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Scientific Keys Volume I

The Key Muscles

of Hatha Yoga
Ray Long MD FRCSC
With Illustrator Chris Macivor



Patanjali, the patron saint of yoga, said that mastery

combines a balance of science and art. Knowledge of

science is like the colors on an artist's palette - the

greater the knowledge, the more colors available. The

body is the canvas and the asanas are the art we create.
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Introduction
uman anatomy and physiology is a vast subject, as

H is the art of hatha yoga. Nevertheless, combining
knowledge from both fields is extremely
beneficial to the yoga practitioner. Athletes can

improve their performance and experience fewer injuries
through a basic understanding of their musculoskeletal

system. Similarly, yoga practitioners can benefit from the

application of Western science to their practice
development..

It is not necessary to memorize hundreds of muscles and

bones to experience the benefits of applying science to

yoga. What is necessary is the functional understanding of
manageable number of key anatomic structures in their

settings as they relate to hatha yoga. Knowledge of these

structures can be applied immediately to optimize your

practice, break through blockages and avoid injuries.

a

This first volume presents key muscles in the context of

hatha yoga. For practitioners unfamiliar with the Western

scientific terminology of the body, the following section,
"Fundamentals," is recommended.
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Scientific keys
How to Use This Book

The images in this book are the keys. We

present each muscle in the context of

its function as an agonist, antagonist or

synergist. Note the interrelated views
of the muscle in each of its various

representations.

Relax and study one muscle at a time.

Actively apply what you have learned by

visualizing the muscles as you perform
the asanas. Consciously contract and
relax them, as detailed in the images.

This will consolidate your knowledge.
Review each studied muscle, first at

twenty four hours and then again at one

week. In this way you will master the

muscles and integrate them into your

yoga practice.



Fundamentals

Locations of Structures on the Body
The following terms are used to describe where structures lie in relation to certain landmarks on the body.

Medial:

Closer to the midline of the body

Proximal:

Closer to the trunk or midline

Superior:
Above or towards the head

Anterior:

Towards the front of the body

Ventral:

On the front of the body

Superficial:
Towards the skin

Lateral:

Away from the midline

Distal:

Away from the trunk or midline

Inferior:

Below or away from the head

Posterior:

Towards the back of the body

Dorsal:

On the back of the body

Deep:
Inside the body



Locations on the Body

These images demonstrate the terminology for identifying

body locations in yoga postures. Note that some of the terms

are interchangeable. For example, an anterior structure (such
as the chest) in utkatasana is also ventral.

1) The sternum is medial to the shoulder.

2) The shoulder is lateral to the sternum.

3) The shoulder is proximal.

4) The hand is distal.

5) The head is superior to the feet.

6) The feet are inferior to the head.

7) The chest is anterior to the back.

8) The back is posterior to the chest.

9) The abdomen is ventral.

10) The lumbar region is dorsal.

11) The abdominal muscles are superficial.

12) The abdominal organs are deep.

11 12
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tadasana utkatasana
9
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Skeleton

Bone is the dynamic living tissue that forms the body's structural

framework. The bones mass is composed of organic and inorganic
materials including calcium salts and connective tissue, as well

as cells and blood vessels within a calcium matrix. This combina-

tion gives bone a tensile strength near that of steel, yet maintains

a modicum of elasticity. By aligning the direction of the force

of gravity along the major axis of the bones, we can access this

strength in yoga postures.

Regular practice of yoga is beneficial for your bones because

healthy stresses are applied in a variety of unusual directions. This

strengthens bones, which remodel in response to stress by depos-

iting layers of calcium into the bone matrix. Like a physiological
yin/yang, lack of healthy stress on bones weakens them.

Bones are also the body's reservoir for calcium, critical in a variety

of physiological functions including muscle contraction. The

concentration of calcium in the body is tightly regulated through a
complex interplay between the skeletal, endocrine and excretory

systems. This involves feedback loops between the parathyroid
gland, the kidneys, the intestines, the skin, the liver and the

bones.

living bone

Bone mass decreases in osteoporosis. This age related de-

crease is associated with the loss of estrogen in post-meno-

pausal women. Studies have demonstrated that resistance

type exercise maintains bone mass. Accordingly, it is reason-

able to conclude that the various healthy stresses that yoga

practice applies across the bones may aid preventing osteo-
porosis.

The bones of the skeleton link together at the joints and act

as levers for the muscles that cross the joints. Consciously
contracting and relaxing these skeletal muscles moves the

body into the various yoga postures.



ilium

femur

vertebral body Shapes of bones

The form or shape of a bone reflects its

function. Long bones provide leverage, flat

bones provide protection and a place for

broad muscles to attach, and short bones

provide for weight bearing functions.

Yoga accesses each bone's particular po-

tential, using long bones to leverage the

body deeper into postures, the flat bones

(and their accompanying core muscles) for

stability, and the short vertebral bodies to

bear weight. Examples of these bones are

illustrated here.

calcaneus

virabhadrasana II

11



Gravity and the Skeleton

The Sanscrit word for a yoga pose is asana. Sanscrit scholars variously

translate this word to mean "a comfortable or effortless position".

Yoga postures approach effortlessness when we align the long axis of

the bones with the direction of gravity. This decreases the muscular

force needed to maintain our postures.

For example, in utthanasana, the force of gravity aligns with the long

axis of the femur and tibia bones. Similarly, in siddhasana the force

of gravity aligns with the long axis of the spine.

Use muscular force to bring the bones into a position where they

carry the load. Once these positions are attained, muscular force is

no longer necessary (or greatly decreased).

utthanasana siddhasana
12



Fundamental Bones

clavicle

scapula
sternum

humerus

radius

ulna

ilium

sacrum

pubis

femur

patella

fibula

tibia

13
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Fundamental Bones

phalanges

metacarpals

lateral condyle

medial condyle

patella
(kneecap)

tibial plateau

fibular head

tibial tuberosity

carpals

radius

ulna

radial head

trochlea

lateral epicondyle

medial epicondyle

olecranon
hindfoot

(calcaneus,talus)

ankle

midfoot

(tarsals)

forefoot

(metatarsals, phalanges)



Shoulder and Hip

lesser trochanter

ischial tuberosity

hip

The hips and shoulders are ball and socket joints. Their form reflects their function

in that the deep socket (acetabulum) of the hip is designed to support weight

while the shallow socket (glenoid) of the shoulder is designed to provide maximum

range of motion for the arms. Yoga postures balance mobility and stability by
increasing the range of motion of  the hips and stabilizing the shoulder.

acetabulum

femoral head
acromion

glenoid
greater trochanter

humeral head

greater tuberosity

lesser tuberosity

bicipital groove

shoulder

15



The Axial and Appendicular Skeleton

axial skeleton appendicular skeleton

16

The axial skeleton consists

of the spinal column,

cranium (skull), and rib

cage. The spinal column
surrounds and protects the

spinal cord, which is the

central energy channel,
or sushumna nadi. It is

the axis around which the

poses of yoga revolve. The

appendicular skeleton
connects us with the world.

The lower extremities

form our connection

to the earth. The upper

extremities, in association

with our senses, connect us

with each other.



The Shoulder Girdle

The shoulder girdle is the yoke that connects the upper
extremities with the axial skeleton. It is the seat of the

brachial plexus, a collection of nerves that in association with

the heart forms the basis for the fourth and fifth chakras. The

shoulder girdle is comprised of the following structures:

Scapula (shoulder blade)
Scapulothoracic joint

Clavicle

Sternoclavicular and Acromioclavicular joints
Humerus (upper-arm bone)

Glenohumeral  joint

The Pelvic Girdle

The pelvic girdle is the yoke that connects the lower

extremities to the axial skeleton. It is the seat of the sacral

plexus, a collection of nerves that forms the basis for the

first and second chakras. The pelvic girdle is comprised of the

following structures:

Iliac bones

Sacroiliac joint

Femur (thigh bone)

Hip joint

17
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Connecting the Appendicular and Axial Skeleton

Eka pada viparita dandasana demonstrates connecting the upper and

lower appendicular skeletons to create movement in the axial skeleton.

Note the inset image demonstrating stimulation of the spinal nerves in

this back bend.

nerve roots in back bend

eka pada viparita dandasana



The Vertebral Column

cervical

thoracic

Spinal Curves

We determine the spinal

curves by viewing them

from the side. Kyphosis is

a convex curve and lordo-

sis is a concave curve.

This illustration demon-
strates the four normal

curves in the spine:

1) cervical lordosis

2) thoracic kyphosis
3) lumbar lordosis

4) sacral kyphosis

lumbar

sacrum

соссух

3

tadasana
19



Scoliosis

Scoliosis is a lateral deviation and rotational deformity of the spine. The most common

form of scoliosis is called "idiopathic", meaning without an identifiable cause. Other forms

include congenital and neuromuscular scoliosis. Studies have suggested that idio-

pathic scoliosis is related to hormonal factors including  the level of melatonin

produced. This form of scoliosis also has a hereditary component.

When the magnitude of the scoliotic curve progresses beyond 20 degrees,

there is a risk of continued progression after skeletal maturity. Very large scoli-

otic curves can impact respiration by restricting the ribcage.

Scoliosis also affects the pelvic and shoulder girdles, as illustrated here.

For example, tilting the pelvic girdle creates a perception of limb length

discrepancy (one leg shorter than the other). Similarly, one arm may ap-

pear shorter than the other.

Scoliosis affects the bone, cartilage and muscles of the spine.

Muscles on the concave side of a curve become chronically

shortened when compared with those on the convex side. Yoga

postures aid to counteract this process by stretching the

shortened muscles.

scoliosis marichyasana
20



Yoga as therapy
These images of  a  twist, back bend and forward bend demonstrate how yoga postures

contract and stretch the back muscles. This lengthens chronically shortened muscles on the

concave side of the scoliotic curve while strengthening them on the convex side. This assists

in balancing perceived discrepancies in limb length and may also improve nerve conduction.

salabhasana triang mukhaikapada paschimottanasana
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Joints

As with the bones, the shape of the joints reflects

their function (and their function reflects their

shape). Joints come in a spectrum of shapes, de-

pending on the mobility or stability they require.
For example, the hip joint is a ball and socket

while the knee joint is a hinge. A ball and socket

type hip joint confers the greatest mobility in all

planes and is useful for activities such changing
direction while walking and running (or reach-

ing in various directions to grasp objects, as with

the shoulder). A hinge type knee joint provides

greater stability and is useful for propelling the

body forward (or drawing an object towards the

body, as with the elbow).

Other  joints such as the intervertebral between

the vertebrae allow for limited mobility between

individual vertebrae but great stability to protect
the spinal cord. Mobility of the spinal column

comes from combining the limited movement of

individual intervertebral joints as a whole.

ball and socket hip

knee

hinge

compressive lumbar spine



hip articular cartilage

hip joint capsule with

synovium (posterior view)

Articular Structure
The joint capsule is connective tissue sheathing
that surrounds and seals synovial joints. It is sus-

ceptible to stretch injury when executing extreme

movements in yoga postures.

Synovial tissue lines the inside of the joint cap-

sule. This tissue produces synovial fluid, a viscous

lubricant for the joint surface that decreases
friction during joint movement. Synovial fluid
circulates throughout the joint, transporting

nutrients to the articular cartilage and removing

debris from the joint space. The various contor-
tions resulting from yoga postures aid flex and

expand the  joint capsule, stimulating circulation

of synovial fluid.

Articular cartilage covers the joint surfaces, al-
lowing smooth gliding of one bone over the other.

In fact, articular cartilage is one of the smooth-

est surfaces known to man. Applying excessive
pressure to this fragile cartilage can injure it,

ultimately resulting in arthritis.

The meniscus deepens the articular surface and

broadens the contact area of the joint. This aids

to stabilize the joint and distributes the force of

gravity and muscular contraction over a greater

surface area. The meniscus is composed of fibro-

cartilage, giving it a flexible rubbery consistency.

knee with

menisci

23












































































































































































































































































































































































































































