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Introduction
About this Book

This book is designed in quick-reference format 
to offer useful information about the main skeletal 
muscles that are central to sport, dance, exercise 
science, and bodywork therapy. Each muscle section 
is color-coded for ease of reference. Enough detail is 
included regarding each muscle’s origin, insertion, 
action, and nerve innervation (including the nerve’s 
common course or path) to meet the requirements 
of the student and practitioner of bodywork, 
movement therapies, and movement arts. The book 
aims to present that information accurately and in a 
particularly clear and user-friendly format, especially 
as anatomy can seem heavily laden with technical 
terminology. Technical terms are therefore explained 
in parenthesis throughout the text.

The information about each muscle is presented in 
a uniform style throughout. An example is given 
below, with the meanings of headings explained in 
bold (some muscles will have abbreviated versions of 
this).

Layers

Throughout this text, the term layer is used to 
describe the anatomy of fascial (connective) tissue or 
the positioning of one structure relative to another. 
The use of this term is for convenience, and the sense 
should not be taken literally—there are no physical 
layers in the human body. Layers are created when 
a dissection is performed and tissues are separated 
by scalpel or blunt dissection. Continuity is key, and 
everything is connected to everything else.

169

LATISSIMUS DORSI

Latin, latissimus, widest; dorsi, 
of the back.

Along with subscapularis and teres 
major, latissimus dorsi forms the 
posterior wall of the axilla.

Origin
Thoracolumbar fascia, which is 
attached to spinous processes of 
lower six thoracic vertebrae and 
all lumbar and sacral vertebrae 
(T7–S5) and to intervening 
supraspinous ligaments. Posterior 
part of iliac crest. Lower three or 
four ribs. Inferior angle of scapula.

Insertion
Floor of intertubercular sulcus 
(bicipital groove) of humerus.

Action
Extends flexed arm. Adducts and 
medially rotates humerus.
It is one of the chief climbing 
muscles, since it pulls shoulders 
downward and backward, and 
pulls trunk up to the fixed arms 
(therefore also active in crawl 
swimming stroke). Assists in 
forced inspiration, by raising 
lower ribs.

Nerve
Thoracodorsal nerve C6, 7, 8, 
from the posterior cord of brachial 
plexus.

Basic functional movement
Example: pushing on the arms of a 
chair to stand up.

Sports that heavily utilize this 
muscle
Examples: climbing, gymnastics 
(rings, parallel bars), swimming, 
rowing.

Posterior view.

The 
movement 
or effect 
caused 
when the 
muscle 
contracts.

The nerve 
that 
activates 
the muscle.

Everyday 
activity/
activities 
to which 
the muscle 
contributes.

A few key 
examples, 
although 
each muscle 
will be 
involved 
in varying 
degrees 
in most 
sports.

The name of the 
muscle.

The attachment that 
remains relatively 

fixed during muscular 
contraction—i.e. the 

end of the muscle 
which is fixed to 

the bone that does 
not move, thereby 

acting as an anchor 
for the muscle to 

pull its opposite end 
(insertion) toward 

this fixed attachment 
(see p. 23).

The attachment 
that moves—i.e. the 
opposite end of the 

muscle to the origin. 
Note that when the 

insertion remains 
relatively fixed and 

the origin moves, 
the muscle is said 

to be performing a 
reversed action (i.e. 
origin to insertion). 

This occurs often. 
Generally, the origin 

is more proximal 
(toward the center 

of the body) and 
the insertion is more 

distal (toward the 
periphery of the 

body).
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Peripheral Nerve Supply

The nervous system comprises:

The central nervous system (CNS)—i.e. the • 
brain and spinal cord.
The peripheral nervous system (PNS), • 
including the autonomic nervous system—
i.e. all neural structures outside the brain and 
spinal cord.

The PNS consists of 12* pairs of cranial nerves 
and 31 pairs of spinal nerves (with their subsequent 
branches). The spinal nerves are numbered according 
to the level of the spinal cord from which they arise 
(the level is known as the spinal segment). Muscle 
innervation pathways are discussed in Appendix 1.

In this book the relevant peripheral nerve supply is 
listed with each muscle, for those who need to know. 
However, information about the spinal segment** 
from which the nerve fibers emanate often differs 
between the various sources. This is because it is 
extremely challenging for clinical anatomists to trace 
the route of an individual nerve fiber through the 
intertwining maze of other nerve fibers as it passes 
through its plexus (plexus = a network of nerves: 
from Latin plectere = “to braid”). Therefore, such 
information has been derived mainly from empirical 
clinical observation, rather than through dissection of 
the body. 

In order to give the most accurate information 
possible, the method devised by Florence Peterson 
Kendall and Elizabeth Kendall McCreary has been 
duplicated in this book. Kendall and McCreary 
(1983) integrated information from six well-
known anatomy reference texts: those written by 
Cunningham, deJong, Bumke and Foerster, Gray, 
Haymaker and Woodhall, and Spalteholz. Adopting 
the same procedure, and then cross-matching the 

results with those of Kendall and McCreary, the 
following system of emphasizing the most important 
nerve roots for each muscle has been used in this 
book.

Let us take the supinator muscle as our example; 
this is supplied by the posterior interosseous nerve, 
a continuation of the deep branch of the radial 
nerve C5, 6, (7). The relevant spinal segment is 
indicated by the letter “C” and the numbers “5, 6, 
(7).” Bold numbers, e.g. 6, indicate that most (at 
least five) of the sources agree. Numbers that are 
not bold, e.g. 5, denote agreement by three or four 
sources. Numbers not in bold and in parenthesis, 
e.g. (7), reflect agreement by two sources only, or 
that more than two sources specifically regarded it 
as a very minimal supply. If a spinal segment was 
mentioned by only one source, it was disregarded. 
Hence, bold type indicates the major innervation, 
non-bold type indicates the minor innervation, and 
numbers in parenthesis suggest possible or infrequent 
innervation.

*There are technically 13 pairs of cranial nerves (Fuller, Burger 
1990). (The first cranial nerve is nervus terminalis (NT), also known 
as the terminal nerve, nerve of pinkus, or cranial nerve 0; however, 
as there is no roman symbol for zero, an “N” for the Latin word 
nulla is the preferred numerical designation.) This means we have 
0 to 12 cranial nerves, which gives us 13 in total (counting 0 as the 
first number). This is important for surgeons, medical professionals, 
osteopaths, chiropractors, physiotherapists, and manual therapists of 
every stripe. It has been suggested that cranial nerve XIV (the nerve of 
Wrisberg or the nervus intermedius or intermediary nerve) is the 14th 
cranial nerve and not merely an offshoot of cranial nerve VII. 

** A spinal segment is the part of the spinal cord that gives rise to 
each pair of spinal nerves (a pair consists of one nerve for the left side 
and one for the right side of the body). Each spinal nerve contains 
motor and sensory fibers. Soon after the spinal nerve exits through 
the foramen (the opening between adjacent vertebrae), it divides into 
a dorsal primary ramus (directed posteriorly) and a ventral primary 
ramus (directed laterally or anteriorly). Fibers from the dorsal rami 
innervate the skin and extensor muscles of the neck and trunk. The 
ventral rami supply the limbs, plus the sides and front of the trunk.

Dorsal root
Dorsal primary ramus
Ventral primary ramus

Spinal cord

Spinal nerve

Ventral 
root

A spinal segment, showing the nerve roots combining to form a spinal nerve, which then divides into ventral 
and dorsal rami.
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Anatomical Orientation

 1 
Anatomical Directions

To describe the relative positions of body parts and 
their movements, it is essential to have a universally 
accepted initial reference position. The standard body 
position, known as the anatomical position, serves as 
this reference. The anatomical position is simply the 
upright standing position, feet flat on the floor with 

Figure 1.1. Anterior
In front of; toward or at the front of the body.

 
 
the arms hanging by the sides and the palms facing 
forward (see Figure 1.1). The directional terminology 
used refers to the body as if it were in the anatomical 
position, regardless of its actual position. Note also 
that the terms left and right refer to the sides of the 
object or person being viewed, and not those of the 
reader.

Figure 1.2. Posterior
Behind; toward or at the back of the body.
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Figure 1.3. Superior
Above; toward the head or the upper part of the 
structure or the body.

Figure 1.4. Inferior
Below; away from the head or toward the lower part 
of the structure or the body.

 

Figure 1.5. Medial
(from Latin medius = “middle”)
Toward or at the midline of the body; on the inner 
side of a limb.

Figure 1.6. Lateral
(from Latin latus = “side”).
Away from the midline of the body; on the outer side 
of the body or a limb.
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Figure 1.7. Proximal
(from Latin proximus = “nearest”)
Closer to the center of the body (the navel), or to the 
point of attachment of a limb to the body torso.

Figure 1.8. Distal
(from Latin distans = “distant”).
Farther away from the center of the body, or from the 
point of attachment of a limb to the torso.

 

Figure 1.9. Superficial 
Toward or at the body surface.

Figure 1.10. Deep
Farther away from the body surface; more internal.

CB muscles chapter 1.indd   13 19/8/15   18:44:09



The Concise Book of Muscles

14

Figure 1.11. Dorsal
(from Latin dorsum = “back”).
On the posterior surface of something, e.g. the back 
of the hand or the top of the foot.

Figure 1.12. Palmar
(from Latin palma = “palm”).
On the anterior surface of the hand, i.e. the palm.

 

Figure 1.13. Plantar
(from Latin planta = “sole”)
On the sole of the foot.
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Regional Areas

The two primary divisions of the body are its axial 
part, consisting of the head, neck, and trunk, and its 
appendicular parts, consisting of the limbs, which are

attached to the axis of the body. Figure 1.14 shows 
the terms used to indicate specific body areas. Terms 
in parenthesis are the lay terms for the area.

Acromial (point of shoulder)

Sternal (breastbone)

Mammary (breast)

Antecubital (front of elbow)

Abdominal (abdomen)

Carpal (wrist)
Inguinal (groin)
Pollex (thumb)
Palmar (palm)

Digital (finger)

Peroneal (lateral side of leg)

Crural (leg)

Hallux (great toe)

Nasal (nose)
Buccal (cheek)

Mental (chin)

Frontal (forehead)

Orbital (eye)

Oral (mouth)
Cervical (neck)

Cephalic (head)

Thoracic (chest)
Axillary (armpit)

Brachial (arm)

Umbilical (navel)

Antebrachial (forearm)
Pelvic (pelvis)

Coxal (hip)
Pubic (genital region)

Femoral (thigh)

Patellar (anterior knee)

Tarsal (ankle)

Digital (toes)

Pedal (foot)

Figure 1.14. Terms used to indicate specific body areas: (a) anterior view.
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Otic (ear)

Occipital (back of head)

Acromial (point of shoulder)

Brachial (arm)

Olecranal (back of elbow)

Lumbar (loin)

Sacral (between hips)

Gluteal (buttock)

Perineal (between the anus 
and the external genitalia)

Plantar (sole)

Cephalic (head)

Scapular (shoulder blade)

Vertebral (spinal column)

Dorsal or dorsum (back)

Manus (hand)

Femoral (thigh)

Popliteal (back of knee)

Sural (calf)

Calcaneal (heel)

Figure 1.14. Terms used to indicate specific body areas: (b) posterior view.
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Planes of the Body

The term plane refers to a two-dimensional section 
through the body; it provides a view of the body or 
body part, as though it has been cut through by an 
imaginary line.

The sagittal planes cut vertically through the • 
body from anterior to posterior, dividing it 
into right and left halves. Figure 1.15 shows 
the midsagittal plane.

The frontal (coronal) planes pass vertically • 
through the body, dividing it into anterior 
and posterior sections, and lie at right angles 
to the sagittal plane.

The transverse planes are horizontal cross • 
sections, dividing the body into upper 
(superior) and lower (inferior) sections, and 
lie at right angles to the other two planes. 

Figure 1.15 illustrates the most frequently used 
planes.

 

Frontal 
(coronal) 
plane

Transverse 
plane

Midsagittal 
plane

Figure 1.15. Planes of the body.

Anatomical Movements

The direction in which body parts move is described 
in relation to the fetal position. Moving into the 
fetal position results from flexion of all the limbs; 
straightening out of the fetal position results from 
extension of all the limbs.

a)

b)

Figure 1.16. (a) Flexion into the fetal position. (b) 
Extension out of the fetal position.

Main Movements

Hyperextension

Extension

Flexion

Figure 1.17. Flexion: bending to decrease the angle 
between bones at a joint. From the anatomical 
position, flexion is usually forward, except at the knee 
joint where it is backward. The way to remember this 
is that flexion is always toward the fetal position.
Extension: to straighten or bend backward away 
from the fetal position.
Hyperextension: to extend the limb beyond its 
normal range.
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Figure 1.18. Lateral flexion: to bend the torso or 
head laterally (sideways) in the frontal (coronal) 
plane.

 

Adduction Abduction

 

Abduction

Adduction

Adduction

Figure 1.19. Abduction: movement of a bone away 
from the midline of the body or the midline of a limb.
Adduction: movement of a bone toward the midline 
of the body or the midline of a limb.

Note: For abduction of the arm to continue above the 
height of the shoulder (elevation through abduction), 
the scapula must rotate on its axis to turn the glenoid 
cavity upward (see Figure 1.27(b)).

Lateral 
(external) 
rotation

Medial 
(internal) 
rotation
 

Figure 1.20. Rotation: movement of a bone or the 
trunk around its own longitudinal axis. 
Medial rotation: to turn inward, toward the midline.
Lateral rotation: to turn outward, away from the 
midline.

Other Movements
Movements described in this section are those that 
occur only at specific joints or parts of the body, 
usually involving more than one joint.

Figure 1.21. (a) Pronation: to turn the palm of the 
hand down to face the floor (if standing with elbow 
bent 90º, or if lying flat on the floor) or away from the 
anatomical and fetal positions.

Figure 1.21. (b) Supination: to turn the palm of the 
hand up to face the ceiling (if standing with elbow 
bent 90º, or if lying flat on the floor) or toward the 
anatomical and fetal positions.
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Circumduction 
of the shoulder

Circumduction 
of the leg

Figure 1.22. Circumduction: movement in which 
the distal end of a bone moves in a circle, while the 
proximal end remains stable; the movement combines 
flexion, abduction, extension, and adduction.

Dorsiflexion

Plantar 
flexion

Figure 1.23. Plantar flexion: to point the toes down 
toward the ground.
Dorsiflexion: to point the toes up toward the sky.

Eversion      Inversion

Figure 1.24. Inversion: to turn the sole of the foot 
inward, so that the soles would face toward each 
other.
Eversion: to turn the sole of the foot outward, so that 
the soles would face away from each other.

Figure 1.25. Protraction: movement forward in the 
transverse plane—for example, protraction of the 
shoulder girdle, as in rounding the shoulder.

Figure 1.26. Retraction: movement backward in the 
transverse plane, as in bracing the shoulder girdle 
back, military style.
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Depression

Elevation

Figure 1.27. (a) Elevation: movement of a part of the 
body upward along the frontal plane—for example, 
elevating the scapula by shrugging the shoulders.
Depression: movement of an elevated part of the 
body downward to its original position.

Rotation of shoulder 
joint to enable elevation 
through abduction

Figure 1.27. (b) Elevation through abduction: 
abducting the arm at the shoulder joint, then 
continuing to raise it above the head in the frontal 
plane.

Figure 1.27. (c) Elevation through flexion: flexing 
the arm at the shoulder joint, then continuing to raise 
it above the head in the sagittal plane.

 

Opposition

Figure 1.28. Opposition: a movement specific to the 
saddle joint of the thumb; it enables you to touch 
your thumb to the tips of the fingers of the same 
hand.
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Skeletal Muscle, 
Musculoskeletal Mechanics, 
Fascia, and Biotensegrity 2 

Skeletal Muscle Structure and 
Function

Skeletal (somatic or voluntary) muscles make up 
approximately 40% of the total human body weight. 
Their primary function is to produce movement 
through the ability to contract and inhibit in a 
coordinated manner. They are attached to bone by 
tendons (or sometimes directly). The place where 
a muscle attaches to a relatively stationary point 
on a bone, either directly or via a tendon, is called 
the origin. When the muscle contracts, it transmits 
tension to the bones across one or more joints, 
and movement occurs. The end of the muscle 
which attaches to the bone that moves is called the 
insertion. 

Overview of Skeletal Muscle Structure

The functional unit of skeletal muscle is known as 
a muscle fi ber, which is an elongated cylindrical 
cell with multiple nuclei, ranging from 10 to 100 
microns in width, and a few millimeters to 30+ 
centimeters in length. The cytoplasm of the fi ber is 
called the sarcoplasm, which is encapsulated inside 
a cell membrane called the sarcolemma. A delicate 
membrane known as the endomysium surrounds each 
individual fi ber. 

Muscle fi bers are grouped together in bundles, or 
fasciculi (fascicles), covered by the perimysium. The 
bundles of muscle fi bers are themselves grouped 
together, and the whole muscle is encased in a 
fascial sheath called the epimysium. These muscle 
membranes lie throughout the entire length of the 
muscle, from the tendon of the origin to the tendon 
of the insertion. The whole structure is sometimes 
referred to as the musculotendinous unit.

Figure 2.1. a) each skeletal muscle fi ber is a single cylindrical muscle cell, b) cross section of muscle tissue.

Tendon
Bone

Muscle
Fascicle

Individual 
muscle fi ber 
bundle

Myofi bril Myofi laments

Muscle 
fi ber

Sarcoplasmic 
reticulum

Opening into 
T tubule
Myofi brils

Myofi laments
Sarcolemma

Transverse tubule 
(T tubule)

b)

a)
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In defining the structure of muscle tissue in more 
detail, from the minute to gross, we therefore have 
the following components: myofibrils, endomysium, 
fasciculi, perimysium, epimysium, deep fascia, and 
superficial fascia.

Myofibrils

Through an electron microscope, one can distinguish 
the contractile elements of a muscle fiber, known as 
myofibrils, running the entire length of the fiber. Each 
myofibril reveals alternate light and dark banding, 
producing the characteristic cross-striation of the 
muscle fiber; these bands are called myofilaments. 
The light bands are referred to as isotropic (I) bands 
and consist of thin myofilaments made of the protein 
actin. The dark ones are called anisotropic (A) bands, 
consisting of thicker myofilaments made of the 
protein myosin. A third connecting filament is made 
of the sticky protein titin, which is the third-most-
abundant protein in human tissue.

The myosin filaments have paddle-like extensions that 
emanate from the filaments, rather like the oars of a 
boat. These extensions latch onto the actin filaments, 
forming what are described as “cross-bridges” 
between the two types of filament. The cross-bridges, 
using the energy of ATP, pull the actin strands closer 
together.* Thus, the light and dark sets of filaments 
increasingly overlap, like an interlocking of the 
fingers, resulting in muscle contraction. One set of 
actin–myosin filaments is called a sarcomere. 
 

I band

Z line Z line

I band

A band

H zone

Pseudo
H zone

M line

Sarcomere

Figure 2.2. The myofilaments in a sarcomere. A 
sarcomere is bounded at both ends by the Z line.

The lighter zone is known as the•  I band, and 
the darker zone the A band.
The • Z line is a thin dark line at the midpoint 
of the I band. 
A • sarcomere is defined as the section of 
myofibril between one Z line and the next. 
The center of the A band contains the • H zone.
The • M line bisects the H zone, and delineates 
the center of the sarcomere. 

If an outside force causes a muscle to stretch beyond 
its resting level of tonus (see “Tonus” below), the 
interlinking effect of the actin and myosin filaments 
that occurs during contraction is reversed. Initially, 
the actin and myosin filaments accommodate the 
stretch, but as the stretch continues, the titin filaments 
increasingly “pay out” to absorb the displacement. 
Thus, it is the titin filament that determines the muscle 
fiber’s extensibility and resistance to stretch. Research 
indicates that a muscle fiber (sarcomere), if properly 
prepared, can be elongated up to 150% of its normal 
length at rest. 

Endomysium

A delicate connective tissue called endomysium 
lies outside the sarcolemma of each muscle fiber, 
separating each fiber from its neighbors, but also 
connecting them together.

Fasciculi

Muscle fibers are arranged in parallel bundles called 
fasciculi.

Perimysium

Each fasciculus is bound by a denser collagenic sheath 
called the perimysium.

Epimysium

The entire muscle, which is therefore an assembly 
of fasciculi, is wrapped in a fibrous sheath called 
the epimysium; this arrangement facilitates force 
transmission. 

Deep Fascia (Profundus)

A coarser sheet of fibrous connective tissue lies 
outside the epimysium, binding individual muscles 
into functional groups. This deep fascia extends to 
wrap around other adjacent structures.

Superficial Fascia (Superficialis)

While its anatomy and topography differs from region 
to region, providing specialization, the superficial 
fascia is primarily a fatty fascia that contains oblique 
septa and connects the skin to the deep fascia. 
Contractile fibers have been reported in the superficial 
fascia, particularly in the neck.

*The generally accepted hypothesis to explain muscle function is partly described by Hanson and Huxley’s sliding filament theory (Huxley and 
Hanson 1954). Muscle fibers receive a nerve impulse that causes the release of calcium ions stored in the muscle. In the presence of the muscle’s fuel, 
known as adenosine triphosphate (ATP), the calcium ions bind with the actin and myosin filaments to form an electrostatic (magnetic) bond. This 
bond causes the fibers to shorten, resulting in their contraction or increase in tonus. When the nerve impulse ceases, the muscle fibers relax. Because 
of their elastic elements, the filaments recoil to their non-contracted lengths, i.e. their resting level of tonus.

22
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Muscle Attachment

The way a muscle attaches to bone or other tissues 
is through either a direct attachment or an indirect 
attachment. A direct attachment (called a fl eshy 
attachment) is where the perimysium and epimysium 
of the muscle unite and fuse with the periosteum 
of a bone, the perichondrium of a cartilage, a joint 
capsule, or the connective tissue underlying the 
skin (some muscles of facial expression being good 
examples of the last). An indirect attachment is 
where the connective tissue components of a muscle 
fuse together into bundles of collagen fi bers to 
form an intervening tendon. Indirect attachments 
are much more common. The different types of 
tendinous attachment are: tendons and aponeuroses, 
intermuscular septa, and sesamoid bones. 

Tendons and Aponeuroses

When muscle fascia (connective tissue component 
of a muscle) combine together and extend beyond 
the end of the muscle as round cords or fl at bands, 
the tendinous attachment is called a tendon; if they 
extend as a thin, fl at, and broad sheet-like material, 
the attachment is called an aponeurosis. The tendon 
or aponeurosis secures the muscle to the bone or 
cartilage, to the fascia of other muscles, or to a seam 
of fi brous tissue called a raphe. Flat patches of tendon 
may form on the body of a muscle where it is exposed 
to friction. This may occur, for example, on the deep 
surface of the trapezius where it rubs against the spine 
of the scapula.

Figure 2.4. a) Tendon attachment. b) Attachment by 
aponeurosis. c) Flat patches of tendon on the deep 
surface of the trapezius.

Epimysium

Endomysium

Muscle

Fascicle 
(wrapped by 
Perimysium)

Individual 
muscle fi ber 
bundles

Capillaries

Muscle fi ber

Sarcolemma

Bone

Periosteum

Tendon

Figure 2.3. The connective tissue sheaths of skeletal muscle. 
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Intermuscular Septa

In some cases, flat sheets of dense connective tissue 
known as intermuscular septa penetrate between 
muscles, providing another medium to which muscle 
fibers may attach.

Sesamoid Bones

If a tendon is subject to friction, it may (though not 
necessarily) develop a sesamoid bone within its 
substance. An example is the peroneus longus tendon 
in the sole of the foot. However, sesamoid bones may 
also appear in tendons not subject to friction.

Multiple Attachments

Many muscles have only two attachments, one at 
each end. However, more complex muscles are 
often attached to several different structures at their 
origin and/or their insertion. If these attachments are 
separated, effectively meaning the muscle gives rise 
to two or more tendons and/or aponeuroses inserting 
into different places, the muscle is said to have two 
or more heads. For example, the biceps brachii has 
two heads at its origin: one from the coracoid process 
of the scapula and the other from the supraglenoid 
tubercle (see p. 178). The triceps brachii has three 
heads and the quadriceps has four. 

Red and White Muscle Fibers

Historically, three types of skeletal muscle fiber have 
been distinguished: (1) red slow-twitch fibers, or 
type I; (2) white fast-twitch fibers, or type IIa; and 
(3) intermediate fast-twitch fibers, or type IIb. More 
recently, however, types Ic, IIc, IIac, IIab, type IIm, 
and others (e.g. type II X) have been described.

Red slow-twitch fibers (type I)1. : these fibers 
are thin cells that contract slowly. The red 
color is due to their content of myoglobin, 
a substance similar to hemoglobin, which 
stores oxygen and increases the rate of 
oxygen diffusion within the muscle fiber. 
As long as oxygen supply is plentiful, red 
fibers can contract for sustained periods, and 
are thus very resistant to fatigue. Successful 
marathon runners tend to have a high 
percentage of these red fibers. 

White fast-twitch fibers (type IIa)2. : these 
fibers are large cells that contract rapidly. 
They are pale because of their lower content 
of myoglobin. White fibers fatigue quickly, 
because they rely on short-lived glycogen 
reserves in the fiber to contract. However, 
they are capable of generating much more 
powerful contractions than red fibers, 

enabling them to perform rapid, powerful 
movements for short periods. Successful 
sprinters have a higher proportion of these 
white fibers.

Intermediate fast-twitch fibers (Type IIb)3. : 
these red or pink fibers are a compromise in 
size and activity between the red and white 
fibers.

Note: There is always a mixture of these types of 
muscle fiber in any given muscle, giving it a range of 
fatigue resistance and contractile speeds.

Blood Supply

In general, each muscle receives an arterial supply 
to bring nutrients via the blood into the muscle, and 
contains several veins to take away metabolic by-
products surrendered by the muscle into the blood. 
These blood vessels usually enter through the central 
part of the muscle, but may also enter toward one 
end. Thereafter, they branch into a capillary plexus, 
which spreads throughout the intermuscular septa, 
to eventually penetrate the endomysium around each 
muscle fiber. During exercise, the capillaries dilate, 
increasing the amount of blood flow in the muscle by 
up to 800 times. However, a muscle tendon, because it 
is composed of a relatively inactive tissue, has a much 
less extensive blood supply.

Nerve Supply

The nerve supply to a muscle usually enters at the 
same place as the blood supply (neurovascular 
bundle), and branches through the connective tissue 
septa into the endomysium in a similar way. Each 
skeletal muscle fiber is supplied by a single nerve 
ending. This is in contrast to some other muscle 
tissues, which are able to contract without any nerve 
stimulation.

The nerve entering the muscle usually contains 
roughly equal proportions of sensory and motor nerve 
fibers, although some muscles may receive separate 
sensory branches. As the nerve fiber approaches the 
muscle fiber, it divides into a number of terminal 
branches, collectively called a motor end plate.

2 * The function of these nerve fibers is to regulate the sensitivity of the spindle and the total tension in the muscle.

24

CB muscles chapter 2.indd   24 1/9/15   20:10:16



25

Skeletal Muscle, Musculoskeletal Mechanics, Fascia, and Biotensegrity

Motor Unit of a Skeletal Muscle

A motor unit consists of a single motor nerve cell and 
the muscle fibers stimulated by it. The motor units 
vary in size, ranging from cylinders of muscle 5–7mm 
in diameter in the upper limb to 7–10mm in diameter 
in the lower limb. The average number of muscle 
fibers within a unit is 150 (but this number ranges 
from less than ten to several hundred). Where fine 
gradations of movement are required, as demanded 
of the muscles of the eyeball or fingers, the number 
of muscle fibers supplied by a single nerve cell is 
small. On the other hand, where grosser movements 
are required, as demanded of the muscles of the lower 
limb, each nerve cell may supply a motor unit of 
several hundred fibers.

The muscle fibers in a single motor unit are spread 
throughout the muscle, rather than being clustered 
together. This means that stimulation of a single motor 
unit will cause the entire muscle to exhibit a weak 
contraction.

Skeletal muscles work on an “all or nothing 
principle”: in other words, groups of muscle cells, 
or fasciculi, can either contract or not contract. 
Depending on the strength of contraction required, 
a certain number of muscle cells will fully contract, 
while others will not contract at all. When a greater 
muscular effort is needed, most of the motor units 
may be stimulated at the same time. However, under 
normal conditions, the motor units tend to work in 
relays, so that during prolonged contractions some are 
inhibited while others are contracting—this is known 
as gradual increments of contraction (GIC).

Spinal cord

Motor 
neuron

Motor 
end plate

Figure 2.5. A motor unit of a skeletal muscle.

Muscle Reflexes

Within skeletal muscles there are two specialized 
types of nerve receptor that can sense tension (length 
or stretch): muscle spindles and Golgi tendon organs 
(GTOs). Muscle spindles are cigar-like in shape and 
consist of tiny modified muscle fibers called intrafusal 
fibers, and nerve endings, encased together within 
a connective tissue sheath; they lie between and 
parallel to the main muscle fibers. GTOs are located 
mostly at the junctions of muscles and their tendons or 
aponeuroses.

Extrafusal 
muscle fiber

Muscle 
spindle

Intrafusal 
fiber
Primary 
sensor nerve 
fiber

Golgi tendon 
organ

Figure 2.6. Anatomy of the muscle spindle and Golgi 
tendon organ. 

2 * The function of these nerve fibers is to regulate the sensitivity of the spindle and the total tension in the muscle.

Muscle fiber cell
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Stretch Refl ex (Mono-synaptic Refl ex Arc)

The stretch refl ex helps control posture by maintaining 
muscle tone. It also helps prevent injury, by enabling a 
muscle to respond to a sudden or unexpected increase 
in length. The way it works is as follows:

When a muscle is lengthened, the muscle 1. 
spindles are excited, causing each spindle 
to send a nerve impulse communicating the 
speed of lengthening to the spinal cord. 

On receiving this impulse, the spinal cord 2. 
immediately sends a proportionate impulse 
back to the stretched muscle fi bers, causing 
them to contract, in order to decelerate the 
movement. This circular process is known as 
a refl ex arc.

An impulse is simultaneously sent from 3. 
the spinal cord to the antagonist of the 
contracting muscle (i.e. the muscle opposing 
the contraction), causing the antagonist to 
inhibit, so that it cannot resist the contraction 
of the stretched muscle. This process is 
known as reciprocal inhibition.

Concurrent with this spinal refl ex, nerve 4. 
impulses are also sent up the spinal cord to 
the brain to relay information about muscle 
length and the speed of muscle contraction. 
A refl ex in the brain feeds nerve impulses 
back to the muscles in order to ensure the 
appropriate muscle tone is maintained to meet 
the requirements of posture and movement.

Meanwhile, the stretch sensitivity of the 5. 
minute intrafusal muscle fi bers within the 
muscle spindle are smoothed and regulated 
by gamma efferent nerve fi bers*, arising from 
motor neurons within the spinal cord. Thus, 
a gamma motor neuron refl ex arc ensures the 
evenness of muscle contraction, which would 
otherwise be jerky if muscle tone relied on 
the stretch refl ex alone.

Integration center

Interneuron

Spinal cord

Motor 
neuron

Effector

Sensory 
neuron

Skin

Stimulus
Receptor 

Figure 2.7: The stretch (monosynaptic refl ex arc).

The classic clinical example of the stretch refl ex in 
action is the knee jerk, or patellar refl ex, whereby the 
patellar tendon is lightly struck with a small rubber 
hammer. This results in the following sequence of 
events:

The sudden stretch of the patellar tendon in 1. 
series causes the quadriceps to be stretched, i.e. 
the sharp tap on the patellar tendon causes a 
sudden stretch of the tendon.
This rapid stretch is registered by the muscle 2. 
spindles within the quadriceps, causing the 
quadriceps to contract. This causes a small kick 
as the knee straightens suddenly, and takes the 
tension off the muscle spindles.
Simultaneously, nerve impulses to the 3. 
hamstrings (which are the antagonists of the 
quadriceps) cause functional inhibition of the 
hamstring muscles.

* The function of these nerve fi bers is to regulate the sensitivity of the 
spindle and the total tension in the muscle.
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Afferent impulses 
from stretch 
receptor to spinal 
cord

Efferent impulses causes 
contraction of the 
stretched muscle that 
resists or reverses the 
stretch

Cell body of 
sensory neuron

Figure 2.8. The patellar refl ex.

Figure 2.9. The stretch refl ex arc.
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Another obvious example of the stretch refl ex in 
action is when a person falls asleep in the sitting 
position: the head will relax forward, then jerk back 
up, because the stretched muscle spindles in the back 
of the neck have activated a refl ex arc.

The stretch refl ex also works constantly to maintain 
the tonus of our postural muscles; in other words 
it enables us to remain standing without conscious 
effort and without collapsing forward. The sequence 
of events preventing this forward collapse occurs in a 
fraction of a second, as follows:

In standing, we naturally begin to sway 1. 
forward. 

This pulls our calf muscles into a lengthened 2. 
position, activating the stretch refl ex. 

The calf muscles consequently contract to 3. 
pull us back to the upright position.
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Deep Tendon Refl ex (Autogenic Inhibition)

In contrast to the stretch refl ex, which involves the 
muscle spindle’s response to muscle elongation, the 
deep tendon refl ex involves the reaction of GTOs 
to muscle contraction or undue rise in tension. 
Accordingly, the deep tendon refl ex creates the 
opposite effect to that of the stretch refl ex. The way it 
works is as follows:

When a muscle contracts, it pulls on the 1. 
tendons situated at either end of the muscle.

The tension in the tendon causes the GTOs 2. 
to transmit impulses to the spinal cord (some 
impulses continue to the cerebellum).

As these impulses reach the spinal cord, 3. 
they inhibit the motor nerves supplying the 
contracting muscle, thus reducing tonus.

Simultaneously, the motor nerves supplying 4. 
the antagonist muscle are activated, causing it 
to contract. This process is called reciprocal 
activation.

Meanwhile, the information reaching the 5. 
cerebellum is processed and fed back to help 
readjust muscle tension.

The deep tendon refl ex has a protective function: it 
prevents the muscle from contracting so hard that it 
would rip its attachment off the bone. It is therefore 
especially important during activities which involve 
rapid switching between fl exion and extension, such 
as running. 

Note, however, that in normal day-to-day movement, 
tension in the muscles is not suffi cient to activate the 
GTOs’ deep tendon refl ex. By contrast, the threshold 
of the muscle spindle stretch refl ex is set much lower, 
because it must constantly maintain suffi cient tonus in 
the postural muscles to keep the body upright.

Impulses from the 
efferent fi ber will 
cause a relaxation 
effect into the 
muscle (PIR)

Efferent fi ber to 
antagonistic muscle 
causing inhibition 
(RI)

Prolonged stretch 
will cause impulses 

from the afferent 
fi ber from the golgi 

tendon organ

Quadriceps 
(extensors)

Hamstrings 
(fl exors)

Interneuron

Figure 2.10. The deep tendon refl ex.
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Muscle Contractions

A muscle will contract upon stimulation, in an attempt 
to bring its attachments closer together, but this does 
not necessarily result in a shortening of the muscle. If 
the contraction of a muscle results in no movement, 
such a contraction is called isometric; if movement of 
some sort results, the contraction is called isotonic.

Isometric Contraction

An isometric contraction occurs when a muscle 
increases its tension, but the length of the muscle 
is not altered. In other words, although the muscle 
tenses, the joint over which the muscle works does 
not move. One example of this is in the hand with 
the elbow held stationary and bent. Trying to lift 
something that proves to be too heavy to move is 
another example. Note also that some of the postural 
muscles are largely working isometrically by 
automatic reflex. For example, in the upright position, 
the body has a natural tendency to fall forward at the 
ankle; this is prevented by isometric contraction of 
the calf muscles. Likewise, the center of gravity of the 
skull would make the head tilt forward if the muscles 
at the back of the neck did not contract isometrically 
to keep the head centralized. 

 

Biceps 
brachii 
contract

Figure 2.11. Isometric contraction, for example, 
holding a heavy object at 90 degrees in a stationary 
position.

Isotonic Contraction

Isotonic contractions of muscle enable us to move 
about. There are of two types of isotonic contraction: 
concentric and eccentric.

Concentric Contraction

In concentric contractions, the muscle attachments 
move closer together, causing movement at the joint. 
Using the example of holding an object, if biceps 
brachii contracts concentrically, the elbow joint will 
flex and the hand will move toward the shoulder, 
against gravity. Similarly, if we do an abdominal 
crunch on a Swiss ball, the abdominal muscles must 
contract concentrically to raise the torso (see figure 
2.12).

Figure 2.12. Abdominals contract concentrically to 
raise the body.

Eccentric Contraction

Eccentric contraction means that the muscle fibers 
“pay out” in a controlled manner to slow down 
movements in a case where gravity, if unchecked, 
would otherwise cause them to be too rapid—for 
example, lowering an object held in the hand down 
to your side. Another example is simply sitting 
down into a chair. Therefore, the difference between 
concentric and eccentric contractions is that in the 
former, the muscle shortens, and in the latter, it 
actually lengthens.

 

Figure 2.13. Biceps brachii contracts eccentrically to 
lower an object (dumbbell) down to the side.
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Muscle Shapes (Arrangement of Fascicles)

Muscles come in a variety of shapes according to the 
arrangement of their fascicles. The reason for this 
variation is to provide optimum mechanical efficiency 
for a muscle in relation to its position and action. The 
most common arrangements of fascicles yield muscle 
shapes which can be described as parallel, pennate, 
convergent, and circular, with each of these shapes 
having further subcategories. The different shapes are 
illustrated in Figure 2.14.

Parallel

In this arrangement the fascicles run parallel to 
the long axis of the muscle. If the fascicles extend 
throughout the length of the muscle, it is known as 
a strap muscle—for example, the sartorius. If the 
muscle also has an expanded belly and tendons at both 
ends, it is called a fusiform muscle—for example, the 
biceps brachii. A variation of this type of muscle has a 
fleshy belly at either end, with a tendon in the middle; 
such muscles are referred to as digastric.

Pennate
Pennate muscles are so named because their short 
fasciculi are attached obliquely to the tendon, like 

the structure of a feather (Latin penna = “feather”). 
If the tendon develops on one side of the muscle, it 
is referred to as unipennate—for example, the flexor 
digitorum longus in the leg. If the tendon is in the 
middle and the fibers are attached obliquely from 
both sides, it is known as bipennate, a good example 
of which is the rectus femoris. If there are numerous 
tendinous intrusions into the muscle, with fibers 
attaching obliquely from several directions (thus 
resembling many feathers side by side), the muscle 
is referred to as multipennate; the best example is the 
middle part of the deltoid muscle.

Convergent

Muscles that have a broad origin with fascicles 
converging toward a single tendon, giving the muscle 
a triangular shape, are called convergent muscles. The 
best example is the pectoralis major.

Circular

When the fascicles of a muscle are arranged in 
concentric rings, the muscle is referred to as circular. 
All the sphincter skeletal muscles in the body are of 
this type; they surround openings, which they close by 
contracting. An example is the orbicularis oculi.

Figure 2.14. Muscle shapes.
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