably, BASDAI, BASFI, and BASMI scores showed a

progressive decrease from baseline to post 24 weeks, reflecting reduced disease severity and
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functional limitation. Conversely, chest expansion increased significantly, indicating an

improvement in thoracic mobility among patients with Ankylosing Spondylitis.

In contrast, the control group showed comparatively minimal or adverse changes over
the same period. The Friedman test results revealed that BASDAI (3> = 9.20, p = 0.01) and
BASMI (y*> = 14.57, p = 0.001) exhibited slight but significant changes, whereas BASFI (3> =
4.75, p = 0.09) did not reach statistical significance. Chest expansion (x> = 0.67, p = 0.71)
also remained non-significant. From baseline to post 24 weeks, BASDAI, BASFI, and
BASMI scores tended to increase, while chest expansion decreased, suggesting worsening

disease status compared to the experimental (yoga) group.
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Fig. no. 30: Graphical representation of clinical outcome measures of the Yoga and Control groups at
baseline, post-12 weeks, and post-24 weeks
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Table No. 38: Results of Post hoc comparisons for clinical outcome measures across three phases in
yoga and control group

Post-hoc analysis

. ) . Test Std. Std. Test . Adj.
Variables Time Series Group o o Sig. .
Statistic Error Statistic Sig.2
Baseline vs. post 12 weeks .828 .263 3.151 .002 | .005
Baseline vs. post 24 weeks v 1.552 .263 5.909 .000 .000
0ga
post 12 weeks vs. post 24 J
724 .263 2.757 .006 | .017
weeks
BASDAI )
Baseline vs. post 12 weeks -.397 .263 -1.510 131 .393
Baseline vs. post 24 weeks -.793 .263 -3.020 .003 .008
Control
post 12 weeks vs. post 24
-.397 .263 -1.510 131 | 393
weeks
Baseline vs. post 12 weeks .828 .263 3.151 .002 | .005
Baseline vs. post 24 weeks 1.552 .263 5.909 .000 .000
BASFI Yoga
post 12 weeks vs. post 24
124 .263 2.757 .006 .017
weeks
Baseline vs. post 12 weeks 793 .263 3.020 .003 | .008
Baseline vs. post 24 weeks v 1.017 .263 3.874 .000 .000
oga
post 12 weeks vs. post 24 J
224 .263 .853 393 | 1.000
weeks
BASMI )
Baseline vs. post 12 weeks -.086 .263 -.328 .743 | 1.000
Baseline vs. post 24 weeks -.897 .263 -3.414 .001 .002
Control
post 12 weeks vs. post 24
-.810 .263 -3.086 .002 | .006
weeks
Baseline vs. post 12 weeks -.638 .263 -2.429 .015 .045
Chest Baseline vs. post 24 weeks Yoga -1.379 .263 -5.252 .000 .000
expansion post 12 weeks vs. post 24
-741 .263 -2.823 .005 | .014
weeks

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .050.

a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

Above Post hoc comparisons table reported that in the yoga group, BASDAI, BASFI,
and BASMI significantly improved at both post-12 and post-24 weeks, with further gains
between 12 and 24 weeks. Chest expansion also improved significantly across all
comparisons. The control group showed deterioration in BASDAI and BASMI over time and

no improvement in BASFI or chest expansion, indicating disease worsening without yoga.
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4.1.4.3 Haematological variables and Inflammatory Markers

Table No. 39: Within-group comparison of baseline, post-12-week and post-24-week haematological

variables and inflammatory markers in the Yoga Group and Control Group

Variables Group Time point Mean + SD Mean Friedmany® | Friedman
Rank (df=2) p
Baseline 13.19+1.20 1.79
Yoga post 12 weeks 13.44+1.11 1.81 7.15 0.03
Haemoglobin post 24 weeks 13.73+1.07 2.40
(g/dI) Baseline 13.36+1.34 2.36
Control post 12 weeks 12.74+1.25 1.88 6.07 0.05
post 24 weeks 11.95+2.42 1.76
Baseline 211.24+91.70 1.86
Yoga post 12 weeks 188.38+57.01 1.97 1.50 0.5
Platelet Count post 24 weeks 207.72+69.02 217
(thou/mm?®) Baseline 200.31+£53.85 1.67
Control post 12 weeks 222.48+77.58 2.12 4.82 .09
post 24 weeks 249.76+£106.26 2.21
Baseline 24.21%22.24 221
Yoga post 12 weeks 22.55%19.18 2.17 6.28 0.04
ESR post 24 weeks 15.45%12.92 1.62
(mm/hr) Baseline 20.93+13.91 1.41
Control post 12 weeks 38.17+24.38 2.33 15.15 0.001
post 24 weeks 44.72+32.10 2.26
Baseline 9.62+11.59 2.48
Yoga post 12 weeks 8.24+11.49 1.90 11.24 0.004
CRP post 24 weeks 5.65+5.97 1.62
(mg/L) Baseline 9.81+£12.14 1.69
Control post 12 weeks 15.38+13.89 1.93 7.10 0.03
post 24 weeks 29.37+27.48 2.38
Baseline 33.12+61.38 2.33
Yoga post 12 weeks 12.35+17.87 2.04 6.74 0.03
TNF-alpha post 24 weeks 9.46+9.81 1.63
(ng/L) Baseline 31.52452.20 1.81
Control post 12 weeks 63.84+125.38 1.96 2.30 0.32
post 24 weeks 81.37+£128.02 2.22

p-value < 0.05 is significant

Table no. 39 clearly indicates that, across the three phases (baseline, post 12 weeks,

and post 24 weeks), haemoglobin levels showed a significant increase in the yoga group (> =

7.15, p = 0.03), whereas a slight reduction was observed in the control group (y*> = 6.07, p =
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0.05). Platelet count did not show significant changes in either group, with ¥* = 1.50 (p =
0.50) for the yoga group and x> = 4.82 (p = 0.09) for the control group.

Regarding inflammatory markers, the yoga group demonstrated significant reductions
over time in erythrocyte sedimentation rate (ESR: ¥* = 6.28, p = 0.04), C-reactive protein
(CRP: y* = 11.24, p = 0.004), and TNF-a (y* = 6.74, p = 0.03), indicating an overall
improvement in inflammatory status. In contrast, the control group exhibited increases in
these inflammatory parameters—ESR (3 = 15.15, p = 0.001), CRP (%> = 7.10, p = 0.03), and
TNF-a (3> = 2.30, p = 0.32)—though the change in TNF-a was not statistically significant.
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Fig. no. 31: Graphical representation of haematological variables and inflammatory markers of the Yoga

and Control groups at baseline, post-12 weeks, and post-24 weeks
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Table No. 40: Results of Post hoc comparisons for haematological variables and inflammatory markers in
across three phases in the yoga group and control group

Post-hoc analysis

_ _ _ Test Std. | Std. Test | __ Adj.
Variables Time Series Group o o Sig. .

Statistic Error Statistic Sig.?

Baseline vs. post 12 wks -.259 .263 -.985 325 | 974

Baseline vs. post 24 wks Yoga -.828 .263 -3.151 .002 | .005

Haemoglobin post 12 wks vs. post 24 wks -.569 .263 -2.167 .030 | .091
Baseline vs. post 12 wks 483 .263 1.838 .066 | .198

Baseline vs. post 24 wks | Control .603 263 2298 | .022 | .065

post 12 wks vs. post 24 wks 121 263 460 646 | 1.0
Baseline vs. post 12 wks 034 .263 131 .896 | 1.000

Baseline vs. post 24 wks Yoga .586 .263 2.232 .026 | .077

EsR post 12 wks vs. post 24 wks 552 .263 2.101 .036 | .107
Baseline vs. post 12 wks -914 .263 -3.480 | .001 | .002

Baseline vs. post 24 wks Control -.845 .263 -3.217 .001 | .004
post 12 wks vs. post 24 wks .069 .263 263 .793 | 1.000

Baseline vs. post 12 weeks .586 .263 2.232 .026 | .077

Baseline vs. post 24 weeks | Yoga .862 263 3.283 | .001 | .003

post 12 wks vs. post 24 wks 276 263 1.050 294 | .881
CRP Baseline vs. post 12 wks 241 | 263 | -919 | .358 | 1.000
Baseline vs. post 24 wks Control -.690 .263 -2.626 .009 | .026

post 12 wks vs. post 24 wks -.448 .263 -1.707 .088 | .263

Baseline vs. post 12 wks 296 272 1.089 276 | .829

TNF alpha Baseline vs. post 24 wks Yoga 704 272 2.586 .010 | .029
post 12 wks vs. post 24 wks 407 272 1.497 134 | .403

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .050.

a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

Above table indicate that Yoga group produced a significant increase in haemoglobin
by post-24 weeks and progressive reductions in ESR, CRP, and TNF-a between baseline and
post-24 weeks, demonstrating anti-inflammatory benefits. Though in multiple comparison
analysis ESR showed not statistical significant changes in any phases of the study. The
control group showed worsening ESR, CRP, and TNF-a over time and no meaningful
improvement in haemoglobin. Overall, yoga markedly improved inflammatory and

haematological status.
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4.1.4.3 Psychological variables

4.1.4.3.1 Depression and fear avoidance belief scale

Table No. 41: Within-group comparison of baseline, post-12-week and post-24-week depression and fear
avoidance belief scale in the Yoga Group and Control Group

. . . Mean Friedman > | Friedman
Variables Group Time point Mean + SD
Rank (df=2) p
Baseline 13.24+4.04 2.66
Yoga post 12 weeks 10.52+5.21 2.07 28.79 0.00
. post 24 weeks 7.28+3.60 1.28
Depression _
Baseline 12.24+4.70 1.19
post 12 weeks 17.2845.43 2.02 37.62 0.00
Control
post 24 weeks 23.03+5.70 2.79
Baseline 15.38+4.04 2.4
Fear
Yoga post 12 weeks 12.10+5.50 1.93 8.63 .013
Avoidance
post 24 weeks 10.55+5.36 1.67
Belief in _
) Baseline 12.83+5.82 1.47
Physical
. post 12 weeks 17.97+4.40 2.19 13.23 .001
Activity Control
post 24 weeks 18.93+6.50 2.34
Baseline 21.90£5.56 2.6
Fear
Yoga post 12 weeks 14.00+7.57 1.86 18.86 0.00
Avoidance
post 24 weeks 12.66+7.14 1.53
Belief in i
Baseline 20.45+8.54 1.33
Work
L post 12 weeks 25.00+6.36 1.97 28.63 0.00
Activity Control
post 24 weeks 29.48+9.64 2.71
Baseline 52.24+14.16 2.67
Yoga post 12 weeks 37.21%17.10 1.81 21.47 0.00
FABQ Total post 24 weeks 32.72+15.02 1.52
Score Baseline 48.79+16.88 143
post 12 weeks 60.93+13.86 2.02 18.544 0.00
Control
post 24 weeks 66.10+15.40 2.55

p-value < 0.05 is significant

The above table indicates that depression and all components of the Fear-Avoidance
Beliefs Scale showed significant changes over time in both the experimental and control
groups. In the experimental group, these scores decreased progressively, reflecting improved
psychological well-being. In contrast, the control group exhibited an increase in these scores,
suggesting deterioration in psychological status and maladaptive fear-related beliefs among

patients.
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Fig. no. 32: Graphical representation of baseline, after 12 and post 24 weeks of yoga group and control
group with respect to depression and fear avoidance belief variables
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Table No. 42: Results of Post Hoc comparisons for depression and fear avoidance belief scale across three
phases in yoga and control group

Post-hoc analysis

. ) . Test Std. Std. Test . Adj.
Variables Time Series Group o o Sig. .
Statistic Error Statistic Sig.?
Baseline vs. post 12 wks .586 .263 2.232 .026 .077
Baseline vs. post 24 wks Yoga 1.379 .263 5.252 .000 .000
. post 12 wks vs. post 24 wks .793 .263 3.020 .003 .008
Depression :
Baseline vs. post 12 wks -.828 .263 -3.151 .002 .005
Baseline vs. post 24 wks Control -1.603 .263 -6.106 .000 .000
post 12 wks vs. post 24 wks - 776 .263 -2.954 .003 .009
Baseline vs. post 12 wks 466 .263 1.773 .076 .229
Fear
] Baseline vs. post 24 wks Yoga 724 .263 2.757 .006 .017
Avoidance
Belief i post 12 wks vs. post 24 wks .259 .263 .985 .325 974
elief in
Physical Baseline vs. post 12 wks - 124 .263 -2.757 .006 .017
ysl .
Activity Baseline vs. post 24 wks Control -.879 .263 -3.348 .001 | .002
post 12 wks vs. post 24 wks -.155 .263 -.591 555 | 1.000
Baseline vs. post 12 weeks 741 .263 2.823 .005 .014
Fear
] Baseline vs. post 24 weeks Yoga 1.069 .263 4.070 .000 .000
Avoidance
Belief i post 12 wks vs. post 24 wks .328 .263 1.247 212 .637
elief in
Baseline vs. post 12 wks -.638 .263 -2.429 015 | .045
Work ] Control
. Baseline vs. post 24 wks -1.379 .263 -5.252 .000 .000
Activity
post 12 wks vs. post 24 wks - 741 .263 -2.823 .005 .014
Baseline vs. post 12 wks .862 .263 3.283 .001 .003
Baseline vs. post 24 wks v 1.155 .263 4.399 .000 .000
0ga
FABO post 12 wks vs. post 24 wks J .293 .263 1.116 .264 .793
Baseline vs. post 12 wks -.586 .263 -2.232 .026 .077
Total Score -
Baseline vs. post 12 wks Control -1.121 .263 -4.267 .000 .000
ontro
Baseline vs. post 24 wks -.534 .263 -2.035 .042 125
post 12 wks vs. post 24 wks .586 .263 2.232 .026 .077

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .050.

a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

From the above table it is observed that the yoga group experienced significant
reductions in depression and FABQ scores from baseline to post-24 weeks, with most
improvements already evident by 12 weeks. In contrast, the control group showed significant
worsening of depression and fear-avoidance beliefs across time. These results indicate a

strong psychological benefit of yoga intervention.
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4.1.4.3.2 Pain Catastrophizing scale

Table No. 43: Within-group comparison of baseline, post-12-week and post-24-week Pain Catastrophizing
scale in the Yoga Group and Control Group

. . . Mean Friedman > | Friedman
Variables Group Time point Mean + SD
Rank (df=2) p
Baseline 6.86+2.863 2.50
Yoga post 12 weeks 5.72+2.266 2.10 20.21 0.00
post 24 weeks 4.07+1.534 1.40
Rumination
Baseline 7.24+1.976 1.76
post 12 weeks 7.76+3.324 1.74 12.02 0.00
Control
post 24 weeks 9.97+3.708 2.50
Baseline 4.83+2.19 2.69
Yoga post 12 weeks 3.21£1.70 1.86 26.88 .000
o post 24 weeks 2.55x1.50 1.45
Magnification _
Baseline 5.07£2.03 1.67
post 12 weeks 5.21+2.16 1.74 17.776 .000
Control
post 24 weeks 7.52+2.67 2.59
Baseline 10.79+4.93 2.78
Yoga post 12 weeks 6.10+3.18 1.93 34.785 .000
post 24 weeks 4.48+2.53 1.29
Helplessness
Baseline 10.07£3.20 1.69
post 12 weeks 10.76+4.59 1.97 6.559 .038
Control
post 24 weeks 12.93+5 2.34
Baseline 22.55+8.99 2.83
Yoga post 12 weeks 15.03+5.41 1.98 39.252 .000
PCS total post 24 weeks 10.90+4.37 1.19
score Baseline 22.3845.55 1.55
post 12 weeks 23.69+8.62 1.83 18.500 .000
Control
post 24 weeks 29.5249.05 2.62

p-value < 0.05 is significant

A similar pattern was observed in table no.43 for the components of the Pain
Catastrophizing Scale (PCS)—namely rumination, magnification, helplessness, and the total
PCS score—across the three phases. Significant time-related changes were noted in both
groups; however, the experimental group showed a consistent reduction in all subscale
scores, indicating decreased pain-related catastrophizing tendencies. In contrast, the control
group exhibited an upward trend in these scores, suggesting a worsening of pain-related

cognitive and emotional responses over time.
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Fig. no. 33: Graphical representation of pain catastrophizing variables of the Yoga and Control groups

at baseline, post-12 weeks, and post-24 weeks
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Table No. 44: Results of Post Hoc Comparisons for Pain catastrophizing across three phases in
yoga and control group

Post-hoc analysis

Variables Time Series Group TPfSt_ St Std. .Te.st Sig. Atdj'
Statistic Error Statistic Sig.?

Baseline vs. post 12 wks .397 .263 1510 131 393

Baseline vs. post 24 wks Yoga 1.103 .263 4.202 .000 .000

Rumination |_Post 12 wks vs. post 24 wks 707 .263 2.692 .007 021
Baseline vs. post 12 wks .017 .263 .066 .948 | 1.000

Baseline vs. post 24 wks Control -.741 .263 -2.823 .005 014

post 12 wks vs. post 24 wks -.759 .263 -2.889 .004 012

Baseline vs. post 12 wks .828 .263 3.151 .002 .005

Baseline vs. post 24 wks Yoga 1.241 263 4.727 .000 .000

Magnification post 12 wks vs. post 24 wks 414 .263 1.576 115 345
Baseline vs. post 12 wks -.069 263 -.263 .793 | 1.000

Baseline vs. post 24 wks Control -.914 .263 -3.480 .001 .002

post 12 wks vs. post 24 wks -.845 263 -3.217 .001 .004

Baseline vs. post 12 weeks 845 263 3.217 .001 .004

Baseline vs. post 24 weeks Yoga 1.483 263 5.646 .000 .000

Helplessness post 12 wks vs. post 24 wks .638 .263 2.429 .015 .045
Baseline vs. post 12 wks -.276 263 -1.050 .294 881

Baseline vs. post 24 wks Control -.655 263 -2.495 .013 .038

post 12 wks vs. post 24 wks -.379 263 -1.444 .149 446

Baseline vs. post 12 wks .845 .263 3.217 .001 .004

Baseline vs. post 24 wks Yoga 1.638 .263 6.237 .000 .000

PCS total | Post 12 wks vs. post 24 wks 793 263 3.020 003 | .008
score Baseline vs. post 12 wks -.276 263 -1.050 .294 .881
Baseline vs. post 12 wks -1.069 .263 -4.070 .000 .000

Baseline vs. post 24 wks Control -.793 263 -3.020 .003 .008

post 12 wks vs. post 24 wks .397 263 1.510 131 393

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .050.

a. Significance values have been adjusted by the Bonferroni correction for multiple tests.

Table no. 44 revealed that all the subscale of pain-catastrophizing significantly
decreased in the yoga group, particularly from baseline to post-24 weeks, reflecting improved
pain-related coping. The control group demonstrated significant increases in most PCS
subscales over time, suggesting worsening pain perception. Yoga therefore reduced

maladaptive pain cognition effectively.
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4.1.4.5 HQRoL variables

Table No. 45: Within-group comparison of baseline, post-12-week and post-24-week HRQoL variables in

the Yoga Group and Control Group

Friedman »?

Variables Group Time point Mean + SD Mean Rank (d=2) Friedman p
Baseline 54.66+20.57 1.22
Yoga post 12 weeks 78.45+12.26 2.16 30.38 0.000
Physical post 24 weeks |  85.69+12.23 2.62
Functioning Baseline 60.17+17.14 2.38
Control | post 12 weeks 48.97£17.75 2.05 9.98 0.007
post 24 weeks 39.66+24.53 1.57
Baseline 43.10+42.73 1.43
Yoga post 12 weeks |  81.03+22.81 2.24 18.92 0.00
Role post 24 weeks 81.90+£29.05 2.33
limitation-
Physical Baseline 45.69+34.76 241
Control | post 12 weeks 32.76+29.20 2 12.94 0.002
post 24 weeks 17.86+£33.31 1.59
Baseline 31.00+34.48 1.31
Yoga post 12 weeks |  74.79+£30.43 221 27.48 0.00
Role post 24 weeks |  84.79+24.35 2.48
limitation-
Emotional Baseline 35.62+36.72 2.09
Control | post 12 weeks | 40.21+37.21 2.17 4.38 0.11
post 24 weeks | 22.03+31.01 1.74
Baseline 38.93+14.99 1.31
Yoga post 12 weeks 58.79+10.49 2.16 24.46 .000
Vitality post 24 weeks |  64.14+14.83 2.53
(Energy) Baseline 45.17+10.65 221
Control | post 12 weeks 41.03+£16.87 1.93 2.15 0.34
post 24 weeks | 39.83+13.85 1.86
Baseline 40.69+14.62 1.29
Mental Yoga post 12 weeks |  59.03+11.20 2.28 23.29 0.00
Health post 24 weeks |  64.14+15.91 2.43
(Emotional Baseline 43.31+12.00 2.4
wellbeing) | control | post 12 weeks | 38.00£12.79 1.95 8.69 0.01
post 24 weeks 35.34+14.75 1.66
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Baseline 42.10+17.74 1.29
Yoga post 12 weeks 61.97+11.12 2.17 27.98 0.00
Social post 24 weeks | 69.62+18.84 2.53
Functioning Baseline 42.97+19.83 2.09
Control | post 12 weeks 39.48+22.25 1.86 0.98 0.61
post 24 weeks 41.24+21.12 2.05
Baseline 61.62+18.04 1.34
Yoga post 12 weeks 76.10+9.75 2.19 22.94 0.00
) post 24 weeks 80.97+13.48 2.47
Pain
Baseline 66.55+11.04 2.29
Control | post 12 weeks 60.03+19.58 2.07 6.97 0.03
post 24 weeks | 51.03+19.45 1.64
Baseline 30.17+19.06 1.31
Yoga post 12 weeks 55.86+15 2.33 22.88 0.00
General post 24 weeks 55.69+22.11 2.36
Health Baseline 33.28+21.31 2.24
Control | post 12 weeks 28.83+20.31 2.12 6.29 0.04
post 24 weeks 19.59+15.69 1.64
Baseline 42.24+26.81 1.34
Yoga post 12 weeks 79.31+15.04 2.45 26.33 0.00
Health post 24 weeks 71.21+£21.49 2.21
Change Baseline 50.00+22.16 2.34
Control | post 12 weeks 39.48+24.69 1.97 8.09 0.02
post 24 weeks | 33.45+£30.033 1.69

Above table indicate that across the three phases all components of Health-Related
Quality of Life (HRQoL) showed significant improvements over time in the experimental
group receiving yogic intervention. The scores consistently increased at each assessment,
indicating enhanced overall well-being. In contrast, although the control group also showed
statistically significant changes over time, their HRQoL scores progressively declined,

reflecting a reduction in perceived quality of life.
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Fig. no. 34: Graphical representation of HRQoL variables of the Yoga and Control groups at baseline,
post-12 weeks, and post-24 weeks
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Table No. 46: Results of Post Hoc Comparisons for HRQoL varaibles across three phases in yoga and
control group

post-hoc analysis

. . . Test Std. Std. Test . Adj.
Variables Time Series Group L . Sig. .
Statistic Error Statistic Sig.2
Baseline vs. post 12
-.931 .263 -3.545 .000 .001
weeks
Baseline vs. post 24 .
Experimental -1.397 .263 -5.318 .000 .000
weeks
. post 12 weeks vs. post
. -.466 .263 -1.773 .076 229
Physical 24 weeks
Functioning | Baseline vs. post 12
.328 .263 1.247 212 .637
weeks
Baseline vs. post 24
Control .810 .263 3.086 .002 .006
weeks
. post 12 weeks vs. post
483 .263 1.838 .066 .198
24 weeks
Baseline vs. post 12
-.810 .263 -3.086 .002 .006
weeks
Baseline vs. post 24 .
Experimental -.897 .263 -3.414 .001 .002
weeks
. post 12 weeks vs. post
Role -.086 .263 -.328 743 1.000
. 24 weeks
limitation- -
. Baseline vs. post 12
Physical 414 .263 1576 115 .345
weeks
Baseline vs. post 24
Control .828 .263 3.151 .002 .005
weeks
. post 12 weeks vs. post
414 .263 1.576 115 .345
24 weeks
Baseline vs. post 12
-.897 .263 -3.414 .001 .002
weeks
Role -
L Baseline vs. post 24 .
limitation- Experimental -1.172 .263 -4.464 .000 .000
. weeks
Emotional
. post 12 weeks vs. post
-.276 .263 -1.050 .294 .881
24 weeks
Baseline vs. post 12 wks -.845 .263 -3.217 .001 .004
Vitality  |Baseline vs. post 24 wks . -1.224 .263 -4.661 .000 .000
Experimental
(Energy) post 12 wks vs. post 24
-.379 .263 -1.444 149 446
wks
Baseline vs. post 12 wks -.983 263 -3.742 .000 .001
Baseline vs. post 24 wks . -1.138 .263 -4.333 .000 .000
Experimental
Mental post 12 wks vs. post 24
-.155 .263 -.591 .555 1.000
Health wks
(Emotional |Baseline vs. post 12 wks 448 263 1.707 .088 .263
wellbeing) |Baseline vs. post 24 wks Control 741 263 2.823 .005 014
post 12 wks vs. post 24
K 293 .263 1.116 .264 793
wks
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Baseline vs. post 12

-.879 .263 -3.348 .001 .002
weeks
Social Baseline vs. post 24 .
. Experimental -1.241 .263 -4.727 .000 .000
Functioning weeks
post 12 wks vs. post 24
-.362 .263 -1.379 .168 504
wks
Baseline vs. post 12
-.845 .263 -3.217 .001 .004
weeks
Baseline vs. post 24 .
Experimental -1.121 263 -4.267 .000 .000
weeks
post 12 weeks vs. post
-.276 .263 -1.050 .294 .881
. 24 weeks
Pain -
Baseline vs. post 12
224 .263 .853 .393 1.000
weeks
Baseline vs. post 24
Control .655 .263 2.495 .013 .038
weeks
post 12 weeks vs. post
431 .263 1.641 101 .302
24 weeks
Baseline vs. post 12
-1.017 .263 -3.874 .000 .000
weeks
Baseline vs. post 24 .
Experimental -1.052 .263 -4.005 .000 .000
weeks
post 12 weeks vs. post
-.034 .263 -.131 .896 1.000
General 24 weeks
Health Baseline vs. post 12
121 .263 .460 .646 1.000
weeks
Baseline vs. post 24
Control .603 .263 2.298 .022 .065
weeks
post 12 weeks vs. post
483 .263 1.838 .066 .198
24 weeks
Baseline vs. post 12
-1.103 .263 -4.202 .000 .000
weeks
Baseline vs. post 24 .
Experimental -.862 .263 -3.283 .001 .003
weeks
post 12 weeks vs. post
241 .263 919 .358 1.000
Health 24 weeks
Change Baseline vs. post 12
379 .263 1.444 149 446
weeks
Baseline vs. post 24
Control .655 .263 2.495 .013 .038
weeks
post 12 weeks vs. post
276 .263 1.050 294 .881
24 weeks

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .050.

a. Significance values have been adjusted by the Bonferroni correction for multiple tests.
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From table no. 46 it is clear that all dimensions of HRQoL variables significantly
improved in the yoga group from baseline to both post-12 and post-24 weeks, with the
strongest gains by week 24. The control group showed reduced or stagnant HRQoL over
time, including worsening physical, emotional, and pain-related domains. Overall, yoga

enhanced overall quality of life substantially compared to control.

4.1.5 Comparison of the changes between the yoga and control groups from
baseline to post 12 weeks and post 24 weeks:

4.15.1 General Health Variables

Table No. 47: Comparison of the Changes in general health variables from baseline to post 12 and post 24
weeks in the Yoga and Control Groups

Baseline to post 12 weeks Baseline to post 24 weeks
Percentage
Variables Groups Csr;i?g:s of changes | p- Csk(‘:i’;gss Pehrcentag(z of | b

(%) value changes (%) | yajye
Yoga Group -11%2 049 | -.58+2.69 260 |

BMI 0.56 0.20

2 .

(ka/m?) 1 control Group | 068%245 3111 1.1543.23 5261
-3.86+11.83 333 | -2.07+9.28 1.79 |

Systolic BP Yoga Group 0.91 045
(mmHY) | =il Group | 138 ¥17.26 1.17 | 0.34+17.28 0.30 |
Diastolic | YogaGroup | “2%9%7:80 3291 -2.28+9.05 290

BP 3.28+11.47 4.29 e 97+13.47 1.26 0.59
(mmHg) | Control Group | < 291 -.97+13. 26|
Heart Rate | Yoga Group | 2°9%874 321 0.0 -5.24%7.81 6.52]

(beats/ 4.07£9.50 5.28 ' 6.90+10.85 8.93 0.00
minutes) | Control Group DIES. 281 .90£10. 931

p-value < 0.05 is significant

From baseline to post 12 weeks, the yoga group showed slight reductions in BMI,
systolic blood pressure, diastolic blood pressure, and heart rate, though these changes were
not statistically significant except for heart rate (p = 0.00). Between baseline and post 24
weeks, similar trends were observed, with further decreases in all parameters, among which

the reduction in heart rate remained statistically significant (p = 0.00).
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In contrast, the control group exhibited gradual increases in BMI, systolic blood
pressure, diastolic blood pressure, and heart rate over both time intervals, indicating an

overall deterioration in general health parameters without any significant improvements.
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Fig. no. 35: Graphical representation of the changes for General Health Variables in yoga group and
control group at baseline to post 12 weeks and post 24 weeks

187



4.1.5.2 Clinical outcome measures

Table No. 48: Comparison of changes in clinical outcome measures from baseline to post 12 and post 24
weeks in the Yoga and Control Groups

Baseline to post 12 weeks

Baseline to post 24 weeks

. Changes
Variables Groups J Percentage of [ p- Changes | Percentage of | p-
scores
changes (%) | value | scores mean | changes (%) | value
mean
Yoga Group -1.42+2 30.65 | -2.53+1.66 54.78 |
BASDAI Control 0.000 0.00
0.16+1.31 3.72 ¢ 0.94+1.80 21.86 1
Group
Yoga Group | -1.28+1.96 28.63] -2.39+1.73 53.47 |
0.30+1.84 6.1117 0.85+2.22 17.511
Group
Yoga Group | -.88+1.17 275 -1.05+1.34 32.50 |
BASMI Control 0.001 0.00
0.84+2.03 26.48 1 2.01+2.46 62.93 1
Group
Chest Yoga Group | 0.83+1.48 33.871 1.50+1.54 64.52 1
Expansion Control 0.03 0.00
-.36+2.28 13.33] -0.27+2.11 10|
(cm) Group

From table no. 48, it was observed that from baseline to post 12 weeks, the yoga

group showed a significant reduction in BASDAI, BASFI, and BASMI scores, along with a

significant improvement in chest expansion. Similar trends were noted between baseline and

post 24 weeks, with further decreases in all disease activity and functional limitation

parameters, and a continued significant increase in chest expansion. In contrast, the control

group demonstrated gradual increases in BASDAI, BASFI, and BASMI scores, accompanied

by a decline in chest expansion over the same period.

188




p=0.00
2_
z
a
)
)
_2_
_4—_'—'_
> >
QJQ\'% QQ\\
& %)
&
((;\.Q

Baseline -Post 12 weeks

p=0.001

BASMI
T

Baseline - 12 weeks

BASMI

p=0.00

0-

-2

BASDAI

-4

-6 —TT
A Y
& &
&
&
Q'Q

Baseline -Post 24 weeks

p=0.00

Baseline -Post 24 weeks

p=0.002

BASFI
i

Baseline -Post 12 weeks

p=0.03

4—
T
L
= 27
o
‘0
@
S 01
x
Ll
<
O

-4—_I_'_

N
& &
< o(\

& IS

&
K

Baseline -Post 12 weeks

BASFI

p=0.00

Baseline -Post 24 weeks

p=0.00

o
1

'
N
1

Chest Expansion(cm)
o N
| 1

j

Baseline -Post 24 weeks

Fig. no. 36: Graphical representation of changes for clinical outcome measures variables in Yoga group
and control group at baseline to 12 week and baseline to post 24 weeks
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4.1.5.3 Haematological variables and Inflammatory Markers

Table No. 49: Comparison of changes in haematological variables and inflammatory markers from baseline
to post 12 and post 24 weeks in the Yoga and Control Groups

Baseline to post 12 weeks Baseline to post 24 weeks
Variables Groups Changes Percentage of | p- Changes Percentage of |
-value
scores mean | changes (%) | value | scores mean | changes (%) P
Yoga
) 0.24+0.88 1.89 1 0.53+0.86 4.101
Haemoglobin | Group
0.003 0.00
(g/dl) Control
-0.62+1.19 4.64 | -1.40%2.40 10.56]
Group
Yoga
-22.86+69.84 10.83) -3.52+74.75 1.67}
Platelet Count | Group
0.031 0.11
(thou/mmq) | Control
22.17459.16 11.07 17 49.45+114.98 24.671
Group
Yoga
-1.66+19.76 6.86] -8.76+20.08 36.20|
ESR Group
0.001 0.00
(mm/hr) Control
17.24+22.09 82.361 23.79430.81 113.65%
Group
Yoga
-1.38+12.26 14.34| -3.9749.11 41.26]
CRP Group
0.03 0.00
(mg/L) Control
5.57+14.49 56.801 19.56+29.57 199.491
Group
Yoga
-20.77£52.47 62.73] -23.66%62.32 71.45]
TNF-alpha Group
0.05 0.00
(ng/L) Control
32.33+£96.17 102.547 49.86%125.29 158.1%
Group
p-value < 0.05 is significant
The Yoga group showed significant improvement in haematological and

inflammatory markers from baseline to both post 12 and post 24 weeks compared to the

control group. A significant increase in haemoglobin (p = 0.003 at post 12 weeks; p = 0.00

after 24 weeks) was observed, accompanied by marked reductions in ESR, CRP, and TNF-a

levels (all p < 0.05), indicating improved anti-inflammatory response and recovery.

Conversely, the control group demonstrated a rise in ESR, CRP, and TNF-a over time.

Platelet count changes were non-significant after 24 weeks. Overall, the findings suggest that

yoga practice effectively modulates haematological balance and inflammatory status,

promoting physiological recovery.
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4.1.5.3 Psychological Variables

4.1.5.3.1 Depression and Fear Avoidance Beliefs Variables

Table No. 50: Comparison of changes in Depression and Fear Avoidance Beliefs Variables from baseline
to post 12 and post 24 weeks in the Yoga and Control Groups

Baseline to post 12 weeks Baseline to post 24 weeks
Variables Groups Changes | Percentage of | p- Changes |Percentageof |
scores mean | changes (%) | value | scores mean | changes (%) P
Yoga -2.72%5.37 20.53] -5.9744.20 45.02]
. Group
D . .
epression Control 5.03%5.72 41.187 0.00 10.7916.45 88.191 0.00
Group
Fear Yoga -3.28+6.45 21.33] -4.83+6.22 31.39]
Avoidance Group
Belief in . .
Physical | Control | 5.14+6.54 2003t | %P | ca0s858 | 47551 | O%
Activity Group
Fear Yoga -7.90 +8.69 36.07] -9.24+7.09 42.19]
Avoidance Group 0.00 0.00
Belief in Work | Control 4.55+9.50 22.251 ' 9.03+12.03 44.181 '
Activity Group
Yoga -15.03+17.59 28.77] -19.52+17.90 37.38]
Grou
FABQ Total p 0.00 0.00
Score Control | 12.14 +20.03 24.881 17.31+20.70 35.491
Group

p-value < 0.05 is significant

The Yoga group demonstrated a significant reduction in psychological distress and
maladaptive beliefs compared to the control group. Depression scores significantly decreased
at both post 12 weeks (p = 0.00) and post 24 weeks (p = 0.00), showing a 45% overall
improvement from baseline. Similarly, Fear Avoidance Belief scores for both physical and
work activities, as well as the total FABQ score, showed marked reductions (p < 0.001),

indicating improved psychological resilience and adaptive recovery behavior.

In contrast, the control group exhibited a notable increase in depression and fear
avoidance beliefs across both time points, suggesting worsening psychological outcomes
without yoga intervention. These results highlight that Yoga practice effectively reduces
depressive symptoms and fear avoidance behaviors, thereby enhancing psychological well-

being and recovery confidence.
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4.1.5.3.2 Pain Catastrophizing

Table No. 51: Comparison of changes in Pain Catastrophizing from baseline to post 12 and post 24 weeks
in the Yoga and Control Groups

Baseline to post 12 weeks

Baseline to post 24 weeks

Variables Groups Changes Percentage o Changes | Percentage
of changes scores of changes p-value
scores mean value
(%) mean (%)
o Yoga Group | -1.14%2.82 16.61] -2.79£2.94 40.67]
Rumination
Control 0.20 .000
subscale 0.52+3.64 7.181 2.7243.66 37.691
Group
o Yoga Group | -1.62+2.11 33.54] -2.28+2.31 4720]
Magnification
Control 0.02 .000
subscale 0.14+3.18 2.761 2.45+3.26 48.331
Group
Yoga Group -4.6915 43.46] -6.31+4.39 58.47]
Helplessness
Control 0.00 .000
subscale 0.69+4.31 6.851 2.86+5.42 28.461
Group
Yoga Group | -7.52+7.87 33.35) -11.66+8.15 51.65]
PCS Total
Control 0.001 .000
Score 1.31+8.48 5.851 7.14+9.42 31.901
Group

p-value < 0.05 is significant

The results of table no.51 shows that the Yoga group exhibited a clear reduction in

pain catastrophizing across all subscales—rumination, magnification, and helplessness—

compared to the control group. Significant improvements were observed particularly in

magnification and helplessness, while the overall PCS total score also declined notably,

indicating reduced pain-related negative thinking. In contrast, the control group showed an

increase in all subscale and total scores, suggesting a worsening of pain catastrophizing over

time. Overall, yoga practice was associated with better cognitive control and reduced

maladaptive responses to pain.
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4.1.5.5 HRQoL

Table No. 52: Comparison of changes in HRQoL Dimensions from baseline to post 12 and post 24 weeks
in the Yoga and Control Groups

Variables

Groups

Baseline to post 12 weeks

Baseline to post 24 weeks

Changes Percentage of p- Changes Percentage of [ p-
scores mean | changes (%) | value | scores mean | changes (%) | value
Yoga 0
Physical Group 23.79+2367 |  43.53%1 - 31.03+21.10 56.801 -
Functioning CGO””O' 112142430 | 18.61%) -20.52427.23 34.09]
roup
Role gr%%% 37.93+40.43 |  88.02%1 38.79+49.36 90.021
limitation- Control 0.00 0.00
Physical &%JB -12.93+42.58 |  28.30%) -27.83+51.79 60.93|
Role gr%%% 43.79+42.78 | 141.26%1 53.79+42.09 173,521
limitation- Control 0.005 0.00
Emotional Group 4.59+56.26 12.89%| -13.59+37.60 38.15]
gr%%a 19.86+17.18 51%1 25.21+19.10 64.757
Vitality Comrgl 0.00 0.00
Group -4.14+20.31 9.16%) -5.34+16.90 11.82]
Yoga 0
Mental Group 18.34216.72 |  45.08% - 23.45+20.83 57.641 -
Health Control ' '
Group -5.31+16.01 12.26%) -7.97420.20 18.40]
. Yoga 19.86+19.94 |  47.22% 27.52+22.55 65.397
Social Group 0.001 0.001
Functioning %0””0' -3.48+31.36 8.12%) -1.72430.83 403
roup
gr%%% 14.48+19.58 23.51% 19.34+21.21 31.41
Pain ol 0.00 0.00
Group -6.52+20.44 9.80%) -15.51+22.85 2331
Yoga 0
General Grovp 256042073 |  85.13%1 - 25.52+24.40 84,597 oo
Health Control ' '
Group -4.45+26.58 13.37%) -13.6926.92 41.14]
Yoga | 270743034 | 87.76%1 28.97+32.33 68.611
Health Group 0.00 0.00
Change %’r?f&?,' 110.52433.18 | 21.04%) -16.55+31.48 33.10]

p-value < 0.05 is significant

The results from table no.52 show a significant improvement in all dimensions of

health-related quality of life (HRQoL) among participants in the Yoga group compared to the

Control group. The Yoga group demonstrated marked gains in physical functioning, role

limitations (physical and emotional), vitality, mental health, social functioning, pain, general

health, and perceived health change, all with statistically significant differences (p < 0.05). In

contrast, the Control group showed declines or minimal improvement across these domains.

Overall, the findings indicate that yoga practice substantially enhanced both physical and

psychological aspects of quality of life over post 24 weeks.
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4.2 DISCUSSION

The primary objective of the present research was to develop and validate a
specialized yoga module tailored for individuals with Ankylosing Spondylitis (AS). The
study was systematically conducted in three sequential phases, involving the design,
validation, and evaluation of a structured yoga-based therapeutic intervention. This
integrative approach sought to bridge traditional yogic principles with modern rehabilitation
science to address the multidimensional challenges associated with AS, including pain,

stiffness, inflammation, and functional limitation.

4.2.1 Discussion on Part-1 of the study: Literature search and Yoga module

development

The initial phase of the study laid a strong conceptual foundation by integrating
insights from both classical yogic literature and contemporary scientific research on yoga
therapy, musculoskeletal and rheumatologic disorders, and rehabilitation science. Through
this synthesis, key yogic concepts relevant to pain modulation, spinal mobility, inflammation
control, and psychosomatic equilibrium were identified. These insights guided the
preliminary development of a yoga module aimed at enhancing spinal flexibility and
functional well-being. The module adopted a holistic approach, incorporating loosening
exercises, asanas, breathing practices, pranayama, relaxation techniques, and meditation. In
total, 80 techniques were shortlisted for inclusion in the subsequent phase of the research,
ensuring that the module was comprehensive, evidence-informed, and aligned with both
traditional principles and modern therapeutic goals. Most of the yogic techniques selected
during the validation process have been shown in past research papers to be effective in
various diseases condition, particularly musculoskeletal diseases and auto-immune diseases
257, 355,300, 3%6, 357 indicating that yoga may serve as effective complementary therapy for the

management of AS.

Practicing meditation has been shown to be highly beneficial in reducing chronic pain
and musculoskeletal discomfort through its influence on pain perception and neural pain-
processing pathways.®*® Earlier yoga module developed for patients with AS?® did not
include meditation practices; however the present module incorporated meditation to enhance
mind-body integration and pain self-regulation. Meditation has been reported to down-

regulate nociceptive signalling, reduce central sensitization and activate the parasympathetic
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system, thereby lowering perceived pain intensity. It is also decreases stress-induced
inflammatory responses by modulating the hypothalamic-pituitary-adrenal (HPA) axis and
improving emotional coping in chronic pain conditions.**Therefore, the inclusion of
meditation in the current yoga module may have contributed to pain reduction and overall

improvement in well-being among participants with Ankylosing Spondylitis.

4.2.2 Discussion on Part-11 of the study: Validation of Yoga module by
Experts

During the feedback process, experts provided valuable suggestions regarding the
yoga module, particularly concerning the safety and appropriate duration of each practice.
Their recommendations also clarified the reasons for rejecting certain items from the list. The

inclusion and exclusion of specific yogic techniques are detailed in table no.6.

Notably, practices such as butterfly and side leg raising were rejected due to concerns
about their relevance and suitability. Some experts including medical experts like
rheumatologists and physiatrists submitted justification for their decisions to exclude these
techniques or practices. Interestingly, the findings from the CVR analysis also closely aligned
with these expert opinions, further validating the exclusion of these items from the final

module.

The loosening exercise which is incorporated in the module, performed from head to
toe with breath synchronization and mindfulness is the foundational component of any
training protocol. Few loosening exercises are excluded in the validation process, as the
postures may be challenging for people with AS, who may experience difficulties with
balance and an exacerbation of discomfort during practice. In this section some postures also
excluded which may have others health benefits but not directly beneficial for patients with
Ankylosing Spondylitis. In the asana section some postures were not selected, because they
may create challenges to the patients, require excessive physical strength or efforts. The
practices additionally can increase the spinal pressure which may be adversely affecting the
weak spinal bone, joint, ligament. Others concern include difficulties in balancing, risk of the
overstretching and severe backward bending. One breathing exercise was omitted from the
list due to the undue spinal strain may feel by AS patients during its performance. In
pranayama section few practices excluded due to forward flexed postures (chin lock-
Jalandhar bandha in uajjayi pranayama), prolonged upright sitting, and spinal strain during
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the practice, which could be detrimental for the patients in Ankylosing Spondylitis with

spinal vulnerabilities.

4.2.3 Discussion on Part-111 of the study: Experimental evaluation of the

validated module

Previous research has attempted to develop yoga modules for Ankylosing
Spondylitis;?®® however, feasibility assessment in earlier studies was generally limited to
attrition rate, retention rate, session attendance, and subjective feedback using a structured
checklist. A later study?® by the same research group examined the efficacy of the previously
developed yoga module in a 3-month tele-yoga format focusing only on disease activity,
inflammatory markers (CRP and ESR), and mental health outcomes in patients with AS. In
contrast, the present study developed a comprehensive 6-month validated yoga module and
examined its feasibility using a broader and more clinically relevant set of measures. Along
with disease activity and functional indices (BASDAI, BASFI, BASMI, and chest
expansion), general health variables, inflammatory biomarkers including TNF-alpha, and
several psychological outcomes (fear-avoidance beliefs, pain catastrophizing, and multiple
domains of quality of life) were evaluated, thereby providing a more holistic understanding
of therapeutic impact.

The third phase comprised an experimental study conducted on two groups—
experimental (yoga) and control (standard care)—assessed at three phases: baseline, post 12
weeks, and post 24 weeks. The validated yoga module was administered to the experimental
group under supervision, while the control group continued conventional treatment. The
effect of the structured yoga module as an adjunct therapeutic approach in patients with
Ankylosing Spondylitis across three assessment points at baseline At post 12 weeks and post
24 weeks, the intervention focused on improving physical function, reducing disease activity
and inflammation, and enhancing overall quality of life through integrated yoga practices,
including sukshma vyayama (loosening practices), asana, pranayama, relaxation techniques

and meditation.
4.2.3.1 Discussion on General health variables:

In the present study, no significant differences were observed between the
experimental and control groups in general health variables across the three phases, except
for heart rate, which showed a significant difference after 24 weeks. Within-group
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comparisons further revealed that, apart from heart rate, BMI, systolic blood pressure, and
diastolic blood pressure did not change significantly from baseline to post 12 weeks, baseline
to post 24 weeks, or 12 to post 24 weeks. Despite the absence of statistically significant
changes in most variables, the overall trend in the experimental group indicated gradual
improvements in BMI, blood pressure, and heart rate over 12 and post 24 weeks, with the
reduction in heart rate representing a meaningful physiological benefit of yoga practice. In
contrast, the control group recorded progressive increases in all parameters during the same

period, suggesting a decline in general health outcomes without yoga intervention.

Our findings supports Singh et al.,2021 who reported significant reduction in heart
rate, SBP and DBP post yogic intervention for patients with AS patients observed in short
guided residential program and in control interventions.'*® Similar result found in a one week
Integrated approach of Yoga therapy (IAYT ) intervention, showed an improvement heart
rate (non significantly decrease), SBP and DBP decrease significantly, whereas in control
group SBP and DBP increases.®®° Another study showed significant reduction in BMI, heart
rate and BP in the total cohort with yoga®®-%6213 One randomized controlled trial design
reported that 17-week standardized yoga program at the school helps to decrease BMI level
as18.7 + 4.5 to 18.4 + 4.2 3%3 Changes in BMI are mixed - some yoga programs report no
significant BMI changes over post 12 weeks while other reviews of Yoga in inflammatory
condition note improvements in BMI over longer more intensive programs. In AS specific

studies BMI is less consistently report it has changing significantly.
4.2.3.2 Discussion on clinical outcome measures:

The Bath ankylsoing Spondylitis disease activity index(BASDAI), Bath ankylsoing
Spondylitis functional index (BASFI), Bath ankylsoing Spondylitis metrology index
(BASMI) and chest expansion demonstrated significant improvement in the yoga group
compared to the controls over 12 and post 24 weeks improvement in this indices suggest a

reduction in inflammation associated stiffness and enhance spinal flexibility.

The present study shows significant improvements in disease activity and functional
capacity in the yoga group align with prior research suggesting that mind-body practice can
meaningfully modulate symptomatology. For instance, a randomized controlled trial of tele-
yoga showed a mark reduction in BASDAI and improved physical function as measured by

BASFI, after just 8 weeks of regular yoga practice.'*® Singh et al; investigate the efficacy of
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tele-yogic intervention on the disease activity and after three months of intervention, they
reported significant reduction for BASDAI as 6.04 +1.53 to 4.91+1.28 (p value < 0.001),
though in same study BASFI score was reduced from baseline but it is not statistically
significant. Systematic reviews and meta-analysis also support this finding; mind body
exercise interventions including yoga have been associated with moderate decrease in
BASDAI and BASFI in patient with axial Spondyloarthritis.®®* In a comparative study
Acharya et al., reported that BASMI and BASFI score significantly change across three time
measures. BASMI change from baseline to post 12 weeks as 3.3 £ 1.4 t0 2.8 + 1.49 (p value
.001) and BASFI reduces as 2.1 + 2.02 to 1.6 + 2.2 (p value .005).1% Physioball exercises
using yoga and gravity helps to reduce BASDAI index by 32%. 2"

Improvements in the metrology index (BASMI) in Yoga group are particularly
noteworthy because spinal mobility is a core feature of long term impairment in AS. This
mirrors the effect seen in other exercise intervention; for example meta-analysis of exercise
programs (including flexibility and strength training) reported moderate but significant effect
of BASMI %, Yoga as holistic combination of stretching, spinal extension and control
breathing may help maintain or even restore spinal flexibility there by showing structural

progression of functional decline. 366367

In the present study after 12 and post 24 weeks of yogic intervention enhancement of
chest expansion observed in yoga group cohort also reflects clinical relevance. Restricted
chest expansion is common in AS due to costovertebral joint involvement leading to impaired
respiratory function. *¢%3%° The improvement suggests that yoga postures and pranayama
(breathing practices) might improve rib cage mobility and diaphragmatic breathing, which are
not only beneficial for functional capacity but might also contribute to better overall

respiratory health.37
4.2.3.3 Discussion on haematological and inflammatory Markers

In the present study, we observed significant differences for haematological and
inflammatory markers between the yoga and control groups at both after 12 and post 24
weeks. Over the three time phases, within-group comparisons revealed statistically significant
changes in haemoglobin, CRP and TNF-a. However, in pairwise comparisons, haemoglobin
did not change significantly from baseline to post 12 weeks; instead, meaningful

improvements emerged between baseline and post 24 weeks, and between week 12 and week
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24. After adjusting for multiple comparisons, only the baseline-to-24-week change in
haemoglobin remained significant. Platelet count did not show significant change in any of
the paired intervals. CRP decreased significantly from baseline to post 12 weeks and baseline
to post 24 weeks, but with adjustment only the reduction from baseline to post 24 weeks
remained statistically significant. For ESR, a significant difference was seen only between
baseline and post 24 weeks, but this did not survive after adjustment. Finally, TNF-a showed
a significant reduction from baseline to post 24 weeks even after adjusting for multiple

comparisons.

Rahaman & Pramanik; conducted a study to examine the effect of twelve-week
structured yogic intervention on haematological parameters among college students and
observed that haemoglobin increase from baseline to post intervention as 15.10 to 15.60
gm/dl, for control group it is decreased as 15.14 to 14.88 gm/dl. In the same study they
reported that a structured yogic intervention positively influenced haematological
parameters, enhancing immune function and reducing inflammation.®”* One study reported
that eight week intervention of pranayama yoga exercise as an add on therapy with laser
acupuncture helps to reduce the CRP and ESR label as 16.88 + 2.09 to 13.73 £ 2.13mg/L and
21.86 + 2.47 to 15.43 + 1.94 mm/hour.>"?

In a study Vijayaraghava et al., reported that regular yogic practices lowers basal
TNF-a level .13 Gautam et al., conducted a study to examine the effect of Yoga based mind
body intervention (MBI) in active Rheumatoid arthritis patients and reported after 8 weeks of
yoga based that MBI reduces CRP(ng/ml) as 5652.44+1467.17 to 4984.12+1389.60
(<0.0001), ESR(mm/1sthour) as 42.41+9.16 to 38.00+8.37 (<0.0001), TNF- (pg/ml)
17.04+3.4 to 14.06+3.7 (<0.0001).14% Ganesan et al; in a randomized controlled trail of RA
patients reported that after post 12 weeks of yogic intervention TNF-a(pg/mL) reduced from
baseline as 91.7 + 71.8 to 61.05 + 46.84.%*° One study evaluate the impact of 8 weeks of a
yoga-based lifestyle intervention (YBLI) in RA patients on routine medical therapy, reported
TNF-(pg/ml) reduced as 17 + 3.5 to 13.7 + 3.8.%" A recent study (2023) found that yoga
helps to restore the various inflammatory markers levels to normal range, aids in immune-

modulatio and reduces RA severity.®"

4.2.3.4 Discussion on depression and fear avoidance beliefs scale

The results of the depression and Fear Avoidance Beliefs Scale demonstrated a
significant difference between the yoga and control groups at both post 12 weeks and post 24
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weeks. In the within-group analysis, depression and the subscales of fear-avoidance beliefs
showed significant changes across all three time-points. After adjusting the p-values,
depression remained significant for the baseline-to-24-week and 12-to-24-week comparisons.
For the Fear Avoidance Belief in Physical Activity (FAB-PA) subscale, a significant change
was observed only between baseline and post 24 weeks, and this significance persisted after
adjustment. No significant change was noted for the Fear Avoidance Belief in Work Activity
(FAB-Work) subscale and the FABQ Total Score between baseline and post 12 weeks;
however, both became significant from baseline to post 24 weeks and from post 12 weeks to

post 24 weeks, and these findings also remained significant after the adjusted p-value.

Psychological comorbidity, especially depression is quite common in AS. A meta -
analysis estimated the pooled prevalence of depression in as patient to be around 35%, which
is significantly higher than in the general population.®”* Depression in AS is not just buy-
product of pain but is also strongly associated with disease activity, functional impairment
and quality of life.*”® For instance, a cross sectional study using the hospital anxiety and
depression scale (HADS) found that higher HADS- depression(HADS-D) score related with
worse disease activity, more pain poorer functional status and lower quality of life.3

Yoga practice is thought to downregulate the hypothalamic—pituitary—adrenal (HPA)
axis, elevate gamma-aminobutyric acid (GABA) activity in the brain, and enhance autonomic
regulation by increasing parasympathetic activation and reducing sympathetic drive 3’738
(Michalsen et al., 2005) Regular yoga practice has also been associated with reduced cortisol,
increased serotonin and GABA activity and improved pen tolerance - factors that may
collectively reduce depressive symptoms.®”® Importantly improvement in pain and sleep
quality resulting from yoga may indirectly reduce depression since these symptoms are major
contributors to poor mental health in AS. The findings of the current study are consistent with
earlier reports demonstrating that anti-depressant effects of Yoga in chronic pain and
rheumatic condition.®® A clinical trial by Tekur et all; (2012) observed significant reduction
in depression scores following an integral yoga program among individuals with chronic
muscular skeletal disorder. *¥! Similarly a in a bibliometric analysis study by cramer et al;
reported that yoga significantly improve depressing symptoms in patients with inflammatory
arthritis *®2. Studies in autoimmune disease further support that yoga enhances self-efficacy,

emotional resilience, and coping skills, which contribute to lower depression level 3%

205



4.2.3.5 Discussion on Pain Catastrophizing

The results of the Pain Catastrophizing subscales indicated a significant difference
between the yoga and control groups at both 12 and post 24 weeks. In the within-group
comparison, the Rumination subscale showed significant improvement from baseline to post
24 weeks and from 12 to post 24 weeks. For the Magnification subscale, significant changes
were found from baseline to post 12 weeks and from baseline to post 24 weeks, and these
remain significant even after adjustment. The Helplessness subscale demonstrated
statistically significant improvement across all three phases, and the significance persisted
after adjusted p-values. Similarly, the total Pain Catastrophizing Score (PCS total) improved
significantly across the three phases, and this improvement also remained significant

following adjustment.

One study framed with the aim of online pain management programme incorporating
mindfulness-informed exercises (i.e. breathing and body scanning exercises) and CBT
elements for Ankylosing Spondylitis patients reported that Pain Catastrophizing Scales (PCS)
showed a significant difference across the three phases.?® One pilot study on Fibromyalgia
(FM) patients observed in post yoga intervention pain catastrophizing score decreased, they

also reported that yoga may reduce pain and catastrophizing.3
4.2.3.6 Discussion on Health related quality of life variables:

Result of the various subscale of health related quality of life variables revealed that
Physical Functioning, Role limitation — Physical, Role limitation — Emotional, Vitality
(Energy), Mental Health (Emotional wellbeing), Social Functioning, Pain, General Health,
and Health Change has significant difference between yoga and control group at 12 and post
24 weeks. Significant changes found of every subscale health related quality of life variables
for within group comparison at baseline to post 12 weeks as well as baseline to post 24
weeks. All the dimension of HQRoL till significant even after multiple comparison in three

phases.

Similar result like our study found by Acar et al; who reported that 8 weeks of tele
yoga practice improves quality of life of AS patients.}*® Another study notifies that yoga and
naturopathy showed improve quality of life for patients with Ankylosing Spondylitis. Singh
et al., 2023 found that 60-min structured yoga module online for 3 months in addition to

standard medical care helps to improve Quality of life for AS patients. Yoga has been shown
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to produce significant improvements across all eight domains of the SF 36, reflecting broad
enhancement of physical, emotional and social functioning. This demonstrates that yoga
supports both physical and psychological components of quality of life leading to an overall
better health status.*®® The present findings are further supported by two doctoral theses that
examined the impact of yogic intervention on individuals with ankylosing spondylitis, both of

which demonstrated similar improvements in quality of life.292387

The majority of OPD patients participanted in this study were residents of rural areas
of West Bengal, typically travelling 30—40 km to access healthcare services. To overcome
this physical barrier, the yoga intervention was administered through a hybrid delivery
approach, consisting of on-site sessions conducted once every 15 days complemented by
virtual sessions held five days per week.The experimental group showed better outcomes
than the control group because participants received continuous follow-up and support
throughout the study. Virtual monitoring and physical session helped maintain motivation,
correct mistakes, and ensure regular practice. Since the sessions were conducted online,
participants could join immediately after their morning routine at home, which reduced
barriers to attendance and strengthened adherence. Consistent participation enabled them to
experience the full therapeutic effect of the structured yoga module. Yoga works holistically
on the physical, psychological, and emotional dimensions of health. The postures improved
muscular strength, flexibility, posture, and circulation, while breathing practices enhanced
internal energy and supported relaxation. Together, these practices improved sleep, reduced
stress, increased body awareness, and nurtured a balanced mind. The integration of
movement, breath, and mindfulness may also have regulated neuroendocrine pathways
involved in inflammation and stress, which contributed to better overall well-being. As a
result, participants in the yoga group were able to cope more effectively with their symptoms
and demonstrate meaningful improvements in quality of life, and selected physiological
markers. Although some variations in variables indicate the need for further investigation
with a larger sample, the overall trend suggests that regular and guided yoga practice
produces superior clinical outcomes compared to routine daily activities without structured
intervention.However the present module reflects a more realistic clinical application in
vaarious aspects of the ptients with AS. The broader methodological approach suggests that
the present yoga module may offer superior feasibility and translational value compared with
earlier intervention particularly due to its longer duration, multimodal outcome assessment,

and evaluation of deeper psychophysiological dimensions relevant to AS management.
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Chapter-V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary of the study:

Ankylosing Spondylitis is a chronic inflammatory disorder that primarily affects the spine
and sacroiliac joints. Persistent inflammation over time can lead to stiffness and eventual
fusion of vertebral segments, reducing spinal flexibility. The condition typically begins in
early adulthood and progresses gradually with recurrent episodes of pain and mobility
limitation. Beyond the musculoskeletal structures, it may also involve the eyes, heart, and
other organs, making it a systemic disease. Early diagnosis along with appropriate medical

care and therapeutic exercise is essential to maintain function and quality of life.

Yoga has been demonstrated as a promising complementary practice for arthritis.142
While there are few studies of yoga in rheumatoid arthritis!**!43 are available, studies
examining the impact of yoga on Ankylosing Spondylitis are limited. An extensive search of
scientific literature yielded only a single study on yoga module in AS?%® which is however,
limited by the methodology used, especially the choice of specialists or stakeholders

involved.

Therefore, a study to develop a validated integrated yoga module was undertaken
which could greatly enhance the management of AS, complementing conventional treatments

and potentially improving patients' quality of life.

The primary aim of the present study is to develop, validate and test the feasibility of
the said yoga module in a scientific way. To fulfil this aim, total study conducted in three
phases i.e. literature search and yoga module development, validation of that yoga module

by experts, feasibility test of that validated yoga module through intervention.

The initial phase of the study developed a strong conceptual base by combining
classical yogic knowledge with modern scientific insights on musculoskeletal rehabilitation.
From this integration, key yoga principles related to pain reduction, spinal mobility,
inflammation control, and mind-body balance were identified. With the help of ten yoga

experts, a holistic yoga module was formulated that included loosening exercises, asanas,
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breathing practices, pranayama, relaxation, and meditation. In total, 80 techniques were

shortlisted to ensure therapeutic relevance and comprehensive coverage.

In the second phase, 36 experts were invited and 26 (72.2%) provided feedback on the
yoga module. Each expert evaluated the practices for therapeutic safety, clarity, sequencing,
and suitability for Ankylosing Spondylitis, leading to refinements in the number, duration,
and order of techniques. Statistical validation using the Content Validity Ratio (CVR) and
Content Validity Index (CVI) confirmed strong expert agreement, resulting in an evidence-
based and clinically relevant module. Out of 80 yogic techniques, 38 items were shown to be
significant (CVR> 0.385), including loosening exercise or yogic suksmavyama, asana, basic
breathing practices, pranayama, relaxation techniques, and meditation for ankylosing
spondylitis patients. Several practices—such as butterfly, side leg raising, few asanas,
breathing techniques, and pranayama—were excluded due to concerns regarding spinal
strain, excessive physical effort, balance challenges, or lack of direct therapeutic benefit for
AS patients. The final validated module prioritized safety and effectiveness, ensuring
feasibility for individuals with spinal vulnerability and preparing the protocol for empirical

testing in the next phase of the study.

Third phase is the feasibility test of the developed yoga module. Through convenient
sampling method after G*Power analysis of effect size a total of 70 male patients with
Ankylosing Spondylitis were selected from the OPD of the Clinical Immunology and
Rheumatology department, IPGMER; Kolkata. Patients were selected by Bath Ankylosing
Spondylitis - Disease Activity Index (BASDAI) and Bath Ankylosing Spondylitis Functional
Index (BASFI) questionnaire and confirmed with the certified rheumatologist. Subjects were
allotted into two groups: Yoga group (YG) (n=35) and Control group (CG) (n=35). Yoga
module was administered to participants in the YG for post 24 weeks, along with standard
medical treatment. The CG received only standard medical treatment. Demographic data-
age, height, weight, disease duration, general health variables — BMI, blood pressure, heart
rate, disease activity and functional indices-BASDAI, BASFI, BASMI, chest expansion,
haematological and inflammatory markers- Haemoglobin, plate late count, CRP, ESR, TNF
alpha, fear avoidance belief scale, pain catastrophizing and health related quality of life were
documented at enrolment, after post 12 weeks and after completion of post 24 weeks. For
non-normal distribution of the data, ‘Mann Whitney U’ tests were employed for between-

group comparisons (yoga and control groups) at baseline, post 12 weeks, and post 24 weeks.
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To examine within-group changes over time, a Friedman test (non-parametric equivalent of

repeated-measures ANOVA) was applied with Bonferroni adjustment using SPSS 27 version.

A total 58 patients of Yoga group (YG) (N=29) and control group (CG) (N=29) were
completed the study. The baseline demographic and clinical characteristics of the participants
demonstrated homogeneity between the experimental and control groups. For general health
variables category no significant difference were found between yoga and control group at
baseline, post 12 weeks and post 24 weeks, though a significant difference found for heart
rate (p<0.001) only in post 24 weeks of comparison. Significant differences were observed in
BASDAI, BASFI, BASMI and chest expansion at post 12 weeks and post 24 weeks between
two groups. In haematological and inflammatory variables —haemoglobin, platelet count,
ESR, CRP and TNF-alpha shows significant difference at post 12 weeks and post 24 weeks.
All the subscale of fear avoidance belief and pain catastrophizing found significant difference
at post 12 weeks and post 24 weeks. Similar result also observed for the all domains of health
related quality of life scale, significant at 12 and post 24 weeks between both group

comparisons.

BMI and blood pressure did not exhibit significant changes over time in either the
yoga or control group, indicating that these parameters may require longer intervention
duration, higher training intensity, or dietary modification to show measurable improvement.
In contrast, heart rate demonstrated a significant time-dependent reduction in yoga groups,
with a markedly stronger effect in the yoga group (x? = 20.73, p<0.001) compared with the
escalation of heart rate in control group (x?> = 11.84, p = 0.003). Post-hoc Bonferroni results
confirmed that the most substantial reduction occurred between baseline and post 24 weeks
(p<0.001), suggesting progressive cardiovascular adaptation among yoga participants. These
findings highlight yoga's early influence on autonomic regulation and cardiorespiratory

efficiency, even in the absence of concurrent changes in BMI or blood pressure.

BASDAI showed a significant reduction over time in yoga group (y*> = 34.97, p <
0.001) and upward trend in control groups (¥* = 9.20, p = 0.01), indicating gradual
improvement in disease activity across the intervention period; however, reflecting superior
symptom modulation through yogic practices. BASFI demonstrated significant improvement
in the yoga group (BASFIL: > = 34.97, p < 0.001), suggesting that functional capacity and
ease of daily living are more responsive to structured therapeutic movement than to usual

care alone. BASMI also showed significant change over time in both groups, greater
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improvement in the yoga group (y* = 17.16, p < 0.001) and worsening in control group
indicates that spinal mobility responds more effectively when an active, flexibility-focused
intervention is incorporated. Chest expansion displayed a significant increase exclusively in
the yoga group (%> = 29.69, p < 0.001), emphasizing the specific impact of yoga-based
breathing and thoracic mobility practices in enhancing respiratory mechanics-an area often

compromised in Ankylosing Spondylitis.

Bonferroni- adjusted pairwise comparison further revealed that disease activity score
(p < 0.001), functional index (p=0.005) significantly reduced across three phases but most
substantial significant reduction occurred between baseline and post 24 weeks. For Bath
Ankylosing Spondylitis Metrology Index (BASMI) significant changes mostly occurred at
baseline to post 12 weeks (p=0.008) and baseline to post 24 weeks (p < 0.001). For chest
expansion, significant changes also occurred at baseline to post 24 weeks’ time phases (p <
0.001).

Haemoglobin demonstrated a contrasting pattern between the two groups, showing a
significant increase over time in the yoga group (p=0.03) and a significant decrease in the
control group (p=0.05). Pairwise Bonferroni-adjusted comparisons indicated that the
improvement in haemoglobin for the yoga group was driven primarily by the change between
baseline and post 24 weeks (p=0.005), while no time-phase comparison reached significance
in the control group. Platelet count did not show significant variation across any time points
in either group, suggesting that platelet physiology was not substantially altered by the
intervention within the study duration. CRP displayed a significant time effect (YG:
p=0.004| and CG: p=0.037), and post-hoc analysis confirmed that the reduction was
significant only between baseline and post 24 weeks, highlighting a delayed but meaningful
anti-inflammatory response. Although ESR did not achieve statistical significance across
post-hoc comparisons, the greatest reduction occurred between baseline and post 24 weeks,
indicating a downward clinical trend despite the absence of statistical confirmation. TNF-a
showed a significant change over time only in the yoga group, with the Bonferroni
comparison identifying baseline to post 24 weeks (p=0.03) as the key improvement window,
while no significant change was observed in the control group. Together, these biochemical
findings suggest that yoga exerts a deeper and more progressive influence on haematological

and inflammatory markers than routine care.
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Within group comparison across three phases a significant difference was observed
for depression and more significant reduction found in baseline to post 24 weeks for
experimental group (p < 0.001). For control group depression score significantly increases for
every phases. Three subscale of fear avoidance belief scale i.e. fear avoidance belief in
physical activity, fear avoidance belief in work activity and FABQ total Score, for each
subscale a contrasting pattern between the two groups were observed, showing a significant
decrease over time in the yoga group and a significant increase in the control group. For the
experimental group most significant reduction observed in baseline to post 24 weeks’ time
pair. Similar results also found for each subscale of pain catastrophizing between both groups
and most significant reduction at baseline to post 24 weeks comparison- Rumination,

Magnification , Helplessness, PCS total score (p < 0.001).

For health related quality of life in every domain significant changes has occurred at
every phases-baseline to post 12 weeks, baseline to post 24 weeks and post 12 weeks to post
24 weeks comparison in both groups. Here also a contrasting pattern between the two groups
found, showing a significant increase over time in the yoga group and a significant decrease
in the control group in physical Functioning, role limitation physical, role limitation
emotional, vitality (energy), mental health (emotional wellbeing), social functioning, pain,

general health and health change.

5.2 Conclusions:

The study achieved its primary objectives of developing, validating, and determining the
feasibility and effectiveness of a yoga module specifically designed for the treatment of the
individuals with anklosing Spondylitis. The first objective was achieved through a systematic
and evidence-based yoga module development process followed by expert validation, which
confirmed the clinical relevance, safety, and appropriateness of the selected practices. A total
of 38 yogic practices were found to be significant (CVR > 0.385), including loosening
exercises (Stksma Vyayama), asana, basic breathing practices, pranayama, relaxation

techniques, and meditation.

With respect to second objective, the findings from the 24 week experimental trial
demonstrated that patients receiving a combination of conventional medical treatment and the
validated yoga module showed significantly greater improvements compared to those
receiving conventional treatment only. Significant (p< 0.05) positive changes were observed

across psychological variables (depression, fear avoidance belief, pain catastrophizing and
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health realted quality of life), physiological variables (haemoglobin), general health status
(heart rate), clinical outcome measures (BASDAI, BASFI, BASMI, Chest expansion) and
inflammatory markers (CRP, TNF alpha) there by supporting the alternate hypothesis and
rejecting the null hypothesis. These improvement reflect reduce disease activity, enhance
functional capacity and spinal mobility, better autonomic regulation, decrease inflammatory

response and improve emotional well-being and quality of life

Overall, the result highlights the feasibility, safety, and therapeutic value of the validated
yoga module as a complementary intervention for Ankylosing Spondylitis. By offering a
structured, cost efficient, and patient empowering practice that can be followed both under
supervision and at home, the module has the potential to support long term disease
management and reduce the burden of disability associated with this chronic condition. The
findings contribute meaningful evidence to support the integration of yoga into multi-
disciplinary rehabilitation programs for Ankylosing Spondylitis and lay the ground work for

future multicentre trials and clinical guideline adoption.

5.3Recommendations:

Based on the findings of the study, following recommendation is proposed:

1) Healthcare professionals, including physiotherapist and rehabilitation specialists, may
be encouraged to receive training in the delivery of disease-specific yoga protocols to
ensure safe and standardize implementation in clinical settings.

2) Patient education programs should be developed to promote awareness and
motivation for practice yoga regularly which enable individuals with ankylosing
Spondylitis to adopt self-management strategies beyond supervised session.

3) The validated yoga module may be incorporated into routine rehabilitation and
clinical management programs for Ankylosing Spondylitis as a complementary
intervention and along with medical care to enhance functional outcomes and quality
of life.

4) Community based centres, outpatient departments and support groups for
spondyloarthritis may integrated yoga session into their on-going services, expanding
accessibility for patient outside based rehabilitation

5) The validated yoga module has strong commercial and start up potential.
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Photo. no.41: Application of the study

5.4 Suggestions:

1) Feasibility test of the developed yoga module can be applied on female Ankylosing
Spondylitis patients.

2) Similar studies may be extended with large numbers of patients and multicentre
randomized control trails.

3) Future studies may plan in rehabilitation centre set up where patients can get face to
face yoga treatment.

4) Subsequent investigation can focus to establish the validity and reliability (test-retest)
of the developed yoga module.

5) Researcher in future may take this study to follow up to check the remission of the
yoga module.

6) It suggested that similar studies may conduct with other relevant variables related
with Ankylosing Spondylitis.

7) Further studies may focus on specific yogic techniques only sukhma vayam, asana,

pranayama, mediation.
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Photo. no. 42: Integrative health planning for Ankylosing Spondylitis patients

5.5 Limitations:

The present study has some limitations. For construct of the draft of the yoga module
(80 yogic practices) the investigators took help from classical yoga text or research paper
where the benefits of the techniques were not described adequately for reducing pain,
immobility or inflammation. A total of 36 experts were approached, of whom, only 26
experts provided their feedback (72.2%). Medical experts like physiatrists and
rheumatologists often prescribe exercises similar to yogic postures, although they may not
have extensive technical knowledge of Yoga. This was a reason to include them, which was
not done in the earlier study.?®® Feasibility of the yoga module tested considering the male AS
patients only.
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“Does a validated Yoga module influence clinical symptoms, inflammatory markers,

psychological distress, and quality of life in individuals with Ankylosing Spondylitis?”

Phase-1: Development
Objectives: Literature search and
yoga module Development

With the help of Yoga
researcher using classical yoga
text and publiaction related to
yogic therapy
80 Yogic techniques selected:
1. Sukhsma Vyama -14

2. Asana - 37
3. Breathing Exercise - 6
6. Pranayama- 16

5. Relaxation techniques - 3
6. Dhyana -4

Phase-2: Valiadtion

Objectives: Expert validation
of Yoga module

26 experts give their
feedback to validate yoga
module

Lawshe content
validity Ratio used

¥

38 Yogic techniques screened
1. Sukhsma Vyama-10

2. Asana - 14

3. Breathing Exercise - 5

6. Pranayama- 5

5. Relaxation techniques - 2

6. Dhyana -2

SHOOM b2

Phase-3: Feasibility Test

Objectives: 24 week
experimental intervention

s Disease
activity,
P<0.05 Functional
\__limitation
Inflammation improved
P<0.05) | cRP, TNF-alpha Hedtn
5 . related
P<O0S\,|  FAB, pain lfe(HRQoL
catastrophizin
P<0.05 Heart rate
Blood pressure Conclusion:

Yoga module
is beneficial
for AS
\ patients A

P<0‘05T| Hemoglobin

Photo. no. 43: Visual Abstract of the entire study
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Case Record Form

Subjects Record Proforma

Demographics
Name Age Sex
Address Phone
Occupation Extra-curricular Any other relevant information
activities
Basic Parameters
Heart Rate Blood Pressure Height Weight BMI
Diagnosis:  Ankylosing Spondylitis
Baseline data
Duration of
back pain
Diagnosis
(years)
Baseline Back pain Arthritis
Clinical Dactylitis Enthesitis
features Uveitis
Others
Baseline HLA B27
Laboratory | X-ray
MRI
CRP
Ongoing
Medicine
Cervical Lateral Tragus to wall | Schobar | Intermellicular Chest
Bath Ankylosing rotation spinal distance Test Distance Expention
Spondylitis flexion
Metrology Index | Left | Right | Left | Right | Left [ Right
(BASMI)
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IEC - Jadavpur University Approved

IPGME and R Resaerch Oversight Committee Approved
Regulatory
Clearance Status  Not Applicable
from DCGI
Health Condition
/ Problems Patients (1) ICD-10 Condition: M049]|Autoinflammatory syndrome,
Studied unspecified,

Medication(advised by the expert’s of
Comparator Active Control rheumatology), Exercise advised by the
Agent Physical Medicine and Rehabilitation(PMR)

Intervention / experts for 6 months

Comparator Medicine advised by the expert’s of
Agent Yogic rheumatology and Yogic techniques advised by
. techniques the experts from relevent field- Loosening
Intervention . . . .
with group exercise or yogic suksma vyama, asana, basic
comparison breathing Practices, pranayama, relaxation.45

minutes/Day(6 Days in a week) for 6 months

Age
From
Age To 40.00 Year(s)
Gender Male
Inclusion Criteria 1) Patients suffering from ankylosing spondylitis for 3 months to 5
years will be included on the basis of experts opinion of
rheumatology.

2) The age range of the subjects will be 18 to 40 years.
3) Providing written informed consent

18.00 Year(s)

Details

1. Associated other causes of back pain, such as herniated disk
problems, neuropathic pain, dysfunction of internal organs of the
pelvis and abdomen, and strain of ligaments.
2. comorbidity like serious cardiopulmonary disease, which precludes
Details Y092 and exercise.

ExclusionCriteria 3. Musculoskeletal conditions that contraindicate or complicates yoga
and exercises
4. Psychiatric diseases or inability to comprehend commands.
5. Smokers and alcohol addiction.

Method of
Generating
Random
Sequence

Method of
Concealment

Not Applicable

Other

Blinding/Masking Participant, Investigator, Outcome Assessor and Date-entry Operator Blinded
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Inflammatory Markers: TNF-alpha,
C-reactive protein (CRP),

Primary Outcome  Erythrocyte sediment rate (ESR), Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), Bath
Ankylosing Spondylitis Functional Index (BASFI), Bath
Ankylosing Spondylitis Metrology Index(BASMI)

Baseline, three
months & six
months

Fear Avoidance Beliefs (FAB),
Pain Catastrophizing,
Inflexibility in Pain thoughts,

Secondary Depression, ; i
Outcome Health Survey (RAND SF-36), Resting Baseline, three months & six months
Heart rate,

Resting Blood pressure

Total Sample Size="50"

Target Sample Sample Size from India="50"

Size Final Enroliment numbers achieved (Total)= "70"
Final Enroliment numbers achieved (India)="70"

Phase of Trial Phase 3

Date of First

Enrollment 15/04/2025

(India)

Date of Study

Completion Date Missing

(India)

Date of First

Enroliment Date Missing

(Global)

Date of Study

Completion Date Missing

(Global)

. Years="0"

Estlm?ted ) Months="8"

Duration of Trial AN
Days="0

Recruitment
Status of Trial
(Global)
Modification(s)

Not Applicable

Recruitment

Status of Trial Completed

(India)

Publication

Details N/A

Individual Will individual participant data (IPD) be shared publicly (including data

Participant Data dictionaries)?
(IPD) Sharing

Statement Response - NO
Brief Summary The proposed study tries to test the feasibility of a developed and validated
Modification(s) yoga module for the patients of Ankylosing Spondylitis on selected psychological

variables, physiological variables, health status, and inflammatory markers and
compare them between the conventional group (medicine and exercise
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suggested by PMR) and the combined group (medicine with yoga practice). All
the processes regarding the 3-month experiments and data collection have been
completed. Now we are continuing the 6-month follow-up study.

Close
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Development and validation of a yoga module in patients with Ankylosing Spondylitis

Study to be conducted by:
Department of Physical Education, Jadavpur University, Raja SC Mallick Road,
Kolkata-700032
And Institute of Postgraduate Medical Education & Research IPGME&R) and SSKM Hospital
244A and B, A.J.C. Bose Road, Kolkata — 700020

You are being invited to participate in a clinical research study. The following information is
for you to understand why the research is being done and what it will involve. Please take time to read
it carefully and discuss it with friends, relatives and your family or doctor if you wish. Please feel free
to ask us if there is anything that is not clear or if you would like more information. Take time to
decide whether or not you wish to take part. Please sign the Informed Consent Form only if you are
fully satisfied with the information given to you and you understand the procedures involved in the
study.

What is the purpose of this study?

The immediate purpose of this study is to evaluate the influence of yogic practices on
ankylosing spondylitis. Yogic exercises are now popular and it is established that yogic practice is
cost effective, energetic, and increases quality of life. The yogic exercises are separately to be treated
as a complementary/supplementary medicine along with regular conventional system of medical
treatment suggested by the medical experts. Generally, doctors use non-steroidal anti-inflammatory
drugs or biologic medications to treat ankylosing spondylitis. Apart from that, specific form of yogic
practices like-asana (posture), pranayama (control breathing), Dhyana (meditation) is to be helpful for
patients suffer from ankylosing spondylitis. The ultimate goal of this study is to frame consolidated
yogic modalities comprising with the said components of yogic practices, that a person having this
type of problem can practice an uniform pattern of yogic exercises under the direct supervision of
related experts for their long term recovery. Even this yogic modality can prevent the occurrence of
the problem of ankylosing spondylitis and thus it can be considered as a preventive measure against
this type of problem.

Why have I been chosen?

This study is being conducted in patients who have complained about low back pain, low
back stiffness and physical disability because of ankylosing spondylitis. The subjects will have to be
of age between 18 to 40 years male. You have been selected because you have this problem and
satisfy the other selection criteria for the trial.

Do I necessarily have to take part?

No, it is up to you to decide whether or not to take part. If you decide to take part you will be
asked to sign a consent form. Even after you have decided to take part, you are still free to withdraw
anytime you choose without giving us a reason. A decision to withdraw, or a decision not to take part,
will not affect the quality of care you receive.

What happens during the study?
Once you agree to participate in the trial and the doctor is assured that you are suffering from
Ankylosing spondylitis you will be evaluated through physical examination and laboratory evaluation.

You will continue your regular treatment as prescribed by the doctor (rheumatologist). Along
with medicine, you will receive yogic exercises used as complementary and supplementary medicine.
After completing the scheduled treatment, you will again be assessed through psychological
assessment by questionnaire, physical examination and laboratory tests to ensure your well-being.

What do I have to do?

You will have to carefully follow the instructions for medication and yogic practice. After enrolment,
you will be observed for 1 week, and will then be expected to take medicines as per direction of
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corresponding doctor and yogic practices with an empty stomach. This practice should be done for 1
hour daily in the morning or evening for 12 weeks. Specific forms of yogic practices like asana
(posture), pranayama (control of breathing), and Dhyana (meditation) are to be given as per the
prepared protocol.

You will be required to visit your doctor at the end of every alternate week, i.e., after each 15
days, after starting yoga practice. You should inform your doctor in case you take any other medicine.
Before starting the yoga practice, the researcher will perform all the jug exercises through an online
video call. And also show and explain step by step how to practice. After showing the online video
call what should be done and what should not be done, give the full video of the yoga exercises to
everyone by pen drive. Also provide illustrated descriptions of these yoga exercises to everyone. All
those patients will be given their contact numbers so that they can be contacted directly through voice
calls and video calls to get information about their communication habits. If there is a need to change
the type and dosage of yoga within the specified time period of practice, you will get that information
through telecommunication.

What are the drugs that are being given in this trial?
You will continue drugs prescribed by your treating doctor. No additional medicine would be
given for the trial. Only yogic exercises would be practiced for the trial as complementary therapy.

What are the side effects and risks from the treatment?
The combination of drug and yogic exercises is widely used in all over the globe without
reports of adverse reactions. Gradually the joint mobility develops.

Are there any other possible disadvantages of taking part?

Rather than disadvantage, some inconvenience is involved. You will have to come to the
clinic on predetermined dates. The study requires you to have blood tests for which it will be
necessary to insert a needle in your vein. After the study is over, we do not have provisions for a
continued free supply of the drugs or continuation of yogic exercises.

What are the possible benefits of taking part?
Yogic practices are expected to provide benefits such as being free from pain, increased
flexibility, relief from stress, and thus a better day-to-day life.

If the information obtained from this study helps us in improving the treatment of ankylosing
spondylitis, you will have the satisfaction of contributing to the difficult task of evaluating a
combination of drugs and yogic exercises. This, in itself, is a worthy cause that might help future
patients.

What happens if the study stops?

The study is expected to be completed within 12 weeks of inception with each subject
recruited. If it is stopped early, the reasons for it will be explained to you, and arrangements will be
made for your continued treatment.

Are there reasons for which I might be taken out of the study later on?
Even if you want to stay in the study, there may be reasons for which you might be withdrawn from
the study. This may happen if:

=  Your health worsens during the period.
= You do not take your medicines properly or repeatedly miss scheduled visit dates.

= You do not practice your yoga as prescribed by the yoga experts or maintain regularity.
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Will my taking part in this study be kept confidential?
Yes. All data obtained from the study will be kept confidential. The data would be archived
for an appropriate period. This data will be used only by authorized persons for scientific purposes.

What will happen to the results of the study?

A study report will be finalized soon after the trial closes. This thesis will be submitted to the
Ph.D. section of Jadavpur University for examination. After that the thesis paper may be published in
a scientific journal or discussed at a scientific forum/conference. You will however, not be identified
in any report / publication.

Contact for further information:
The Yoga expert and the doctor conducting this study can discuss it in more detail with you and reply
to any query, when it arises. The contact persons are:

Dr. Asish Paul Prasenjit kapas Dr. Prodyot Sinha mahapatra
(Professor) (Senior Research Fellow) (Associate Professor)
Department of Physical Education  Department of Physical Education Dept. of Rheumatology
Jadavpur University Jadavpur University LPGM.ER,
Kolkata-700032 Kolkata- 700032 Kolkata-700020
Contact Number: 9831710942 Contact Number: 7407522627 Contact Number: 9635149052
Co- Investigator Principal Investigator Co- Investigator

Thank you for going through the Patient Information Sheet. Should you decide to participate in
this clinical trial, we thank you for that too.
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Informed consent form

Development and validation of a yoga module in patients with Ankylosing Spondylitis

Subject’s: Name: Initials Age Sex

Please tick in here if you agree
1. I confirm that I have read and understood the information sheet for
the above study and have had the opportunity to ask questions. [ ]

2. Tunderstand that my participation in the study is voluntary and that I am
free to withdraw at any time, without having to give a reason, and
without my rights and privileges being affected. [ ]

3. T understand that my data would be kept confidential but individuals
authorized by the Principal Investigator, the ethics committee of the institute
where the study will be conducted and government regulatory authority
will have access to my records both in respect of the current study
and further research that may be conducted in relation to it. Even if I withdraw,
I agree to this access. However, I understand that my identity will not be

revealed and confidentiality of information will be maintained. [ ]
4. T agree not to restrict the use of any data or results that arise from this

study for academic purpose. [ ]
5. Tagree to voluntarily take part in the above study. [ ]

Signature / Thumb impression of the subject:

Date: Place:

Study investigator’s name:

Study investigator’s signature: Date: Place:

Mandatory where subject has provided thumb impression:

Signature of the witness:

Date: Place:

Name & Address of the witness:

Relation to the subject, if any:
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Answer the following questions yourself:

1. Do you have any heart disease? Yes / No
If yes, please specify -----------

2. Do you have any mental health problems? Yes / No
If yes, please specify -----------

3. Are you suffering from any respiratory disease? Yes / No
If yes, please specify -----------

4. Are you suffering from any digestive problems? Yes / No
If yes, please specify -----------

5. Have you ever undergone any operation or surgery in the past? Yes / No
If yes, please specify -----------

6. Do you have any kidney problems? Yes / No
If yes, please specify -----------

7. Do you have any kind of skin problem? Yes / No
If yes, please specify -----------

8. Do you suffer from physical weakness or fatigue? Yes / No
If yes, please specify -----------

9. Do you have any kind of eye problem? Yes / No
If yes, please specify -----------

10. Do you have any old injury or wound? Yes / No
If yes, please specify -----------

11. Do you smoke or consume alcohol? Yes / No
If yes, please mention the quantity -----------
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Details of the Google Form

Title of the study:

Development and validation of a yoga
module in patients with Ankylosing
Spondylitis

Statement of the problem:

Yoga is an ancient discipline mainly
with three aspects: Asanas (posture),
Pranayama (breathing regulation), and
Dhyana (meditation). Yoga has been tried as
complementary modalities to modern
medicine in different disease conditions.

There are reports of the usefulness of
yoga in rheumatic diseases like rheumatoid
arthritis, Ankylosing Spondylitis etc. (Singh
et al., 2022) (Puksi¢ et al., 2021)

The investigators have already
evaluated the effect of yoga in one health
condition (in rheumatology) and have found

its effectiveness as a complementary
modality.

There are many modules of yogic
practices including  sets of Asana,

Pranayama etc. We need to develop a set of
such practices which may be offered to
people with specific health conditions or
diseases. The said module should be specific
to the condition because some practices may
not  be effective ~ or  sometimes
improper/incorrect for a particular disease
condition.

The current study aims to develop a
yogic module for patient with AS for this the
investigator would, 1) consider a set of such

yogic  practices as per  objective
recommendation by a group of experts
(specialist doctors — rheumatologists,
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Physiatrist, Yoga experts), and
subsequently, 1ii) validate a module in
patients with AS.

For phase I after study, investigators
would use Laswhe content validity ratio
method. In this complete set of yogic
practices would be sent to the experts, who
will then mark them as a) very much useful
(Essential), b) moderately useful (Important,
but not essential), ¢) Not at all useful (Not
necessary)

In case a particular question or point
is considered by the experts difficult or
unable to validate he/she may mark it as d)
cannot be answered.

The module would be sent in the
form of a physical questionnaire or Google
form. The form would content seven section
— section I) would contains — Name, Degree,
affiliations and experience of the experts,
section II-VII (II. Loosening exercise/Y ogic
Suksma vyama, III. Asana, IV. Breathing
Practices  (Preparation techniques for
Pranayama) V. Pranayama, VI. Relaxation
Techniques, VII. Meditation) contains
different yogic practices as detailed below:

Complete List of Yogic Techniques

Section II to VII of the Google
Form

Section - 11
Loosening exercise/Yogic Suksma Vyama

Loosening exercises or Suksma Vyayama in
Sanskrit is a set of practices intended to
increase mobility of joints and to prepare for



the practice of yoga postures. It has also
been named the locomotive exercise because
the movement resembles that of a
locomotive. The techniques involve
repetitive movements of all the joints from
the toes up to the neck.

1.Neck movement/ Griva-Sakthi-
Vikasaka  (Front-back-side bending,
twisting, and rotation)

e Cervical flexion: bending the head forward
towards the chest.

e Cervical extension: bending the head
backward with the face towards the sky.

¢ Cervical rotation: turning the head to the
left or the right.

¢ Cervical side-bending: tipping the head to
the side or touching an ear to the ipsilateral
shoulder.

=

| 5% |

Left Lateral
Flexion

2. Shoulder rotation
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Rotation away from the midline along a
vertical axis

3. Trunk Twisting

The exercise stretches the back, spine and

upper torso muscles

Complex movement that involves range of

motion of the spine, control of the chest and



the lower back, movement of the hips and almost touches the floor, ensuring your spine

reaching of the arms and shoulder girdle remains in a neutral position.

5. Butterfly ii. Inhale. Raise your right leg to return to the
starting position.

Sit on the fl ith both 1 traight out i
* >ttonthe Hoorwith both fegs stralght out I iii. Exhale. While keeping your legs extended,

front of you. slowly lower your left leg until it almost touches

e Bring the soles of your feet together the floor, ensuring your spine remains in a

. neutral position.
e Bring your heels as close to your body as

you can, hold the pose for 30 seconds iv. Inhale. Raise your left leg to return to the
starting position. Continue alternating between
right and left for the specified number of
repetitions.

7. Vertical stretch of the knee

i.  Stand with both legs.

ii. Fold the right knee in upward direction and
catch with the hand.

iii. Try to press the knee towards the chest.

iv. Same action will be required in opposite leg.

8. Vertical stretch of the knee of both legs

i. Inhale. Exhale. While keeping your legs

extended, slowly lower your right leg until it

XXX



10. Dorsal stretch

Isolating the abdominal muscles, building

strength in the hip flexors and developing the

core.
1.Stand with feet together.

9. Pavanmuktasana/lumbar stretch (Single

and both legs) ii. Toes back toward your shins

iii. Hold for 20 to 30 seconds.
iv. Repeat with the other foot.

11. Alternate foot knee lumbar stretch

l e -./

i. Lie down in Shavasana with both legs

together, hands on the side of thighs, palm

facing downward

ii. Slowly pull both the legs toward chest while i. Turn the head to the left, looking along the left
folding from the knees and holding the knees arm, and gaze at the middle finger of the left
with fingers interlocked. Simultaneously, lift the hand. The right hand should be on the left knee

head and touch the chin to the knees
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and the left arm and shoulder should remain in
contact with the floor.

ii. In the final position, the head should be
turned in the opposite direction to the folded
knee and the other leg should remain straight.

Hold the position for as long as is comfortable.

12. Side leg raising

e Resistance move where the

lift one leg out to the side

13. Side lumbar stretch

Section III to VII of the Google
Form

Section — III: ASANAS OR PHYSICAL
POSTURES

Asana (posture) is usually defined as a body
posture held with stability and ease by Patanjali.
Hathayoga Pradipika emphasises that asana
helps bring about stability in health and
suppleness of body. As intra-thoracic, intra-
abdominal pressure-volume changes affect
internal organs and systems, it is plausible that
asanas produce changes through mechanisms
both local as well as general. (Bhavanani &

Ramanathan, 2018)

A. Standing Postures , B. Spinal Twist Postures
C. Sitting Postures D. Prone Postures E.

Supine Postures

III.A Standing Pose

15.Side  bending Chakrasana/Ardhakati
chkrasana

(Lateral bend yoga posture)

i. Stand straight with your toes joined together,
heels should be slightly apart.

ii. Relax both shoulders and place palms near the
respective thighs.

iii. Next, take a deep breath and raise your right
hand sidewise till the shoulder level and
continue raising your right arm until it touches
the right ear.

iv. Exhale and with a deep inhalation, stretch the
right side of your body as you bend towards the
left.



v. Hold this position for about 30-60 seconds.
vi. Now, again take a deep breath and slowly
come back to the initial position, bring the right

arm back near the thigh and relax. Repeat the

same with the other side (left)

3

16.K0naana/Trik0nasan (Triangle 130se)

i. Stand erect with the feet more than shoulder
width apart. Turn the right foot to the right side.
ii. Stretch the arms sideways and raise them to
shoulder level so that they are in one straight
line.

iii. Bend to the right, taking care not to bring the
body forward. Simultaneously bend the right

Right Side
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knee slightly.

iv. Place the right hand on the right foot, keeping
the two arms in line with each other.

v. Turn the left palm forward. Look up at the left
hand in the final position.

vi. Return to the upright position with the arms
in a straight line.

vii. Repeat on the other side, bending the left
knee slightly. This

completes one round.

Practice 5 to 1 0 rounds.

17.Katichakrasana (standing spinal twist
pose)

i. Stand with the feet about shoulder width apart
and the arms by the sides.

ii. Raise the arms to shoulder level, then twist
the body to the right.

iii. Bring the left hand to the right shoulder and
wrap the right arm around the back, bringing the
right hand around the left side of the waist. Look
over the right shoulder as far as is comfortable.
iv. Keep the back of the neck straight and
imagine the top of the spine is the fixed point
around which the head turns. Hold for two
seconds; accentuate the twist, gently stretching

the abdomen.

Starting position Left Side

Right Side



v. Return to the starting position. Repeat on the
other side to complete one round. Keep the feet
firmly on the ground while twisting.

vi. Relax the arms and back as much as possible
throughout the practice. Do not strain. The
movement should be relaxed and spontaneous.
vii. Perform the rotation smoothly, without
jerking or stiffness. Practice 5 to 1 0 rounds

18. Tadasana (Mountain Pose)

i. Stand with the feet together or about 10 cm
apart, and the arms by the sides.

ii. Steady the body and distribute the weight
equally on both feet. Raise the arms over the
head.

iii. Interlock the fingers and turn the palms
upward. Place the hands on top of the head. Fix
the eyes at a point on the wall slightly above the
level of the head.

iv. The eyes should remain fixed on this point
throughout the practice. Inhale and stretch the
arms, shoulders and chest upward.

v. Raise the heels, coming up onto the toes.
Stretch the whole body from top to bottom,
without losing balance or moving the feet.

vi. Hold the breath and the position for a few
seconds. At first it may be difficult to maintain

balance, but with practice it becomes easier.
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vii. Lower the heels while breathing out and
bring the hands to the top of the head. This is
one round.

viii. Relax for a few seconds before performing

the next round. Practice 10 rounds.

19. Brikhasana (Tree Pose)

1. Stand erect, legs together, hands by the
side of the thighs, and gaze in front

2. Fold right leg from the knee, placing the
sole near left thigh joint Bring hands in
Namaskara mudra Hold and repeat with

other leg.

20. Birbhadarsana-1 (Warrior Pose-1)
i. Begin by standing straight with your feet 3-4

feet apart.

ii. Turn your right foot out so that it is at an
angle of 90-degrees. Turn your left foot in by
around 15-degrees.

iii. Now slowly lift both arms sideways to your
shoulder height. Your palms must be facing
upwards.Exhale deeply and bend your right
knee.

iv. Turn your head and look towards your right.

Stretch your arms more.



v. Hold your head high and don the
determination of a warrior. Keep breathing
deeply.

vi. To release the pose, breathe in and lower
your arms. Repeat the yoga Warrior 1 pose on

the other side.

21. Utkatasan (Chair Pose)

1. Starting in Mountain pose / TadasanaExhale as

you bend your knees and move your hips back

as if you were sitting down on a chair.
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ii. Draw your lower abdomen in and up to
support your lower back.

iii. Send your hips back rather than your knees
forward, so that you can still see your toes.

iv. Inhale as you raise your arms up around your
ears and soften your shoulders Keep reaching
higher, while sitting lower for 5 to 10 breaths

v. To come back into in Tadasana, exhale, as
you press your feet down to straighten your legs

and then bring your arms down to your sides.

22.Bandha Hsata Uttanasana

( Locked hand raising pose)
i. Begin from Uttanasana (Standing Forward

Fold).Inhale, bring the arms interlocked at the
elbows and take the face and chest close towards
the thighs flexing at the hips, to the maximum.

ii. Exhale, and bring the torso deeper down
trying to touch the floor with the elbows.

iii. Allow the head, shoulders, arms, and neck to
hang loose and remain here in this pose for
about 8 breaths.If holding this posture is a
challenge, then bend the legs at the knees and
look up to avoid any pressure to the head and
neck.

iv. To release, inhale and look up, then release
the arms and slowly come up to stand
in Tadasana (Mountain Pose).

v. Relax here and if required repeat the practice
of Baddha Hasta Uttanasana, taking the practice
for a longer duration.

vi. Feel the stretch at the hamstrings, quadriceps,
shoulders, arms, and lower back while in this

forward bend variation.



vii. The pressure at the neck and head would be

more when to the

compared

practice

going deeper down and if the knees are bent,
hold the posture without going any further down

towards the ground.

III. B. Spinal Twist Postures

23. Meru wakrasana

i. Firstly align to Staff Pose (Dandasana). Stay
for a couple of breaths and prepare for the pose.
The torso and the spine of the body are upright
and engaged.

ii. Inhale and extend the torso. Exhale, place the
left foot on the outside of the right knee. Ground
the left foot. Keep the right leg extended and the
right foot engaged.Inhale.

iii. Exhaling, take a twist from the lower back
towards the right side. Place the palms behind
the body, a little away from the buttocks. Stay in
the pose as per capacity.

iv. Breathe with awareness. Now release the
palms and then re centre to Dandasana. Moving

to the other side, practice towards the left.
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v. This time the right foot is placed on the floor,
outside the left knee. The student takes the twist
towards the left side with palms placed behind.

vi. Stay as per capacity and repeat according to
your comfort.Relaese and finally relax in Staff

Pose Hands Back Knees Bent(Dandasana

Hands Back Knees Bent).

V

2. Bhunamanasana

i. Sit comfortably on the ground or yoga mat.
Stretch your legs towards the sides with sitting
bones touched to the ground.

ii. Keep your spine or back straight. Inhale and
raise your arms. Hold both toes with fingers.

iii. Now starting bending forward towards the
ground. Do as much your body allows you to do.
Don’t force the body or else you may suffer
pain.

iv. Try to touch the floor with your forehead or
chin.If you cannot, don’t worry. Nobody can
perfect this pose in one go. Your flexibility will
improve gradually.

v. Come back in the neutral position. Rest for a

minute.

vi. Repeat this for a couple of times daily.




25. Ardha matsyendrasana

i. Sit down on the floor. Stretch your legs out in
front of you. Bend your right leg at the knee.

ii. Bring your right foot close to your anus,
against the inside of your left thigh.

iii. Bend your left leg by raising your knee.
Place your left foot flat on the floor to the right
of your right knee.

iv. Stretch your right hand backward and place
your palm flat on the floor behind your back.

v. Raise your left arm over your head. Stretch it
around your right knee and grasp your right
ankle.

vi. Maintain the posture for 30 seconds while
breathing evenly. Repeat the posture on the

other side.

1I1.C Pose

Sitting

26. Parvatasana

i. Start by sitting in the Padmasana pose (legs
crossed with left foot on right thigh and right
foot on left thigh). Keep your hands on
respective sides, chest forward, neck straight and

eyes fixed on a single point with a straight head.
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ii. Inhale and raise both arms together and make
an upward stretch. Join the palms with each
other in this upward stretch position. You can
either interlace the fingers or keep the palms
joined.

1il.

Bring the hands close to the ears and keep your
back straight. Avoid bending the arms at

the elbow and wrists, keeping them straight and
stretched and gaze fixed at a single point.

iv. Hold this fully stretched position with joined
palms for at least 6 seconds and retain the
breath. Now, to return to the starting position,
exhale, open the palms, and bring the arms down
to complete one round. You may practice it for
up to four rounds without pause and beginners
may start with one round.

v. To try variations while in seated mountain
pose asana, bend to your right/left side, keeping
the head between the arms. Let the spine arch
sideways with no movement below the waist.

vi. Likewise, you may also try bending
backwards and forward. You might complete
one cycle of each variation and practice two

rounds of the above variation

27. Uttanmandukasana



i. First, sit in Vajrasana (sit in a kneeling
position with your hips on the heels and your
toes pointing behind you; ensure your big toes
should touch each other).

ii. Next, spread the knees wide apart. Raise the
left arm, fold it from the elbow, swing it back
above the right shoulder, and place the palm on
the right shoulder blade.

iii. Similarly, fold the right arm and place it on
the left shoulder blade. Hold this position for a
while and then come back slowly in a reverse
manner.

iv. Relax the whole body.

28. Gomukhasana

i. Start in Dandasana (Staff pose).Bend the right
knee. Bring your left foot to the outside of your
right hip, weaving it underneath your right
knee.

ii. Bring your right foot to the outside of your
left hip, so that your right knee is stacked on top
of your left knee. iii. Ground through your
sitting bones. As you inhale, lengthen your
spine and stretch your arms out to the sides,

palms facing forward.
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iv. Internally rotate your right shoulder so that
your palm faces to the wall behind you and your
thumb points down. Sweep the arm behind your
back, walking your hand up between your

shoulder blades, palm facing outwards.

v. Stretch the left arm up, fingertips pointing
towards the ceiling, the palm of your hand still
facing forward.

vi. Bend the elbow and reach down for the right
fingertips, hooking the fingers together if they
reach.

vii. So you now have your right knee on top and
your left elbow pointing upwards

vii. Firm your shoulder blades against your back
ribs and open your chest.

viii. Stay for a few breaths. To come out of the
pose, release the arms, uncross the legs and
repeat on the other side.

ix. Remember to switch legs as well as the arms.
Whichever knee is stacked on top, the opposite
side elbow is pointing upwards.

29. Marjarasana

i. Sit in vajrasana. Raise the buttocks and stand
on the knees. Lean forward and place the hands
flat on the floor beneath the shoulders with the

fingers facing forward.



ii. The hands should be in line with the knees;
the arms and thighs should be perpendicular to
the floor. The knees may be slightly separated so
that they are well aligned under the hips.

iii. This is the starting position. Inhale while
raising the head and depressing the spine so that
the back becomes concave.

iv. Expand the abdomen fully and fill the lungs
with the maximum amount of air. Hold the
breath for 3 seconds. Exhale while lowering the
head and stretching the spine upward.

v. At the end of exhalation, contract the
abdomen and pull in the buttocks. The head will

now be between the arms, facing the thighs.

vi. Hold the breath for 3 seconds, accentuating
the arch of the spine and the abdominal
contraction. This is one round

30. Ardhaustrasana

i. Sit in vajrasana. Ushtrasana Stand on the
knees with the arms at the sides.

ii. The knees and feet should be together, but
may be separated if this is more comfortable.
Lean backward,

iii. slowly reaching for the right side of the hip
with the right hand and then the left side of the
hip with the left hand. Do not strain.

iv. Push the hips forward, keeping the thighs
vertical, and bend the head and spine backward
as far as is comfortable.

v. Relax the whole body, especially the back
muscles, into the stretch. The weight of the body
should be evenly supported by the legs and

arms.
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vi. The arms should anchor the shoulders to
maintain the arch of the back. Remain in the
final position for as long as is comfortable.

vii. Return to the starting position by slowly

releasing the hands from the hip one at a time.



31. Baddhakonasana (Cobbler's Pose)

i.Begin seated in Staff Pose (Dandasana) with
your legs outstretched straight in front of you.

ii. Bend your knees and bring the soles of your
feet together as you let your knees fall out to
either side.

iii. Draw your feet in as close to your body as is
comfortable. Back off if you feel any pain in
your knees.

iv. Press the outer edges of your feettogether
strongly. The feet may begin to open like a
book.

v. You can encourage this with your hands or
hold onto your big toes in a yogi toe lock. Sit up
tall with a long spine while keeping your
shoulder blades on your back and your shoulders

moving away from your ears.

32. Kurmasan (Tortoise Pose)
i. Sit on the floor. Stretch your legs forward and

then place them as wide apart as you can.
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ii. Inhale. Stretch your arms upward, over your
head.Raise your knees slightly, bending them.
iii. Lower your stretched arms to either side and
ensure that your palms face downward.

iv. Turn your wrist to have your fingers pointing
backward.

v. Now, slide your arms under your raised knees.
Your torso must be parallel to the ground at this
point.

vi. Allow your head to touch the floor. Gently

stretch your legs to straighten your knees.

Pose or

33. Bhadrasana (Butterfly

Gracious Pose)

i. Sit with legs extended in front.

ii. Bring the soles of the feet together, allowing
the knees to fall outward.

iii. Hold the feet with hands.

iv. Sit up straight, lengthening the spine.

v. Gently press the knees towards the floor.

vi. Inhale deeply, expanding the chest.

Hold for 30 seconds to 1 minute

vii. Exhale as you fold forward, maintaining a

relaxed posture.




34. Dandasana (Staff Pose)

1. Sit with your legs extended in front of you.
Make sure to sit on your sit bones.

ii. Next, engage your thigh muscles while
flexing both your feet. If your heels start coming
up off the floor, try to keep them rooted.

iii. Release your shoulders away from your ears,
and stack them directly on your hips.

iv. Hold your arms straight and keep your palms

flat on the floor.

. Keep inhaling and ealing while holding
the position for as long as possible.

35. Akarna Dhonurasana

i. Sit on the floor. Stretch your legs out in front

of you.

ii. Ensure that your feet are close together. Bend

forward and stretch your arms to hold your toes.

iii. Keep your torso as erect as you can. Inhale.
iv. Lift your left leg. Bring your left foot up to
your left ear. Keep your hold on the other leg.

v. Maintain the posture. Breathe evenly. Repeat
the movement on the other side.

I11.D Prone Postures

36. Makarasana

i. Lie flat on the stomach. Raise the head and
shoulders and rest the chin in the palms of the
hands with the elbows on the floor.

ii. Keep the elbows together for a more
pronounced arch to the spine. Separate the
elbows slightly to relieve excess pressure on the
neck.

iii. In makarasana the effect is felt at two points:
the neck and the lower back. If the elbows are
too far in front, tension will be felt in the neck; if
they are drawn too close to the chest, tension
will be felt more in the lower back.

iv. Adjust the position of the elbows so that
these two points are equally balanced.

v. The ideal position is when the whole spine is
equally relaxed. Relax the whole body and close
the eyes. After some time, again become aware
of the body and surroundings, and gently and

smoothly release the posture
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37. Bhujangasana

i. Lie flat on the stomach with the legs straight,
feet together and the soles of the feet
uppermost.

ii. Place the palms of the hands flat on the floor,
below and slightly to the side of the shoulders,
with the fingers together and pointing forward.
iii. Position the arms so that the elbows point
backward and are close to the sides of the body.
iv. Rest the forehead on the floor and close the
eyes. Relax the whole body, especially the lower
back. Slowly raise the head.

v. Gently tilt the head backward, so that the chin
points forward and the back of tlle neck is
compressed, then raise the neck and tllen the
shoulders.

vi. Straighten the elbows, using the back
muscles first, then the arm muscles to raise the
trunk further and arch the back.

vii. In the final position, the pubic bone remains
in contact with the floor and the navel is raised a
maxinlum of 3 cm. If the navel is raised too
high, the bend tends to be in the knees and not in
the back.

viii. The arms may or may not be straight; this
will depend on the flexibility of the back. Hold
the final position.

ix. To return to the starting position, slowly
release the upper back by bending the arms,
lower the navel, chest, shoulders and finally the
forehead to the floor. Relax the lower back

muscles. This is one round.
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39. Ardhasalbhasana/ Shalabhasana

(locust pose)

i. Lie on your abdomen in prone position with
feet together pointing outward and hands on the
side of thighs, forehead resting on the ground

ii. Close fists and place them under the thighs.
Chin should be placed on the ground Raise both
the legs slowly without bending from the knees.
iii. Pelvic area should be on the floor. Hold this
position and slowly come back in original

position

40. Sarpasana (Snake Pose)
i.  Lie flat on the stomach with the legs straight

and the feet together

ii. Interlock the fingers and place the hands on
top of the buttocks

iii.  Place the chin on the floor

iv.  This is the starting position

v. Raise the chest as far as possible from the
floor

vi. Push the hands further back and raise the
arms as high as comfortable

vii. Imagine the arms are being pulled from

behind



viii. Raise the body as high as possible
without straining

ix. Squeeze the shoulder blades together and

look forward

41. Dhonurasana(Bow Pose)
i. Lie down flat on your abdomen. Ensure that
your forehead is placed against the floor and that
your legs are close together.

ii. Bend your legs at the knees and bring your
feet up behind you.Stretch your arms backward
and grasp your ankles.

iii. Inhale. Lift your head off the ground and
simultaneously lift your thighs upwards. Your
body should be arching upwards now.

iv. Maintain the posture for 10 seconds at the
outset.

v. As you practise, you can increase the timing

to about one minute.

42. Noukasana (Boat posture)
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i. Lie in the starting position. Keep the eyes
open throughout. Breathe in deeply. Hold the
breath and then raise the legs, arms, shoulders,
head and trunk off the ground.

ii. The shoulders and feet should be no more
than 15c¢m off the floor. Balance the body on the
buttocks and keep the spine straight.

iii. The arms should be held at the same level
and in line with the toes. The hands should be
open with the palms down.

iv. Look towards the toes. Remain in the final
position and hold the breath. Count to 5 mentally
(or for longer if possible).

v. Breathe out and return to the supine position.
Be careful not to injure the back of the head
while returning to the floor. Relax the whole
body.

vi. This is one round. Practice 3 to 5 rounds.
Relax in shavasana after each round, gently
pushing out the abdomen with inhalation to relax

the stomach muscles.

43. Tiryak bhujungasan

i. Lie flat on the stomach with the legs separated
about half a metre. The toes should be tucked
under and the heels raised so that the foot rests
on the ball of the foot.

ii. Place the palnls of the hands flat on the floor,
below and slightly to the side of the shoulders.



The fingers should be together and pointing
forward.

iii. The arms should be positioned so that the
elbows point backward and are close to the sides
of the body. Rest the forehead on the floor and
close the eyes.

iv. Relax the whole body, especially the lower
back. Slowly raise the head, neck and shoulders.
Straightening the elbows, raise the trunk as high
as comfortable. Use the back muscles more than
the arm muscles.

v.The head should be facing forward, instead of
bending backward as in bhujangasana. Twist the
head and upper portion of the tnlnk, and look
over the left shoulder. Gaze at the heel of the
right foot. In the final position, the arms renlain
straight or slightly bent as the shoulders and
trunk are twisted.

vi. Relax the back and keep the navel close to
the floor. Stay in the final position for a few
seconds. Face forward again and repeat the twist
on the other side without lowering the trunk.
Return to the centre and lower the body to the

floor. This is one round. Practice 3 to 5 rounds.

*ur R

LR
Laggls

i
e

xliv

IILLE Supine Postures

44. Ekpadauttanasana/ Uttanpadasana

(both leg) (leg raised pose)

i. Lie down in Shavasana with both legs
together, hands on the side of thighs, palm
facing downward

ii. Raise both the legs together slowly up to 30°,
45°, 60° angle slowly Stay in this position as

long as comfortable and return to the original

position while breathing out

45. Setubandhanasana (bridge pose)

i. Lie down in Shavasana with both legs
together, hands on the side of thighs, palm
facing downward

ii. Fold your legs from the knees, feet touching
the ground Slowly exhale and raise the body up,
keeping head, neck, and feet on the floor, and
rest of the body is lifted up in the air.

iii. Hold and return back slowly to the original

position



47. Setu asana
i. Sit with the legs stretched forward. Place the
palms on the floor on either side of the body,
about 30 cm behind the buttocks.

ii. The elbows should be straight, the fingers
pointing back and the trunk slightly reclined.

iii. This is the starting position. Raise the
buttocks and lift the body upward. Let the head
hang back and down.

iv. Try to place the soles of the feet flat on the
ground. Keep the arms and legs straight. Hold
the final position for as long as is comfortable.
Lower the buttocks to the floor. This is one

round. Practice up to 5 times.

48. Kadrasna

i. Lay your back on the floor. Keep the legs
stretched out and arms by your side. Take a bend
at the knees and place the feet on the ground.
Extend the arms to grab the ankles with your
palms.

ii. Make sure the grasp is firm and tight.Now, try
to pull your feet in the backward direction until
your heels come in close contact with the hips.
iii. Stay within your limits.Inhale, retain the

breath, uplift the hips higher, and arch the back
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upwards.Feet and shoulders will rest on a yoga
mat.

iv. Support the body weight on your shoulders,
neck, head, arms, and feet.This is the final
position.

v. Hold it for 20-seconds.To release, lower the
hips and back to the ground, extend the legs,

unlock the ankles and rest the arms by your side

and relax in the supine position.
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49. Supta udarakarshanasana

i. Lie in the starting position and relax. Bend the
knees and place the soles of both feet flat on the
floor, directly in front of the buttocks. Keep the
knees and feet together throughout the practice.
ii. Interlock the fingers of both hands, place the
palms under the back of the head and let the
elbows touch the floor.

iii. Breathe in, and while breathing out, slowly
lower the legs to the right, trying to bring the
knees down to the floor. The feet should remain
in contact with each other, although the left foot
will move slightly off the floor.

iv. At the same time, gently turn the head and
neck in the opposite direction to the legs. This
will give a uniform twisting stretch to the entire
spine. Hold the breath in the final position while
three seconds. While

mentally counting



breathing in, raise both legs to the upright
position. Keep the shoulders and elbows on the
floor throughout. Repeat on the left side to
complete one round. Practise 5 complete

rounds

50. Shava udarakarshanasana

i. Lie in the starting position with the legs and
feet together. Stretch the arms out to the sides at
shoulder level with the palms of the hands
facing down.

ii. Bend the right leg and place the sole of the
foot beside the left kneecap. Place the left hand
on top of the right knee. This is the starting
position. Gently bring the right knee down
towards the floor on the left side of the body,
keeping the leg bent and the foot in contact with
the left knee.

iii. Turn the head to the right, looking along the
straight arm, and gaze at the middle finger of the
right hand. The left hand should be on the right
knee and the right arm and shoulder should

remain in contact with the floor.
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iv. In the final position, the head should be
turned in the opposite direction to the folded
knee and the other leg should remain straight.
Hold the position for as long as is comfortable.

v. Return to the starting position, bringing the
head and knee to the centre. Stretch the right
arm out to the side and straighten the right leg.
Repeat on the opposite side. Practise once to

each side, gradually extending the holding time.

51. Matsyasana

i. Sit with the legs stretched forward. Fold one
leg, placing the foot on the opposite thigh as in
ardha padmasana, the half lotus pose.

ii. Keep the other leg straight in front of the
body. Slowly bend backward, using the elbows
for support, and lower the crown of the head to
the floor. Hold the foot of the bent leg with both
hands.

iii. Accentuate the arch of the back as much as
possible without straining. Relax the whole body
and close the eyes.

iv. Remain in the final position for a comfortable
length of time and then return to the starting

position. Repeat the same pose with the other leg



folded. As an alternative, rest the back of the

head on the floor instead of the top of the head.

Section IV _to VII of the Google
Form

Section — 1IV: Breathing Practices
(Preparation techniques for Pranayama):
52. Basic abdominal breathing

i. Lie in shavasana and relax the whole body.
Place the right hand on the abdomen just above
the navel and the left hand over the centre of the
chest. Observe the spontaneous breath without
controlling it in any way.

ii. Let it be absolutely natural. To practise
abdominal breathing, feel as though you are
drawing the energy and breath in and out
directly through the navel. The right hand will
move up with inhalation and down with
exhalation. The left hand remains almost still.
Let the abdomen relax. Do not try to force the
movement In any way.

iii. Do not expand the chest or move the
shoulders. Feel the abdomen expanding and
contracting. Continue breathing slowly and
deeply. Inhale while expanding the abdomen as
much as is comfortable, without expanding the
ribcage. At the end of the inhalation, the

diaphragm will be compressing the abdomen

and the navel will be at its highest point.

xIvii

iv. On exhalation, the diaphragm moves upward
and the abdomen moves downward. At the end
of the exhalation, the abdomen will be
contracted and the navel compressed towards the
spine. Continue for a few minutes.

v.Relax any effort and once again watch the
spontaneous breathing pattern. Bring the
awareness back to observing the physical body
as a whole. Be aware of the surroundings and

gently open the eyes.

1. Inhale
S -~
2. Exhale
1, Belly out | «=—— 1. Bally in /
A
53. Fast breathing

Some patientss may feel dizziness, light headed
due to fast breathing, if one feels uncomfortable
then he / she can stop the fast breathing and may
hold the breath for about 10 seconds, or try to
inhale and exhale in same plastic bag, and then
continue normal breathing. (This dizziness is
caused due to reduced carbon dioxide levels,
which cause constriction of blood vessels in the
brain, reducing blood flow to that part
temporarily.)

i. Initially one should start slowly by 30
Inhalation and exhalations in 1 minute, and

slowly build the speed to 60 rounds in 1 minute.



ii. May practice it for about 3 minutes.After
practicing for 15 to 20 days, one can increase the
speed to about 80 rounds per minute and then
you may even do 120 rounds in 1 minute.

54. Hands in and out breathing

i. To start these practices first stand in
Tadasana.

ii. Bring your both palms together.

iii. Now inhaling, slowly spread your arms
sideways horizontally.

iv. While exhaling slowly bring your arms in
front of your chest with palms touching each
other.

v. This completes one round of the practice.
Practice this for ten rounds.

vi. Remember your arms movements should
synchronize continuously with your breath
rhythmically.

vii. Stop practicing after completing ten rounds

and come to Shithila Tadasana.

NAME OF THE BREATHING EXERCISES

* -Hands in and out breathing
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Breathing practice is a simple and easy practice
that can help mobilize your joints and strengthen
the muscles.

55. Tiger breathing

1. To start this practice first come to Dandasana.
(Sthiti)

ii. Imitate breathing like a Tiger.
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iii. Slowly sit in Vajrasana and lean forward.
Now place your hands flat on the floor in line
with the shoulders with fingers pointing
outwards.

iv. Keep your arms, thighs and heels about one
shoulder width apart.

v. The arms and thighs should be perpendicular
to the floor.

vi. Before starting the practice ensure that you
are comfortable while standing on "all-fours"
(i-e., two hands and two knees).

vii. Now while inhaling slowly raise your head
and look up.

viii. Simultaneously lower the spine making it
concave.

ix. While exhaling, arch the spine upwards and
bend the head downward bringing the chin
towards the chest.

x. This completes one round of tiger breathing.

Practice it for five rounds.

56. Diapharagm breathing




1. Sit or lie in a comfortable place. Close your
eyes. Place one hand on your chest and one hand
on your abdomen.

ii. The bottom hand should do the moving. The
top hand should remain still or only move as the
bottom hand moves. Inhale through your
nose for about 4 seconds, feeling your abdomen
expand. (You may feel slight tension the first
few times you inhale.)

iii. Hold your breath for 2 seconds. Exhale very
slowly and steadily through your mouth for
about 6 seconds.

iv. The mouth should be relaxed. Repeat for 5-
15 minutes.

57. Chest Breathing

1. Sit in a steady asana.

ii. Breadth in Chest up, count 1-10

111. Breadth out Chest down, count 10-1

Section V to VII of the Google Form

Section — V: Pranayama

58. Surya Anuloma-viloma Pranayama

i. Sit in a steady asana. Padmasana is most suited
for the practice. Siddhasana and Vajrasana may
also be used.
ii. Close the left nostril with your thumb and
draw in air from the right nostril. Do this as

slowly as you can, till your lungs are full.
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iii. Now release the thumb and close the right
nostril with your ring finger. Then breathe out
slowly through the left nostril.

iv. Next take the air in from the left nostril and
then release it through the right nostril (after
closing the left nostril with the thumb).

v. This is one round of Surya Anulom Vilom
Pranayama. Start with 5 rounds and increase it

up to 20 rounds in one sitting.

59. Chandra Viloma

Anuloma

Pranayama

i. Sit in a steady asana. Padmasana is most suited
for the practice. Siddhasana and Vajrasana may
be
ii. Close the right nostril with your thumb and

also used.
draw in air from the left nostril. Do this as
slowly as you can, till your lungs are full.

iii. Now release the thumb and close the left
nostril with your ring finger. Then breathe out
slowly through the right nostril.

iv. Next take the air in from the right nostril and
then release it through the left nostril (after
closing the right nostril with the thumb).

v. This is one round of Chandra Anulom Vilom
Pranayama.

Start with 5 rounds and increase it up to 20

rounds in one sitting.



60. Suryaveda Pranayama Technique

i. Assume a comfortable meditation asana. Place
the hands on the knees in either chin or jnana
mudra. Close the eyes and relax the whole body.
When the body is comfortable and still, watch
the breath until it spontaneously becomes slow
and deep.

ii. Adopt nasagra mudra. Close the left nostril
with the ring finger and inhale slowly and
deeply through the right nostril.

111. This is one round

61. Chandraveda pranayama

i. Assume a comfortable meditation asana. Place
the hands on the knees in either chin or jnana
mudra. Close the eyes and relax the whole body.

When the body is comfortable and still, watch

the breath until it spontaneously becomes slow
and deep.

ii. Adopt nasagra mudra. Close the right nostril
with the ring finger and inhale slowly and
deeply through the left nostril.

iii. This is one round

62. Nadisodhana Pranayama Technique
i. Sit in any comfortable meditation posture,
preferably  siddha/siddha yoni asana or
padmasana. Keep the head and spine upright.
Relax the whole body and close the eyes.
Practise yogic breathing for some time. Adopt
nasagra mudra with the right hand and place the
left hand on the knee in chin or jnana mudra.
Close the right nostril with the thumb. Inhale
and exhale through the left nostril 5 times. The
rate of inhalation/exhalation should be normal.
Be aware of each breath. After completing 5
breaths, release the pressure of the thumb on the
right nostril and press the left nostril with the
ring finger, blocking the flow of air. Inhale and
exhale through the right nostril S times, keeping
the respiration rate normal. Lower the hand and
breathe 5 times through both nostrils together.
This is one round. Practise 5 rounds or for 3 to 5
minutes, making sure that there is no sound as
the air passes through the nostrils. Practise until
this stage is mastered before commencing the
next stage.

ii. Begin to control the duration of each breath.
Count the length of the inhalation and exhalation
through the left, right and both nostrils. Breathe
deeply without strain. While inhaling, count

mentally, "1, Om; 2, Om; 3, Om", until the



inhalation ends comfortably. While exhaling,
simultaneously count, "1, Om; 2, Om; 3, Om".
Inhalation and exhalation should be equal.
Practise 5 rounds or for 3 to 5 minutes, making
sure that there is no sound as the air passes
through the nostrils. Extension: Notice that the
length of the breath will spontaneously increase
after  some

days of practice. Contra-

indications: Nadi shodhana is not to be practised

while suffering from colds, flu or fever.
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63. Anulom-Vilom Pranayama

i. Sit in Padmasana

ii. Fold your index and middle finger of the
right hand toward the inner side of palm rounds
Ring finger and little finger should be straight
Press right nostril using thumb while inhaling
from left nostril

iii. Now close the left nostril with ring finger
and little finger while exhaling slowly through
right nostril after removing the thumb

iv. Now inhale through the right nostril and
exhale through the left nostril. This completely
one round of Anuloma-Viloma Exhalation time

should be double than inhalation time

- . ANULONM VILOM

¢ PRANAYAN

64. Bhramari Pranayama
1. Sit in a comfortable meditation asana,
preferably padmasana or siddha/siddha yoni
asana with the hands resting on the knees in
joana or chin mudra. Close the eyes and relax
the whole body. The lips should remain gently
closed with the teeth slightly separated
throughout the practice. This allows the sound
vibration to be heard and felt more distinctly.
Raise the arms sideways and bend the elbows,
bringing the hands to the ears.

ii. Use the index or middle finger to plug the
ears or the flaps of the ears may be pressed
without inserting the fingers. Bring the
awareness to the centre of the head, where ajna
chakra is located, and keep the body absolutely
still. Inhale through the nose.

iii. Exhale slowly and in a controlled manner
while making a deep, steady humming sound
like that of the black bee. The humming should
be smooth, even and continuous for the duration
of the exhalation. The sound should be soft and
mellow, making the front of the skull
reverberate.

iv. At the end of exhalation, the hands can be
kept steady or returned to the knee and then
raised again for the next round. The inhalation
and exhalation should be smooth and controlled.

This is one round.



65. Bhastrika Pranayama

i. Preparatory practice Sit in a comfortable
meditation posture with the hands resting on the
knees in either chin or jnana mudra.

ii. Keep the head and spine straight, close the
eyes and relax the whole body. Take a deep
breath in and breathe out forcefully through the
nose. Immediately afterwards breathe in with the
same force. Forceful inhalation results from
fully expanding the abdominal muscles and
forceful exhalation from firm contraction of the
abdominal muscles. Do not strain. iii. During
inhalation, the diaphragm descends and the
abdomen moves outward. During exhalation, the
diaphragm moves upward and the abdomen
moves inward. The movements should be
slightly exaggerated. Continue in this manner,
counting 10 breaths. Take a deep breath in and
breathe out slowly. This is one round. Practise

up to 5 rounds.

Bhastrika
Pranayama
(Bellows Breath)

66. Shetali Pranayama

i. Sit in any comfortable meditation posture.
Close the eyes and relax the whole body. Extend
the tongue outside the mouth as far as possible
without strain. Roll the sides of the tongue up so
that it forms a tube. Practise a long, smooth and
controlled inhalation through the rolled tongue.
ii. At the end of inhalation, draw the tongue in,
close the mouth and exhale through the nose.
Practise yogic breathing throughout. The breath
should produce a sucking sound. A feeling of icy
coldness will be experienced on the tongue and
the roof of the mouth. This is one round.
Duration: With practice, the duration of the
inhalation should gradually become longer to
increase the cooling effect. Gradually increase
the number of rounds from 9 to 1 5. For general
purposes 15 rounds is sufficient; however, up to
60 rounds may be performed in very hot
weather.

Awareness: On the tongue, the sound and the
cooling sensation of the inhaled breath.
Sequence: Practise after asanas and other yogic
practices which heat the body in order to restore

temperature balance



67. Shitkari Pranayama

i. Sit in any comfortable meditation posture.
Close the eyes and relax the whole body. Hold
the teeth lightly together. Separate the lips,
exposing the teeth. ii. The tongue may be kept
flat or folded against the soft palate in khechari
mudra. Inhale slowly and deeply through the
teeth.

1i1. At the end of the inhalation, close the mouth.
Exhale slowly through the nose in a controlled
manner. This is one round.

Awareness: On the hissing sound and the

cooling sensation of the inhaled breath.

Contra-indications: As for sheetali pranayama.
Practitioners with sensitive teeth, missing teeth
or dentures should practise sheetali pranayama
sheetali

instead. Other details: As for

pranayama

68. Ujjayi Pranayama

i. Sit in any comfortable meditation asana. Close
the eyes and relax the whole body. Take the
awareness to the breath in the nostrils and allow
the breathing to become calm and rhythmic.

ii. After some time, transfer the awareness to the
throat. Feel or imagine that the breath is being

drawn in and out through the throat and not

7 Nasal Cavity

through
the
nostrils,
as if it
is taking place through a small hole in the throat.
iii. As the breathing becomes slower and deeper,
gently contract the glottis so that a soft snoring
sound, like the breathing of a sleeping baby, is
produced in the throat. If practised correctly,
there will be a spontaneous contraction of the
abdomen, without any effort being made. Both
inhalation and exhalation should be long, deep
and controlled. Practice yogic breathing while
concentrating on the sound produced by the
breath in the throat. The sound of the breath
should be audible to the practitioner alone.
69. Murcha Pranayama
i. Sit in any comfortable meditation asana,
preferably padmasana or siddha/siddha yoni
asana. Keep the head and spine straight. Relax

the whole body.



ii. Obsenre the breath until it becomes slow and
deep. Adopt khechari mudra, then slowly inhale
through both nostrils with ujjayi pranayama,
while gently and smoothly bending the head
slightly back. Perform shambhavi mudra.
Straighten the arms by locking the elbows and
pressing the knees with the hands.

iii. Retain the breath inside for as long as is
comfortable, maintaining shambhavi mudra.
Exhale and relax the arms. Close the eyes and
slowly bring the head back to the upright
position.

iv. Relax the whole body for a few seconds,
keeping the eyes closed. Experience the
lightness and tranquillity in the mind and body.
This is one round.

70. Anunasika Pranayama

Take a deep breath, then blow it out through the
nostrils in a series of exhales until the lungs are
empty. Do this six times through both nostrils,
then six times through the right nostril only
(holding the left nostril closed with the fingers),
then six times through the left nostril only
(closing the right nostril with the fingers), and
finally six times through both nostrils.

71. Savitri Pranayama

Savitri rhythm breathing brings about a beautiful
oneness and harmony between the entire system
of your body, mind, emotions and spirit.
This ‘pranayama’ (prana = energy + yama =
control) or conscious breathing can be
practised in various timings and counts. The
breath has 4

1)inhaling

parts:

breath in (puraka)

liv

i) hold in (kumbhaka)
1i1) exhaling breath out (rechaka)
v) hold out (shunyaka)

Best practised in any of the classical sitting

postures such as cross-legged (sukhasana),
kneeling sitting on feet (vajrasana / thunderbolt),

or resting in savasana (corpse pose)

72. Naga Pranayama
'Naga' means 'serpent' in sanskrit. This breathing
stimulates the special skin breath of the serpent.
The human skin has an elimination function like
the kidneys or the lungs. It contains a great
number of pores which allows toxins to be
properly released. It is thus advisable to practice
this purification technique before any cycle of
pranayamas for regeneration. It also improves
the breathing capacity.

i.  Sit in vajarasana. Inhale deeply through the
nose. Hold the breath for a period of ten
seconds. Then take another inhalation and
hold the breath again for ten seconds. Exhale
slowly through the mouth like snake.

ii. With this practice, the skin becomes warm
and perspiration may even begin to form on
the arms. Repeat this process three times and
then, lie on the back and relax totally.

iii. This is a very powerful kumbhaka and it
should not be practiced by persons with
weak lungs, bronchial problems or a weak
heart.

This naga pranayama channelizes the pranic

energy and activates the energy centres of our

chakras.

73. Nadanusandhan Pranayama



In this practice, we will do 4 rounds of chanting
using different sounds: A, U, M, and lastly
AUM/Om. The sounds should be produced
loudly so you can become aware of the
resonance in different parts of the body. This
will happen when the frequency of the generated
sound matches the natural frequency of the
body. You can try using different pitches until
the resonance is felt. Eventually you can begin
to focus on the post-resonance silence, which
will help to deepen the awareness and help to
relieve subtle tensions.

i. Sit in any meditative position and adopt Cin
Mudra ( Pic-A)

ii. Take a couple of breaths to centre yourself
and draw the attention inwards.

iii. A-kara chanting

iii.i Slowly inhale to fill the lungs completely,
and begin to chant A-kara in a low voice (just

the ‘AAA’ sound).

iv. U-kara chanting

iv.i With Chinmaya Mudra ( pic-B ), Slowly
inhale to fill the lungs and completely, and begin
to chant ‘UUU” in a low pitch.

iv.ii Notice how the sound reverberates in the
chest and middle part of the body.

iv.iii Repeat 9 times.

v. M-kara chanting

v.i With Aadi Mudra ( Pic-C ), Slowly inhale to
fill the lungs and completely, and begin to chant
‘MMM’ in a low pitch.

v.ii Notice how the sound resonates in the throat
and head region.

v.iii Repeat 9 times.

vi. AUM chanting

vi.i Inhale slowly and completely fill the lungs.
vi.ii Adopt Brahma mudra ( Pic-D ) (thumb
inside the fist) and exhale to chant AUM in a
low voice.

vi.iii Feel the sound resonate throughout the
body.

vi.iv Repeat nine times.

vii. To close the practice, take another few deep
breaths becoming aware of any sensations in the

body and observe your emotional state.

Section VI to VII of the Google
Form

Section — VI: RelaxationTechniques

Relaxation techniques are a great way to help
with stress management. Relaxation isn't only
about peace of mind or enjoying a hobby. It's a
process that decreases the stress effects on mind
and body. Relaxation techniques can help to
cope with everyday stress. And these techniques
can help with long-term stress or stress related to
various health problems, such as heart disease

and pain.

Whether stress is spiraling out of control or
already got it tamed, can benefit from learning
relaxation techniques. Learning basic relaxation
techniques is easy. Relaxation techniques are
often free or low cost, pose little risk, and can be

done nearly anywhere.



74. Instant Relaxation Technique (IRT)

Instant Relaxation Technique (IRT) is an
immediate way to bring the body and mind to
relax with this practice. Instant Relaxation
Technique (IRT) 1is wusually done at the
beginning of Yogic practices.

Sthithi : Savasana

Practice :

i. Bring your legs together; join the heels and
toes together and place the palms by the side of
the thighs. Keep the face relaxed with a smile all
through the practice.

ii.Start tightening from the toes. Tighten the
ankle joints, and calf muscles. Pull up the knee
caps. Tighten the thigh muscles. Compress and
squeeze the buttocks. Breathe out and suck the
abdomen in.

iii. Make fists and tighten the arms. Inhale and
expand the chest. Tighten the shoulders, neck
muscles and compress the face. Tighten the
whole body from toes to the head. Tighten;
tighten; tighten.

iv.Release and let go the whole body
instantaneously. Legs and arms go apart with the
open palms facing the roof. Collapse the whole

body. Enjoy the instant relaxation.

75. Quick relaxation techniques (QRT)

i. Lie down or sit on the chair. Start observing
the movements of abdominal muscles going up
and down as you breath in and out
normally. Observe this about 5-7 cycles.

ii. Now synchronize the same movement with

slow deep breathing. As you inhale your

Ivi

abdomen is bulging up, while exhaling abdomen
is sinking down close to your spine, feel how
your breath and belly are well synchronized.
Observe this about 5-7 cycles again.

iii. As you inhale deeply and slowly, energize
the whole body and feel the lightness. As you
exhale release the tension and collapse all the
muscles, enjoy the beautiful moment and
relax completely. Observe this about 5-7 cycles
again. Chant A sound (A-kara) during
exhalation. Open your eyes with a few blinks

when you are ready.

76. Deep relaxation technique (DRT)

I. Relax each specific part of the body
to the waist,

‘A

from the tip of the toes
followed by chanting
II. Relax each body part from the waist to
the followed by ‘U’
III. Relax head and neck, followed by

‘M’, the last part of A-U-M’.

neck, chanting
chanting
IV. Let the body collapse on the ground
with a feeling of

the

‘letting go’, chanting

whole word, ‘AUM’.
V. Let oneself feel apart from the physical
body,

with a limitless space like the sky.

aware of expansion, and merging




Section VII to VII of the Google
Form

Section — VII: Meditation

People have been meditating for thousands of
years, often as part of a spiritual practice. But in
more recent years, meditation has become a
popular way to help people manage their stress
and improve their overall well-being- and a
shows it’s effective.

wealth of research

Psychologists have found that meditation
changes our brain and biology in positive ways,
improving mental and physical
health. Meditation is as an alternative mind-body
therapy. It is a popular intervention to improve

mental and physical health.
77. OM Meditation

In this phase, investigators instructed all
participants to sit in a comfortable meditative
posture with the eyes close. Participants were
asked to perform loud chanting of OM for 10
min. OM chanting was performed by inhaling
through both nostrils, and while exhaling a-a-u-
i-m-(ng) was chanted at a rate of 2 breaths/min.
During meditation, subjects were asked to inhale

for a longer time and exhale with chanting OM.
78. Focused Meditation

Focused meditation involves focusing on
something(focus attention on an object, sound,
or sensation rather than trying to achieve a clear

mind without a specific focal point) intently as a

Ivii

way of staying in the moment and quieting your

inner dialogue.
79. Mindfulness Meditation

Mindfulness meditation originally stems from
Buddhist meditation traditions. Since the 1990s,
mindfulness meditation has been applied to
multiple mental and physical health conditions,
and has received much attention in
psychological research. In current clinical and
research contexts, mindfulness meditation is
typically described as non-judgemental attention
to experiences in the present moment. This
definition encompasses the Buddhist concepts of
mindfulness and equanimity and describes
practices that require both the regulation of
attention (in order to maintain the focus on
immediate experiences, such as thoughts,
emotions, body posture and sensations) and the
ability to approach one’s experiences with
openness and  acceptance. = Mindfulness
meditation can be subdivided into methods
involving focused attention and those involving

open monitoring of present-moment experience
80. Transcendental Meditation
1. Eyes close for a few seconds to a minute,

ii. Take a few deep breaths, relax the body. Eyes
should remain closed during the 15- to 20-

minute session.

iii.Silently repeat any mantra in mind and

concentrate on breath pattern.



Yogic Practices Delivered in Hybrid Mode:

Physical Sessions Once every in 15 Days and Virtual Sessions Five Days per Week

Sukshma vayamal/ loosening practices

Neck mowement Shoulder Rotation Trunk Rotation Hands in and out stretch

Tadasana Parvatasan
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Pranayama/relaxation techniques/meditation practices at physical mode and virtual monitoring

Yogic Practices Delivered in Hybrid Mode:

Physical Sessions Once every in 15 Days and Virtual Sessions Five Days per Week

Abdominal breathing Chest breathing

Anulome-vilome Nadisodhana Pranayama

Deep relaxation OM Dhyana Virtual monitoring

Sample Practices from the Validated 38-Practice Yoga Module

(Loosening practices: 10; Asana: 14; Breathing: 5; Pranayama: 5; Relaxation: 2; Dhyana: 2)



ASIF

Ankylosing Spondylitis
International Federation

Name:
Date:
Please draw a mark on each line below to
indicate your situation in the past 7 days:
T % T
How would you describe the overall level of fatigue / tiredness you have experienced Evaluation by
in the past week? the doctor
none I 1 1 1 1 1 1 1 1 1 1 very severe
0 1 2 3 4 5 6 7 8 9 10

How would you describe the overall level of AS neck, back or hip pain you have had
in the past week?

none [ T 1 very severe
0 1 2 3 4 5 6 7 8 9 10

How would you describe the overall level of pain / swelling in joints other than neck,
back or hips you have had in the past week?

none [ 1 1 1 1 1 ] very severe
0 1 2 3 4 5 6 7 8 9 10

How would you describe the overall level of discomfort you have had in the past week
from any areas tender to touch or pressure?

none | 1 1 1 1 1 1 very severe
0 1 2 3 4 5 6 7 8 9 10

How would you describe the overall level of morning stiffness you have had in the
past week from the time you wake up?

1 1 very severe
10

none [ 1 1 1 |
0 1 2 3 4 5

-
o) -
~
oo =
©

How long did your morning stiffness last from the time you wake up?

0 Va V2 Ya 1 1Va 1% 1% 2 hours or more
1 1 1 1 1 1 1 1 1 1 1
) m @ 6 @ ® & O @6 © @109
BASDAI =
BASDAI = (sum of questions 1 to 4 plus mean of questions 5 and 6)
divided by 5

Ankylosing Spondylitis International Federation

World-wide network of societies of patients suffering from ankylosing spondylitis or related diseases
www.spondylitis-international.org
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ANEYLOSING SPOMDYLITIS
International Federation

Name:

Please draw a mark on each line below to
Date: indicate your level of ability with each of
’ the following activities in the past 7 days:

1 1 KI |

Evaluation by
the doctor

Putting on your socks or tighs without help or aids (e.g. sock aid)

easy I T T T T T T T T T 1 impossible
0 1 2 3 4 5 6 7 8 9 10
Bending forward from the waist to pick up a pen from the floor without an aid
easy I 1 1 1 1 1 1 1 1 1 1 impossible
0 1 2 3 4 5 6 7 8 9 10
Reaching up to a high shelf without help or aids (e.g. helping hand)
easy [ T T T T T T T T T 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Getting up out of an armless dining room chair without using your hands or any other help

easy I 1 1 1 1 1 1 1 1 1 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Getting up off the floor without help from lying on your back

easy I 1 1 1 1 1 1 1 1 1 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Standing unsupported for 10 minutes without discomfort

easy [ T T T T T T T T T 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Climbing 1215 steps without using a handrail or walking aid, one foot on each step

easy I 1 T T T T T T T T 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Looking over your shoulder without turning your body

easy I T T T T T 1 1 T T 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Doing physically demanding activities (e.g. physiotherapy exercises, gardening or sports)

easy I 1 1 1 1 1 1 1 1 1 1 impossible
0 1 2 3 4 5 6 7 8 9 10

Doing a full day*s activities whether it be at home or at work

easy [ T T T T T T T T T 1 impossible
0 1 2 3 4 5 6 7 8 9 10

BASFI =

(sum of answers 1 to 10
divided by 10)

Ankylosing Spondylitis International Federation

World-wide network of societies of patients suffering from ankylosing spondylitis or related diseases
www.spondylitis-international.org
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BASMI &

Bath Ankylosing Spondylitis Metrology Index,
a combined index to assess the spinal mobility

in patients with ankylosing spondylitis *)

Name:

Date:

1

0 1 2 3 4 5 6 7 8 9 10
BASMI:
(mean of
*) Remark: 5 scores)

Lateral lumbar flexion: Patient stands with heels and buttocks touching the wall, knees straight, shoulders
back, hands by the side. The patient is then asked to bend to the right side as far as possible without lifting the
left foot/heel or flexing the right knee, and maintaining a straight posture with heels, buttocks, and shoulders
against the wall. The distance from the third fingertip to the floor when patient bends to the side, is subtracted
from the distance when patient stands upright. The manoeuvre is repeated on the left side.

Assessment:| >20|18-20(15,9-18,9| 13,8-15,8|11,7-13,79 9,6-11,6 | 7,5-9,5|5,4-7,4|3,3-5,3/1,2-3,2| < 1,2
Score: 0 1 2 3 4 5 6 7 8 9 10

Ankylosing:Spondylitis
International Federation

mean of
right/left

=

Tragus-to-wall distance: Maintain same starting position as above. Ensure head in as neutral position (ana-
tomical alignment) as possible, chin drawn in as far as possible. Measure distance between tragus of the ear
and wall on both sides, using a rigid ruler. Ensure no cervical extension, rotation, flexion or side flexion occurs.

Assessment:| <10 | 10-12 | 13-15 | 16-18 | 19-21 | 22-24 | 25-27 | 28-30 | 31-33 | 34-36 | >36
Score: 0 1 2 3 4 5 6 7 8 9 10

Lumbar flexion (modified Schober): With the patient standing upright, place a mark at the lumbosacral
junction (at the level of the dimples of Venus on both sides). Further marks are placed 5 cm below and 10 cm
above . Measure the distraction of these two marks when the patient bends forward as far as possible, keeping
the knees traight.

1) Among the "modified Schober"s published in the literature, the modification recommended by Macrae and Wright is used.

Assessment:| >7,0 |6,4-7,0|5,7-6,315,0-5,6(4,3-4,9|3,6-4,2/2,9-3,5/2,2-2,8/1,5-2,1/0,8-1,4| <0,8
Score: 0 1 2 3 4 5 6 7 8 9 10

Maximal intermalleolar distance: Patient supine on the floor or a wide plinth, with the knees straight and the
feet pointing straight up. Patient is asked to separate legs along the resting surface as far as possible. Distance
between medial malleoli is measured.

Assessment:| > 119 |110-119/100-109 90-99 | 80-89 | 70-79 | 60—69 | 50-59 | 40-49 | 30-39 | <30
Score: 0 1 2 3 4 5 6 7 8 9 10

mean of
right/left

[ ]

[ ]

—

Cervical rotation: Patient supine on plinth, head in neutral position, forehead horizontal (if necessary head on
pillow or foam block to allow this, must be documented for future reassessments). Gravity goniometer placed
centrally on the forehead. Patient rotates head as far as possible, keeping shoulders still, ensure no neck flexion
or side flexion occurs.

> 85,076,6-8568,1-76,5/59,6-68,051,1-59,5|42,6-51,0|34,1-42,5|25,6-34,0/17,1-25,5|8,6-17,0| < 8,6

In the literature (Jenkinson et al: J Rheumatol 1994;21:1694—-1698 and Jones et al: J Rheumatol 1995;22:1609) two
different BASMI definitions have been published where the same measurement results lead to different BASMI values.
The above is based on the newer definition 0f1995 with scores 0 to 10 for each component.

Ankylosing Spondylitis International Federation
World-wide network of societies of patients suffering from ankylosing spondylitis or related diseases
www.spondylitis-international.org

mean of
right/left

[ ]
[ ]




Hamilton Depression Rating Scale
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Fear Avoidance Beliefs (FAB)
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Health related quality of life (HQRoL)
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Background: Low back pain is a global public health concern,
causing major morbidity, disability, and costs. It is the third largest
health expenditure after diabetes and ischemic heart disease, with world
wide impact. Previous studies reported that most cases unnecessary
invasive treatments carry extra expenses of money and are hazardous
for patients who suffer from lower back pain. The study aimed to find
out the consequences of various non-invasive therapeutic approaches
for nonspecific low back pain.

Methods: A comprehensive review of relevant article and existing
literature was conducted using prominent scientific databases and
research search engine, including PubMed, Cochrane Library, Google
scholar, Google advanced search covering the period from 2000 to
2024. All appropriate publications were systematically reviewed and
presented.

Results: Based on past information, it has been found that the status of
low back pain varies due to factors like socio-economic conditions,
nature of activity, habits, etc. Different non-invasive therapies i.e.
exercise therapy, massage therapy, cognitive behavioral therapy,
educational interventions, tai-chi, pilates, yoga, and different other
complementary and alternative treatments, helped to reduce the volume
and intensity of pain and develop the quality of life without any side
effect.

Conclusion:Findings of the present study suggested that more multidi-
mensional and larger studies are required to investigate the accurate
epidemiological structure of low back pain and acquainted with new
non-invasive therapies to reduce low back pain.

"© 2025 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted
use allowed with credit to the author.”
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