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Foreword

Anatomists, for many centuries, were concerned almost exclusively with precise descrip-
tion of the body's structures. Inevitably, they began by treating the locomotor system
in the same way as the internal organs, i.e., actual functions were either unknown or
described independently of structure.

Gradually, around the beginning of the 20th century, anatomists began paying more
attention to the actions of muscles and joints. Such functional studies remained at an
elementary level for several decades. More recently, some researchers began looking at
biomechanical properties (such as elasticity and resistance) of the locomotor system.
However, these studies were focused on isolated components in the laboratory, not on
how muscles and joints are used in "real life." Functional aspects were often viewed
in terms of "efficiency,” i.e., how to make the body an obedient instrument of various
physical disciplines.

In physiotherapy, body movements are analyzed in terms of both neurophysiological and
mechanical components, thus allowing better definition of therapeutic effects and the

real mechanisms of movement.

Many people interested in physical disciplines such as dance, mime, theater, yoga, relax-
ation, etc. have come to physiotherapy looking for quantitative as well as qualitative
analytical studies which would facilitate their practice. In this way, Blandine Calais-
Germain began by studying dance and ended up studying physiotherapy.

The complementary nature of these two ways of dealing with human body movements
is obvious. Blandine quickly realized that dancers could benefit greatly from a better
understanding of their "inner" bodies. She devised a novel teaching method to serve this
purpose: the simultaneous representation of physical structures and their possible move-
ments, designed to facilitate actual execution by the dancer.
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Not only dancers, but also professionals involved in other physical disciplines, came in
increasing numbers to her classes. The emphasis in these classes (and this book) is on
anatomy not for its own sake, but for better understanding of body movements.

| have taken great pleasure in witnessing the birth of this concept, the first classes, and
now the publication of this book which embodies Blandine's many years of experience as
a dancer and teacher. | am delighted that the fruits of this experience will now be made
widely available to others. Having worked closely with Blandine when she was a student
of physiotherapy, | can attest to her skills as a therapist, her intelligence, and her love for
teaching.

The drawings in this book are all original, and the emphasis is always on description and
understanding of natural postures and movements. The book will be particularly useful
to those who, by profession, deal with integrated or complex movements of the body. For
those who deal with human anatomy in any way, it will provide a useful and thought-
provoking resource. | wish for this book the great success it deserves.

Dr. Jacques Samuel
Director, French School of Orthopedics and Massage
Paris, France



Preface

I would like to briefly describe the content and organization of this book.

This isintended simply as an introductory text. The emphasis is on basic human anatomy
as it relates to external body movement. Therefore, we will be concerned mainly with
bones, muscles, and joints. There will be no description of the skull, visceral organs, cir-
culatory system, central nervous system, etc.

The book is designed to be as compact as possible, and to avoid repetition. Thus, format
may vary from one chapter to the next. Parts of the body that are affected by the same
muscles may be described together. Reference may be given to a previous page where a
certain structure or function is described in more detail.

For consistency and ease of orientation, drawings usually show structures from the right
side of the body. Exceptions are clearly indicated.

Joints are sometimes drawn without the adjacent bones, so that the articular surfaces can
be more clearly seen. Similarly, each muscle is drawn in isolation (without surrounding
muscles) to make its function more obvious.

Chapter 1 provides basic orientation and terminology, and should be read first. Subse-
quent chapters are arranged in alogical order (starting with the trunk, moving down the
arm, and then down the leg), and | recommend that they be read in this order. However,
the reader with previous knowledge of anatomy may start at any chapter.

The index will be helpful for locating the page where a particular structure is first men-
tioned, or described in detail.



CHAPTER ONE

Introduction

Anatomical position

The anatomy of movement, in the human body,
mainly involves interaction of three systems:

» the bones of the skeleton,
« linked together at the joints,
e are moved by action of the muscles.

Description of movements can be difficult.

Various parts of the body can move in many different
directions. Often more than onejoint is involved.
For consistency, the following conventions are
generally followed:

» we begin by considering each joint in isolation;

« three perpendicular planes are used for reference;

» movements are described in relation to a standard
"anatomical position" in which the body is standing
upright, the feet parallel, the arms hanging by the
sides, and the palms and face directed forward (see
illustration). This position is not acommon posture,
but it is helpful for reference purposes to describe
the starting point of a movement.

Example: flexion of the wrist isamovement that takes
the hand forward from the anatomical position
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’ The median plane divides the body
‘{

into symmetrical right and left halves. \
/ !

\___

Any plane parallel to the median plane
is called a sagittal plane. Movements }

in this plane can be seen from the side.

I\ { / A movement in a sagittal plane which takes a part of the body
L A-\/
' ? ( forward from anatomical position is called flexion.
/ 7
IR\ ,
: : LY % Example: flexion
Wt of the hip
2%
A\
Example: flexion
) | of the shoulder
/ l /
! —

Exception: flexion
(dorsiflexion) of the ankle

A movement in a sagittal plane which takes a part of the body
backward from anatomical position is called extension.

/f \\ . Exception:

/ﬁg _“| Example ™ extension
=N\ O | extension (plantarflexion)
N of the neck of the ankle
\ l
} | ‘
/ |
4 \
7, ?
Exception: W\

flexion of ]

the knee
Example:
extension of
the shoulder
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and posterior parts.

A movement in a frontal plane
which takes a part of the body
toward the median plane

is called adduction.

Example:
adduction
of the hip

For the trunk or neck,

movement in the
frontal plane
away from the
median plane
iscalled
lateral flexion
or sidebending.

Example: right lateral
flexion of the trunk

A coronal or frontal plane is any plane
perpendicular to the median plane.
It divides the body into anterior

abduction of
the shoulder

Movements on the
frontal plane can be
seen from the front.

The opposite type of
movement (away from
the median plane)

is called abduction.

Example:

For the fingers or toes,
the reference used
is the axis of the hand
(middlefinger)
or foot (2d toe).

Example: abduction
of the fifth finger
movesit away
from the axis of the hand
(not from the median plane)
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A transverse plane divides the body into superior

and inferior (upper and lower) parts. Movements
in this plane can be seen from the top or bottom.

A movement in a transverse
plane which takes a part

of the body outward
iscalled lateral rotation.

Example: lateral
) rotation of the )
é hip (the part The opposite type
being moved of movement (inward)
hereisthe is called medial rotation.
front of the
thigh) Example: medial rotation \

of the shoulder (the

part being moved

isthe front of the
upper arm)

In supination of the forearm,
the palm faces upward or forward.

In pronation of the forearm,
For the trunk or neck, we refer the palm of the hand faces
simply to right or left rotation. downward or backward.

The reference

point is the
front of the
chest or
head.

Complex body
movementstypically
involve movement in
all three planes.

Example: sitting
in the "tailor's
position” involves
( flexion, abduction,

and lateral rotation
of the hip joints
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Other anatomical reference terms

Medial:
closer to the
median plane

Lateral:
further from the
median plane

Example:

medial

and lateral
surfaces of the
humerus

Superficial (or external):
on or near the outside
(external) surface of

the body or a particular
bone or organ

Deep (or internal):
inside the body or a
particular bone or organ

Anterior: facing toward
or located at the front

Posterior: facing toward
or located at the back

Example:

anterior and
posterior surfaces
of the forearm

Example:
superior and
inferior ends
of the femur

Superior: facing toward
or located at the top
(closer to the head)

Inferior: facing toward
or located at the bottom
(further from the head)

Proximal: closer to the trunk,
or some major joint
Example:
deep and
superficia
layer of the
gastrocnemius
muscle

Distal: further from the trunk,
or some major joint

Example: the ar-

ticulations between
bones of the fingers
arecalled proximal
and distal
interphalangeal joints
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Skeleton

The skeleton is a mobile framework of bones providing rigid support for the body.
The bones also serve as levers for the action of muscles.

There are three basic
shapes of bones:

¢ long bones such as
the radius and ulna

« short bones such as
the talus (ankle bone)

« flat bones
such as the
scapula.

Bone tissue consists of about two-thirds mineral components (mostly calcium salts),
which give rigidity, and one-third organic components, which give elasticity.

Both these qualities are essential. Without rigidity bones would not keep their shape,
but without some elasticity they would shatter too easily.

Bones are subjected to several types of mechanical strain:

e gravitational pressure from the body
itself. Bones (particularly those
of the feet, legs, and back) must
support the weight of the body.

« movement (muscle contraction)
against resistance, e.g.,
lifting a heavy

e gravitational pressure
from external objects
(traction), e.g., support-
ing a heavy suitcase

The bones act as

levers and points

of attachment for : v
themuscles.

« twisting forces.



BONES 13

Bones

The structure of the bones shows us that
they are made to withstand all these types of strain.
We can see how by looking at a bone in cross section.

-----

A long bone,
trabecular
structure

in this case the femur,
consists of three parts.

* The two ends are

U

called the epiphyses.

» The central shaft is /
called the diaphysis.

The diaphysis is a hollow tube with walls made of compact
bone. The hollow structure gives light weight and is actually
sturdier than a solid structure would be. Compact bone is
thickest in the middle section of the diaphysis where mechanical
strains are greatest. It also predominates in the concave areas

of the curved ends.

A cross section of the epiphysis shows a trabecular (spongy)
structure. Fibers are arranged in rows along the lines
of greatest mechanical stress.

The hollow part of the diaphysis contains the bone marrow.
The marrow is red in children, but becomes yellow in adults
as much of it is replaced by fatty tissue.

The external surface of the bone is covered with a membrane
called the periosteum.

The articular surfaces of the bones are covered with
articular (hyaline) cartilage.

articular  cartilage
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Joints

Joints are areas where bones are linked together. They have varying degrees of mobility.

In some joints the bones are linked simply by fibrous connective tissue or cartilage. This allows

little or no movement. These joints are not of great interest in a book about movement,

but we will mention them occasionally.

Our primary interest will be in freely-movable joints called diarthroses, or synovial joints.

These surfaces (sometimes called facets) are shaped so as to fit together but also allow movement.

There are many general categories of joints, based on the shape of the articulating surfaces.

ball-and-
socket joint,

a ball-like surface of one
bone fits into a cup-like depression of
another bone. This type of joint, also
called an enarthrodial or spheroidal
joint, allows movement in all directions.

Examples: shoulder

Hinge: The convex
surface of one bone
fits against the concave
surface of another.
Movement is chiefly
in one plane.

Examples: ankle

Ellipsoid:
Similar to
the joint
on the left,
the shallow cavity

of one bone receives the
rounded surface of another.
This allows movement in all three
planes described on pages 8-10.

Examples. metacarpophalangeal

Pivot: The rounded
surface of one bone

fits into a ring formed
partly by another
bone. Movement
is chiefly in one
direction, like
the hinge of a
door.

Examples:
radioulnar
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Saddle: Both surfaces are
saddle-shaped, i.e., convex
in one direction and
concave in the other.

This permits movement Example:
in two planes. sterno-
clavicular

The articulating surfaces in ajoint do not always make a snug fit.
Some joints are more stable than others.

For example, the ball-and-socket structure
of the hip is deep and snug-fitting.

By contrast, the ball-and-
socket of the shoulder

is shallow, looser

and less stable.

Between the articulating ends of
the two bones in ajoint is a gap In a dislocation or subluxation,

which is not opague to X-rays. a bone is moved from its normal

This corresponds to the articular position in ajoint because of

cartilages and synovial cavity. some trauma. There

When you look at the X-ray, is associated damage

you can only see the thickness to ligaments,

of the cartilages in the joint. etc.
The cartilages themselves are
not visible on X-ray. Thus, it
looks like there is a free space

between the two bones.
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Cartilage

Articulating surfaces of bones are covered with a shiny, whitish
connective tissue called cartilage. It contributes to the synovial
capsule and also protects the underlying bone tissue.

Example: cartilage
of the head
of the humerus When movement occurs, joint cartilage

is subjected to two types of stress:

gravitational pressure
(particularly in the

weight-bearing joints

Cartilage iswell-adapted to of the legs and feet),

these stresses, being strong,
resilient, and smooth.

...and friction
Thus it can allow some /(

from the
sliding of the bones movement
relative to each other. itself. (¢

Nevertheless, cartilage may be damaged either by trauma or excessive wear (e.g., when the ends
of the articulating bones do not provide a good "fit"). Rheumatoid arthritis and osteoarthritis
are two common diseases involving damage to joint cartilage, accompanied by inflammation,
pain, and stiffness of the joint and surrounding muscles.

Joint cartilage (like all cartilage) does not contain blood vessels. It receives nutrients from the
synovial fluid and the bone it covers.

Fibrocartilage contains high concentrations of collagenous (white) fibers and is specially adapted
for absorbing shock. It is found in the intervertebral discs and in the menisci (articular discs)
of the knee and other large joints.

fibrocartilagenous padding

intervertebral discs (e.g., in shoulder joint) menisci
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Joint capsule

This sleeve-like structure encloses the joint, prevents loss
of fluid, and binds together the ends of the articulating
bones. The outer layer of the capsule is composed of dense
connective tissue and represents a continuation
of the periosteum.

The joint capsule is stronger where

movement must be prevented.

Example: in the hip joint
Example: the knee joint (starting from \ \\ we have opened a "window"
anatomical position) alows only \ into the capsule
flexion. The capsuleis strongly

reinforced posteriorly to prevent

extension.
Example:
anterior ligaments
of the hip joint
Fibers of the outer capsule are ht Pl

often arranged in parallel
bundles (called ligaments;
see following section) to
reinforce joints and prevent
unwanted movement.

The capsule may be arranged

loosely or in folds where
movement is possible.

The interior of the capsule is

covered by a synovial membrane,
which covers the deep surface of the
capsule and folds over at the capsular
insertions. Its principal function is to
secrete synovial fluid (shown as gray
in the drawing) that fills the articular
cavity.

flexion

extension This fluid lubricates the joint and
provides nutrients to the cartilage.

Example: the capsule of the knee

is loose in the front to allow flexion,

and becomes folded during extension
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i \ Ligaments

N Ligaments are dense bundles

== —,/ L\ \ of parallel collagenousfibers.

i A They are often derived from the outer
A ,.\ o8 layer of the joint capsule, but may also
oo connect nearby but non-articulating bones.

=

' Example: the ligament
\ . connecting the sacrum

| to the spine and
A W tuberosity of the ischium

The ligaments function chiefly to strengthen and stabilize the
joint in apassive way. Unlike the muscles, they cannot actively
contract. Nor (except for a few ligaments which contain a high
proportion of yellow elastic fibers) can they stretch.

They are placed under tension

joint and slackened by

J ( extension flexion by certain positions of the
/ o
i 4 others.

Example: thefibular (lateral) collateral ligament of the
kneeis pulled tight in extension, and loosened in flexion

Ligaments contain numerous sensory
nerve cells capable of responding to
the speed, movement, and

// position of the joint, as well

as to stretching or pain.

The sensory cells constantly Nevertheless, excessive
transmit such information to the || movement of the joint can
brain, which in turn sends signals to lead to ligamentous stretching
the muscles via motor neurons. This to the point of straining
is called the proprioceptive sense. or tearing the ligament.

Thisiscalled asprain.
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M uscles

Essentially all movements of the human body result from contraction of muscles. In this book
we are concerned with external movements, and will therefore focus on the skeletal muscles
(also known as voluntary or striated muscles) which attach to bones. We will not discuss smooth
muscle or cardiac muscle.

In a microscopic cross They can be extended beyond the muscle to form
section, we see that a a strong fibrous cord called atendon which is

muscle is composed continuous with the periosteum of a

of bundles of fibers nearby bone, and serves to

(primary, secondary, attach the muscle to
tertiary), held
together and
compartment-
alized by fibrous
partitions called
(on aprogressively
smaller scale) deep
fascia, epimysium, perimysium

perimysium, and A broad, flattened tendon

. is called an aponeurosis.
endomysium.
These connective tissue partitions (which are continuous with each other) allow easy movement
of one muscle or muscle group relative to another.

Each muscle cell, aso called a muscle fiber, contains extremely long myofibrils. Each of these
contains a contractile element in its central part, the sarcostyle. It is striated with dark and light
colored bundles arranged in alternating fashion. The structure of these bundles appears (under
extreme magnification) to consist of filaments:

» dark bundles, thick filaments, which are rounded in

the middle (consisting of myosin, a type of protein)

« light bundles, thin filaments, linked to each other

through their central part, consisting of actin
(another type of protein).

At rest, the actin and myosin filaments are not connected. When
the muscle contracts, they unite, and pull each other. This causes
a thickening (diameter) and shortening (length), which makes it
possible for the muscle to pull the bones to which it is attached.

Typically, a muscle is attached to two different bones. For a given body
movement, one bone (called the origin) isfixed in some way, and the
other (called the insertion) moves as a result of muscle contraction.

The origin is often the proximal bone, and the insertion the distal
bone, but there are many exceptions.
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On the other hand,
if one is standing

For example, the gluteus medius
connects the ilium (large hip bone)

to the femur. If the ilium is fixed, with the weight on the leg,

contraction of this muscle the femur becomes the fixed point,
results in abduction of the femur. and contraction of the muscle

results in lateral flexion of the pelvis.

Muscle elasticity

In this book, we will describe muscle actions where the proximal attachment is the fixed point.
For some muscles or regions, we will add the muscle action where the distal attachment is the
fixed point. Besides their (active) ability to contract, muscles have a (passive) property

of elasticity. When stretched, they tend to return to their normal resting length.

For example, the anterior neck muscles, when they contract, are flexors
of the neck. During extension of the neck, these muscles become stretched.

M uscle shapes

Muscles attach to bones
in several ways:

« directly viamuscle fibers
(usually in a broad insertion)
Example: subscapularis (p. 126)

* via an aponeurosis
(broad tendon)
Example: quadratus lumborum

(p- 93)

e viaaregular tendon
Example: coracobrachialis (p. 129)

* via the tendon

passing under a fibrous band.
Example: tibialisanterior (p. 286)

When this happens, because of
their elasticity, they tend to

return the head to
its anatomical J’ ) {

position. F
{

.
I/
{1

Fow N
A e
N4

&

Some muscles have several origins (called "heads"),
which may be on more than one bone.

Example: biceps brachii has two heads (p. 147), triceps
brachii has three heads (p. 148), and quadriceps femoris
has four heads (p. 238)

Typically, the proximal insertion of the muscle
is called origin and the distal one is called insertion.

Example: the psoas muscle (p. 92) hasitsorigin on the
vertebrae and its insertion on the femur

A muscle can have several origins,

Example: flexor digitorum superficiais originates from
both the radius and ulna (p. 177)

...and several insertions.

Example: the interosseous muscles insert on the
phalanges and extensor tendons of fingers(p. 180)
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The fiber bundles of muscles are arranged in many shapes:

A/ « the deep back

fIE the't . muscles are short,
) ﬂ;trngz' us appearing as small
IS Tatten bundles along

4i s

74

brachii is shaped
likealong spindle

Depending on the orientation and
attachment of their fibers, muscles
may act in one or several directions.

Example: the fibers of

the rectus abdominis run
essentially parallel to each
other.

Thismuscleflexes \ :
the trunk. T o

Example: fibers of the externa
oblique are arranged like a fan.

This muscle
can produce
anterior flexion,
sidebending,

or rotation of the trunk.

Long muscles are usually kinetic, i.e., able to produce highly visible external motion. Short,
deep muscles (e.g., those inserting on the vertebrae or foot bones) tend to be responsible for
precise, small-scale adjustments rather than gross movements.
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A muscle which crosses and affects asinglejoint is called monoarticular.

A muscle which crosses (and moves) more than onejoint is called polyarticular.

To stretch a muscle, you move it in a manner that is the opposite
of its usual action around each of its joints.

\

\

I For example,

\ the rectus femoris crosses
‘l the hip and knee joints...
|
|
1
|

I

...and is both
a flexor of the hip
and an extensor of the knee.

hip
flexion

Conversely,
it will be stretched
in situations involving

simultaneous extension
of the hip and flexion
of the knee.



MUSCLE SHAPES 23

When we speak of a particular movement, the muscle which produces it is

called an agonist, and the muscle which produces the opposite movement
is called an antagonist.

Example: in the case of hip flexion,
the psoas mgjor is the agonist...

...and the gluteus maximus
(ahip extensor)
is the antagonist

the serratus
anterior and
rhomboids have
opposite actions; they
protract and retract the
scapula, respectively, i.e., move it away from and
toward the vertebral column. By contracting
at the same time, these two muscles work
together to fix the scapula

Mutual ly opposing muscles
often function together
to fix or stabilize a bone.

Different muscles

which cooperate to
produce the same action
are called synergetic.

work synergetically: tibialisanterior, extensor
hallucis longus, and extensor digitorum longus

J \\\\§ Example: in dorsiflexion of the ankle, three muscles
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When a muscle contracts, it tends to draw its origin and insertion points closer together.
Anything that opposes this tendency is called resistance.

For example, the brachialis and biceps brachii
are the major flexors of the elbow. Their action
can be opposed by several types of resistance:

 the weight
of the forearm
itself (gravity)

« the weight

of some external
object attached
to the forearm

« the force
of another person
pulling on the

e contraction of antagonist muscles
(in this case the triceps brachii,
the major elbow extensor).
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When a muscle contracts, a movement occurs. However, the movement may be caused by forces
other than the muscle itself.

Example: therectusabdominisflexes
ahead of the trunk, moving the sternum
toward the pubis

In the supine position, the rectus

abdominis flexes the trunk

while the weight of the trunk
= % resists the flexion.

However, in a standing position,
the rectus abdominis is not active.
Instead, gravity causes the trunk

to fall forward.

When a movement occurs because of an active
muscle, the muscle insertions are moved closer
together. This type of contraction is called concentric.

In the example of the supine position above,
a concentric contraction of the trunk flexors occurs.

Another example: two people
(A and B) pull each other
(elbows areflexed). Aswe
can see, Awins. Thisisa
concentric contraction

of A'selbow flexors.
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In some cases, a muscle works without initiating the action itself; instead, it "applies the brakes'
to the action. Without the work of this muscle braking the action, it would occur faster.

Let's go back to the example of trunk flexion. In the
standing position, the trunk flexors don't initiate
flexion; gravity does. If the muscles didn't work,
the flexion would consist of a "falling" forward.

To slow down flexion, the extensors
of the trunk must contract in order
to restrain or "brake" this flexion.

If the muscles which oppose a movement apply the
brakes, their contraction is called eccentric. This

occurs during lengthening of the muscles.*

Example:
when A "loses" and
brakes the pull of B,

an eccentric contraction
of Aselbow flexors occurs

*Exception: When the rectus femoris and hamstring muscles

combine their actions by flexing the hip and knee (e.g., when squatting

or doing a "grand plie"), the bones involved change their position,
but the muscles do not lengthen or shorten.

The hip and knees "cancel out" each other's actions.
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It is also possible that amuscle is contracted even though no movement is taking place.

For example, the At this point, thereis no
thigh can be flexed
(concentric contraction

more movement, but there

isstill acontraction (in this
of the hip flexors) and case, the thighflexors) to

then held in this position. hold this position.

When aposition is fixed

by a muscular contraction,

we call this contraction isometric.

The insertions of the muscles do not move

A and B are in balance:
Thisis an isometric contraction.

Inreal life, these different types of contraction are combined during various movements.

For example, if we apply theillustration above to the knee, the following would happen
when stretching the knee: isometric contraction at the hip flexorsand isotonic (concentric)
contraction of the knee extensors.
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The Trunk

The trunk is the central part of the body. In this book, we will examine only its locomotor

functions, not its internal organs.

The trunk serves a double function, which is connected to its bony structure, the vertebral
column.

On one hand, the trunk can bend and perform curved movements, like those of a serpent
or a measuring tape (unlike the limbs, which perform angular movements like those
of a folding measuring stick). This mobility of the trunk is due to the flexibility of the

vertebral column, which has twenty-six "levels" of articulation.

On the other hand, the vertebral column contains a tunnel for the nerves: the spinal cord
and the nerve roots, which exit the spinal cord. Weakness in the vertebrae may therefore
affect not only the joints, but also the spinal cord and nerves as well. Thus, the trunk
must be able to align and stabilize the vertebral segments when the body is motionless,

and especially when it is carrying a load.

This dual function depends on afinely integrated system of mostly polyarticular muscles,
which are either deep (composed of numerous small bundles) or superficial (usually

arranged like broad sheets).

Movements of the pelvis are difficult to separate from those of the vertebral column.
Therefore it too will be included in this chapter.
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Landmarks

Some visible and palpable landmarks of the trunk are shown below.

[ FRONT VIEW ]

,t(m“J

suprasternal notch

delto-pectoral groove

\ sternum
mammary or =
pectoral region U d
/'l ~
xiphoid process . 7 = ribs
AN )
! linea alba
costo-iliac space
navel

anterior
superior
iliac spine

CLV\/‘\
| _
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[ SIDE VIEW ]

pectoral region

abdominal

region

o [ BACK VIEW ]

anterior superior 2

iliac spine =

. L/
groin .
buttocks bi ; \ %
[~ Puacregion \ / superior
/ trapezius
muscle
I
= {1 B

spinous processes of vertebrae

scapula | k
X/

spinal muscles l'

iliac crest

) |
sacral dimple 5 /

intergluteal line —= J ( (

subgluteal line
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Movements of the trunk (F

Thanks to the mobility of the vertebral column, the trunk
can move in several directions, as seen on pages 8-10.

e anteriorly
(flexion)

¢ posteriorly
(extension)

« laterally (lateral flexion

or sidebending) * on its own axis

(rotation)

Range of movement varies depending on vertebral level
due to several factors:

¢ shape of the vertebrae

« thickness of intervertebral discs (the thicker the disc,
the greater the mobility)

« the thoracic vertebrae articulate with ribs, which limit
their mobility (seep. 58-63).
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Do not confuse these
movements with those
in which the trunk
moves as asingle unit
at the hip joint.

Trunk
movement can
be a secondary
consequence of

limb movement.

Example: hip
flexion without
flexion of trunk

I

L‘J < Example: abduction
of the arm takes

thetrunk into lateral

flexion

Example: front-to-back or
side-to-side movements of

The trunk provides

the base for translation 5
- the head and pelvis while
movements (called ) P
using a hula-hoop
"isolations" in

dance or mime).

These involve minimal sliding
displacements of individual
vertebrae, but the
total resulting
movement is large
because of the
many vertebrae
involved.

Often, two or more
trunk movements
are performed in

\ combination.

Example: rotation,
extension and
lateral flexion
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Vertebral column (or spine)

The spine forms a mobile bony stem which constitutes a part of the
skeleton of the trunk. From top to bottom, it consists of several areas:

. cervical
« seven cervical vertebrae — i
region
* twelve thoracic vertebrae L thoracic
region
T10
g i)
Ti12
L1
L2
* five lumbar vertebrae L3 e — lumbar
region
L4
L5
¢ the sacrum
I~ sacrum
¢ the coccyx or tailbone — coceyx

Within each region, vertebrae are numbered sequentially from top to bottom. For convenience,
we usually refer to them by a letter plus a number. Examples: C7 = seventh cervical vertebra;
T3 = third thoracic vertebra; L2 = second lumbar vertebta; S1 = first sacral vertebra, etc.
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There are several characteristic curvatures of the vertebral column:
* sacrum, convex toward the back

¢ concave lumbar region (the term lordosis can refer either to an
exaggeration of this curvature, or to the normal condition)

« convex thoracic region (kyphosis)

« concave cervical region.

Exact form of these curvatures varies from person
to person; thisis normal. For example, kyphosis
is aimost non-existent in some individuals.

External appearance of
these curvatures can be
affected by overlying
"soft" structures.

Example: a person with
large buttocks may appear
to have more pronounced
lordosis than a person with
small buttocks. However,
X-rays could reveal iden-

The vertebral column is
attached to other skeletal
structures: the base of the
cranium, the ribs, and the
pelvis (ilium).

tical lumbar curvatures,
as shown in these two
illustrations.
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Vertebral structure

Each vertebra consists of two main parts: vertebral arch
the massive body (anterior), and the

vertebral arch (posterior).

This page shows atypical vertebra.
Depending on its position in the spine,
its shape and sizewill vary (see also p. 54-71).

The vertebral arch can be divided into many
parts. It is connected to the body by two
pedicles. Two lamina unite posteriorly

to form a spinous process.

lamina

l = spinous process
-——

The thickened junctions between the
pedicles and laminae have superior and
inferior cartilaginous articular facets

The vertebral body transverse and a laterally-projecting

isroughly cylindrical process transverse process.
and consists of six
surfaces. The vertebral holes stacked on top of each
other form a bony pipe. This is the spinal
vertebral canal, through which the spinal cord passes.
canal [+
intervertebral
foramina
The opening

between the body
and the arch is called
the vertebral foramen.

The spaces between
the pedicles of adjacent
vertebrae form a series
As foramina of many of openings called
vertebrae are lined up, intervertebral foramina.
they form the vertebral As spinal nerves branch off
canal through which the the spinal cord, they exit through

spinal cord passes. these foramina.
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Each vertebra is attached to its neighbor by three joints
(except for the atlas-axisjoint; see p. 70).

e—— \\: 3\ / W':/z’ Posteriorly, between the articular
Anteriorly, \RR I T // L = processes of the vertebrae are
; AN 3

the bodies I/ T \ ’ the zygapophyseal joints.
are joined AN

- ; —— BN ——
by the fibro- | intervertebral / o~ S ? The two inferior
cartilaginous " disc 8 : ' e articular facets of
intervertebral J . — the top vertebra
disc. ' contact the two

superior articular
facets of the
bottom vertebra.

These facets are small, and serve

. 7
VT NS Z N .
\ \ mainly to guide movements.

They are covered with

|
}' ™/ \ cartilage and held
), (S =)
J) J ; /J & Ny iy together by a capsule
: & \ and a number of small

ligaments (see p. 39).

In cross section, we can see that the disc contains
two distinct types of material:

The peripheral area, called the annulus fibrosus,
is composed of concentric rings of fibrocartilage
arranged like the layers of an onion.

annulus fibrosus

nucleus pulposus

The central nucleus pulposus
is made of a gelatinous substance.
The disc, besides allowing movement
between vertebrae, acts as a shock absorber
and weight bearer.
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Ligaments of the spinal column

There are three ligaments extending the length of the vertebral column.

The anterior The posterior

longitudinal longitudinal
ligament, attached ligament, attached
to the front of the to the back

vertebral bodies,
acts as a brake
to extension.

of the bodies...

...and the
supraspinous

ligament,

running along the tips
of the spinous processes,
act as brakes to flexion.

In flexion, the

posterior longitudinal ligament
absorbs the thrust

from the disc nuclei.

flexion
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LIGAMENTS OF THE

The other ligaments are discontinuous and hold the
posterior arches of the individual vertebrae together.

The ligamentum flavum
connect the laminae
of adjacent vertebrae.

ligamentum flavum

{" Interspinous and
intertransverse ligaments
connect the spinous and

) transverse processes.

These ligaments ate elastic,
and can be pierced by a
syringe during a spinal tap.

intertransverse ligament

interspinous ligament

The surfaces of the articular processes are
linked together through a capsule insetted
on its circumference. The inside of this
capsule is reinforced by an extension of
the ligamentum flavum and, at the

back, by a posterior ligament.

Left sidebending stretches
the right intertransverse ligaments.

Other ligaments, specific to certain regions,
will be mentioned later.
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Movements of the vertebrae

We can think of the vertebral
column as a series of fixed segments

(the vertebrae) having mobile . .
In flexion, B tilts toward the front.

connections (discs, ligaments).

The superior articular facets slide on the inferior ones.

Thediscis .
...and its
compressed
. nucleus
anteriorly
moves
and expanded h .
. slightly
posteriorly,
toward
the back.

The various parts of
the vertebral arches

are pulled apart,

and the lig-

Movements of individual vettebrae aments connect-

are compounded such that the entire ing these parts

structure has considerable mobility are stretched.

in three dimensions.

2

: B
Type and extent of mobility varies @ In extension, the opposite occurs.
with different spinal regions, mﬁ B tilts toward the back.

N
e

d di i d sh f
epending on Size and shape o The disc is compressed posteriorly

vertebrae, and other factors. .
and expanded anteriorly,

Let's look at what happens between
two vertebrae during movement,

] ...and its
assuming that the top vertebra (B) nucleus
is mobile, while the bottom vertebra 'd moves
(A) isfixed. forward

The articular facets ate
pressed together, the arches
move closer together,

...and the The anterior
posterior longitudinal
ligaments ligamentis
arerelaxed. stretched.
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What happens in lateral flexion? Let's consider left sidebending as an example.

The left sides ' ...while the fight sides The disc is expanded
of Aand B move farther apart. (and its nucleus moves)
move closer to the right side.
together,

right
On the left side, the transverse
processes and articular facets come
closer together, and the associated
ligaments are rel axed;

.. .the opposite occurs
on the right side.

In rotation, the fibers of the disc, whose orientation
alternates from one layer to the next, are under
torsion (twisting).

They are moving in two different directions from
layer to layer, such that one layer is stretched and
the next layer is relaxed.

Because of the effect of the torsion, and
the ensuing tension on the fibers, the
distance between the vertebrae is
diminished. The nucleus is there-
fore slightly compressed.

All of the
connecting

ligaments ate
stretched by
rotation.

resting
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The intervertebral disc serves as shock absor ber

The disc often receives pressure from the vertebral body above.
The nucleus, because of its central location and gelatinous
composition, tends to distribute the pressure it receives

in every direction.

Thus, the fibers of the annulus receive
both horizontal and vertical pressures.

Aslong as fluid remains
in the nucleus, the disc

performs its role as a shock absorber
very efficiently.

Unfortunately, due to the aging process and/or excessive
wear and tear, the disc may partially lose this prop-
erty, i.e., cracks develop in the annulus through
which the fluid of the nucleus can escape.

This condition is termed a herniated or ruptured disc.
It happens most commonly as a result of chronic flexion
movements, during which the nucleus moves toward
the back and fluid can escape there. The fluid may then
compress the nerve roots, e.g., the sciatic nerve which
exits from the lumbar region, where pressures on the
veitebral column ate most intense.

This situation, combined with chronic or sudden extreme tension on the posterior longitudinal
ligament, can result in chronic lumbar backaches

In fact, it is preferable to
avoid loaded lumbar flexions

To avoid these problems,

it is important to avoid "loaded"
vertebral flexion, e.g., flexing in any type of physical exercise,
the lumbar spine while lifting even if you are not lifting

a heavy object. any object.

Instead, keep the spine
straight and flex at the hip
and knee joints only.
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Pelvis (or pelvic girdle)

The pelvis (meaning "basin")

is a ring-shaped structure

consisting of four main bones:
the sacrum, two hipbones,
and the coccyx.

There are associated muscles (e.g., those making up
the pelvic floor) and ligaments above.

The pelvis receives the weight of the upper body
and passes this weight on to the lower limbs via
its articulations with the femurs.

Conversely, it must absorb stresses from the lower limbs,
e.g., in walking or jumping.
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The shape of the bones forms
agreater (false) pelvis at the top

and alesser (true) pelvis at the bottom.

The top opening of the lesser pelvis
is called the pelvic inlet.

The bottom
opening is
called the

pelvic outlet

The hip bones of the pelvis

The hip bones are flat and consist of a
superior and inferior part, which are twisted
against each other (alittle bit like a propeller).
In the adult, each hip consists of three bones
that are fused together: the ilium, ischium,
and pubis.

These bones fuse at a cartilage in the shape
of aY, located in the center of the socket.

The hip has two surfaces (medial and lateral)
and four edges (superior, inferior, anterior,
and posterior).
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On the lateral surface  the superior border

of the hip bone, we find: or iliac crest

)

 the top part, which
is concave from bot-

tom to top, isthe

external iliac fossa

¢ in the middle is an
area in the form of a
hollow sphere, called
the acetabulum, which
receives the head of the

¢ the lower part is like

a bony arch, which
surrounds a hole called

femur (see p. 202) the obturator foramen

* the anterior area
is the pubis

.. .between the two: the
the posterior area is the ischium ischio-pubic ramus.

The anterior border has a
number of depressions and
protuberances, especially:

the anterior superior iliac spine,
the most forward part of the iliac
crest,

the anterior inferior iliac spine,

the pubic tubercle.
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Seen from athree-quarter posterior view,

we find the posterior border of the hip bone,
which shows various protuberances

and depressions, notably:

posterior superior
iliac spine

posterior inferior
iliac spine

greater sciatic notch

ischial splne

Iesser schiatic notch j(ﬂ' f
' {4
7,

ischial tuberosity
(bent part of the ischium).
Thisis the bone on which you sit.
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On the medial surface, we find:

the internal iliac fossa

an oblique crest,

the iliopectineal line,
which forms the border
between the lesser and
greater pelvis

the internal circumference
of the obturator foramen

an articular surface located in front of the pu
in the shape of an oval covered by cartilage,
which unites the two pubic bones.

This is the pubic symphyseal surface.

The articulation between the
two pubic bones is called the
pubic symphysis.

Between the two surfaces is
afibrocartilage disc which
attaches to the articular
surfaces.

I5C

The entire structure is covered by

symphyseal

surface

a fibrous cuff, reinforced by four
\ | ligaments: anterior, posterior, /
superior, and inferior.

Thisisajoint with very little mobility.
Only small gliding, compression, and

twisting movements ate possible here.
During childbirth, the joint loosens so that
the pelvis can open up further.
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The shape and proportions of the pelvis vary considerably in normal individuals.

For example, the pelvic inlet

...or be compressed in either direction (center, right).
may have a round shape,

The curve of the sacrum may be
more or less emphasized,

and the hip bones

more or less developed.

, [ SIDE VIEW ]

The gap between the
two ischial tuberosities
may be bigger or smaller.

[ FRONT VIEW ]

The sacral crest or posterior superior iliac spines may protrude in
some individuals. This condition, combined with lack of "padding”
by muscles and adipose tissue, can result in difficulty doing floor
exercises, particularly rolling on a hard surface.

There are obvious differences in pelvic shape
between males and females.

Essentially, the male
pelvis is narrower and
the female pelvis is
wider, with larger
pelvic inlet and
outlet.

These differences are all related to
the ability of women to carry

and deliver a child.
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The pelvis is sometimes also called the pelvic girdle.
Anatomically, girdles are bony and articular structures by
which the limbs ate attached to the trunk.

The two girdles

At the top of the trunk, lying on top of the ribs,
is the shoulder girdle, which consists of the sternum,
the two clavicles, and the two scapul ae.

Through this structure, the upper limbs are
attached to the trunk.

Its main feature is its mobility.
It is not linked viajoints to the spinal column,
but instead is linked to the thoracic cage.

(For more information,
seep. 110-115.)

3“»—@4 !

-

w,-.-,-:sd A

esig” 5
ER

— !‘
At the bottom of the trunk is the pelvic girdle, NG
, , - ) f—— S L
or pelvis, which consists of the sacrum = >
and the two hip bones. <> %)

. )
Through this structure, the lower limbs are attached ‘!&
to the trunk. Because the articulations between -

these bones are not very mobile, it is avery stable
structure. The pelvic girdle is attached to the trunk
via the sacro-lumbar joint, which connects it to the
spinal column.

(For mote information,
see p. 43-53 in this chapter.)
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Sacrum

The sacrum is the posterior, wedge-shaped component of the pelvic ring, located between the
two ilia. It is composed of fiveexpanded, fused vertebrae (S1-S5) whose individual components
are readily visible.

superior articular process

sacral ala
sacral
sacral canal
promontory
anterior sacral foramina transverse ridges

The sacral promontory is
the upper, anterior edge of S1.
Together with the iliopectineal
lines, it defines the boundary )

At the ends of each ridge are

between the greater and lesser ) . )
paired anterior sacral foramina

pelvis. . .

(corresponding to intervertebral
The anterior surface is smooth and foramina), through which the
concave. There are four transverse ridges, anterior branches of the sacral
which represent intervertebral discs. nerves pass.

base

The superior surface of S1, called the base
of the sacrum, articulates with L5. The
inferior surface of S5, which articulates
with the coccyx, is called the apex of the
sacrum.
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sacral canal

The convex posterior surface
is much rougher.

fusion of

The posterior sacral foramina ‘/’”_‘“'m[
are continuous with the anterior lamina
foramina; posterior branches of

the sacral nerves exit here. The median
median sacral crest and paired sacral crest
lateral sacral crests represent the  posterior

spinous and transverse processes -‘“”‘“1_ lateral

of the vertebrae. The spinal cord foramina sacral crest

enters through the sacral canal.

The auricular ("ear-shaped") surfaces
are best seen in side view. These articulate
with the auricular surfaces of the ilia.

superior cornua

transverse
PI‘DC ess
@\ y
v I

Coccyx

The coccyx is asmall triangular bone consisting of
the fusion of three to five vertebrae. (It is not possible
to tell them apart.) The coccyx articulates with the
sacrum via an oval-shaped surface. It is supported
by a capsule and ligaments (this joint is often fused).
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Sacroailiac joint

This joint consists of the two auricular surfaces SN
on top of the ilium and the sacrum. The auricular surface of the hip bone

) isslightly convex...
The auricular surface
of the sacrum is

slightly concave.

auricular This arrangement

surfaces

allows for an im-

portant movement

between the sacrum
and the two ilia,
called nutation

and counternutation.

...especially
in the lower

portion.

In nutation, the sacral base

tilts anteroinferiorly, In one type

of movement,
which we shall call
"adduction” of the

pelvis, the sacrum

.. .and the sacral apex \ !,i 7 goes into nutation,
-
tilts postefosuperiorly. —— 85— Y %

the iliac "wings"
are pulled medially,

...and the ischial tuberosities

movelaterally.

Thus, the sacral promontory
moves toward the pubis,

and the sacral apex
moves away from the pubis,

In summary:

during adduction,

the diameter of the
...while the ischial bones pelvic outlet increases and
move away from each other, the pelvic inlet decreases
increasing the distance between them. from front to back.



SACROILIAC LIGAMENTS 53

In the opposite movement, which

we will call "abduction" of the pelvis, In summary:
the sactum moves in counter nutation, during abduction,

as the sacral base tilts backward the pelvic inlet
and upward and the sacral apex becomes larger
tilts forward and downward. from front to back,
The iliac wings move away from and the diametet
the midline and the ischial bones of the pelvic outlet
move toward each other. becomes smaller
vr"@ The dimensional changes between the pelvic inlet and outlet
occur especially during childbitth: At the beginning of the baby's

engagement in the pelvis, there will be a sacral counternutation,
and when the baby comes out (expulsion), a nutation.

Sacroiliac ligaments

Each sacroiliac joint is reinforced by a capsule and a strong network of ligaments:

Anteriorly, there are two fasciae (not shown).

N Inferiorly, the sacrospinous

;0 and sacrotuberous ligaments

o ;

ot connect the sacrum to the ischial spine
and ischial tuberosity respectively.

These ligaments tend to oppose
adduction” of the pelvis.

sacrospinous
ligament

sacrotuberous
ligament

There are also a series of
posterior sacroiliac ligaments

connecting the ilium to the lateral sacral crest. 7

/N~

These tend to oppose "abduction" of the pelvis \\\\:/ posterior ( / }/ ‘ﬂ

sacrotliac \l
ligaments
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The transverse processes
are long and have distinct
tubercles on the end for
muscle attachment.

Lumbar spine

This is the next structure above the sacrum.
It is concave at the back.
Thisisthe "loin" area
between the pelvis and the ribcage.

Lumbar vertebrae

The lumbar vertebrae are large,
and become larger
at the bottom of the lumbar spine.

The discs are thick,

about one-thitd the thickness
of the vertebral bodies.
This increases mobility.

The bodies of the vertebrae are large,
and shaped like a lima bean.
They are concave posteriorly.
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The articular processes project The superior articular processes
above and below the vertebral body, of the vertebrae have a concave

with a narrow cylindrical form.
part in-between:

the isthmus.

They point medially
(and slightly backward).

The inferior articular processes have a convex cylindrical form.
They point laterally (and slightly forward).

These bony projections articulate with the neighboring
vertebrae and are stacked on top of each other.

Their articular facets are vertical and

somewhat sagittal.* These characteristics
make rotation very difficult (below),

...but facilitate
movements
of flexion,

extension,

and sidebending.

T he top lumbar vertebrae are sagittal.
They become more and more frontal
towards the lower lumbar vertebrae.
At the lumbosacral junction,

they are completely frontal. and sidebending, limited ROM for rotation.

To summarize the mobility of the lumbar vertebrae:
good range of motion for flexion, extension,
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Between the sacrum and the 5th lumbal vertebra
we find the...

Lumbosacral joint

The sactal base is tilted forward to avariable degree
(considerably, in some individualss).

Also, the body of L5 and the
L5  disc between L5 and S1 are
slightly thicket anteriorly
than posteriorly (this also
applies to the L4/L5 joint).

Thus, the lumbosacral joint
is concave posteriorly.

Due to the oblique orientation of the
sacrum, there are two perpendicular
forces resulting from the weight of
the upper body at L5.

One is directed
along the axis

.. .while the other
tends to make L5
of the sacrum, slide forward.

This second force can be significant if the sacral
base is greatly tilted (right). In other words,

L5 does not really "rest" on the sacral base, as
many people think. It "wants" to slide forward.

Notice that this tendency is opposed by the
contact between the articular facets of S1
and the inferior articular processes of L 5.
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iliolumbar ligaments

There are iliolumbar ligaments
connecting the transverse processes
of L5 and L4 to the iliac crest.
These ligaments tend to oppose sidebending.

From the side, you can see that the
ligament from L4 is oriented posteroinferiorly,
while that from L5 runs more anteroinferiorly.

Thus, the L4 ligament is stretched
and the L5 ligament relaxed
during flexion...

...while the reverse
occurs during
extension.
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Thoracic spine

The thoracic spine articulates with the ribs.
It consists of twelve vertebrae,
the thoracic vertebrae.

In contrast to the lumbar region, the thickness
of the discs is only about one-sixth that of the
bodies; this tends to limit range of motion.

The bodies of the thoracic vertebrae
are cylindrical, and almost found
There are posterior in cross section.

facets on the bodies

for articulation with
the heads of ribs. T1
has a facet near the
top, and an inferior
facet. T2 through T9
each have superior

and inferior facets.
T10 through T12
each have one facet.

In this
region, the facets

of the articular processes
are round and flat.

The articular facets are oriented postero-superolaterally
on the superior articular processes, and anteroinfero-
medially on the inferior processes. This arrangement

permits flexion, extension, and sidebending.

These facets
are located
approximately
on the circum-
ference of a
circle whose
center would
be the center
of the vertebral
body.

This facilitates
rotation.
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The laminae are flat, rectangular, and taller than they are wide.
They are stacked on and overlap each other like tiles on a roof.

The transverse processes decrease in length from top to bottom
(left), and those of T1 through T10 have anterior facets for
articulation with the tubercles of ribs.

The spinous processes are elongated,
laterally compressed, and (again in
contrast to the lumbal region) directed
inferiorly (except for Tl 1 and T12).
These characteristics help prevent
hyperextension.

The vertebral attachment to the rib cage tends
to limit mobility of the thoracic spine.

This is particularly true for T1 through T7
between the scapulae, whose cot responding ribs
(the "rrue ribs") are connecred directly to the
sternum by short pieces of cartilagewhich

allow little mobility.

Ribs 8, 9, and 10 (the "false" ribs) have longer
costal cartilages which attach to the cartilage of rib 7
rather than directly to the sternum. The mobility

of T8, T9, and T10 is correspondingly greater.

Ribs 11 and 12 (the "floating" ribs) have no anterior
attachment at all, so the mobility of T11 and T12
is greatest.
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Thoracic cage

The thoracic cage consists of the thoracic vertebrae notch notch
at the back, and the ribs and sternum in the front. \ l

manubrium

The sternum is a flat bone
located at the front of the thorax.
It consists of three parts:

1. manubrium: The top part
of the manubrium articulates

withtheclavicles(seep. 110).

2. body: The lateral edge
\ has another 7 notches,

\ 3 which articulate with the
\ \ first 7 costal cartilages.
\,

‘q 3. xiphoid process
\\ (not always present).

xiphoid process
The ribs are elongated, flattened, and twisted bones.

Each rib consists of a posterior end with three parts:
head, neck and tubercle; a body;

and an anterior end which
articulates with the

. /‘"" / N
costal cartilage. M neck

tubercle

The first rib is the smallest.
It is flattened from top to bottom.

The rib is curved in three different ways
A. from above, the edge of the rib has
the shape of a bucket handle

B. from the front, it has the shape
of an italic S

C. when we "straighten" part
of arib, we can see torsion

anterior end along its long axis.

The rib is like a curved blade "under tension."”
(During a sternotomy, a surgical procedure where the
sternum is cut, one can see how the ribs move apart.)
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Most ribs articulate with two thoracic S
vertebrae at three points, as noted =

2o AR
above: the two facets on the head of f, \
the rib contact the vertebral bodies, —\\
and the tubercle contacts the g -

transverse process.

Exceptions are ribs

1, 11 and 12,

which only contact

one vertebral body,
and ribs 11 and 12, ‘
which do not rest (], ‘ )
on a transverse process.

Each joint is stabilized
by numerous small
ligaments.

/
This illustration @

depicts the joints
as if pulled apart
from each other.

Anteriorly, each rib is attached to the sternum
via its costal cartilage, which increases
the elasticity of the thoracic cage.

The first seven ribs are short
and attach directly to the sternum.
These ribs are called trueribs.

The three following cartilages, which are
longer, all attach to the 7th rib. These are
called false ribs, and have greatef mobility.

The two lowest ribs do not have a cartilage.
These are called floating ribs.
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Movements of the ribs

to those of a bucket handle.

As the rib moves up or down,
the diameter of the thoracic cage
("bucket") is changed

Posteriorly, the rib pivots
on an axis passing through
the center of two joints:

* one, with two facets,
articulates with the vertebral body

 another articulates with the
transverse process of the vertebra.

At different levels, the spatial relationship of these two
joints changes because the shape of the vertebra changes.

For the superior
thoracic vertebrae,
the axisis directed
more laterally,

and elevation of the rib incfeases the
anterior diameter of the thoracic cage..

By contrast, anterior ends

for the inferior of the ribs easily

accommodate these

thoracic vertebrae,

L movements because of the
the axisis directed
. flexibility of the costal cartilages,
more posteriorly, . . .
and elevation of the rib V\.IhICh varies der.)endln.g .o.n the level of the
incre the lateral diameter I’IF). However, thlst.eX|b|I|ty can dec.r.ease
of the thoracic cage. with age, thus reducing overall mobility.



During costal inhalation, the ribs are
elevated. Therefore, the diameter of the
upper thoracic cage is increased in an
anterior direction, while that of the lower
cageisincreased in alateral direction.
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The reverse occurs during costal exhalation,
when the ribs move down. The costal cartilages
undergo some torsion (twisting on their own
axis) on inhalation,

then return to
their normal
shape on
exhalation.

Obviously, spinal movements

of the ribs:

The ribs in front move
closet together during
thoracic flexion,

In right sidebending, the ribs move
closer together on the right side and
farther apart on the left side.

also affect the orientation f/f/\

...and farther apart
during extension.

In right rotation, the ribs move

posteriorly on the right and
anteriorly on the left.
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Thoracolumbar junction

The junction between the thoracic
and lumbar spinal regions
has some interesting features.

T12 resembles T11 in its upper half, but resembles L1
in its lower half, i.e., the spinous process is shortened
(which facilitates extension), and the inferior articular
facets are large and convex (which restricts rotation).

AtT12/L1, thejunction between the thoracic
and lumbar spinal regions, mobility of the spine
is characterized by good flexion, extension, and

sidebending, but very little rotation.

Because T11 and T12 are both
attached to floating ribs, and
because of the shape of the spinous
process and inferior articular pro-

cesses on T11, there is good range of motion
in al directions at the T11/T12 joint: flexion,
extension, sidebending, and rotation.

Starting from the bottom of the spine,
the T11/T12 joint is the first
important rotational joint.

Hyper-rotation is possible
at this location.
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Cervical spine

The cervical spine forms the skeleton of the neck.
We will study two regions.

1. The suboccipital cervical spine,
which consists of the two top
vertebrae:

C1, or atlas, whichis

/ .\ located just below the skull

C2, or axis.

Q
M‘ These two vertebrae have a
— different shape and function
e A differently from the other
X — vertebrae, and will be studied
q separately.

2. The lower cervical spine,
consisting of C7 through C3.
All of these vertebrae have
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Cervical vertebrae

The bodies of cervical vertebrae are small.

The discs are about one-third as thick as the bodies.
Both of these factors tend to increase mobility.

Sidebending is somewhat restricted
by the rectangular shape of the bodies,
as seen in cross section.

The superior surfaces of the cervical vertebral body
project upward on the sides. (These projections are
called uncinate processes.) The inferior surfaces
are shaped to articulate with the superior ones.

This bony configuration provides mobility
aswell as stability. The vertebral bodies are
"stacked" laterally.

Additionally, the superior surfaces are slightly convex
and tilted forward. The inferior surfaces are slightly concave
and lifted backwatd.

The lengths of the spinous
processesvary.

Those in the middle
cervical area are short,
especially C4, which
permits good extension
of the cervical spine.

However, at the bottom part of the cervical spine
(the area of C6 and C7),

extension is mote limited

because these two spinous processes

are long and restrain extension.




Each of the cervical transverse

processes has two roots:

Thevertebral artery
passes through the
transverse foramina of
Cl-C6. Spinal nerves
pass through the
lateral grooves.

Thus, correct
alignment of the
cervical spineis
important for
protection of
these soft tissues.

one from the side of
body, the other from
the pedicle.

As they merge,

CERVICAL

VERTEBRAE 67

the

They ate thick and tend to limit side-
bending when they come in contact.

the two roots form a medial opening
called the transver se foramen,

and asmall lateral groove.

The superior articular facets
face posterosuperiorly, and the
inferior facets anteroinferiorly,

at an angle of 45°.

Sidebending of the cervical spineisaways
accompanied by a certain amount of rotation.

For example, during left sidebending, the left

facet moves inferiorly and slightly posteriorly,
while the right facet moves superiorly and

slightly anteriorly. The combination of these
two movements results in slight left rotation.
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The suboccipital spine is the top part of the cervical spine.

This is the area where movements which are independent of the head are made,
like nodding the head "yes" and shaking it "no."

It consists of two unique vertebrae: the atlas and the axis.

The atlas
It is not shaped like the other vertebrae.
This is the first vertebra at the top of the spine. It is essentially a bony ring, reinforced

) ) by two strong lateral masses.
In front is the anterior arch

(the atlas has no vertebral body).

The large
transverse

) ] processes project

In back is the po.sterlor arch from the sides. They

(the atlas has no spinous process) contain the transverse
foramina, through which the

The transverse ligament of the atlas, which vertebral artery passes.

attaches to the inside of the lateral masses,

divides the ting of the atlas into two parts.

The anterior part surrounds the
dens of the axis (see p.70)

transverse
foramen
The upper and lower surfaces of
the lateral masses have facets for
The posterior part con- transverse ligament articulation with the occipital
tains the vertebral foramen, condyle at the top...
through which the dens of ) /ff;w\\?
spinal cord passes. the axis

occipital
condyle

. ...and the axis
axis _ at the bottom.
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The occipital boneisthe 2\
posteroinferior part of the skull.

\ occipital bone

\

The foramen magnum s a large hole
through which the spinal cord passes
! to mer/ge with the brain.
Sa,

occipital
condyles
On each side of the hole are the
occipital condyles, oval, convex superior
surfaces coveted with cartilage; lateral
mdsses

the corresponding superior
articular facets of the
atlas are concave.

These articulating surfaces lie essentially on the outside of an imaginary sphere whose center
is inside the skull. Thus, the occipital-atlas joint could be viewed as a ball-and-socket joint,
potentially allowing movement in any direction.

However, the shape of the joint
surfaces (longer front-to-back than
e side-to-side) and presence of
"/‘?‘;\@ ligaments favors flexion/
4 extension and restricts
other movements.

There are four ligaments

(two lateral, one anterior,

/\ one posterior) linking the
atlas to the occipital bone.

These same ligaments

continue inferiorly onto the axis,

and help stabilize the axis-atlas joint.
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The axis
and its connection with the atlas

The axis is the second cervical vertebra.

It has the shape of a typical cervical vertebra,
except that on the top,

there ate certain bony particularities

which help it to articulate with the atlas.

Each side of the vertebral body

has an oval convex surface, Thus, there is no disc

which articul ates between the atlas and

with alateral facet
of the atlas
above.

The vertebral body of the axis axis, just two freely

has a peg-like process: thisis movable joints (see

the dens (odontoid process). p. 14, diarthrosis).

Likeapin, it islodged

in the anterior part The articulating sur-

of the ring-like faces of atlas and axis
structure of are convey, i.e., they

the atlas. do not fit into each

other. It isahingewith

permanent mobility.

There ate two articulations
between the atlas and dens:

» The dens fits anteriorly
against the anterior arch of C1,

 and posteriorly against an articular
surface of the transverse ligament of C1.

Thus, the pivot joint of C1-C2
consists of a ting-like structure
covered by cartilage rotating around the dens..
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The atlas (C1) presses on the axis (C2) and turns around its pivot.

At this level, rotation is the most important
movement (as in shaking your head "no").
This consists of arotation and a gliding movement:

The axis of rotation can pass
either through the dens,

.. .or one of the
articul ar facets of
the atlas and axis.

Rotation of C1 on C2 is accompanied
by some lateral gliding of C2 which helps
preserve the integrity of the spinal canal.

There are anterior (not shown)
and posterior ligaments between
C2 and C1, aswell asligaments

(shown here as arrows)
connecting the occiput

to the body and
dens of C2.

Due to the convexity of the articular
facets of both C1 and C2,

.. .C1 tends to move slightly closer
to C2 during rotation.
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Muscles of the trunk and
their bony attachments

Ribs:

longissimus thoracis
iliocostalis

serratus posterior

| atissimus dorsi
scalenes

intercostal muscles
levatores costarum
transversus thoracis
diaphragm
abdominal muscles

Vertebrae

spinal muscles
splenius

levator scapulae
serratus posterior
rhomboid
|atissimus dorsi
trapezius

longus colli
pre-cervical muscles
scalenes

levatores costarum
diaphragm

psoas

quadratus lumborum
abdominal muscles

q

b

-

I\

O\ SA

Cranial bones:

(mainly occipital and temporal
bones)

sternocleidomastoid (SCM)

pre-cervical muscles

suboccipital muscles (deep
neck muscles)

semispinalis and longissimus

capitis

splenius capitis

trapezius

Shoulder girdle,
humerus:

levator scapulae

rhomboid

|atissimus dorsi

ttapezius
sternocleidomastoid (SCM)

Pelvic girdle:

muscles of the lumbar spine
|atissimus dorsi

psoas

guadratus lumbofum
abdominal muscles

muscles of the pelvic floor

Femur:

psoas
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Posterior muscles of trunk and neck

The back side of the trunk contains numerous muscles, which are arranged in several layers.
The deepest ones attach only to the vertebrae and consist of small bundles, which pass from

one vertebta to the next.

The intertransver se muscles 5
~ \\ 5
connect one transverse process to the next, 3 ~ =N 4 N\ (\
posterior to the intertransverse ligament. ~ -

Action: sidebending

The interspinalis muscles
connect adjacent spinous processes,
on either side of the ligament.

Action: extension

Innervation: posterior branches
of spinal nerves (C3-$4)

The transver sospinalis muscles attach to the

back of the vertebrae all along the spine, from
sacrum to axis. They consist of three bundles,
which arise at the transverse processes:

¢ The rotatores pass toward the lamina
of the vertebra above.

¢ The multifidus pass to the spinous processes
of the vertebrae that are located two
to four levels above.

¢ The semispinalis muscles pass to the spinous
processes of the vertebrae that are located four
to six levels above, covering the other layers.
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n  When viewed from behind,

the transversospinalis form

a "chevron"-like pattern

along the posterior spinal column.

Actions; The
musclefibers
run diagonally:

e from inferior

to superior:

when contracting

bilaterally,

they move the

vertebrae into
extension

e from medial to
latetal : sidebending

« from anterior to posterior:
rotation of the spine 4
(opposite the side of
contraction).

Innervation: posterior branches
of spinal nerves (C3-34)
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Role of degp spinal muscles in keeping trunk erect

Muscles located in the convex
sagittal curves of the spine
elicit a chain reaction.

This action is completed

by the actions of two other
muscles located where the
spines anterior convexity
is largest: the longus colli
at the cervical level

(see p. 84)...

Electromyographic studies have
shown that the activity and
importance of the transver so-
spinalis muscles are variable
depending upon spinal
level, particularly in
termsof "elongating”
(straightening)
the spine:

It is important
around T6, where the
posterior convexity of

the thoracic spine is
most pronounced.

Itislesssignificant at T12. Y T12

L1
L3 ... and the psoas

at the lumbar level

(p. 92).
Ls 77

As we can see, this group of
deep spinal muscles is capable
of maintaining stability and
a harmonious alignment of the
vertebrae and intervertebral discs.

It is also less significant around L 3,
where the posterior concavity of the
lumbar region is most pronounced.

As shown here, the actions
of the transversospinalis
muscles are more pre-
dominant where the
spine is most convex
in the back.
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Deep neck muscles

These are analogous to the transversospinalis
but insert on the occiput.

Rectus capitis posterior minor runs from the
posterior arch of C1 to the inferior occipital ridge.

Rectus capitis posterior major originates
from the spinous process of C2 and inserts
just lateral to the minor.

rectus capitis posterior:

Obliquus capitis superior

originates from the transverse process of C1
and inserts on the occiput

lateral to rectus capitis posterior major,

just posterior to the mastoid process

of the temporal bone.

Obliquus capitis inferior
runs from the spinous process of C2
to the transverse process of C1.

Action: extension, sidebending,
and rotation of C1 on C2 (not shown)

Action: these three muscles obliquus capitis:
help produce extension at

the C1/ C2joint

when they
contract

bilaterally

superior

inferior
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The three muscles that insert on the occiput
(previous page) bend the head to that side
by contracting unilaterally.

Obliquus capitis superior, with the most
lateral insertion, does this most effectively.

The two rectus
capitismuscles,
by contracting
on the right,
can produce
right rotation.

Obliquus capitis superior can produce
left rotation by contracting on the right.

These deep muscles have limited lever action
because of their small size, but allow great
\—/ \ precision of movement. In cooperation with
' the anterior neck muscles (p. 85), they regulate
the correct orientation of the head on the neck.
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Intermediate back and neck muscles

The group of posterior muscles shown on this page forms a layer superficial to those described
on the previous pages. These muscles are sometimes referred to collectively as the sacrospinalis
or erector spinae.

There are three muscles in this group: iliocostalis (most lateral), longissimus, and spinalis (most
medial; see p. 80). Each of these is further divided into three subcomponents.

(The iliocostalis has been

"cut away" on the right side  Soiy . .
i . Longissimus capitis
of the illustration to reveal ..
c originates from the transverse

thelongissimus.) - oroc of T3 to C4

and inserts on the mastoid process

. . - of the temporal bone.
Iliocostalis cervicis

runs from the upper six ribs Longissimus cervicis runs

to the transverse processes from the transverse processes of
of the lower cervicals. the upper thoracic vertebrae to

the lower cervical vertebrae.

Iliocostalis

thoracis runs o ]
. Longissimus thoracis
from the lower six

; 1\ Wy ' originates from the
to the upper six \ W<
ribs b/l 1/ lumbar transverse

processes and inserts

. . on the thoracic
Iliocostalis
- transverse processes
lumborum .
and posterior aspect

of ribs9 and 10.
It fills the groove

originates from
theiliac crest via

the lumbar fascia
i formed where the
(a sheet-like structure )

. thoracic vertebrae
made of dense connective .
. ) meet the ribs.
tissue), and inserts

on the lower ribs.

.
lumbar fascia

Innervation: posterior
branches of spinal nerves

(C4-L3)

Innervation: posterior
branches of spinal nerves

(C2-L5)
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The main action of all these muscles is extension of the spine. g
This completes the actions of the deeper level. 7

\ By contracting unilaterally, they also contribute to
sidebending (especially iliocostalis lumborum,

\-
(j\ '\ because of its position) and rotation.

Longissimus capitis contributes
to extension of the head (bilateral
contraction), or sidebending of
the head (unilateral contraction).

Innervation: posterior branches
of spinal nerves (C2-L5)
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A second layer of muscles, located along the spinal column, covers the muscles described
on the previous pages.

Spinalis capitis and semispinalis capitis
can be considered together. They originate
respectively from the spinous processes

of C7—TI and the transverse processes

of C4—T4, and insert on the occiput.

semispinalis capitis;
spinalis capitis

Actions: if they contract bilaterally, while
the cervical spine is fixed, they extend the

head. If they contract unilaterally, with —
the spine fixed, they can contribute
to sidebending or rotation.

spinalis |
thoracis

On the other hand, if
they contract bilaterally
with the head fixed,
they tend to straighten

out the cervical spine.

Innervation: posterior branches of spinal nerves (C1-C5)

Spinalis thoracis runs from the spinous processes
of T1 through T10 to the spinous processes of
T11 through L2.

Action: extends the spine in the thoracic region

Innervation: posterior branches of spinal nerves (C2—T10)

The back muscles described thus far (and some later) form a deep muscle layer, aso referred to as

the spinal muscles. They have a short lever arm, hence not much power to do certain activities, eg.,
extension of the spine from the horizontal position. However, they work very precisely. In the vertica
position, they work together to keep the spine straight, rebalancing each other slightly at every vertebral
level. In astanding person, they are amost constantly working. This is because they are very active
muscles, able to work without fatiguing for long stretches of time. For example, the head "sits on the
neck" for an entire day with the help of these muscles.
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Splenius capitis originates from the
nuchal ligament and the spinous
processes of C7 through T3-T4. It
inserts on the mastoid process and
adjacent occipital bone.

Splenius cervicis runs
from the spinous process
of T5-T7 to the transverse
processes of C1-C3.

splenius capitis

splenius cervicis

Innervation:
posterior branches
of spinal nerves
(C1-C8)

Actions: contracting bilaterally, these muscles
extend the head and cervical spine. Contracting
unilaterally, they cause sidebending and rotation
toward the contracting side.

levator scapulae

L evator scapulae (see p. 123)
runs from the transverse processes
of C1-C4 to the medial scapula.

Actions: acts primarily on the scapulg;
however, when the scapulais fixed,
its actions can reinforce
those of the splenius cervicis
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The next layer consists of the posterior serratus muscles.

Serratus posterior superior

runs from the spinous processes of C7 to T3
and inserts on thefirst fiveribs.

N X . :

i\ D Action: elevates the ribs

£ o = . .
Sas and thereby aids in inspiration
AR

Innervation: branches of first four
intercostal nerves (T1-T4)

Serratus posterior inferior

runs from the spinous processes of T 12 to L2
and inserts on the last four ribs.

Action: depresses these ribs
and thereby aids in expiration

Innervation: superior branches of
the last four intercostal nerves

The following three muscles act primarily on the shoulder
joint and will be discussed later in that context. However,
when the shoulder is fixed, they can also act on the spine.

Rhomboids (seep. 123)

Action: when the scapula is fixed, the contraction of these
muscles pulls the vertebrae laterally

Latissimus dorsi (see p. 131)

Action: when acting bilaterally,
this muscle extends

By wrapping around the
posteroinferior trunk, it helps preserve
the structural integrity of the trunk
during certain movements.
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el
i j” "V
N w—
\ \ll' ~=  Trapezius (see p. 124)
\
/] \
\
| \ l} Actions:
: \ When the shoulder bones are fixed,
‘ \ \ bilateral contraction of the trapezius
\ \ extends the neck.
N i

83

= AN
A il
Unilateral contraction
of its superior portion can / -
assist in ipsilateral sidebending, =
or contralateral rotation N \
of the head. A/ 7
/4 ‘).’ /
'd
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Anterior and lateral neck muscles

Several deep muscles which run along the cervical spine
can be found on the anterior and lateral sides of the neck.

Longus colli is a deep muscle
consisting of three portions.

e The longitudinal portion
runs from the bodies
of C2 through T3
to the bodies of C4-C7.

» The oblique superior portion

runs from the anterior arch of C1
obliq{w ] to the transverse processes of C3-C6.
superior
» The oblique inferior portion
runs from the bodies of T1-T3

to the transverse processes of C5-C7.

— longitudinal

oblique _|

inferior

Actions: contracting bilaterally,
longus colli flexesthe head

R

and straightens the cervical spine;
unilaterally, it assists in sidebending
and flexion of the head

Innervation: cervical plexus (C2-C8)
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The following muscles attach to the cervical spine and the occiput

(the bone at the posterior base of the skull).

rectus capitis

anterior longus capitis

Rectus capitis anterior runs from the
occipital bone (which lies anterior
to the rectus capitis anterior) to the

rectus capitis W
lateralis

Rectus capitis lateralisis a
small muscle that runs from
the jugular process of the
occipital bone to the trans-
verse process of the atlas.

anterior atlas.

Actions: flexion of the head relative

to the atlas (bilateral contraction), and
sidebending and rotation (unilateral, on the
side of the contraction)

Innervation: Cervical plexus (C1)

Actions. flexion of the
head relative to the atlas
(bilateral contraction),

and sidebending
(unilateral con-
traction)

L ongus capitis originates from the trans-
verse processes of C3-C6 and inserts on the
occiput just anterior to the rectus.

Actions: helps straighten the upper cervical spine
and flex the head (bilateral contraction),

or sidebend the head (unilateral contraction)

Innervation: cervical plexus (C1-C4)

Longus colli and longus capitis work together with the scalenes
to stabilize the cervical spine, which becomes fixed during inspiration

(seep. 87).



The following muscles run from the

= 2N
cervical vertebrae to the first two ribs Ly - TT) bi
e A
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The scalenes consist of three muscles: g ! '.“

anterior IIJ |

scalenus: medius

posterior

Scalenus anterior and
scalenus medius originate
from the transverse processes of
C3-C6 and C2-C7 respectively,
and insert close together on the
anterior part of rib 1.

Scalenus posterior runs ;
from the transverse processes LN 2
of C4-C6 to the lateral AN
surface of rib 2.

Innervation: brachia plexus — -
(C4-C8) L = b ..

The orientation of scalenus posterior
is almost vertical, whereas scal enus anterior
runs obliquely forward.
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Actions; when the ribs are fixed,
unilateral contraction of the scalenes (especially posterior)
produces sidebending of the cervical spine;
medius and anterior also produce some
contralateral rotation.

Bilateral contraction

of medius and anterior
accentuates the curvature
of the spine.

When the cervical (and upper thoracic) spine is fixed,
contraction of the scalenes elevates ribs 1 and 2,
assisting in inspiration.

Longus colli and the scalenes play an important role
in stabilizing the cervical spine during this action.

Here, we will simply list all the muscles that pass bel ow Lg‘)
and above the hyoid bone. A detailed study of this bone
and its muscles are beyond the scope of this book.

Suprahyoid muscles: Infrahyoid muscles:
« hyoglossus « sternohyoid

« geniohyoid « thyrohyoid

« mylohyoid « omohyoid

« digastric

 stylohyoid

Among other actions, these muscles assist
with the flexion of the head above the neck
and thorax.
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Superficial to the muscles mentioned on the previous pages lies another muscle:

Sternocleidomastoid (SCM)
is the largest and most important
anterior neck muscle.

It can be clearly seen externally
when the head is turned.

Sernocleidomastoid

As reflected in its name,
it has dual origins on
the sternum and clavicle,
near their junction on the
manubrium. It inserts
on the mastoid
process and the
curved superior

occipital line.

Innvervation: spinal accessory
(11th cranial nerve)
cervical plexus (C1-C2)

/o

Actions: When the skull When the thoracic Bilateral contraction results
isfixed, SCM elevates the cageisfixed, unilateral in extension of the head,
sternum and clavicle, and contraction of SCM causes accentuating cervical
thereby assists in inspiration. ipsilateral sidebending and lordosis.

contralateral rotation of the
head, aswell as extension.
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Muscles of the thorax

The intercostal muscles
occupy the spaces between adjacent ribs,
and are arranged in two thin layers.

The fibers of the internal intercostals
run downward and backward
to the upper border of the rib below.

The external intercostals run down-

ward and forward to the rib below.

external
intercostals

Actions: The intercostals form a

muscular sheet, which joins the ribs

to each other, making the thoracic cage

a contiguous entity. Thus a muscle, e.g.,
the anterior scalene, pulling on the first rib,
will also pull the entire ribcage, because of the intercostals

Innervation: 1st—11th intercostal nerves

Levatores costarum run from the
transverse process of a thoracic vertebra
to the tubercle of a rib located

one or two levels below.

Action: assists in rotation of
the spine or elevation of the ribs,
depending on which end is fixed

@ levatores costarum
—
:7 X Innervation: posterior branches of the spinal nerves
j Transversus thoracis originates from the
posterior surface of the lower sternum and
xiphoid process, and runs superolaterally to
insert on the cartilages of ribs 2 through 6.
7\ Action: contraction lowers these ribs,
1 assisting in expiration
\ Innervation: 2nd-6th intercostal nerves
\ Pectoralis major and serratus anterior
are described together with the muscles

of the shoulder (see p. 120, 130).
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Diaphragm

——— ] S
M Thisis abig flat muscle,

with"radiating" fibers,
—" located inside the
thoracic cage. It
extends like a dome
between the thoracic and
abdominal cavities.

i‘um mm fl
/A
/
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The diaphragm inserts on its own
central tendon, which is composed
of strong interlacing fibrous tissue
and shaped somewhat like a
three-leafed clover.

In the y

middle // Openings for:
and near 5

the vertebral esopragus
column, the inferior vena cava
diaphragm is

pierced by three large , aorta

openings for the inferior
vena cava, esophagus, and
descending aorta.

The muscular portion of the diaphragm has three major origins,
al inserting on the central tendon:

e The sternal origin is from the xiphoid process.

* The costal origin is from the deep surfaces of ribs 7-12 and their cartilages;
the fibers of attachment interdigitate with those of the transversus abdominis muscle.

* Thevertebral origin consists of a "right crus" arising directly from the bodies of L1-L 3,
a "left crus" arising from the bodies of L1-L2, and five arcuate ligaments.

—The single median arcuate ligament joins the two crura at the midline
and arches over the abdominal entrance of the aorta.

—The paired medial arcuate ligaments extend from the body of L1
to its ttanverse processes, arching over the psoas major muscle.

—The paired lateral arcuate ligaments extend from the transverse processes
of L1to rib 12, arching over the quadrates lumborum muscle.
Action: The diaphragm is the principal muscle of inspiration (see p. 100).

Innervation: phrenic nerves (C3-C5)



92 THE TRUNK

Posterior muscles of trunk

Starting from the sides of the lumbar vertebrae,
we find two muscles, psoas major and quadratus lumborum.

Psoas major is described on page 234 in connection with
the hip muscles. Here, we shall consider its action on the
spine, i.e., when the thigh is fixed.

Bilateral contraction: For the longest

time, the psoas was described as
alumbar muscle involved in
increasing lordosis, because

of the oblique orientation

of its fibers.

But we can see that this
multi-articular muscle
(which passes over eight
joints, six of which ate
intervertebral) can have
a more complex action
on the level of the
lumbar spine.

Because of its placement on
severa levelsin the convex area of
the lumbar spine, this muscle participates in
strai ghtening the spine, in combina--
tion with the posterior transverso-
spinalis muscles. By contracting
together, these four bundles can
act to erect (straighten) the
lumbal spine, father than
increasing lordosis.
Thiswas discovered
in electromyographic
recordings taken from
moving subjects.

]| =)
S
,@

Unilateral contraction:
The psoas muscle's uni-
lateral action consists of
pulling the lumbar spine
into sidebending, flexion, and
rotation of the side opposite the
contraction.

Innervation: lumbar plexus (L1-L3)
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Quadratus lumborum
originates from the posterior iliac crest,
and inserts on rib 12 and the
transverse processes of L 1-L 5.

It is composed of both
vertical and oblique fibers.

Actions: When the pelvisis fixed,
contraction of this muscle pulls
on rib 12 and the other ribs
along with it. This causes

sidebending of the
lumbar spine
and ribcage.

Itisaso
an expiratory muscle.

When the ribs and spine
are fixed, it raises the pelvis
on one side.

Innervation: lumbar
plexus (T12/L1-L3)
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Abdominal muscles

. .
ﬁ There are four paired muscles in the
ﬁ abdominal wall. They fill all the space
? (front, sides, and back) between the

— ribcage and pelvis.

Transversus abdominis is the deepest of the four.
It attaches below to the inguinal ligament and the
iliac crest; posteriorly to thefive lumbar vertebrae;
above to the inner surfaces of the last seven ribs
(where it interdigitates with fibers of the diaphragm);
and anteriorly to the linea alba.

Here is a schematic
depiction of the lower
half of the transversus.
In this depiction, the

fibers of the transversus are
essentially horizontal. They
terminate anteriorly in a

broad aponeurosis.

Actions: Contraction of these circular fibers reduces the
diameter of the abdomen. When the vertebrae are fixed,
it pullsin the belly. When the anterior aponeurosis is fixed,
it increases lordosis of the lumbar spine.

An easy way to feel the action of the transversus is to
wrap your hands around the sides of your abdomen
and cough.

Innvervation: intercostal nerves (T7-T12),
ilioinguinal and iliohypogastric nerves (L 1)
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The internal oblique lies between the
transversus and external oblique.
It is attached below to the inguinal ligament
and the iliac crest; posteriorly to the
lumbodorsal fascia; above, to the
lower four ribs; and anteriorly to
avery broad aponeurosis.

The fibers run W A
in various Wy / i .
directions é‘ ) g ;\\ ¥

depending on V) Z Bla
their location, % \
but the "average"

direction is an-
terosuperior.,

\

Actions: Unilateral contraction of the internal oblique
results in sidebending or ipsilateral rotation of the
spine and ribcage. If the pelvisis fixed,

it acts on the ribs, and vice versa.

When the pelvisis fixed,
bilateral contraction causes
compression of the abdomen
and assists in flexion of the
trunk.

When the vertebrae and the pelvis
ate fixed, it lowers the ribs and moves
them backward. This is how the muscle \-/ <

is involved in expiration (not shown here) )
Innervation:

intercostal nerves (T9-T12),
ilioinguinal and iliohypogastric nerves (L1)
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The external oblique is attached |
above to the outer surfaces of ribs 5-12
(where itsfibersintertwine with
those of the serratus anterior)
and to the ilioinguinal ligament.
In front and below, it forms a
broad aponeurosis ending at
(and contributing to) the
linea alba and inguinal ligament.

The average

direction of
thefibersis
anteroinferior,
i.e., perpendicular
to those of the
internal oblique.

Actions:
Unilateral contraction
of the external oblique
results in side-bending
and contralateral rotation
of the spine and ribcage.

Bilateral contraction causes

flexion of the trunk.

The oblique muscles
work synergetically in

rotation of the trunk.

For instance, rotation of the trunk to the left
(combined with flexion) involves simultaneous
contraction of the left internal oblique and right
external oblique.

Innervation: intercostal nerves (T5-T12), When the pelvis is fixed, it lowers the ribs;
ilioinguinal and iliohypogastric nerves (L1) it is then an expiratory muscle (not shown here).
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Rectus abdominis is located anteriorly,
inside a "rectus sheath" formed by
the aponeuroses of the three

It runs from the crest and symphysis
of the pubis to the xiphoid process
and cartilages of ribs 5-7.

—— tendinous intersections

The rectus adheres to the anterior layer of
its sheath at three tendinous intersections,
which are visible as transverse grooves when
the muscle contracts.

Action: By moving the sternum toward the pelvis,
it is the most direct flexor of the trunk.

It can also flex the trunk by tilting the pelvis backward
(not shown here).

Innervation: last four intercostal nerves (T5-T12),
ilioinguinal and iliohypogastric nerves (L 1)
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The pelvic diaphragm forms

the floor of the pelvis, and

consists of two paired

muscles: levator ani
and coccygeus.

Inferior to the pelvic diaphragm,
and overlapping it anteriorly,
is the urogenital diaphragm.

Levator ani originates from fascia covering the obturator internus,

along a line extending from the posterior body of the pubis to the ischial spine.
The fibers from the left and right sides of this muscle run inferomedially

and meet each other at the midline.
Some posterior fibers insert on

the coccyx and lower sacrum.

Levator ani contains an opening coccygens

for the anal canal.

The anterior portion of this muscle
is different in the female pelvis,
where it has an opening

to accommodate the vulva

(as shown in the illustration).

anal canal

In the male pelvis, this area levtor ani

is closed (not shown here). muscle

Innervation: accessory branch of sacral plexus (S3)

opening for vulva

' QJ Coccygeus is posterior to levator ani,

running from the ischial spine
to the coccyx and lower sacrum.

Actions. Both of these muscles
support the weight of the pelvic organs,
and are involved in continence.

They also rotate the sacrum backward.

Innervation: accessory branch

l of pudendal plexus ($4)

pubic urogenital
symphysis diaphragm

Note: These muscles play no role in the
positioning of the pelvis on top of the legs,
since they do not insert into the femurs.
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Abdominal cavity

The abdominal cavity is inferior to the thorax
and contains the abdominal organs.

It is bounded:

« above by the diaphragm, lower ribs,
costal cartilages and sternum

« posteriorly by the lumbar vertebrae
« laterally and anteriorly by the abdominal muscles

« inferiorly by the pelvis and the pelvic
and urogenital diaphragm.

Diaphragm and abdominal
muscles in respiration

The two large cavities of the trunk,
thorax and abdomen, function differently.

The abdomen can be compared to aliquid-filled,
flexible container which can change its shape but
not its volume (i.e., is non-compressible).

By contrast, the thorax can be compared to a gas-filled
container which can change its shape and is compressible.

The diaphragm is like a plunger that moves between these
two cavities. In cooperation with the abdominal muscles,
it helps control the shape, volume, and pressure of both
cavities during many activities (breathing, speaking,
coughing, defecating, childbirth, hiccups, etc.)
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How the diaphragm and abdominal muscles
are involved in breathing

—— \‘j
\&_5_ i | nspiration

f During normal inspiration,

contraction of the diaphragm
lowers its dome and thereby
increases the volume of the
thorax and lungs.

The increase in volume
results in a decrease of pressure

' » ‘1’ inside the lungs, which causes air to
! . .
.\ A enter from the outside environment.

On the other hand, contraction of the C_lﬂ\j’b,

5,
abdominal muscles can cause the abdomen —
to maintain its shape and resist lowering
of the diaphragm.
In this case, the central tendon becomes
the fixed point and contraction of the
fibers of the diaphragm results in \
elevation of the ribs, because of l\j \
(a) the superomedial orientation
of the fibers, and
(b) lateral pressure from the ‘
a:/ 6

contents of the abdomen, which \
ate being compressed from above.

Expiration

During normal expiration, the diaphragm simply relaxes (i.e., the dome moves upward)

and the elastic lung tissue returns to its normal size after being stretched during inspiration.
The decrease in lung volume results in an increase in pressure, and air is expelled through the
nose or mouth. The lungs, however, do not empty completely.

In "forced" (or active) expiration, the expiratory muscles, especially the abdominal muscles,
contract and press the abdominal organs upward against the thorax and lower ribcage,
further decreasing lung volume and increasing the pressure which drives air out.

No matter how hard "forced" expiration is done, some air will always remain in the lungs.
Thisis called residual volume.



CHAPTER THREE

The Shoulder

The shoulder is the area where the arm is attached to the thorax. In contrast to the hip, it
involves more than one joint. This complex structure has two important functions:

» It must be very flexible, to allow the hand and arm the huge range of motion which
they require.

It must provide a strong, stable fixed point for certain actions (lifting a heavy object,
pushing against resistance, etc.)

The primary joint of the shoulder is the glenohumeral joint between the head of the
humerus and glenoid cavity of the scapula. However, the scapula itself is an extremely
mobile bone, and is connected to the axial skeleton (i.e., sternum) only by the long,
thin clavicle. Thus, two other joints are involved in movements of the shoulder: the
acromioclavicular joint between the distal clavicle and acromion process of the scapula,
and the sternoclavicular joint between the medial clavicle and manubrium of the
sternum.

The shoulder thus comprises three joints, plus important gliding planes. We can distinguish
functional areas: the scapulothoracic and the scapulohumeral.
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Landmarks

Some visible and pal pable landmarks of the shoulder are shown below.

[ FRONT VIEW ]

sternocleidomastoid muscle
Jugular notch

trapezius muscle

clavicle

delto- J acromion process
g’;;c:}real \/ | [ BACK VIEW ]
5 deltoid X
muscle
e [
i pectoralis \ ? ‘I
sternum major i
5 muscle K ‘ ;/
\ of W
N oL "/
/S A = .
= \ / occiput
biceps brachii muscle , trapezius
| / cervical spine
( spine of
= | scapula
— acromion
/ ‘ 7/’ ‘/ \ process
thoracic spine [ {
\ 1, - delroid
1 P
medial border of scapula \ \ k
y s
[\ |
triceps brachii \ b i

latissimus dorsi ( &
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[ SIDE VIEW,
FROM ABOVE ]

[ SIDE VIEW,

SHOULDER
LEVEL ] / } 1 1
Lz /R bl acromioclavicular

Joint

deltoid

trapezius

acromion

deltoid

scapula

triceps brachii

[ SIDE VIEW,
FROM BELOW ]

The axilla or armpit can be
seen when the arm is raised.
It is bounded:

superiorly by the head of the humerus,
covered by the coracobrachialis
and short head of the biceps

anteriorly by the pectoralismajor

posteriorly by thesubscapularis,
Latissimusdorsi, and teresmaj or

inferiorly by theribcage,
covered by the serratusanterior
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Global movements of shoulder

There are two types of movement, because the two functional areas either work
individually or together to make them possible. First, we can observe how the
shoulder moves on the thorax. These movements make the shoulder:

move away from the spine
(this movement also brings

down: depression
the shoulder forward): abduction

. tilt by moving the inferior angle tilt by moving the inferior
move closer to the spine: - -
) of the scapula toward midline: angle away from midline:
adduction . ) .
medial rotation lateral rotation.
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Second, we can see how the combined actions of the scapula and arm
allow the arm to move in many ways:

* anteriorly (flexion): beyond 90°
this movement takes the arm backward,
but it is still caled flexion

* posteriorly (extension):
much smaller range
than in flexion

* |aterally (abduction): beyond 90°
this movement takes the arm

closer to the midline,
but it is still called abduction
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* medially (adduction):
arm moves closer to body

Adduction
is combined
with extension
to move the arm
behind the body...

...or with flexion
to move the arm
in front of the body.

Rotation of the humerus

(on its axis) is best visualized

with the elbow bent, to avoid confusion
with pronation and supination

of the forearm (see p. 149):

* medial rotation




108 THE SHOULDER

At their extremes,
arm movements affect
the thoracic spine
and ribcage.

Flexion of the arms is associated
with extension of the spine
and "opening" of the

anterior ribcage
(i.e., ribs move apart
from each other).

Extension of the arms
causes flexion of the spine
and "closing” of the ribcage.

Adduction is associated with
ipsilateral sidebending and
closing of the ipsilateral

hemithorax...

...while abduction causes

contralateral sidebending
and opening of the

ipsilateral hemithorax.
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medial rotation

Medial or lateral rotation of the humerus
is associated with similar rotation of the spine.

lateral rotation
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Shoulder girdle

The shoulder girdle consists of the scapulae (posteriorly) and the clavicles and sternum
(anteriorly).

= § ; f
acromion \ |
of scapula .

- '. \ ey /

I 4 clavicle

/ A - __-’//\

The clavicle == \ o manubrium
. —— \ /
(collarbone) is a 5 e AT e ]
o e e -

flattened, elongated bone T [Shoullder.glrdlesamfrqn above,
with two bends in it, so that sternum looking into the thoracic cage]

it is roughly S-shaped when
viewed from above or below.

It articulates medially with

the manubrium of the sternum.
Laterally, it articulates with

the acromion of the scapula.
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Sternoclavicular joint

The medial end of the clavicle

is roughly triangular,

with a rounded articular surface
which is concave transversely
and convex vertically
(saddle-shaped).

It meets
an inversely-shaped
articular surface on the manubrium.

The saddle shape of the joint
dlows the clavicle to: .

A~
* move forward
(flexion)

* move upward
(elevation) _

* rotate around
- e its longitudinal axis.

%

* move downward ;_D
(depression)

These movements generally occur secondarily in association with movements of the scapula.
There are anterior and posterior ligaments (not shown).
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Scapula

The scapula, or shoulderblade, is aflat triangular bone
with two surfaces (anterior and posterior), three borders, and three angles.

superior border spine acromion

superior angle

medial
(vertebral)
border

inferior angle

coracoid process

The lateral border is much thicker than the medial border.
The lateral angle contains the glenoid cavity,

a shallow oval-shaped depression

which articulates with the head of the humerus.

The coracoid process supraspinous fossa

arises from the superior

border medial to the glenoid

) cavity, and looks like a bent
finger pointing forward.

anterior
surface

N\ The anterior surface of the scapula

is smooth and slightly concave, and
\ i leans in a mobile fashion against the
\ o ribcage.

The posterior surface is convex. The spine is a strong, sharp ridge
running diagonally near the superior border. There are depressions
above and below it called the supraspinous and infraspinous fossae.

infraspinous
fossa



The scapular spine is a triangular ridge,

which starts roughly perpendicular
to the scapular

plane. acromion
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The lateral end of the spine is enlarged and flattened
to form the acromion process. Note that the
acromion is oriented perpendicular to the spine.

The posterior surface of this process can easily be

S palpated through the skin.

Its anterior surface projects beyond the glenoid cavity;
its anterior side consists of an ova articular surface,
which articulates

/() The posterior

side of the with the lateral i N
spine is thick, edge of the '
tilting in two clavicle.
f directions.
\ / f / Its inferior
/

\7 | portion has an
enlarged tubercle

\/ for attachment

of the trapezius.

Acromioclavicular joint

The acromion and the lateral end of the clavicle each has a small oval surface
where they articulate. Sometimes this joint includes a meniscus (fibrous disk).
The shape of the articular surfaces allows some gliding movement,

as well as opening and closing of the angle formed by the two bones.

The capsule is loose and
the joint is supported
by four ligaments:

the superior and inferior
acromioclavicular ligaments,

which inhibit the opening of the angle
between the two bones;
and the conoid and trapezoid ligaments,
which inhibit the closing of the angle.

These two ligaments

ate stretched between
the coracoid process
and the clavicle.

b

conotd and
trapezoid
ligaments

acromioclavicular
ligament



114 THE SHOULDER

M ovements of shoulder girdle on ribcage &0\‘
f

The mobility of the sternoclavicular
and acromioclavicular joints
alows the scapula

to move in various directions.

In elevation, the scapula
moves upward and
away from the ribcage.

In depression, it moves
downward and fits
mote snugly against
the ribcage.

In retraction (adduction),
the medial border moves closer
to the vertebral column.

In protraction (abduction), the medial Rotation: a bell-like movement. To understand
border moves away from the vertebral this movement, visualize a mobile scapula
column, and the scapula moves anteriorly positioned above the ribcage and moving

at a45° angle as it glides on the around an axis, which is vertical to the ribcage
convex thorax. and passes under the middle of the scapular

spine. The scapula pivots around this axis.
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downward rotation upward rotation \

The glenoid cavity of the scapula can point in many directions.
This greatly increases the range of motion of the glenohumeral joint.

Mobility of the arm is greatly increased by such movements
of the scapula. For example, consider abduction
of the arm with the scapula fixed (l&ft)

s vs. the ula rotated (below).
///‘/“ -9 I scap (below)

The free movement of the scapula

is aided by the presence of some fatty layers
("gliding planes"). One is located between

the serratus anterior muscle and the ribcage
(see p. 121), another between the subscapularis
and the serratus anterior muscles.




116 THE SHOULDER

Humerus Landmarks of the proximal end

This is the long bone include:

of the upper arm. the medial head

(whose spheroid surface
articulates with
the glenoid cavity

of the scapula)

the lateral
greater tubercle

the anterior
lesser tubercle
for muscle attachment

the
bicipital (intertubercular) groove
running between the rwo tubercles

the anatomical neck
just below
the head.

The shaft itsdlf, in cross section,
is circular near the proximal end
but becomes more triangular 1
(with a pronounced anterior ridge)
near rhe distal end.

humerus
viewed —f—

from the back |

The triangular shape
of the humerus here
alows us to distinguish
three surfaces and three ridges:

medial

lateral |
' ridge

ridge ,
The distal end

is enlarged and forms

articulating surfaces

for the bones of the

anterior ridge = = forearm at the elbow joint.
(extends the bicipital
groove at top and

bifurcates at bottom)
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Glenohumeral joint

This is the primary joint of the shoulder, which unites the head of the humerus
with the glenoid fossa of the scapula. The articular surfaces consist of:

* the head of the humerus,
whose orientation is mostly
medial, but also dlightly
posterosuperior

| . the glenoid cavity
i }] on the scapula,

which is ova and
slightly concave anterlorly.
Its orientation

The surface area is mostly lateral,
of the head is two but aso slightly
or three times larger

g J
\ \ Y anterosuperior.
than that of the glenoid N\ R

\

. I \ \

/ i / cavity, and the cavity is fairly \ ‘\;-
' shallow.

\

Thus, there is not a "snug fit"

between the two bones, and the

shoulder joint is extremely mobile
but much less stable.

A fibrocartilaginous ring
called the glenoid labrum
(tough, but slightly malleable)
functions like a washer

to sed the
joint.

attaches to
the glenoid cavity and

. increases the fit of the shoulder
joint surfaces and allows for a better

distribution of the synovia fluid.
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The capsule of the glenohumeral joint attaches to This capsule is reinforced
the scapula, on the outer rim of the glenoid cavity. at the top and front by ligaments.
Anterosuperiorly, it goes al the way up to At the top: The coracohumeral ligament
the coracoid process, and encircles the runs from the coracoid process and forms

origin of the long head of the
biceps at its origin.

two bundles, which run to the greater and
lesser tubercle of the
humerus. Thisisthe
strongest ligament
of this joint.

The capsule attaches
around the head of
the humerus.

It has many

folds, especialy

in its inferior
portion, which
gives it agood

In the front: \ ) \
The glenohumeral

range of motion ligaments run from
for anterior flexion the border of the glenoid
and abduction. cavity to the anatomical neck

of the humerus. They consist of
three bundles: superior, middle, and inferior.
There are weak areas between these ligaments.

In summary, the capsuloligamentary
structure of the shouldet is not very
strong. The glenohumeral part of the
shoulder is stabilized especialy by
the deepest muscles, which fotm

a cuff of "active ligaments" around
the shoulder, caled the rotator cuff
(see p. 126-128).

The coracoacromial ligament

stretches across the scapula
and attaches to the acromion
and the caracoid process.

This ligament protects the tendon

of the supraspinatus.

However, if the humerus is lifted too much,
this ligament can rub against the tendon
and can, paradoxically, cause it to wear out.

The resting position of the joint (i.e., allowing maximal
relaxation of the ligaments) is where the arm isin
slight flexion, abduction, and internal rotation.
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Shoulder muscleswith bony attachments

These bones are grouped into two categories:

« scapulo-thoracic shoulder, which consists  scapulo-humeral shoulder, which
of the bones that mobilize the scapula and consists of the bones that mobilize the
clavicle with respect to the thorax (italicized) humerus with respect to the scapula

Cranial bones:
trapezius
sternocleidomastoid

Cervical vertebrae:

trapezius
levator scapulae

rhomboids Clavicle:

Scapula: ‘ﬁ subscapularis

g !
serratus anterior ; trapezus
HS aen r""ﬁx % sternocleidomastoid
pectoralis minor y =\ ::» sectoralis major
rhomboids V __::\__ 9 deltoid
= g

levator scapulae

subscapularis ‘.‘E“-.‘___ ) Thoracic vertebrae:
supraspinatus ”"—*- i trapezius
teres minor "&‘w .

\ <> - rhomboids
latissmus dors > %,_.? ﬁ latissimus dorsi
biceps brachii “‘. — L
coracobrachialis AN P Z Ribs:
long head of the ‘6"*:.’ - * serratus_ant_erior

triceps Gy g "_ pectoralis minor

=
&> ‘4#\ _Sut?scapulari_s

. Radius: A latissimus dorsi
Humerus P pectoralis major
subscapularis biceps brachii 4"‘
supraspinatus /’::: Lumbar vertebrae:
teres minor \\ I~ % g \ latissimus dorsi
pectoralis major ]
latissimus dorsi
teres major
biceps brachii
long head of the triceps
coracobrachialis
deltoid

Iliosacral bones:

latissimus dorsi
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Scapulothoracic muscles

Serratus anterior is a broad, thin muscle
covering the lateral ribcage.

It originates from the upper ten ribs,
and inserts along the entire medial border
of the scapula.

Actions: when the ribs are fixed, the muscle flattens
the medial border of the scapula against the ribcage;
with the upper fibers,
it pulls the scapula laterally (abduction)
and into upward rotation

Innvervation: long thoracic nerve (C5-C7)

\\ ( } Its fibers are contracted and visible
when the arm is pushing against some resistance.
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without serratus anterior

In actions such as push-ups,
where great force is being exerted by the arms,
the serratus anterior muscle

keeps the scapula fixed in place g\
and tight against the ribcage.

In such situations, the middle fibers
= L of trapezius (an adductor)
// - and serratus (an abductor)
contract simultaneously
to stabilize the scapula.

There are some fatty layers ("gliding planes’)
separating serratus from the ribcage
and from the subscapularis muscle.

These increase the mobility of the scapula
and are important in many complex
movements of the shoulder.

If the scapulais fixed,

the lower fibers of serratus anterior

lift the middle ribs, acting as inspiratory muscles
(not shown here).
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%{:L Subclavius is asmall muscle

subclavius | running from rib 1 and its cartilage
\ O_\_\ ) to the underside of the clavicle.

N
~_F

Action: depresses

? / : the davicle
pectoralis minor /

Pectoralis minor originates from ribs 3-5 and inserts on the coracoid process.

Actions. when the ribs are fixed, it pulls the scapula
downward and forward,
as if to tilt the scapula above the ribcage
by lifting the inferior angle upward;
when the scapulais fixed, it assists in
inspiration by elevating the ribs

Innervation:
media pectord nerve
(C7-TD

Sternocleidomastoid
(SCM) is described

on page 88.
A M It acts primarily
on the head
and cervical spine.

If the head is fixed, however,

SCM can elevate

the area where the clavicle and sternum meet,
and thereby assist in inspiration.
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Levator scapulae
originates from the transverse processes
(L"\ of C1-C4 and inserts on the
~— )}7 superior angle of the scapula.
- g f

A

A

q

levator scapulae

)

' A\ Actions: elevates the scapula
“/'. \ \ , and rotates it downward;
W- \ .‘ when the scapulais fixed,

/ N ™\ ; it acts on the cervical spine,
W as explained on page 81

rhomboids

The rhomboids (major and minor)

originate from the spinous processes of C7 and T1-T4
and insert on the medial border of the scapula.

Actions: adduct the scapula

and rotate it downward;
when the scapulaiis fixed,
they act on the thoracic spine,
as explained on page 82

Innervation: dorsal scapular nerve (C4-C5)
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N g Trapezius is alarge, important, diamond-shaped muscle.
W \:\_/ Its origin is on the occiput, nuchal ligament,

-‘:) and spinous processes of the cervical vertebrae

and the thoracic vertebrae down to T12.

Its insertions are on:

« the lateral third of the clavicle and acromion
(upper fibers)

W * scapular spine (middle fibers

‘\ apular spine ( )

N  atubercle at the medial end of the scapular spine
=

= N\ (lower fibers).

———_ == The orientation of these fibers ranges
from inferolateral to superolateral.

Actions:
simultaneous
contraction
of al the fibers
o adducts the scapula

The upper fibers
by themselves
act in elevation
and

upward rotation

of the scapula.

Thelower fibers
by themselves
act in depression
and

upward rotation
of the scapula.

Innervation: spinal accessory nerve and cervicd plexus (C2-C4)

The upper fibers are frequently over-solicited in work (e.g., at a computer or typewriter)
involving prolonged suspension of the arms. When force needs to be exerted or absorbed
by the arm, the middle fibers of trapezius (adductor) act together with serratus anterior
(abductor) to stabilize the scapula (see p. 121).
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Muscles involved in specific movements of the scapula

elevation: depression:
(1) upper trapezius (1) lower trapezius
(2) rhomboids (2) lower serratus anterior

(3) levator scapulae

adduction:
(1) trapezius
(2) rhomboids

serratus anterior

]
m abduction:

upward rotation: downward rotation:
(1) serratus anterior 63.’“ (1) rhomboids

(2) upper trapezius (2) levator scapulae
(3) lower trapezius
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Deep scapulohumeral muscles of shoulder joint

Subscapularis originates
from the anterior surface
of the scapula and inserts
on the lesser tubercle

of the humerus.

Its fibers converge
at the lateral angle
of the scapula.
Action: principal muscle
of medial rotation of the arm

Innervation:
upper subscapular nerve (C5-C6)

Supraspinatus originates from the

( 4 ; supraspinous fossa on the posterior scapula.
/ (‘ / __\\ Its tendon p@&s under_the acromloclavmularjq nt
C / —— and the ligament which connects the coracoid process
, — \“s to the acromion, and inserts on the
— highest point on the greater tubercle.
T
There is a large bursa (closed sac of synovia fluid)

/ surrounding its tendon and separating it from
the inferior surface of the acromion and deltoid
muscle. This bursa acts as an auxiliary component

/ of the glenohumeral joint. Adhesions here can
- restrict mobility of the shoulder.

Action: abducts the arm;
its action is weak,
but is coupled with
that of the deltoid
(seep. 132)

Innervation: subscapular nerve (C5-C6)
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Infraspinatus originates from the infraspinous fossa.
h Its tendon passes above the capsule
/Q.——\ of the glenohumeral joint
and inserts on

the greater tubercle Actions: lateral rotation
-—= —= ) aapoint and participates
- / 4 posteroinferior — in abduction
i \ to the insertion

of supraspinatus.

Innervation:

suprascapular nerve (C4—06) : 'i‘ .
N4

Teres minor originates from the lateral border
of the scapula (posterior surface)

and inserts on the greater tubercle
below the insertion of infraspinatus.

Action:
lateral rotation

Innervation:
axillary nerve (C5-C6)
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Rotator cuff muscles

Collectively, these four deep muscles—subscapularis, supraspinatus, infraspinatus,
and teres minor—are called the rotator cuff muscles.
Their tendons surround and reinforce the shoulder-joint capsule on three sides.

Apart from their action

of mobilizing the humerus,
they play an important role
as "active ligaments”
in providing mobility
to the joint.

Subscapularis
prevents the head
of the humerus
from gliding
backward...

Supraspinatus prevents
the humerus from being
dislocated/displaced upward.

...and from gliding
forward
and backward.

T --;Z RQY\  This shows that the shoulder

7 is ajoint whose bony structure and
passive attachments (capsule, ligaments)
are only weak stabilizing structures.

Infraspinatus and ( The main stabilizing force
teres minor prevent it comes from the action
from being dislocated of these periarticular muscles.
forward.

This action can be upset,
which is why the shoulder
is often a problem area
causing joint pain.




SCAPULOHUMERAL MUSCLES OF SHOULDER 129

Scapulohumer al muscles of shoulder

Coracobrachialis
arises from the coracoid process
and inserts on the medial surface

Action: flexesand adducts the arm

Innervation:
muscul ocutaneous nerve (C6-C7)

v/l Biceps brachii is discussed
'. on page 147 in connection
\ with the elbow.

Actions (at shoulder):

Biceps participates in flexion.
The long and short heads

are aso involved in abduction...

_ _/_
adduction ; { ) )
< \ !

...and adduction
of the arm,
respectively.

abduction

Triceps brachii is discussed on page 148
in connection with the elbow.

Action (at shoulder): participates in adduction of the arm
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CHneND
)
Sy
Pectoralis major has a clavicular head -.,.R.
from the anterior, medial clavicle, - “
and a sternocostal head ,,,-..‘

from the sternum
and costal cartilages
1-6 and rib 7.

The tendon is twisted
such that the fibers
from the clavicular
head insert below
those from the
sternocostal head

on the lateral aspect
of the bicipital
groove.

When the ribcage is fixed, al the fibers
adduct and medialy rotate the arm.
This is the "hugging" muscle,
the muscle of chest suspension.

The superior fibers are involved in

flexion up to 60°, then the inferior
fibers take over and continue
™ flexion up to 0° (see p. 135).

stretching
of pectoralis

major

L.J When the shoulder is fixed,
the superior fibers lower
the clavicle and the
inferior fibers participate
in inspiration.
When the shoulder

isfixed while the arm

isflexed, al the fibers Innervation: lateral and medial
are involved in inspiration pectord nerves (C5-T1)
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Latissimus dorsi means "widest back muscle."
e It originates from the sacral and iliac crests,

'Q thoracolumbar fascia, spinous processes
l m~ of T7-TI2, and posterior surfaces
\ of the four lower ribs. The tendon

wraps around the medial side
of the humerus, makes a twist,
and inserts on the bicipital groove.

Actions. extension,
adduction, and medial
rotation of the arm;
if the humerus
is fixed, its actions
are as described

on page 82

Innervation.
thoracodorsal nerve
(C6-CB)

Teres major originates |
from the posterior surface
of the inferior angle

of the scapula, and inserts
on the medial aspect

of the bicipital groove,
next to latissimus dorsi.

Actions: same as
latissimus dorsi,
but much less powerful

Innervation:
lower subscapular nerve
(Ce-C7)
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Deltoid is a superficial muscle which gives the shoulder
its characteristic shape. It consists of three groups of fibers:

* The middle fibers attach -
to the lateral border of the acromion. -

C(’
» The posterior fibers attach -
to the spine of the scapula -~
(inferior portion of the posterior border). /

\

» The anterior fibers attach
to the clavicles
(lateral third of the anterior scapular border). [,

These three groups of fibers converge N
toward the middle of the arm |
and insert on the lateral surface

of the humerus.

Actions:

contraction of anterior fibers:
flexion and medial rotation
of arm

contraction of middlefibers:
abduction of arm

contraction of posterior fibers:
extension of arm.,
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Muscle actions in specific
movements of shoulder

Flexion:

(1) anterior deltoid
(2) pectoralis major
(3) coracobrachialis

Accessory: bicepsbrachii, subscapularis

Extension:

(1) posterior deltoid
(2) latissimus dorsi
(3) teres major
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Abduction:
(2) deltoid
(2) supraspinatus

Accessory: infraspinatus,
long head of biceps

Lateral rotation:
(1) infraspinatus
(2) teres minor

(3) posterior deltoid

Adduction:
(1) latissimus dorsi

(2) pectoralis major
(3) teres major

Accessory: teres minor, short head of biceps,
long head of triceps, coracobrachialis
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Medial rotation:
(1) subscapularis
(2) latissimus dorsi
(3) pectoralis major

teres mgjor,
anterior deltoid
(not shown)

“J:'&

anterior muscles

that the arm starts out in anatomical position.
In different positions, muscle actions change
and may even be reversed.

In noting the muscle actions above, we are assuming
@ For example,

pectoralis major
is aflexor of the arm
up to 60°. Beyond 90°,
it can no longer move the arm
forward or upward; in fact, it
begins to function as an
extensor, bringing the
arm back toward

y anatomical
% position.

We can see that the muscle actions

are not equally distributed because

the adductor and medial rotator muscles
are predominant.



CHAPTER FOUR

The Elbow

The elbow is ajoint that serves two functions:

First, it allows the upper limb to fold on itself and to extend, so that the distance between
the shoulder and hand can be shortened or lengthened. Through this action, you can, for
example, flex your elbow to lift your hand to your mouth, or extend your elbow to reach
lower parts of your body or objects located farther away from the shoulder. This is the
flexion-extension action of the elbow.

Second, the elbow also participates in rotating the forearm around its longitudinal axis,
multiplying the possible positions of the hand. This is the pronation-supination action of
the elbow.

This chapter is accordingly organized into two parts, considering each function in turn.
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Landmarks
[ FRONT VIEW ] /
body of biceps brachii
elbow crease
bodies of wrist flexors
styloid process of radius

medial epicondyle
of humerus

deltoid

body of triceps

brachii

olecranon folds

bodies of wrist
extensors

[ —— radial styloid
process

. ulnar styloid
process

v
ﬁ)
lateral epicondyle / [ BACK VIEW,

of humerus ELBOW FLEXED ]

medial
epicondyle

of humerus

olecranon__—_
process of ulna

1
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Flexion/extension of the elbow

In the case of the elbow joint, flexion can be defined
as a movement that decreases the angle
between the anterior surfaces of the arm and forearm.

In active flexion, the movement
is limited by contact between
the bodies of the muscles
involved. In passive flexion,
the angle may become
slightly smaller since the
muscles are more
compressible.

( \%}
Extension of the elbow \@J
is areturn from flexion \

to anatomical position,
/N

i.e., an increase in the angle between
the arm and forearm. /
i

Generdly,

incresse of the

angle past 180°

is impossible due to
contact between the
olecranon process and
its fossa In afew
exceptional individuals,
the angle can become
dightly larger than 180°;
thisis called "recurvation.”
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Radius and ulna
RADIUS ULNA

The forearm consists of two bones:
the radius and the ulna.

head

trochlear  olecranon
notch process

These are long bones, each of which has three
parts: a shaft and two ends or extremities.

coronoid
neck  process

The bones are triangular shaped
and therefore have three surfaces
and three edges.

radial
notch
radial
tuberosity
The proximal part of the radius is
small, whileitsdistal part islarge.

The shaft (s) have
Its proximal extremity consists

) cylindrical shapes
of two parts: the head, which with three surfaces oroximal
is covered by cartilage, and and three edges: / part of the
heneske As anterior surface / ulnaislarge,
The head consists of a top . whileitsdistal
i Ps posterior surface .
part (beveled medially) part is small.
and a circumference. The proximal

Ls lateral surface /

(media on ulna) part has two large

At its distal part, the Ae anterior edge ' As processes: the
medial edge bifurcates, Me medial edge S olecranon and the
S0 that the cross sec- (posterior on ulna) ; coronoid process.
tion of the bone is Le lateral edge

quadrangular.

The inferior Me le ¢ Pe

surface articul ates /!

with the wrist. The distal extremity

is called the ulnar head.
Lateraly, ithasa
convex articular surface
which articulates with
theradius. Medially,
it has a protuberance,
the styloid process.

styloid process  articular surface

Its bifurcation
has a concave articular surface
which articulates with the ulna.

This is the ulnar notch of the radius. ’;ﬁzg Attached to the

. inferior surface
There is another protuberance styloid is atriangular ligament,
at the lateral distal end of the radius: Fae which connects the ulna.

the styloid process. to the bones of the wrist.
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Bones and articulating surfaces for flexion and extension of elbow

At the distal end of the humerus the anterior
edge bifurcates and the bone flattens out,
becomes larger, and curves forward.

It has two lateral bony projections,
the medial and lateral epicondyles.

lateral
epicondyle

medial

epicondyle
coronoid fossa

trochlea

Posteriorly, thereis an
olecranon fossa (not shown).
capitulum
These two protuberances delimit a
triangular space. At the base of this
triangle, there are two articular surfaces:
the media pulley-shaped surface
is oblique medioinferiorly and
articulates with the trochlear
notch of the ulna. This is the
trochlea of the humerus.

Hollow areas, where the
bone becomes tapered, are
common on these articular
surfaces. Just above the
trochlear eminence is the
coronoid fossa anteriorly
and the olecranon
fossa posteriorly.
Just above the
capitulum is the

radial fossa of the \{\' "!\W‘H‘i s///

humerus.

ulna

radius The lateral rounded surface with a /

diameter of about 1cm is the capitulum.

The surfaces between the shafts of the radius and ulna are
connected via a thin layer: the inter osseous membrane.

At the head of the radius, on its upper
surface, is ashallow cup or fovea which

articulates with the capitulum. ’
Theradiusis lined by abeveled layer, which
articulates with the interosseous membrane.
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Proximal end of the ulna

The olecranon consists of fivesurfaces, including a beak-like projection on its superior surface.

superior surface

medial surface
posterior surface

anterior surface

lateral surface

The coronoid process has four surfaces,
with a beak-like projection of its own
on its anterior surface.

anterior surface
medial surface
superior surface

lateral surface

The anterior surface of the olecranon and the
superior surface of the coronoid process form
an almost continuous surface in the shape of a
hollow cylinder. This is the trochlear notch
of the ulna.

It is covered with cartilage and separated
into two grooves by alongitudinal ridge.
This notch articulates with the trochlea of the humerus.

From an anatomical point of view,

the radial notch of the ulna

is not part of the elbow joint because

it is not contained in the same capsule.

It is described in more detail on page 150.
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Joint capsule of elbow

Three bones—the humerus, ulna, and radius—
come together to form the capsule of the elbow joint.

The capsule attaches to the circumference of the coronoid
and olecranon fossae of the humerus and connects
with the medial and lateral epicondyles without
encircling them. It attaches to the circumference
of the neck and the radius. It also attaches to the
circumference of the trochlear notch of the unla.

The capsule is taut in front
(especialy laterally), but loosein
back (facilitating flexion).

[The illugtration at Ieft shows the joint with bones
Foreed apart dightly to better view the capsule]

Ligaments of elbow

« anteriorly, they
are fan-shaped and
reinforce the capsule

The anterior and posterior
elbow ligaments are
minor ligaments:

Thus, they allow

* posteriorly, their fibers flexion and extension.

cross over (as shown here
on aflexed elbow).

The collateral ligaments
are the most important
ligaments of the elbow: The radial
collateral ligament

is formed by three

The ulnar
collateral ligament
arises from the
medial epicondyle
and attaches below to the
medial coronoid process
and olecranon.

fasciae that arise from
the lateral epicondyle.
Two dlipsencircle
the head of the radius,
one anteriorly and
the other posteriorly,
before inserting at the
radial notch of the ulna.
The third inserts on the
lateral olecranon.

Both collateral ligaments prevent any lateral movement of the elbow joint.
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Bones for flexion and extension of elbow

The surfaces of the lower part of the humerus
articulate with the ulnaand radius. This functional unit
facilitates movement only in the sagittal plane.

During flexion, the anterior
concave shape of the bones
alows them to accommodate
the bulk of the muscle
mass.

In extension,
the olecranon process
of the ulnafits
against itsfossa

on the humerus.

pronounced.

The head of the
radiusfitsinto
the radial fossa
of the humerus.

The "beak"
of the coronoid process

fits into the coronoid fossa

The axis
of the trochlea
isdirected obliquely
superolaterally;
the medial sideislower
than the lateral side.

For this reason,
the axes of the humerus
and ulna are not quite parale
when the elbow is extended, i.e.,
the edges of the arm and forearm
form an angle that is more or less
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Muscles for flexion/extension of elbow with their many bony attachments

Two muscle groups are presented here:

the principal muscles (in boldface)

and the secondary muscles,

most of which will be described in Chapter 5 on the wrist and hand.

Scapula:  biceps brachii

Humerus: brachialis
brachioradialis
extensor carpi radialis longus
extensor carpi radialis brevis
flexor digitorum profundus
pronator teres
palmarislongus
flexor carpi radialis
flexor carpi ulnaris

Extensors Ulna: brachialis

Seanula: pronator teres

triceps brachii flexor digitorum profundus
Humerus:

triceps brachii

anconeus

extensor digitorum
extensor digiti minimi
extensor carpi ulnaris
Ulna

triceps brachii
anconeus

Bones of the hand:
extensor digitorum
extensor digiti minimi

Radius: biceps brachii
brachioradialis

Bones of the hand:
extensor carpi radialis longus
extensor carpi radialis brevis
flexor digitorum profundus
palmarislongus
flexor carpi radialis
flexor carpi ulnaris
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Muscles for flexion of elbow

Brachialis arises from the anterior surface
of the distal humerus
and inserts on the coronoid process.

Innervation:
muscul ocutaneous nerve
(C5-C6)

n
ﬁ ' Brachioradialis originates from alateral ridge on the distal humerus,
, and inserts via along tendon on the base of the radial styloid process.

Innervation:
radid nerve
(C5-C6)

Actions: Flexesthe elbow.
In pronation or supination,
_ this muscle brings
N\  the forearm
" into amiddle
position.

Hence,

the title

supinator s T

is not really ‘§‘

appropriate % Its contraction can be seen aong the radius
for this muscle \\'--_ when the elbow is flexed

(seep. 153). \\“ and the forearm is pronated or supinated.
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Biceps brachii has two origins.

The long head (l€ft) arises from a
tubercle above the glenoid cavity
of the scapula, travels through the
shoulder joint, between the greater
and lesser tubercles, and along the
bicipital groove before

merging with the body.

\< The short head (right) starts

“~. as atendon at the coracoid
process on the lateral edge
of the scapula and becomes
a fleshy body which joins
with the muscle fibers
of the long head about
halfway down the humerus.

The two heads then continue
downward and form one tendon,
which passes anterior to the
ebow joint and inserts

at the bicipital tuberosity

of the radius.

At the

shoulder leve,
the two heads of
biceps brachii have
different actions

. . . . (seep. 129).
Actions: This muscleis the primary

elbow flexor. It also supinates
the radius at the elbow.

Contraction of this muscle
isvery visible on the anterior part
of the arm, when the elbow is
flexed and the forearm supinated.

Innervation:
muscul ocutaneous nerve (C5-C6)
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Muscles for extension of elbow

Triceps brachii, as the name
suggests, consists of three heads.

A The long head comes from
4 : \ { atubercle below the glenoid cavity
' Il of the scapula, the lateral head is
/ \ JELN from the lateral posterosuperior
/ N \ . shaft of the humerus, and the
‘ I\ W/ — medial head (better called

the deep head) is from the
posteroinferior humerus,

Y where it is covered up
¢ by the body.
C r ’ Triceps has asingle broad

insertion by a tendon
onto the olecranon.

Action: Thisisthe
major elbow extensor.

The long head dso
participates in extenson
of the arm due to its
attachment to the scapula.

Anconeus

J [ isasmall muscle

.' { running from

|\ thelateral epicondyle

’ \ of the humerus to
the superior ulna.

Action: extends the e bow;
playsasmall roleasan
abductor during pronation
of the ulna (see p. 149)

Innervation:
radid nerve
(C7-C8)

Innervation:
radid nerve
(C7-CB)
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Pronation/supination of elbow and forearm

These movements involve changes in the elbow joint
and in the relationship between the radius and ulna.

[Mugtrations show

the two movements
with the dbow flexed.]
\
_'—'_-—_-—_,
In pronation,

the radius crosses over the ulna
such that the palm faces posteriorly
and the thumb faces inward.

In supination,
the radius and ulna
become parallel such that
the palm faces anteriorly
and the thumb faces outward.

If the elbow is fully extended,
it is easy to confuse pronation
with medial rotation

of the shoulder joint...

.. .and supination with
lateral rotation of the shoulder.

For this reason, it is best to study
these movements with the elbow flexed.
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Pronation and supination are possible because of the interplay
of articular surfaces and ligaments at the proximal and distal ends of the forearm.

At the proximal end, aswe
have seen, the ulnahas a

concave radial notch located

lateral to the coronoid process.

The annular (or
transverse carpal)
ligament attaches
at the front and
back of this notch.

Atits base, thisring-like
structure is reinforced

The notch and

ligament are ,

both lined 7 bythequadrate
with synovial [/ ligament con-
membrane, A necting the radial
and form / notch of the ulna to
aringlike 'l the neck of the radius.
structure Below the radial head is
arognd the an areathat articulates
radial head.

with the capitulum of

the humerus. Thiswas
described in the section
on elbow extension and flexion (p. 141).
It allows the radial head to turn under the
capitulum during pronation and supination.

This ring alows easy rotation of the radial head during
pronation, with alittle bit of "give" in the ligamentous
part of the ring. This serves as a brake for extreme

movements.

The ring is somewhat funnel-shaped
(wider at the top than the bottom),
which helps resist downward
movement of the radius when the
forearm is supporting a heavy weight.
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At the distal end, the two bones of the forearm have severa surfaces.

The ulnar notch is
located where the
medial edge of the
radius bifurcates.

ulnar notch

styloid

P rocess

The distal radioulnar joint consists of the convex ulnar head fitting
into the concave ulnar notch of the radius. This facilitates rotation
of the base of the radius around the head of the ulna.

There is another mobile connection between ulna and radius:
the articular disc. This structure runs from the
styloid process of the ulna to the ulnar notch of the radius.
Its anterior and posterior edges are thick,
which gives it aconcave shape.
Both surfaces are covered by cartilage.

This disc is both an articular surface
(with the inferior surface of the ulnar
head and therefore with the wrist)
ulna and a connecting structure.

Like awindow wiper, it sweeps
articular disc the ulnar surface during pronation
and supination.

During pronation, the posterior portion of the disc becomes taut;
during supination, the anterior portion becomes taut.

L The interosseous membrane,
; ;\ which connects the shafts of the radius and ulna,
\ has diagonal fibers oriented in both directions.

This membrane is very sturdy
and consists of two layers:

« oblique middlefibersinferomedially
« oblique superior fibers superomedially.

This membrane is relaxed in pronation
and taut in supination, and thus acts
as abrake on supination. It aso prevents
longitudinal displacement of the two bones,
e.g., when carrying a heavy object.
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How shape of bones affects pronation/supination

Pronation involves a conical movement of the radius around the ulna. The proximal end of the
radius pivots on itsdf, but with a dlight "give" due to the suppleness of the annular ligament. Its
distal end glides anteromedially around the head of the ulna.

For the ulna, there are two slightly different types of pronation:

In thefirst (e.g., turning akey),

the axis for movement

of the hand passes through the

middle finger, and the ulna

moves slightly in conjunction i
with the radius. Anconeusis

involved in this movement.

In the second (e.g., flipping

the page of a book), the axis

of the hand passes through

the fifth finger, and the ulna
! remainsfixed.

The ulna This curvature If both bones were
and radius, allows the radius straight, they would
in anatomical to cross over contact each other
position, are the ulna during too soon and normal
both concave pronation. pronation would be
anteriorly. impossible.

Fractures or other injuries can alter these curvatures and thereby interfere with pronation.
Thisis a point of concern in certain disciplines (e.g., martial arts)
involving unusual stresses on the forearm.
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Pronators are attached to three bones |,

Humerus:

pronator teres

brachioradialis Pronator teresarises

from two fasciae on
the medial epicondyle
of the humerus and
coronoid process of the ulna,
and inserts on the midlateral
surface of the radius.

Radius;

pronator teres
pronator quadratus
brachioradialis

Action:
the mgjor pronator of the forearm,
and assigts in flexion of the elbow

Innervation: median nerve (C6-C7)

Ulna:
Pronator quadratus

is asquare-shaped muscle
running between the

anterior surfaces of the
distal ulnaand radius.

pronator teres
pronator
quadratus

Action:
pulls the radius
across the ulna
in pronation

Innervation:
anterior

interosseous
nave

(C8-T1)

Brachioradialis
is described on page 146.
Although primarily
an elbow flexor, it can assst
in theinitial stage of pronation
from a supinated position.
Conversdly, it can dso assist in theinitial
stage of supination from a pronated position!
In other words, it tends to move the radius
to aposition intermediate between
complete supination and complete pronation.
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Supinators are attached to four bones

Humerus:
biceps brachii supinator

brachioradialis

Ulna:

supinator

W Radius:

bi ceps brachii
brachioradiais

f supinator

\ Bicegps brachii (seep. 147)

is the most powerful supinator.
It acts by "unfurling”
the proximal part of the radius.

Brachioradialis (see p. 146)
acts as a supinator only

g / B when it is in a pronated position.
W) In this case, it moves the forearm

into position hafway
between pronation and supination.
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Supinator hastwo layers,
a deep one (shown at |€ft)
and a superficia one (below right)
These layers originate from
the superolateral part
of the ulna and l‘
the lateral epicondyle
of the humerus, respectively.

/"' \
= )i = “ / This muscle wraps f J
5 \ " ‘ around the radius, w
LS == [ inserting between
=3 1__::_?*’-\ | the neck (deep fibers) h
== 1 L ! ‘ﬂ \\ A \
111‘ ‘ | / "\\\\ \

4/
...and the lateral side //// SN
i £ ;oo
of the bone / / = ;\ J /N 3“

(superficia fibers).

e
___,-——"_;

Action: supinates
the forearm

Innervation: deegp radid
nerve (C5-C6)
The radius can be

visualized ashaving
a "supinating curve
(with biceps brachii
and supinator
inserting

near the top),

...and a "pronating curve" \ l\
(with pronator teres &\
inserting

near the top).

By alternately contracting,
these muscles turn the radius
like acrank.



CHAPTER FIVE

TheWrist & Hand

The hand, located at the extremity of the upper body, is a very versatile tool.

This is due to the enormous mobility of the fingers, which are equipped with a complex
system of tendons—witness the hands of a pianist, for example.

The other factor contributing to the hand's versatility is the arrangement of the thumb
vis-a-vis the fingers. The opposable thumbs makes it possible to grasp objects and to
accomplish many different tasks, ranging from fine precision (threading a needle) to great
strength (lifting a heavy object, pulling on a partner).

The hand is linked to the forearm via the carpal bones, which form the area of the

wrist. In this chapter, we will describe the wrist and hand together since they share many
muscl es.

Because the thumb plays such a major role in the bone and muscle structure of the hand,
it will be dealt with separately at the end of the chapter.
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Landmarks

[ANTERIOR (PALMAR) VIEW]

radial styloid

process

v // 3
E thenar .
w wrist crease (flexion)
s}

interphalangeal \ ==, ulnar styloid process
creases (flexion) 7 - ), e

A\ : ¥
7 N> d / hypothenar eminence**
/ A = )
A 7/ palmar depression
metacarpophalangeal crease

*formed by the intrinsic muscles of the thumb

**formed by the intrinsic muscles of the little finger

[ POSTERIOR (DORSAL) VIEW ]

wrist crease (extension)

/ extensor tendons

o 3 metacarpophalangeal
. ‘ ; Joints (knuckles)

interphalangeal

creases (extension)
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Bones

The skeleton of the hand, shown here with the palm facing forward,
consists of three bony areas:

At the top are the carpal bones, consisting of eight small bones.
The carpals are arranged in two rows of four bones each.

The first row connects

with the bones of the forearm.

The second row connects
with the metacarpal region,
which consists of fivelong bones
or metacar pals, which flare out
and form the skeleton
of the palm.

Each metacarpal connects
with phalanges.
The thumb has two,
the other fingers three.
The phalanges
make up
the skeleton
of the fingers.

The metacarpals and phalanges

flare out like a fan.
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Movements of the wrist

In flexion of the wrist,
the palm moves closer
to the anterior surface
of the forearm.

The fingers tend to stretch You can fed this tightening
during this movement, on the back of the hand
due to tightening when flexing the fingers,

of the extensor tendons.

In extension ' [

of the wrist, ,

the posterior surfaces ’
of the hand

and forearm

move closer

together. In this case,

the fingers tend to flex,
due to tightening
of the flexor tendons.

You can feel these
tendons on the palm
when extending

the fingers.

Flexion and extension of the wrist
have roughly the same range of motion.
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\

In adduction

(or ulnar deviation),

the angle formed

by the medial borders

of the hand and forearm
decreases,
i.e., thelittlefinger moves
closer to the ulna.

In abduction
(or radial deviation),

the angle formed

by the lateral borders

of the hand and forearm
decreases,

i.e., the thumb moves
closer to the radius.

The range of motion for adduction
is greater than that of abduction.

The wrist and hand usually
move in an oblique direction.

Because of the muscles involved, ...whereas abduction tends

adduction tends to be combined to occur together with extension.

withflexion...

[Movements of thefingers are described on p. 169.]
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Carpal bones

The wrist, which is only 3cm in height and 5cm in width,
consists of two rows, each containing four bones.

[ RIGHT HAND, PALMAR VIEW ]

lunate

At the top, the .
i triquetrum
"radiocarpal” row

articulates with

g

the forearm. P"“ﬁ"m
€
trapezium
\ . At the bottom,
:Cap s the "metacarpal”
N i
\\\\\“Y 7 row articulates
with the
trapezoid Q metacarpals.
The scaphoid  The lunate The triquetrum The pisiform is a small round
articulates articulates articulates superiorly bone which sits on the anterior

superiorly with  superiorly with with the articular disc.
the radius and

articular disc

surface of the triquetrum.

the radius and Inferiorly, it con- It does not articulate with the

inferiorly with tacts the hamate forearm nor with the hamate,

the trapezium and inferiorly and capitate. but does serve for attachment

and trapezoid. with the capitate. of some ligaments.

The trapezium The trapezoid The capitate is the The hamate has a prominent

has a sharp is the most largest carpal and has  anterior projection called

anterior crest. symmetrical of an anterior tubercle. the "hook." The inferior

It joins the carpal bones, It articulates primarily  surface of the hamate has

metacarpal 1. being shaped like  with metacarpal 11l two facets oriented in

a pyramid with
the top cut off.

It articulates with
metacarpal Il.

and has two facets on
the inferior corners
which contact meta-
carpals Il and IV.

different directions which
articulate with metacarpals
IV and V.
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The wrist consists of small bones
which articulate with each other laterally.
All the surfaces are covered by cartilage.

There are many small ligaments
binding the carpals to one another
and to the metacarpals.

Carpal arch

There are eight carpal bones.
Together, the carpals form
an anteriorly-concave

arch.
The sides of the arch

consist laterally

of the scaphoid ...and
and trapezium, medially of the
triquetrum,
pisiform,
and hamate.

Because of the annular (or transverse carpal)
ligament which runs anterior to the carpus,
this concave space is transformed

into a tunnel, the carpal tunnel.

The small intrinsic muscles of the hand and
palmaris longus attach above this ligament.

The tendons of the long muscles
of the hand pass below it.

Superiorly, the scaphoid, lunate, and
triquetrum present a large convex surface
which articulates with the smaller concave
surface presented by the distal radius and

articular disc to form an ellipsoid joint.

The posterior surface is convex
and the bones are bound together here,
like on the anterior surface, by many ligaments.
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Articular surfaces of wrist joint

The wrist is an articular region
consisting of many bones
arranged in two rows:

At the top, the radius and the articular
disc (forming the articular radiocarpal
surface) articulate with the proximal
row of carpal bones (except
the pisiform). Thisiscalled
the radiocarpal joint.

* Below, this proximal

row articulates with the

second row of carpal
bones. Thisis called
the midcarpal joint.

The articular disc maintains
the wrist structure during
pronation and supination.

If the wrist were to directly
articulate with the two bones
of the forearm, it would
fold on itself during pronation.

Through the articular disc, the
wrist forms a quasi-continuous

forearm is pronated or supinated.
During both movements, it "wipes"
the ulnar head like awindshield wiper.

Midcarpal joint

The midcarpal joint consists
of the inferior surfaces

of the scaphoid, lunate,

and triquetrum proximally,
and the superior surfaces

of trapezium, trapezoid,
capitate, and hamate
distally.

surface with the radius, whether the

Radiocarpal joint

The surface of the radiocarpal
articulation has a concave oval shape,
whose posterior edge is slightly lower
than the anterior edge.

Laterally, it consists of the inferior
surface of the radius, and medially
of the inferior surface of the

articular disc, covered by cartilage.

The superior surfaces of the
scaphoid and lunate bones,
considered together, are
the carpal condyle, which
articulates with the radius.
These surfaces are covered
with cartilage.

The space between the two rows
has the shape of the letter S,
where we can distinguish two parts:

¢ an internal part, which consists
of a concave and a convex surface

¢ an external part, which consists
of two flat surfaces superiorly
and inferiorly.
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Joint capaules

The radiocarpal joint is surrounded by a capsule,
which is attached to the joint circumference.

It is very loose from front to back, but taut laterally.
It islined by a synovial membrane.

There is an articular capsule at each midcarpal joint.
The capsules are more or less joined to each other

and the synovial membrane is continuous (not shown).

Ligaments

The radiocarpal joints have many small ligaments,
which can be subdivided into three groups:

e anterior ligaments
run from the anterior surface of the distal radius
to the carpal bones

[ FRONT VIEW ]

¢ |lateral ligaments
run from the styloid processes of the radius and ulna
to the carpal bones

e posterior ligaments
run from the posterior surface of the distal radius
and the articular disc

to the carpal bones.

The ligaments at the midcarpal joints
connect neighboring bones.
They are reinforced by bundles of ligaments

[ BACK VIEW ]

from the radiocarpal joint.
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Movements of the wrist

The movements of the wrist involve two rows of joints.

Wrist flexion
is primarily a function
of the radiocarpal joint.

Extension involves the midcarpal joint to a greater extent,
since the posterior border of the distal radius
limits extension at the radiocarpal joint.

In abduction, the scaphoid moves closer to the radius.
This movement is limited by the radial styloid.
Medially, the proximal and distal rows of carpals
move apart.

The proximal carpal row
goes into flexion-pronation...

...while the distal row
/ et goes into extension-supination.

In adduction, the triquetrum
\ moves closer to the ulna,
| while the scaphoid
moves away from the radius.

Movement is less restricted here because
the ulnar styloid is not as prominent
as the radial styloid.

The lateral carpals move apart during adduction.
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Metacarpals and phalanges

There are five bony structures which consist of one metacarpal
and several phalanges each (the thumb has two phalanges, /////’

— -

the other fingers have three each). — e

Each of these bones
consists of three parts:

base (proximal)

The bony structures studied here are those of fingers 2 through 5.
The structure of the thumb is studied on page 183.

head (distal) The metacarpals
The base of each metacarpal The shaft is roughly triangular,
is roughly quadrangular, with three surfaces and three sides.
with facets for
articulation dorsal surface

with a carpal two lateral sides

and the

adjacent The head has one cartilaginous
metacarpals. two ldrrral palmar articulating surface, which is rounded

surfaces side from front to back and laterally.
On each side, there is a small tubercle.

; )

The

phalanges | |

The proximal phalanx The base of the middle  The base of the distal

~~

of each finger has a phalanx is concave but phalanx is identical
concavely rounded base with a median crest to to the base of the
for articulation match the shape of the second phalanx. Its
with the metacarpal, head of the proximal palmar head has a

and a pulley-shaped head. phalanx. The head has protuberance for the
the same surface as the finger tip area.
proximal phalanx.
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Carpometacar pal joints trapezoid capitate hamate

(without thumb) ‘
Th thejoints .\ ‘ \
ese are the joints = _ ‘J gi ; A "

between the distal row ‘
I V
I IV

The articular surfaces are straight.
They allow slight sliding/gliding
and flexion/extension movements. I

of carpals and the metacarpals. XN

A :

The range of these movements
increasesprogressively S
from metacarpal Il through V. AN

I

As aresult of the anterior curvature
of the carpals,

the plane of carpometacarpal joints
IV and V is oblique

to that of joints Il and Il1I.

Thus, metacarpals IV and V can flex,
which moves them toward the thumb.
It is the carpometacarpal movements

as awhole
which bring about

the anterior depression
of the hand.

This depression
is made complete
by the opposition of the thumb.
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M etacar pophalangeal joints
Range of passive extension
is greater than that
of active extension.

[The third finger serves as the example here.]

These are essentially hingejoints,
allowing:

flexion/

extension

The joint capsule is slack at the front and back,

taut at the sides, and reinforced on the palmar surface

by the palmar ligament, a dense band of fibrocartilaginous
abduction/
adduction.. and forms a hinge there.

w When the joint is extended, $
the ligament stretches

and rotation.

tissue. This ligament attaches to the edge of the phalanx

over the surface of the phalangeal base

= When the joint is flexed,
it folds due to its hinge-like
structure and the folds =
of the capsule.

The capsule is reinforced by collateral ligaments which run from

the tubercle of the metacarpal head to the lateral sides of the base

of the phalanx. Since they originate from the dorsal side of the metacarpal head,
which is somewhat narrower than the palmar side,

these ligaments are slack in extension and taut in flexion.

Consequently, movements of abduction/adduction and rotation
are impossible when the joint is in full flexion.

When the metacarpophalangeal joints are in
extension or slight flexion, passive abduction/
adduction and rotation allow the hand to
adapt itself to grasp avariety of shapes.

When these joints are in a more flexed
position, they become less flexible but
also more stable, which is helpful for

feats requiring strength or force.

The collateral ligaments expand like
a fan toward the palmar ligament.
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Interphalangeal joints

The articular surfaces of these joints can be compared
to a convex double-track, which articul ates

with a concave double-track. They allow for

anterior and posterior movements (in the sagittal plane).

The capsule and ligaments are arranged similarly
to the metacarpophalangeal joints.

Flexion is possible between
the proximal and middle phalanx...

.. .but extension is usually
limited to 180°.

Between the middle and distal
phalanx, flexion is possible;

extension is also possible,
but usually
within alimited range.




Musdes of the wrist and hand
' with their many bony attachments

flexor

extensor
” extensor

\ flexor

) \ \ flexor

0 abductor policis

Ulna:

flexor digitorum  profundus
flexor  digitorum  superficialis
flexor policis  longus
flexor carpi ulnaris
abductor pollicis  longus
extensor pollicis  longus
extensor pollicis  brevis
extensor  indicis
extensor carpi ulnaris
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Humerus.

palmaris longus
flexor carpi radialis
! flexor carpi ulnaris

digitorum  superficialis

extensor carpi radialis longus
extensor carpi radialis brevis

digitorum
digiti  minimi

extensor carpi ulnaris

Radius

digitorum  superficialis
policis  longus

longus

Carpal and
metacar pal joints:

palmaris longus
flexor carpi radialis
flexor carpi ulnaris

extensor carpi radialis longus
extensor carpi radialis brevis

extensor carpi ulnaris

abductor pollicis  longus

In addition, there are muscles

that only attach to the bones of the hand,

the intrinsic muscles of the hand. The muscles that move
the thumb and form the mound on the palm at the base of the thumb

are called the thenar eminence. The muscles that move the little finger and form

a fleshy eminence on the palm along the ulnar margin are called hypothenar eminence

There are also intrinsic muscles located between the metacarpals,

caled the interosseous and

lumbrical muscles.

Muscles that directly move the wrist are shown in regular type.
Muscles that move the fingers and indirectly the wrist are shown in italic.

Phalanges.

flexor digitorum  profundus
flexor  digitorum  superficialis
flexor policis longus

extensor pollicis  longus
extensor pollicis  brevis
extensor digitorum
extensor  indicis
extensor  digiti  minimi
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Flexors of the wrist

There are three flexor muscles located

at the anterior surface of the forearm.
They originate at the medial epicondyle
of the humerus and insert
into the wrist.

Flexor carpi ulnaris

runs from the common flexor origin

at the medial epicondyle of the humerus
and descends along the medial ulna

and styloid process,

inserting on the pisiform,

and also the hamate.

Actions: flexes and adducts the wrist;
plays avery minor role

in assisting flexion of the elbow f
fi7

Innervation: ulnar nerve (C7-C8)
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Palmaris longus

arises from the common flexor origin
at the medial epicondyle of the humerus
and inserts on the flexor retinaculum
and palmar aponeurosis.

Actions. flexes the wrist
and assists weakly in elbow flexion

Innervation: median nerve (C7- C8)

palmaris longus

flexor carpi radialis

Flexor carpi radialis
arises from the common flexor origin

at the medial epicondyle of the humerus
and then runs down the forearm.

Its tendon runs through
| \ l the carpal tunnel and inserts
v\ on the bases of metacarpals Il and IlI.
o)

\ Actions: flexesand abducts the wrist,
‘\f acting on both the radiocarpal
and midcarpal joints;
assistsweakly
in elbow flexion and pronation

w7

4,

Innervation: median nerve (C6-C7)
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Extensors of the wrist
Radialismusdes

These two muscles pass lateral to the radius, through a fibrous sheath at the level of the wrist,
and end on the posterior side of the hand.

Extensor carpi radialis longus
originates from the lateral epicondyle (common extensor origin)
and supracondylar ridge of the humerus.
Its tendon passes under the extensor retinaculum
and inserts on the posterior base of metacarpal II.

Extensor carpi radialis brevis

arises from the common extensor
origin and inserts on the posterior
base of metacarpal IlI.

Actions. extends the wrist;
participates in elbow flexion

Innervation;
radial nerve (C7-C8)

Actions. extends the wrist,
abducts the hand

(radial deviation);
participates in

elbow flexion

Innervation;
radial nerve (C6-C7)
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Extensor carpi ulnaris

originates from the common extensor origin
and the posterior border of the ulna,
passes under the extensor retinaculum,
and inserts on the posterior base of metacarpal V.

Actions; extends

and adducts the wrist;
participatesweakly

in elbow extension

I nnervation:
radial nerve (C7-C8)
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Extrinsic flexors of the fingers

These are two muscles whose mass is arranged on top of each other
on the anterior surface of the forearm and whose tendons end on the phalanges.

Flexor digitorum profundus
has a broad origin on the anterior and medial ulna,

and the medial half of the interosseous membrane

which connects the ulna and radius.
It splits into four tendons which pass through the carpal tunnel

and insert on the distal phalanges of fingers |l through V.

At the level of the metacarpals,
these tendons attach to the lumbrical muscles.

Actions: flexes the third phalanx
toward the second

and participates
in flexion of the other two phalanges

RS

Innervation: median
and ulnar nerves (C7-T1)

Once at the level
of the middle phalanx,
a tendon passes through a notch
formed when the tendon
of the flexor digitorum superficialis

splits in two.
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Flexor digitorum superficialis

has two heads:

one from the common flexor origin
and the coronoid process of the ulna;
the other from the anterior surface
of the radius.

The muscle splits into four tendons
which pass

through the carpal tunnel
(superficial to the tendons

of flexor digitorum profundus,
of course), splitinto "Y" shapes
(to accommodate passage
of other flexor tendons),
and inserts bilaterally

on the middle phalanges
of fingers Il through V.

Actions: flexes the

second phalanx toward
the first, and, due to the

fibrous sheath, flexes

the first phalanx on the
metacarpals. It assists
in flexion of the wrist,
and plays aweak role

in elbow flexion.

Innervation: median
nerve (C7-T1)

Side view of afinger, showing
the tendons of the flexor muscles

Action of flexor digitorum profundus

Action of flexor digitorum superficialis
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Extrinsic extensors of the fingers

These three muscles are located on the posterior side of the forearm.
Their tendons insert on the posterior side of the hand.

Extensor digitorum

arises from the common extensor origin,
passes down the back of the forearm,
and splits into four tendons.

Each tendon in turn splits into three bands,
of which the central band

inserts on the posterior base

of the proximal

and middle phalanges...

...while the two lateral bands

distal phalanx.

Actions: together with the lumbricals

and interosseous muscles, it assists
in extension of the interphalangeal joints

Innervation: radial nerve (C6-C8)

reunite at the base of the
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Extensor indicis

arises from the posterior ulna and interosseous membrane,
below the origin of extensor pollicis longus.

Its tendon joins that of extensor digitorum
leading to the index finger.

Action: reinforces the action
of extensor digitorum
on the level of the index finger

Innervation:
radial nerve
(C6-C8)

Extensor digiti minimi
originates from the
common extensor origin,
and its tendon joins that
of extensor digitorum
leading to the little finger.

Action: reinforces the action
of extensor digitorum
on the level of the little finger

\ Innervation:

radial nerve (C6-C8)
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Intrinsic muscles that move the fingers

The intrinsic muscles of the hand are those that attach solely to the bones of the hand.

The interossei

are small muscles

originating from the metacarpals.
They occupy the spaces

between the metacarpals.

There are four dorsal interossei
originating close to the back of the hand.

.. .and three palmar
interossei originating
closer to the palm
of the hand.

Their major tendon
consists of two parts:
- one inserts on the base
of the proximal phalanx (the lateral tubercle)
- another consists of three fibers:
« thefirst skirts the phalanx and joins the identical fibers
on the adjacent interosseous

 the second and third insert on the edges of the extensor digitorum tendon
at the level of the proximal and middle phalanges.
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Actions: the dorsal interossei abduct
and the palmar interossei adduct
the fingers

Acting together bilaterally, the first part of the tendon and the first fiber of
the second part flex the proximal phalanx. The two fibers that insert on the
extensor tendon pull on the proximal phalanx and extend the middle phalanx
toward the proximal, and the distal phalanx toward the middle.

The four lumbricals
| originate from the tendons
. b of flexor digitorum profundus,

;4 \ [ g N%\\\\ and insert on the tendons of extensor digitorum.
% \
[

AN

Actions: collectively, the lumbricals flex
the metacarpophal angeal joints
and extend the interphalangeal joints

Innervation: ulnar nerve (C8-T1)
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Intrinsic muscles of 5 th finger

The bodies of the hypothenar muscles provide the bulk of the hypothenar eminence
on the medial side of the palm.

Opponens digiti minimi originates from the flexor
retinaculum and hamate hook, and inserts on
the medial surface of metacarpal V.

Action: helps move the little finger
toward the thumb (for grasping)
and create the curvature of the palm

Innervation: ulnar nerve (C8-T1)

abductor digiti minimi
[lexor digiti minimi
Flexor digiti minimi

has the same origin as opponens,
and inserts on the base

of the proximal phalanx

of finger V.

Abductor digiti minimi
arises from the pisiform
and flexor retinaculum,
and inserts
in the same place
asflexor digiti minimi.

Action: flexes

thelittle finger

flexion

Actions: abducts
the little finger,
andflexes

its proximal phalanx

Innervation: ulnar nerve (C8-T1) Innervation: ulnar nerve (C8-T1)



CARPOMETACARPAL ARTICULATION OF THUMB 183

Carpometacarpal articulation of thumb

The inferior surface
of the trapezium is:

- concave across
- convex from
front to back.

The superior

surface Together, the two structures

of metacarpal 1, form a saddle joint...

which articul ates

withit, is:

- concave from
front to back

- convex across.

\ .. .which allows the thumb to move
through the three planes of movement
described on pages 8-10.

Thus, the thumb can be moved

to oppose the other fingers,

allowing grasping
and manipulation
of objects.

Additionally,
the thumb

has the same mobility
in its metacarpophal angeal
and interphalangeal joints as the other fingers.
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Thumb

The thumb has a specific orientation
vis-a-vis the rest of the hand:
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e the first metacarpal

is positioned at a 20° angle
to the second metacarpal
and placed at a40° angle
anteriorly.

Thus, in a hand at rest, the thumb faces
the other fingers at a right angle.
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Movements of the thumb (i.e., metacarpal 1)
must be defined differently
from those of the other fingers.

In extension,
the metacarpal moves posterolaterally,
whilein flexion

it moves anteromedially, closer to the palm.
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Thumb joints

M etacar pophalangeal joint | differs from Il through V
in a few respects:

* Itis more massive.
¢ The capsule is not as taut and allows some axial rotation.

¢ Two small sesamoid bones are embedded in the palmar fascia,
and serve for tendon attachment.

The interphalangeal joint is similar to those of fingers|l through V,
except for being more massive.
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Extrinsic muscles of the thumb

Flexor pollicis longus
originates from the anterior radius.
Its tendon passes through the carpal tunnel
and inserts on the base of the distal phalanx of the thumb.

Actions: flexion of interphalangeal joint I,
metacarpophalangeal joint I,
and carpometacarpal joint I;
assists in flexion of the wrist and abduction
(radial deviation)

Innervation: anterior interosseous
nerve (C7-C8)

Abductor pollicis longus
arises from the posterior surfaces
of the ulna, radius,

and interosseous ligament,
inferior to supinator.

The tendon passes

under the extensor retinaculum
and inserts on the lateral base
of metacarpal |.

Actions: anteromedial movement
of the thumb; also
assists in flexion of the wrist
and abduction (radial deviation)

Innervation: radial nerve (C7-C8)
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Extensor pollicis brevis
originates inferior to abductor pollicis longus.
The tendon inserts on the base of the proximal phalanx of the thumb.

Actions: extension

of metacarpophalangeal and
carpometacarpal joints of thumb;

assists in abduction of thumb

Innervation: radial nerve (C7-T1)

Extensor pollicis longus

arises on the posterior ulna and interosseous membrane,
inferior to extensor pollicis brevis.

It inserts on the base of the distal phalanx of the thumb.

Actions. same as extensor
pollicis brevis, but also extends
the interphalangeal joint of the thumb
Iy (the only muscle that can do this)

Innervation: radial nerve (C7-C8)

When the thumb is fully extended, a depression known
as the "anatomical snuffbox" can be seen
at the posterior base of the thumb.

It is bordered laterally by the
tendons of abductor pollicis longus
and extensor pollicis brevis,

and medially by the tendon of extensor pollicis longus.
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Intrinsic muscles of the thumb

5‘“ Adductor pollicis has two fibers:

-1 % « Adductor pollicis obliquus arises from
A the trapezoid and capitate bones.

« Adductor pollicis transversus arises from
the 2nd and 3rd metacarpals
and the corresponding metacarpophalangeal joint.

e The two fibers insert on the medial base
of the proximal phalanx of the thumb,
(), and the medial sesamoid bone

located at metacarpophalangeal joint I.

Actions. moves
the 2nd metacarpal
toward the 1st;

alsoflexes //“,h /

the metacarpophalangeal joint \/'( .4
A/ .

Innervation: ulnar nerve (C8-T1)

Flexor pollicis brevis consists
\ of two layers:
. * adeep layer, which arises from the trapezoid

and capitate
« asuperficial layer, which arises from the trapezium

CJ

g

and the flexor retinaculum.

The two layers merge into one tendon,
which inserts on the lateral base
of the proximal phalanx of the thumb,
and the lateral sesamoid bone located
at metacarpophalangeal joint I.

Actions: moves the metacarpals anteromedially
and in medial rotation,
and flexesthe proximal phalanx of the thumb

Innervation: median and ulnar nerves (C8-T1)
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Opponens pollicis
arises from the crest of the trapezium
and the flexor retinaculum
on the anterior medial surface of the first metacarpal.
It inserts on the lateral shaft of metacarpal |I.

Actions: anteromedial movement
of the first metacarpal,

causing

a strong medial rotation;
important in grasping movements

Innervation
median nerve (C6-C7)

Abductor pollicis brevis
arises from the flexor retinaculum, scaphoid, and trapezium,
and inserts on the lateral base
of the proximal phalanx of the thumb
next to flexor pollicis brevis.

Actions:

pulls the metacarpal anteriorly
andflexes

the metacarpophalangeal joint

I nnervation:
median nerve (C8-T1)



CHAPTER SIX

The Hip & Knee

The hip is the proximal joint of the lower limbs and connects the femur to the pelvis. It
is surrounded by thick muscles, and therefore difficult to pal pate or localize.

The stability and powerful musculature of thisjoint are essential for standing and walking.
Many physical disciplines require good range of motion (ROM) at the hip. Restrictions
in ROM here are common, and typically affect nearby structures such as the lower back,
knee, and foot joints. To work with the hip, we therefore need to understand this joint in
order to more easily isolate its movements.

The knee, an intermediate joint on the lower limb, is primarily capable of flexion and
extension. Its mobility allows it to vary the distance between the foot and the trunk to
a large degree. Its stability is not due to bone structure, which is rather weak, but rather
to the arrangement of ligaments and muscles. The knee receives considerable stress, both
from above (body weight) and below (impact of the foot on the ground, footwear).

This chapter looks at the hip and knee together, because these two joints have many
muscles in common.
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Landmarks

[ ANTERIOR VIEW ]

iliac crest

inguinal crease

pubis

vastus lateralis

vastus medialis

patella (kneecap)
patellar tendon

intercondylar
eminence of [ SIDE VIEW ]
tibia

anterior tibial

crest (shin) iliac crest

- anterior superior
gluteus medius iliac spine
gluteus
maximus greater trochan-

ter of femur

tensor fasciae
latae

tendon of biceps femoris X patella




[ POSTERIOR VIEW ]

gluteus maximus

fascia lata
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sacral dimples

intergluteal crease

subgluteal crease

long head of
biceps femoris
(hamstring
muscles)

head of fibula

gastrocnemius |

semitendinosus

popliteal fossa

Achilles tendon
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M ovements of hip

The shape of its articulations (see p. 201-202)

allows the hip joint to be moved in many different directions.
For ease of study, the movements of the hip are described
with respect to the planes they intersect (see p. 8-10).

We assume first that the pelvisis fixed
and the femur is moving.

Flexion is the movement in which the
angle between the anterior surfaces of
the thigh and the trunk decreases.
ROM for hip flexion is greater

when the knee is also flexed.

ROM for passive flexion is greater
than for active flexion
since the flexing muscles are relaxed

and can be compressed.

When the knee is extended,

hip flexion is restricted

by the limits of elasticity

of the hamstring muscles (see p. 242).

Hip flexion is often associated
with extension of the pelvis.
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In extension of
the hip, the angle

ROM for extension is limited compared to that for flexion,
and this movement is often confused with or increased
between the pos- by lumbar lordosis (see p. 35).
terior surfaces of
the thigh and the

trunk decreases.

In the "grande arabesque,”
extension is combined with
lateral rotation of the hip.

Also, flexion and rotation

of the pelvis (see p. 198)

on the opposite side can give
an impression of extension.

ROM for hip extension is greater
when the knee is extended,
but is reduced
when the knee is flexed,
because of the limits of elasticity
of the rectus femoris muscle
(seep. 240).

In adduction of the hip, the thigh
moves toward or past the median

.. .or extension, with the other leg
slightly displaced accordingly,
plane. It can be combined with so that the two legs can move

slight flexion (as shown here)... past each other.
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In abduction of the hip, the thigh
moves away from the median plane,
and the angle between the lateral
surfaces of the thigh and the trunk
decreases.

When the femur is
in neutral or medial rotation,
abduction is limited
to about 40°...

...because of

contact between
the superior
femoral neck
and the upper edge
of the acetabulum (right).

However, with the femur
in lateral rotation...

.. .the inferior aspect of the neck faces the edge
of the socket, and ROM for abduction is greater.
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In medial rotation of the hip, the femur rotates on its own long axis, and the toes of the foot
(or an imaginary spot on the front of the thigh) move closer to the median plane.

Medial rotation should not be confused with rotation
of the knee (see p. 210) or the foot (p. 261).

Good
ROM
for medial hip
rotation is needed to

assume the position shown at
left without forcing lateral rotation at the knee joint.

In lateral rotation of the hip, the toes
(or a spot on the front of the thigh)
move away from the median plane.

Good ROM for lateral ...or for assuming When the hip is flexed,
rotation is needed the "lotus position" ROM for lateral rotation
for the "en dehors" without stressing is greater because theilio-
position of ballet... the knee and anklejoints. femoral ligament is slack.

Most often, the hip movements described here
combine several directions in one movement, e.g.,
abduction + lateral rotation, or flexion + abduction
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Let us now consider the possible movements of the pelvis at the hip joint, assuming that the
femur isfixed. We will focus on the anterior superior iliac spine (ASIS) as a reference point.

It can move forward
(flexion of the pelvis),
which tends to increase
lordosis of the lumbar spine.

The ASIS can move backward
(extension of the pelvis),
which decreases lumbar lordosis.

It can move inferolaterally
(lateral flexion)...
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... or superomedially
(medial flexion).

When done
in an upright position,

these two movements
are associated
with sidebending
of the lumbar spine.

Note that in these

two illustrations,

you can observe the
movement of the pelvis
on the supported hip
and not on the
unsupported hip.

Finally, the ASIS can undergo limited
medial rotation of the pelvis...

or lateral rotation
of the pelvis.
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Femur
head The greater trochanter
hasfive surfaces:
greater  trochanter anterior, lateral,

posterior, medial,
and superior.

The femur is the longest and heaviest bone Many deep thigh
in the human body. At the superior end muscles attach to the
is the head, which has a smooth, spherical surface. greater trochanter.
The neck isjust distal to the head.
Thegreater trochanter andlesser trochanter
are roughened projections
serving for muscle attachment.

The shaft, as in most long bones, is roughly triangular in cross section.

The distal end (epiphysis)
of the femur is greatly

expanded and forms part
” ,\ \\ of the knee joint.

medial Viewed from
epicondyle the side, the
shaft of the
lateral
epicondyle femur has a
slight concave
lateral patellar mediial bent toward
condyle surface condyle linea the back.

aspera |

On the posterior shaft of the
femur is a prominent double

ridge, the linea aspera, to
which nine muscles attach.
Thisridgeis bifurcated
superiorly and inferiorly.

[ POSTERIOR VIEW ]
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Hip (coxo-femoral) joint

On the lateral surface of the hip bones is the acetabulum (Latin for
"small bowl"), a deep socket formed by the junction of the ilium,
pubis, and ischium (see p. 44). It should

/\ not be confused with the

obturator foramen.

acetabulum

The articular surface of the hip
only constitutes part of the acetabulum.
It is shaped like a croissant.
Thisisthelunate surface of the acetabulum.

The deeper portion of this cavity
does not articulate with the femur.
This iswhere the ligamentum teres is located.
Anteroinferiorly, the surface is interrupted
(at the ends of the croissant).
The croissant is also sometimes cut posteriorly.

acetabular
notch
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Articular surfaces of hip

Because of the structure of the pelvis,
the acetabulum is directed

laterally, anteriorly, and inferiorly.

In cross section, we see that the upper part of the socket,
which fits against the head of the femur,
is slightly oblique rather than horizontal.

This angle varies with the individual and with age.
The more the angle deviates from horizontal,
the less stable is the joint.

The femoral head,
the articulating surface of the femur,
represents about two-thirds of a sphere
and is covered with thick cartilage
except at the fovea
where the ligamentum teres,

which connects the femoral head

to the acetabulum, is attached.
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The head of the femur sits on top of the femoral neck.

Viewed from the front,
the femoral neck is oblique
pointing superomedially.

''''' s

Viewed from the top,
it isoblique

pointing anteromedial Iy/// \“

The precise angle of the head,
as well as the length of the femoral neck,
varies with the individual and with age.

A fibrocartilaginous ring called the labrum

is attached around the rim of the acetabulum

and isreinforced by atransver se acetabular ligament
which bridges the inferior opening of the notch.

The labrum
helps hold the femoral head in place,
and increases the effective depth of the socket.
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How head of femur articulates with socket

The surfaces of the hip
(with the additional fibrocartilagenousring)
form an "encased" articular structure.

However,
in anatomical position,
the anterior femoral head
is partly exposed.

The head

fits better into the socket
when the femur
is flexed to a90° angle
relative to the trunk,

as in akneeling position.

\

Maximal contact between the articular surfaces
is attained by a combination of flexion, abduction,
and lateral rotation.

We often assume this position

spontaneously when at rest.
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=

Variations of hip

The average angle  In some individuals this angle When the angle is greater
between the fe- is smaller, acondition called than 135° (coxavalga),
moral neck and coxa vara in which the range the range of abduction
shaft is 135°. of abduction is reduced. isincreased.

Seen from above, the neck When this "anteversion" angle and maintains good
is oriented anteriorly at an is small, the head fits into the socket articular contact even
angle of 10 to 30°. well in anatomical position, in lateral rotation.

When the anteversion and the posterior Lateral rotation is more restricted in these in-
angleislarge, the an- part loses contact dividuals by contact between the neck and the
terior part of the head with the socket in lateral edge of the acetabulum. Curvature and
is more exposed in lateral rotation. length of the femoral neck also affect mobility

anatomical position,

=)

at the hip joint.

A neck that is more con and lateral rotation. With a shorter, less concave neck, both
cave, and longer, will these motions are restricted by contact
facilitate abduction... with the edge of the acetabulum.

Obviously, there are intrinsic limitations to ROM at the hip joint due to the shape of the
articulating bones, which may be greater or less in specific individuals. It is important to be
aware of this variation when teaching dance or other physical disciplines. In fact, people with
limited movement of the hip joint due to bony restrictions may injure themselves while trying

to achieve certain positions, by putting too much stress on the superior joints (lumbar spine) or
inferior joints (knee).
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Capsule and ligaments of hip joint

The capsule of the hip joint attaches firmly
all the way around the rim of the acetabulum
and at the base of the femoral neck.

It is thick and tough, and is reinforced by ligaments.

pubofemoral
ligament

iliofemoral ligament

Two ligaments are arranged anteriorly,
consisting of three fasciae
which form the shape of an N:

* superior fascia of the iliofemoral ligament

* middle fascia of the iliofemoral ligament
* fascia of pubofemoral ligament.

ischiofemoral ligament

Posteriorly,
the ischiofemoral ligament
isarranged like a spiral.
It is much weaker than the others.
Deep circular fibers
reinforce the middle of the capsule,
which give it an hourglass shape.
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During movements of the hip, the anterior ligaments display varying degrees of tightness.

The iliofemoral (both branches)
and pubofemoral ligaments
become slack

inflexion...

...and taut
in extension

/ / In abduction, In adduction,
the upper iliofemoral is slack the opposite
while the pubofemoral is taut. occurs

Theligaments
all become taut
in lateral rotation.

...and slack
in medial rotation.

In summary, flexion and medial rotation loosen the ligaments,
while extension and lateral rotation make them taut.
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M ovements of the knee

|
The knee is primarily a hinge joint. l

Flexion decreases the angle formed
by the posterior thigh and leg.

=N ROM for active flexion
= islimited
@: by contact between the bodies
> of the contracting muscles.
N\

ROM for passive flexion is greater
(i.e., the heel can touch the buttock)
since the flexor muscles are relaxed
and more easily compressed.

(The extensor muscles are

passively stretched.)

In addition, ROM for flexion is greater P
when the hip joint is flexed
and smaller when the hip is extended. Why?

Because position at the hip joint
affects the degree of tension

0 in the rectus femoris muscle
(seep. 240).
~
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Extension is an increase in the angle
between the posterior thigh and leg,
i.e., areturn from flexion
back to anatomical position.

Hyperextension,
or "genu recurvatum"
(an increase of this
anglesignificantly
beyond 180°),
isuncommon.

IS,
P
(AN
~
iz ¥
ROM of knee extension —
. . LT
is greater when X . /
the hip is extended... ’ .
%

...and limited when the hip is flexed.
)1 4 This reflects a degree of tension
in the hamstring muscles
(seep. 244).
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To describe rotation, we will assume that the femur is fixed.

N,/
\w

Inlateral rotation,
the tuberosity

, In medial rotation,
./ the tibial tuberosity

moves laterally. / movesmedially.

It is also important not to confuse knee rotation
with abduction/adduction of the foot.

This is the reason for focusing

on movement of the tibial tuberosity

(see above) rather than the foot.

Rotation can occur

to an appreciable extent

only when the knee is flexed,
and the ligaments are relaxed
(seep. 222).

If the knee is extended
and you see
the tuberosity
moving medially
or laterally,
this is rotation
not at the knee
but at the hip.

Note that these rotations occur automatically during knee flexion and extension, although ROM
is small then and involves both bones (not just the mobile tibia below the femur, as shown above).
These rotations are primarily due to the shape of the articular surfaces (see p. 223).
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The knee joint congsts of three bones

The femur articulates
with the patella,
whichiscalled
the femoropatellar joint.

The base
of the femur:

The shaft of the
femur is triangular

The femur articulates
with the tibia,
which iscalled
the femorotibial joint.

in cross section
(seep. 200).

At the bottom:
the posterior edge
The top of the femur's distal end
of the tibia; bifurcates such that its shape

the tlb_l a- we W_'” \L_\’\J in cross section changes
study it in detail to a square, which expands:

The patella does
not articulate with

on page 225. thus, the base of the femur

Here, we will just looks like the trunk of a pyramid.

take alook at the
femorotibial joint.

At the top:
The shaft the anterior edge
of the tibia of the tibia's proximal end
istriangular /3 also bifurcates and changes
in cross section. v, to an expanding square shape.
Its top looks like
an upside-down pyramid.

Thus, the two bones
are both expanded The fibers of the
alveolar (spongy)

tissue inside are

where they come together
and form a massive structure,
like the ends of two columns.
This increases their stability
and weight-bearing ability.

oriented diagonally
and vertically,

aswell as horizontally,
which increases

their strength.



212 THE HIP & KNEE

Surfaces of knee joint

Surfaces of femur

[INFEROANTERIOLATERAL VIEW]

The base of the pyramid
is a rounded articular surface,
Above and shaped roughly like a pulley.

posterior to the ) o
The anterior portion is called the |

intercondylar fossa of the femur, \‘/
which articulates with the patella.

two condylesis a
bony tuberosity.

Posteroinferiorly, the single-track
pulley becomes double-track,
and the shape of the surfaces
is like the legs of a rocking chair.

These are the medial
and lateral condyles
of the femur, which
articulate with the
The condyles are less .
. condyles of the tibia.
curved anteriorly
(good for weight-

bearing function)...

.. .and more curved posteriorly
(good for flexion movement).

Py o
/ /"f?’/fﬁ W

I

P iy

/Ty

4

Prolonged standing
with the knee

in slightly flexed position

puts stress

on the small

articular surface
Overall, the medial condyle is more curved of the condyles,
than the lateral condyle, which helps explain and can damage
the automatic rotations of the knee the cartilage.

during flexion/extension (see p. 223).
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Surfaces of tibia

The superior surface (base of the pyramid) of the tibia is called the tibial plateau.

The lateral and medial condyles of the tibia,

) ) ) [ANTEROLATERO-
protected by cartilage, are concave for articulation

_ SUPERIOR VIEW]
with the convex condyles of the femur.

The lateral surface

of the tibial plateau

has a tubercle, called
Gerdy'stubercle,

where the fascia lata inserts.

At the center of the tibial
plateau, the edges of the
condyles are raised and form
the intercondylar eminence.

Its anterior surface
has a prominence,
the anterior tibial tuberosity,
where the quadriceps muscle inserts.

You can fed this area when you kneel.

Anterior and posterior to the intercon-
dylar eminence are two hollow surfaces,

~=

which do not articulate with the femur:

posterior inter-
condylar area

-
@//
N ™

anterior inter-
The sartorius, semitendinosus, W condylar area
and rectus femoris muscles attach " f
to the upper medial shaft
of the tibia. This is also where
the tibial collateral ligament attaches,

The femorotibial articulation
looks like a double-wheel structure
The tibial condyles are fitting into a set of two tracks.
concave transversely,
but from front to back
the lateral condyle

is slightly convex while

the medial one is concave.

[POSTERIOR VIEW]
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Displacement of condyles during movement of knee

There are two mechanisms associated
with the movements

of flexion and extension of the knee:
rolling and gliding.

If they were to
glide in one spot
like aball bearing,
a single spot on the tibia

During flexion, if the
femoral condyles were
to simply roll backward,

would receive all the friction,
and the cartilage there

. would be damaged.
the femur would slip off

the tibia.

The movement of the knee
in the sagittal plane

can therefore be described
in the following way:

Inflexion, then glides... producing a combined
the femoral condyle first rolls "rolling-gliding" movement.
(15-20°) on the tibial condyle,

The opposite occurs in extenson of the knee: first gliding, then rolling.
During this movement, the lateral condyle rolls more than the medial condyle,
which leads to automatic rotation of the knee (see also p. 223).
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For the lower limb, in anatomical position, we can consider three different axes.

\'%

Thefirst The second and third axes

("mechanical are those passing through
the shafts of the femur and

tibia, which form an angle

axis") passes
through the

middle of the that is usually between
femoral head 170° and 175°.

above and the

middle of the

ankle joint below.
In anatomical

The lateral angle formed by these two
axes varies from person to person:

position, this axis

is at an angle of
about 3° from a
vertical (sagittal)
plane (shown
as"V" in the
diagram).

If you stand on one foot,

this axis moves farther It can be less .or greater
from the sagittal plane. than 180° than 180°
(genuvalgum (genu varum

or "knock knees"), or"bow-legs").
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M enisci

The menisci (singular: meniscus)
are two croissant-shaped intra-articular discs
made of fibrocartilage.

Their shallow central tips are attached
to the intercondylar eminence of the tibia,
and their thicker margins are attached

to the peripheral edges of the medial
and lateral tibial condyles.

They also have attachments

to nearby structures
such as the meniscopatellar ligaments,
medial collateral ligament,
and tendons of the popliteus
and semimembranosus muscles.

The menisci are slightly mobile,
and aid in spreading the synovial fluid
semimembranosus
muscle

during movements of the knee.

medial collateral
ligament

meniscopatellar ligament

popliteus muscle

medial surface of tibia

[RIGHT KNEE, POSTEROMEDIAL VIEW]
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The menisci have several functions:

with
» As they move around, they increase the distribution menisci
of synovial fluid. : £
without
* They increase the weight-bearing surface, menisci

which results in a better distribution of pressure
as they move around.

» Likewedges,
they increase the concave shape of the tibial condyles
and therefore provide better stability.

How the menisci move during knee movements

In extenson, the menisci move forward because they are

(1) pushed in that direction by the femoral condyles,

and (2) pulled by the meniscopatellar ligaments,

which are in turn pulled upward by movement of the patella.

In flexion, the menisci move backward
because they are

(1) pushed in that direction
by the condyles...

...and (2) pulled by the tendons
of the semimembranosus and popliteus muscles,
and the medial collateral ligament.

In rotation, the ipsilateral meniscus
moves forward because of pressure from the condyle
and is held back by the meniscopatellar ligament.

These movements
are all necessary

for normal function
of the knee joint.

In some cases
(particularly rapid extension .. .the menisci may not move fast enough,

movements, as in soccer), and become crushed or torn.
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Knee capsule

The knee joint is held by a thick capsule, which attaches just outside the articular surfaces
of the three bones involved. The patella is contained in the anterior capsule. Thus the patella,
femur, tibia, and capsule enclose a single synovial cavity within which synovial fluid circulates.

The capsule
isvery slack

anteriorly...

...which allows
good ROM
for flexion.

In extension, therefore, the capsule forms deep folds

at the front and sides.

In cases of prolonged immobilization of the joint,

these folds can develop adhesions which subsequently limit flexion.

In terms of bone morphology, the knee is not a very well-fitted joint.
Therefore, its ligaments are essential to its stability.

The patella (see p. 224) is attached
to the femoral condyles

and the menisci by small ligaments
(actually thickenings of the capsule).

\\ .
’ \\\,,""r & The strong patellar ligament,

| ][ ~———  which contains the patella
/ /| | and inserts on the tibial tuberosity,
i/ IJI '“ \\\1 can be viewed as a continuation
\ I ﬁ of the tendon of the quadriceps muscle,
\

| .
/ whose fibers cross over each other
at the knee joint.

Posteriorly, the knee capsule is thicker

and forms two strong bands

connecting the femoral and tibial condyles

These resist hyperextension of the joint,

and provide "passive stability" in the standing position
(seep. 222).
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The joint is also held in place by two cruciate ("crossed") ligaments
located in the intercondylar fossa of the femur.
They are named according to where they attach to the tibia.
Anatomically, they are outside the joint capsule.

\ Theanterior cruciateligament isattachedtotheanterior

intercondylar area of the tibia. It runs posterosuperolaterally
and attaches to the medial aspect of the lateral femora condyle.

Theposterior cruciateligament attachesto theposterior
intercondylar area of the tibia. It runs anterosuperomedially

. and attaches to the lateral surface of the medial femoral condyle.
antertor

cruciate

lig.

Their principal role is to prevent
anteroposterior displacements of the two bones.

posterior
ruciate lig.

The anterior cruciate ligament
tends to resist

.. .while the posterior

anterior displacement cruciate ligament resists

of the tibia on the femur... posterior displacement.

Why have obliquely-oriented ligaments _ Because simple anterior

perform this braking action? and posterior ligaments

would not allow

In both flexion and extension, flexion.
the cruciate ligaments remain
fairly taut, and

‘ displacement of the tibia /
/ on the femur /

isminimal.

In medial rotation,
they press against each other,
and therefore become more taut.
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On the sides, the joint capsule is reinforced by two collateral ligaments.

Themedial (tibial) collateral ligament
runs from the medial condyle
of the femur

to the medial condyle o )
The principal function

of the medial collateral
isto stabilize thejoint

and upper medial shaft
of the tibia.

and prevent it from
opening on the

R medial side.

M
Its lower attachment is

slightly anterior relative to \ /

its upper attachment. If this ligament
is ruptured,
the tibia will be
able to move

laterally.
Thelateral (fibular) collateral ligament
runs from the lateral condyle ’ o
of the femur Y The F)rlnm pal-
to the head of the fibula. / / function of this

ligament isto
/ prevent the joint
from opening on

the lateral side.

!

Its lower attachment If it ruptures,
isslightly posterior the tibia will be
relative to its upper able to move

attachment. medially.
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The medial collateral is considerably thicker and
stronger than its lateral counterpart. Why?

In the average
person, the
lateral angle
formed by the
femur and tibia
isslightly less
than 180°
(genuvalgum,
seep. 215).
Since thejoint
"gapes’ more on
the medial side,
there is a need
for stronger
stabilization
on that side.

The collaterals
tend to be taut
in extension...

...and slack in flexion.
Therefore, they resist
hyperextension.

On leg bones, which we see that the collaterals ...and taut
have been "pulled apart” become slack in lateral rotation.
for illustrative purposes... in medial rotation of the tibia Thus, they resist
due to their orientation... excessive |lateral rotation

of the tibia.
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How ligaments stabilize the knee

The knee ligaments act together to stabilize the joint
In extension, all the ligaments are taut,
and the joint can be passively stabilized
without any muscular action,
e.g., when balancing on one foot. @\\‘3\

Here, the joint is "locked" \
in slight hyperextension —
by the tautness of the ligaments

(particularly the thickened \Q/\J /
posterior portion éf

of the joint capsule).

In flexion,

most of the ligaments are slack,
and the joint therefore
has some capacity for rotation.

As noted above,
the collaterals and cruciates
tend to limit lateral...

While balancing on one foot
with the knee flexed,

several muscles are used

to stabilize the body:

e quadriceps to prevent the knee
rotation, from flexing more
respectively. - rotator muscles to prevent

or slow down excessive rotation

— medially: vastusmedialis,
sartorius, gracilis,
semitendinosus

But they are more restrictive - laterally: vastusmedialis,
in the extended biceps femoris, tensor fascia

than in the flexed position. |atae (see also muscle actions
T on p. 254)
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Some "automatic" rotation of the knee occurs
duringflexion/extension. Why is this?

The primary explanation involves the shape

of the femoral and tibial condyles.
The medial femoral condyle is more curved than the lateral one,
i.e., itsradius of curvatureissmaller.

medial To understand the implications of this,
visualize the two condyles as fitting
inside a truncated cone, and the
lateral
femoral shaft as a rectangular slab
with a projection which we shall
use as areference landmark.

During extension, the shaft of
the femur is directed forward.

During flexion, due to the shape of the cone,
the landmark becomes
directed somewhat laterally.

medial

Thetibial condyles are also not totally symmetric;
both are concave transversely, but from front to back \‘\\\ { J
the lateral condyle is slightly convex while the medial oneis concave.\ \
Therefore, the lateral tibial condyle allows more rolling
than does the medial one.

L/

[ POSTERIOR VIEW ]

._' During flexion, the lateral femoral condyle
rolls backward more than the medial one does,
which accentuates the lateral orientation
of our landmark, i.e., the lateral rotation of the femur.

The secondary explanation for automatic rotation of the knee

is that the medial collateral ligament is stronger than the lateral one (see p. 221).
This reinforces the tendency of the medial femoral condyle to be less mobile
than the lateral one.



224 THE HIP & KNEE

Patdla

‘ il "\ ]\\ This is a sesamoid bone, located anterior
to the distal end of the femur, which develops
within the tendon of the quadriceps muscle (right).

Its anterior surface
sits directly beneath
the skin and is easily
pal pable.

The two articular facets on its posterior surface
fit against the patellar surface of the femur,
l and are separated by avertical ridge.

The patella is both attached Y L e ==
7

- - -
to the knee . al e 4 ’
and is mobile on top of it. e i ,
;P —
_

It is connected:

« with the femoral condyles /// ‘
via the lateral and @/ d
medial patellar ligaments "- ://’
: -~ e ' It is connected
* with the menisci /

viathepatellar ligament.

via the meniscopatellar ligaments. e with the tendon
of the quadriceps femoris
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What exactly does the patella do? Its primary function

is to protect the quadriceps tendon, in which it is contained.
During movement, this tendon slides in the groove

between the femoral condyles, like aropein apulley.

This causes intense strain
on the patella:

« strain from being pressed
against the groove during flexion
due to the pulling action

of the quadriceps muscles...

.. .this pressure can be 400 kg or more
during squatting, and even more
when carrying a heavy object

strain from stretching
(pulling forces from different directions)

* strain from constant usage.

The patellais not
stable laterally.

The quadriceps follows the femoral shaft B ] ...just asapulley
and its force is slightly oblique,

=

would move side-
but its tendon runs straight down i ways if its rope
to insert on the tibia. : came down at

\L an angle.

Thus, contraction of the quadriceps L
tends to pull the patellalaterally... i

N
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The lateral instability of the patella is maximal
during active extension or slight flexion
when the patella is not firmly pressed
against the patellar surface of the femur;
during full flexion the patella is better "locked" in place.

This instability is accentuated

during lateral rotation of the tibia

when the lower as well as upper part

of the tendon become obliquely oriented.

The tendency of the patella to move laterally
is counteracted by two mechanisms:

¢ the projection of the lateral femoral
\ condyle, which is more pronounced

\ : \ than that of the medial condyle

NN

* the contraction of the vastus medialis muscle,
which pulls the tendon medially.

As you can see, the articulation of the patella
against the femur is subjected to major strains and
stresses, particularly on the lateral side.
This explains the frequency of arthritis here,
which can compromise proper gliding of the patella
and active extension of the knee.
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Muscles of the hip and knee with their many bony attachments

KNEE (SHADED)

Sacrum:

superficial fascia of gluteus maximus

| schium:

semitendinosus
semimembranosus

long head of biceps femoris
gracilis

sartorius

tensor fasciae latae

rectus femoris

Femur:

vastus medialis
vastuslateralis
vastus intermedius
short head of biceps femoris
popliteus

Tibia:

quadriceps muscles
semimembranosus
semitendinosus
gracilis
popliteus
sartorius -
tensor fasciae latae
superficial layer of
gluteus maximus

Fibula:

long and short head of biceps
femoris

Patdla:

vastus intermedius
vastus medialis
vastuslateralis
rectus femoris

Calcaneus (dotted outline):

gastrochemius

:adductor muscles (except for

psoas and iliacus

HIP

Vertebrae T12/L5:

psoas
Sacrum:

piriformis
gluteus maximus

| schium:

rectus femoris
sartorius

tensor fasciae latae
gluteus muscles
semitendinosus
semimembranosus
long head of biceps femoris
adductor muscles
obturator muscles
gemellus muscles
quadratus femoris

gluteus minimus and medius

Coccyx:

gluteus maximus (deep fibers)

gluteus maximus

gracilis)

Patdla:

superior and inferior

gemellus muscles quadriceps muscles

quadratus femoris Tibia:

semitendinosus

semimembranosus

gracilis

sartorius

tensor fasciae latae

gluteus maximus (superficial layer)
rectus femoris

Fibula:

long head of
biceps femoris
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Muscles of the hip

A group of six deep hip muscles are shown in this inferior view of the pelvis.

piriformis gemellus
superior
obturator gemellus
internus inferior
obturator quadratus
externus femoris

They all insert on or near the greater
trochanter of the femur and function
in lateral rotation of the thigh.

The forces produced

by their individual contractions
are illustrated above.
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V) W=

._\ Piriformis originates Déisses .
N\ on the anterior S o
y CL K the greater sciatic notch,
sacrum... By

and inserts on the top
of the greater trochanter.

Actions; If the sacrum is fixed,
piriformis laterally rotates, abducts,
and flexes the femur.

If the femur is fixed, it contributes
to extension of the pelvis
(bilateral contraction)...

...or to medial rotation of the pelvis
(unilateral contraction).

Innervation:
sacral plexus (L5-S2)
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N 7
Quadratus femoris
runs from the lateral ischium,
posterior to the obturator foramen,
and horizontally to the posterior aspect

; of the greater trochanter.

Actions: If the pelvis is fixed,
quadratus femoris
laterally rotates the thigh.
Innervation:
inferior gluteal nerve,
sacral plexus (L5-S2)

If the femur is fixed,
it contributes to extension

of the pelvis (bilateral contraction),
or to medial rotation of the pelvis
(unilateral contraction).
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The following four muscles insert into the medial surface of the greater
trochanter, at the level of a depression called the trochanteric fossa

Obturator internus
arises from the obturator
membrane and adjacent
portions of the ischium
and ilium.

Its fibers pass posteriorly
through the lesser sciatic
notch, make a sharp bend
around the body of the ischium,

and insert on the medial aspect
of the greater trochanter.

There is a bursa
where it wraps around the ischium,
to reduce friction.

Actions: If the pelvis is fixed,
thismusclelaterally rotates, flexes,
and abducts the thigh.

If the femur is fixed,

the muscles act in extension
(bilateral contraction)
and in medial rotation or medial flexion
(unilateral contraction)

of the pelvis.

Innervation:
inferior gluteal nerve,
sacral plexus (L5-S2)
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Geméllus superior and inferior

are small muscles located above and below
the distal borders of obturator internus,

at the level of the lesser sciatic notch.
They reinforce the actions

of obturator internus.

Obturator externus
arises from the external surface
of the obturator membrane,

passes posterior to the femoral neck,
and inserts on a fossa on the medial surface
of the greater trochanter.

Actions: If the pelvis is fixed,
it laterally rotates, flexes,
and abducts the femur.

If the femur is fixed, it functions
in flexion of the pelvis
(bilateral contraction)...

...and also medially
rotates and flexes

the pelvis

(unilateral contraction).

Innervation:
obturator nerve (L1-L4)
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How obturator and gemellus
muscles support the hip

Viewing the hip from the right side,
we observe that:

Obturator internus
and the gemelli run

from the greater pi:d
N

trochanter in a

posteroinferior
direction... ...while
obturator externus

runs anteroinferiorly.

The combined action of the obturators and gemelli,
therefore, can be understood as follows:

« If the pelvis is fixed, they will pull the femur down
relative to the pelvis.

« If the femur is fixed, they will lift the pelvis relative to the femur.

Either way, they tend to "pull apart” the
hip joint, on avery small scale. Thisis a
decompressive effect which is quite bene-
ficial for certain painful conditions
(e.g., worn-down cartilage).

The obturators and gemelli
have been compared to
a "hammock"...

.. .supporting the pelvis.

Here, the pelvisis tilted backward,
showing the two external obturator muscles
from the bottom.

In this view, you can see how the muscles
wrap under the femoral head and neck
before heading superiorlaterally.
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Psoas major arises from the bodies
of T12 through L5,

and from arches of fascia

which connect the boney parts

of the vertebral bodies

but do not attach

to the intervertebral disks.

It runs anterior
to the pelvis,
posterior to the
inguinal ligament,
and inserts
on the lesser trochanter.

There is a bursa to reduce friction
where it bends at the
anterior pelvis.

Actions: When the vertebrae are

fixed, the psoasflexesthe hip,

and works as a weak adductor
and lateral rotator.

Its effect on the lumbar spine
when the femur isfixed was described on page 92.

Innervation: lumbar plexus,
femord nerve (L1-L3)
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lliacus arises
from the entire
internal iliac fossa,

Inferiorly, its fibers merge

\ with those of psoas
and insert on the lesser trochanter

\

\ \\\ via the same tendon.
\
\

Actions: When the pelvisis fixed,
the action of iliacus is identical

to that of psoas in flexing the hip

When the femur isfixed, iliacus
acts in flexion of the pelvis
(bilateral contraction).

Because they share the same tendon
and have the same action on the thigh, i
iliacus and psoas are often described @_\ // .

asasinglemuscle ("iliopsoas"). L

However, it is important to remember that
a—— B - . -

their superior attachments are quite different.
When the femur is fixed, iliacus acts on the pelvis,

Innervation: lumbar plexus,
whereas psoas acts on the lumbar spine.

femoral nerve (L2-L4)
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Gluteus minimus is asmall muscle

originating from the external iliac fossa
and inserting on the anterior aspect
of the greater trochanter.

Actions: Its actions
reinforce those
of the anterior part
of gluteus medius
(seep. 237).

In addition to abduction
of the thigh,

it assistsin flexion

and medial rotation.

If the femur is fixed, ...lateral flexion,

gluteus minimus or lateral rotation of the pelvis
assists in flexion (unilateral contraction).

(bilateral contraction)...

Innervation:
__ superior gluteal nerve (L4-S1)
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Gluteus medius has abroad origin
on the external iliac fossa
Its fibers converge and insert
on the lateral aspect
of the greater trochanter.

Actions: When the hip is fixed,
its major action
is abduction of the hip,

but it can also assist in flexion
(anterior fibers)

and extension
(posterior fibers).

When the femur is fixed,

gluteus mediusisinvolved

in both flexion and extension of the pelvis,

depending on whether the anterior or posterior fibers contract
(bilateral contraction).

Its main action is visible when a person stands
on one leg: It mostly acts in lateral flexion of the pelvis.

Innervation: With unilateral contraction, it acts
superior gluteal nerve (L4-L5) in lateral flexion of the pelvis, and also
stabilizes the pelvis during walking
(see p. 255) or standing on one foot.
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Rectus femoris arises

from the anterior inferior iliac spine

and part of the ilium near the acetabulum,
and passes superficial to the three vasti

to insert on the common tendon.

Thus, unlike the vasti,

it crosses the hip as well as the knee.

Muscles of the hip and knee

Quadriceps femoris is a massive muscle

having four bodies (rectus femoris, vastus lateralis,

vastus medialis, and vastus intermedius)

which converge into a single quadriceps tendon.

This tendon inserts on and surrounds the patella,

then continues as the patellar ligament to insert
on the tibial tuberosity.

Vagtus inter medius, the deepest of the muscle
bodies, originates from the upper two-thirds
of the anterior femoral shaft.

Its fibers follow the axis of the femur.

Vastus intermedius
is covered by
vagtuslateralis
and medialis, which
arise from either side
of the linea aspera on
the posterior femoral
shaft, then wrap
around the sides
to meet anteriorly,
superficial
to vastus
intermedius.

Innervation:
femora nerve (L2-L4)
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This posterior view of the femur shows the origin
of the vastus muscles along the linea aspera (see p. 200).
Vastus medialis has its origin on the medial surface of the femur,
whereas vastus lateralis has its origin on the lateral surface
of the femur. From there, they run on both sides of the femur

toward the anterior thigh.

Actions: With its four

bodies acting together,

the quadriceps extends the knee.
It is the strongest muscle

in the body.

i

7 N\
2TV TN

medial rotation
(vastus medialis)

J/
\\>
N2
| i

lateral rotation
(vastus lateralis)

v,

\{/
L’:"

/ When the knee is flexed,
/ vastus medialis and lateralis
\ ff can play a small part
in rotating the tibia

When the knee is extended,
the two muscles act
to stabilize the knee
against lateral displacement,

in their respective directions.

and thereby actively complement
the actions of the ligaments.
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Since it crosses the hip and knee,
rectus femoris acts on both joints.

/ If the pelvis is fixed, it flexesthe hip

. \ and extends the knee (e.g., inwalking).

\ \ If the femur is fixed, it acts in flexion of the pelvis
N and extends the knee.
[TARY

&X

For stretching rectus fermoris,
the hip must be in extension
and the knee in flexion.

The three vasti

can be stretched

by full flexion

of the knee and hip.

When the rectus femoris is shortened, it is often one of the muscles
responsible for aflexed hip position, i.e., flexion of the pelvis.
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241

sartorius

quadriceps

Sartorius Jesmoris

is the longest muscle in the body.
It originates from the ASIS...

.. .runs anteromedially
down the thigh

superficial and medial to quadriceps...

...and inserts

on the superomedial shaft
of the tibia.

Actions. Because it
crosses the hip and knee,

\/ sartorius acts on both joints.

If the pelvis is fixed,

{ \ \ sartoriusflexes, laterally rotates,
and abducts the femur,

and flexesand medially rotates the tibia.

If the leg is fixed, it:

« anteverts the pelvis (bilateral contraction)

» anteverts, medially rotates, and laterally flexesthe pelvis
(unilateral contraction).

Innervation: femora nerve (L1-L3)



242 THE HIP & KNEE

The hamstrings are a group of three posterior muscles
working together to flex the knee

and extend the thigh. They all arise

from the ischium, posterior to the hip bone,

and insert on the bones of the lower leg.

W)

Two of these

muscles are
located medially
and insert on the tibia.

is located posterior
to the semimembranosus.
It inserts viaavery long,
thin tendon

to the superomedial
tibial shaft.

Semimembranosus
inserts on the
posteromedial aspect
of the tibial condyle.

Biceps femorisislocated laterally.

The two heads of this muscle merge inferiorly

and insert via a common tendon to the head of the fibula.
This tendon is bifurcated by the lateral collateral ligament

/,
o
\
. of the knee.
Innervation: g
common tibial

nerve (L5-S2) VA
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Collectively, the hamstrings are polyarticular muscles

of the hip and knee, i.e., they cross and act
on more than one joint.

Actions: The primary actions of the hamstrings
are extension of the thigh
(especially from a flexed position)

and flexion of the knee.

The laterally attached
muscle (biceps femoris)
acts in lateral rotation.

The two medially
attached muscles
(semimembranosus
and semitendinosus)
medially rotate
the knee.

If the thigh
and leg are fixed,

the hamstrings
act in extension
of the pelvis.

In the flexed knee, the tendons of the hamstrings delimit
the popliteal fossa, which is readily visible posteriorly.
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Touching the toes, e.g., in warm-up exercises,
causes flexion of the hip and extension of the knees,
which stretches the hamstrings.

When the hamstrings are tight, this is very difficult,
and it may prevent a person from touching the floor
when bending down from a standing position.

s
/ i This tightness

can have consequences

elsewhere in the body.

For example, in a sitting position,
with the knees extended,

it can be difficult to sit directly
on the ischial tuberosities...

. .since the hamstrings tend to pull the pelvis into extension
and thereby straighten out the lordosis (curvature)
of the lumbar spine.

In this way, tight hamstrings can lead to increased flexion of the lumbar region
and indirectly to disc problems at that level (see p. 42).

It is important to be aware of this problem and do appropriate warm-up exercises on the floor,
especially for beginners.
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Adductors

The adductors are a group of fivemuscles having their bodies on the medial thigh.

Pectineus runs from
4 the lateral pubis to
74 aline ("pectineal line")
iy connecting the lesser trochanter
to the linea aspera of the femur.

Innervation: femoral nerve (L2-L3),
obturator nerve (L2-L4)

Adductor longus

., R/ /
Adductor brevis \\ W/ originates even more
runs from the medial pubis medially on the pubis.

/L
/

to the middle part It runs anterior to
of the linea aspera. adductor brevis (almost

completely covering it)
\ /i and inserts lower

on the linea aspera.

Innervation: Innervation:
obturator nerve (L2-L4) obturator nerve (L2-L4)
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This illustration shows the two adductor muscles, viewed from the back.
They are easily distinguished from one another.

Adductor magnus,

the largest and strongest

of the adductor group,

is really a compound muscle
innervated by two different
spinal nerves.

Its anterior portion originates
from the ischiopubic ramus,
runs inferomedially, and
has a very broad insertion
on the linea aspera.

The posterior portion
originates from the

ischial tuberosity,

runs straight down,

and inserts just above

the medial femoral condyle.

Innervation: obturator nerve,

. sciatic nerve (L3-L5)
gracilis

f—__ adductor

o magnius
Gracilisis along, &

thin, superficial,
comparatively weak
muscle running from
the inferomedial pubis
to a spot on the tibial
shaft just below the
medial condyle.

Gracilisisbiarticular,

crossing the hip '
and femur. \ ‘
Innervation: b’ ' 1
obturator nerve (L2-L4) \«"/ - {
\
\ /
/ Frontal view of adductor

magnus running
from the ilium to the femur
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%\\\n Actions: The primary action
&v of this group of muscles
\‘Kv is adduction of the hip.

To alesser degree,
they can act from
anatomical position
as hip flexors
or lateral or medial rotators.
If the hip is in flexed position,
they act as extensors.
Gracilis, which is
polyarticular,
can also flex and
medially rotate
the knee.

If the femur is fixed, the adductors are involved in flexion,
medial flexion, lateral rotation, or (in the case of gracilis
and the posterior portion of adductor magnus)

medial rotation of the pelvis.

These muscles, especially gracilis, are frequently strained
or torn ("pulled groin") during movements involving

«! \ sudden or extreme abduction of the thigh.

q A\

ﬁ& \
T— : -
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Tensor fasciae latae originates from the anterior iliac crest
- (near the ASIS) and runs inferiorly and slightly posteriorly.

It inserts not on a bone, but rather

on a band of strong fibrous tissue,
called the fascia lata or iliotibial tract,

which runs down the lateral thigh
and attaches to the superolateral
tibia and head of the fibula.

Actions:
This muscle abducts, flexes,
and medially rotates the thigh.

It plays asmall part
in knee extension
or lateral rotation of the flexed knee.

) If the thigh and leg are fixed,
¢
itactsinflexion

(bilateral contraction)...

...lateral flexion,

or lateral rotation

of the pelvis

(unilateral contraction).
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Gluteus maximus is one of the largest and strongest muscles of the body. It has two layers:
a deep layer and a superficial layer.

It arises on the posterior sacrum and coccyx
as well as the posterolateral iliac fossa

The deep layer inserts on the superior linea
aspera of the femur, while the superficial layer
inserts on the fascia lata.

Insertion

of gluteus
maximus:
light gray
shows the
superficial layer,
darker gray shows

the deep layer. sacrotuberous
ligament

Actions of deep layer:
Whenthehipboneisfixed,
it pulls the femur backward
(hip extension),

into lateral rotation

and slight adduction.

..and in extension,
medial rotation, and

When the femur
is fixed, it acts

in extension medial flexion of the pelvis
of the pelvis (unilateral contraction).
(bilateral

contraction)...

The action of the superficial layer is discussed together with the tensor fasciae latae
on the following page.
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The " pédvic deltoid muscle"

The superficial layer
of gluteus maximus
(in back), and

tensor fasciae latae

(in front), insert onto

the iliotibial tract
from opposite directions.

The superficial layer

of gluteus maximus The tensor fascia latae

flexes, medially rotates,
and abducts the femur.

acts on the femur
by extending,
externally rotating,
and abducting it.

tensor fasciae latae

\\Q\\ When these
two muscles
work together,
they abduct the hip.

If the femur is fixed,

they assist in lateral |
flexion of the pelvis. / /

They assist gluteus medius

in maintaining the position

of the contralateral pelvis

while standing on one foot (see p. 215)
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Muscles of the knee

Most muscles acting on the knee also act on the hip, and they have been described above.
We need to mention only three muscles which do not cross the hip.

The short head of biceps femoris
arises from the femoral shaft. ~
It merges with the long head of the biceps

(p. 242) at the common tendon,

which inserts on the head of the fibula. (

Actions:
flexes and laterally rotates the knee

Innervation:
common peroneal nerve (S1-S2)

Popliteus originates from the lateral aspect
of the lateral femoral condyle,

runs inferomedially,

and inserts on a triangular area

of the posterosuperomedial tibial shaft.

Actions:
flexes and medially rotates the knee

Innervation:
tibial nerve (L4-S1)

The gastrocnemius are part of the triceps muscles of the calf.
They are discussed in detail with the muscles of the ankle
on page 292. They flex the knee.
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Summary of muscle actions of the hip

The arrows represent the actions produced by the various muscles.

Flexion of hip

1) psoas

2) iliacus

3) rectus femoris

4) tensor fasciae latae

5) gluteus minimus and medius

(anterior part)
6) adductor longus & brevis

not  shown: /
gracilis, sartorus, pectineus

Extenson of hip

1) gluteus maximus

2) biceps femoris (long head)
3) semimembranosus

4) semitendinosus

5) gluteus medius 4\
(posterior part)

not  shown:
adductor magnus

Abduction of hip
1) gluteus medius
2) gluteus minimus
3) tensor fasciae latae, gluteus maximus
(superficial part)
not  shown:
piriformis, obturators, gemelli, sartorius
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Adduction of hip

1) adductor magnus
2) adductor brevis
3) adductor longus
4) pectineus

5) gracilis

6) psoas

7) iliacus
not  shown:
biceps femoris (long head),
gluteus maximus (deep part)

Medial rotation of hip
1) gluteus medius

2) gluteus minimus

3) tensor fasciae latae

Lateral rotation of hip
1) gluteus maximus
not  shown:
piriformis, obturators, gemelli,

quadratus femoris, biceps femoris
(long head), adductors
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Flexion of knee

1) semitendinosus

2) semimembranosus

3) biceps femoris (long head)

4) popliteus

(5, 6) gastrocnemius (medial & lateral)
not  shown:

sartorius, gracilis

Extenson of knee

1) quadriceps femoris
/ / 2) tensor fasciae latae, gluteus maximus

(superficial part)

Medial rotation of knee
1) sartorius

2) semitendinosus

3) semimembranosus

4) gracilis

not  shown:

popliteus

Lateral rotation of knee

1) tensor fasciae latae

2) gluteus maximus (superficial part)

3) biceps femoris (long and short heads)




Actions of muscles of the hip and knee in walking

1 3 5

The leg, free from the body’s weight, -
The leg propels : does an oscillating movement The body’s weight shifts
the body forward. : which takes the foot forward. : onto the leg again.

Contraction of quadriceps, : Contraction of rectus femoris
hamstrings, gemelli, : (Hexes hip, then extends knee),
gluteus maximus. : completed by contraction

of entire quadriceps (extends knee).

Contraction
of lateral stabilizing muscles
of hip and knee.

ONIMIVM NI STITOSNIN 40 SNOILDV
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CHAPTER SEVEN

The Ankle & Foot

The foot, adapted to a bipedal posture, serves a double function: bearing the weight of
the entire body, and performing the dynamic movements necessary for walking. This
requires both strength and flexibility.

The foot contains 26 bones, 31 joints, and 20 intrinsic muscles. Unfortunately, malforma-
tion of the foot is common due to mechanical stresses from excess weight and poorly-fitted
shoes. By understanding its structure and function, we are better able to avoid injury.

The ankle joint combines the malleability of the foot with the strength of the leg bones.
In this chapter, we will describe both the foot and the ankle joint because the muscles
which act on the ankle joint also act on the foot.



258 THE ANKLE & FOOT

Landmarks

[ ANTERIOR VIEW ] [ MEDIAL VIEW ]

medial
malleolus

anterior
metatarsal  tarsal
region region

Achilles
tendon

medial metatarso-
mﬂ[ko[w Pbalangeal

Joint [ \
medial arch

[ POSTERIOR VIEW ] [ INFERIOR VIEW ]

body of 3
gastrocnemius a phalanges
i _<" metatarsals
Achilles ,
tendon a#°
medial lateral lateral
malleolus malleolus arch
S, | 0)
calcaneus medial arch heel
[ LATERAL VIEW ] Asyou can see on awet footprint, the
medial arch and proximal phalanges
Achilles do not normally come in contact with
tendon AN the ground...

malleolus o=\ _— tarsal region

lateral / - O
anterior
(( O
Q
Q
N

\\ T metatarsal
metatarso-
plmlangeal .. while the heel, lateral arch, distal
metatarsal region, and distal phalanges

joint V'
do contact it.
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Arrangment of bones in foot

A skeletal top view of the foot shows three regions (from front to back):

* In front, there are five slender bones In back, there are two sizeable bones
arranged next to each other sitting on top of each other:
and flaring outward like "spokes” the talus and the calcaneous.
(numbered 1-V from medial to lateral). This part of the foot is known
Each spoke consists of a metatar sal as the hindfoot or posterior tarsus.

which is extended by a phalange (toe).

* |In between, there
is an intermediate area
consisting of fivesmall bones,
forming the midfoot or anterior tarsus.
The bones are the navicular, the cuboid and three cuneifor ms.
This area between the front and back is ajunction zone where a lot of torsion occurs.
This helps the foot adjust to the surface of the ground.

Viewed from medial to lateral, .
cuboid

the bony structure of the foot

looks fork-shaped, such that:

calcaneus

« A "lateral foot" follows the calcaneus.
It lengthens into two lateral spokes(IV and V).
This part of the foot is involved
in receiving the body's weight.

navicular

* A "medial foot" follows the talus. It lengthens into three medial spokes (I-111).
This part of the foot is involved in propulsion.
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Movements of the foot

We can speak of the following movements in reference to the entire foot,

or to some specific region or joint.

N

)
\ Dorsiflexion,
/ also called flexion,
is a decrease in the

angle between

the superior (dorsal)
surface of the foot
and the anterior leg.

is greater when

the kneeis flexed,

/ / ROM for dorsiflexion
}( and less when

/

A combination of adduction

and plantar flexion, in which

the sole is directed
toward the median
plane, iscalled
supination.

the knee is extended..

...because

there is greater tension
in the gastrocnemius
when the knee is extended
(seep. 293).

Plantar flexion, also called extension,
is an increase in the angle

between the dorsal surface of the foot
and the anterior leg.
Dorsiflexion and plantar flexion
occur mainly at the ankle joint.

A combination

of abduction and

dorsiflexion, in which

the sole of the foot is

directed away
from the median
plane, iscalled
pronation.
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In abduction and adduction, the distal end of the foot
moves away from and toward the median plane, respectively.

These move-
ments can be
amplified by or
confused with
medial and
lateral rotation
of the hip
(when the knee
isextended)...

or rotation of the flexed knee.
In either of these situations,
you will notice movement

of the tibial tuberosity.

In practice, ///

the following three types

f‘ of movement are combined
‘ automatically:

Adduction, supination,

and plantar flexion combine
to produce inversion. These combined movements

of the foot are due to the bony
' surfaces and orientation of the axes
Adbuction, pronation, of movement. They are executed
and dorsiflexion combine \ simultaneously whilewalking

to produce eversion. | (seeadsop. 271).



262 THE ANKLE & FOOT
Two long bones form the skeleton of the leg, tibia, and fibula

The fibula, on the lateral side of the leg, is a thin bone, triangular
in cross section. It is twisted on itself and its edges are therefore
not really straight. This gives the bone a certain

suppleness, i.e., its curvature can be slightly modified.

It consists of three main parts: the head, shaft,
and lateral malleolus. The bone is shaped like a spear
and is easily palpable.

The tibia, on the medial side, is also triangular

in cross section, with three surfaces and three edges.
Both the distal and proximal ends are large.

The proximal end is part of the knee joint (see p. 213).

The anterior edge of the bone bifurcates superiorly and inferiorly.
The distal end of the bone is massive in size, and ends in the
medial malleolus, which has anterior and posterior edges, and a peak.

fibula
As they move, the bones contact each other at two points: proximally,

they form a synovial joint (see p. 14), consisting of an ova surface on the
head of the fibula and a corresponding surface posterior to the lateral part
of the tibial plateau. Thejoint is held together
in a capsule, reinforced by anterior and

posterior ligaments.

Along the length of
their shafts, the tibia and
fibula are connected by the

C medial
W malleolus interosseous membrane,
W which runs from the ‘p'rax:mal
lateral medial surface of the tzb{oﬁ bular
malleolus articular fibula to the lateral Jorme
surfaces edge of the tibia.
. L membrane
Distally, itisa
syndesmosis
.(fi brOl..lS joint) diral
in which the two tibiofibular
bones are connected joint

by fibrous tissue,

but no cartilage.
The bones are held together by anterior and

tibia posterior ligaments. When the ankle moves,
the two bones are simultaneously stable and
mobile. Distally, they "clasp" the talus
(the uppermost tarsal bone).
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@ Ankle joint

Seen from the front,
this joint resembles
a pincer or crescent wrench
gripping a section
\\\ of a hemisphere.

Seen from the side,
the cartilaginous superior
and inferior articulating

The lateral and medial malleoli,
and distal tibia, fit against surfaces appear
the three facets of the talar body concave and convex,
(see below). respectively.

The two malleoli provide In cross section, we see We should also note that

a snug fit around the talus. that there is a slight ridge the superior talus is wider
The lateral malleolus extends on the articulating surface anteriorly than posteriorly.
farther down and is more of the distal tibia, and

obliquely oriented than a corresponding groove

the medial malleolus. on talus.
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Mobility of the ankle

Because of the tight fit of the bones,
the ankle is a pure hinge joint,
capable only

of dorsiflexion... ]
At thislevel,

3 these are the

¢ most important
“F S movements of the

.z% foot. The axis of
movement passes
through the two
malleoli.

...and plantar flexion.

calcaneus

Stability of the bones

Of al the joints in the foot, this one allows
the greatest range of motion (ROM).
In dorsiflexion (left), the anterior (wider)
part of the superior talus moves into
the "pincer," and the joint is more stable.

In plantar flexion (right), the posterior
(narrower) part of the talus is in the
"pincer,” and thejoint is therefore less

stable. This lack of stability is compensated
for in part by support from surrounding
muscles and ligaments (see p. 295).

Capsule and ligaments of the ankle

Thisjoint is held together by a capsule which attaches to the
proximal joint surfaces of the tibia, fibula, and talus. The capsule
is slack anteriorly and posteriorly, allowing for plantar flexion
and dorsiflexion of the foot. It is primarily reinforced by lateral
ligaments, which are arranged roughly symmetrically:
three ligamentous fasciae on each side arise

talofibular

ligaments:

posterior anterior

from a malleolus and run obliquely
. down the two bones of the hindfoot.

Laterally, the anterior and posterior
talofibular ligaments end on
the talus and tie it directly to
the bones of the leg, while the
calcaneofibular ligament runs
calcaneofibular ligament down to the lateral calcaneus,

which is thus involved in ROM of the ankle.
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Medially, the medial collateral ligament (or deltoid ligament) |‘
consists of three fasciae in two layers: i

» asuperficia layer with fibers that insert on the navicular bone,
calcaneonavicular ligament, and sustentaculum tali.
This layer completely covers the deeper layer.

» adeep layer with anterior fibers,
which insert on the talus (see p. 266),
and posterior fibers, which insert
on the anteromedial side of the talus.

Stabilization of the ankle

Depending on the position of the ankle,
| the ligaments become more or less taut.

l In dorsiflexion,
the posterior ligaments are taut,

and the anterior ones are slack.

The reverse is true in plantar flexion.
Since the ankle is least stable
in plantar flexion, a "sprained ankle"

occurs most commonly in this position,

and the anterior talofibular ligament

is the one most often
injured.

The stability of the ankle is also assisted by muscular action,
which helps adjust the "pincer" action, making it more or less tight,
during active movement of the ankle (see p. 295).
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Talus and calcaneus

/
/ /
These are the most posterior and massive of the tarsal bones. ,’ "
Calcaneus, at the bottom, articulates with the heel region. ,’ 1
Talus, above, articulates with the ankle (see p. 263). ,’ ) ,’
rd
7 ; /
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7 talus calcaneus
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These bones are like two rectangular boxes
set at an angle on top of each other,

with the talus pointing medially
and the calcaneous pointing
laterally.

They consist of six surfaces:
superior, inferior, medial,
lateral, anterior,
and posterior.

“ [ LATERAL VIEW ]

\]
\

A}
1
L

Talus articulates with the tibia and fibula above,
'\ With calcaneus below, and with navicular in front.
\

\ \ Interestingly, no muscle inserts on talus.
| body of ' 3

It is moved indirectly via the structures surrounding it.

-~

- Calcaneus articulates with talus above
- and cuboid in front.

~
~

head of talus ~ ~ ~

’ cakari;u';/




On this page and the next, we will take a closer look at these two bones from different angles.

[ LATERAL VIEW ]

Talus

On its posterosuperior and lateral surfaces
is the trochlea of the talus. More anteriorly
is the neck of the talus. And even further
anteriorly is the head of the talus

with a semi-circular articular surface.

Calcaneus body of talus

head of talus
The anterior surface
consists mainly
of a triangular articulation,
which is concave superiorly

i It articulates, in turn, with the navicular
and convex inferiorly,

. . bone, calcaneonavicular ligament,
and articulates with
the posterior surface

of the cuboid.

Its inferior surface

and the superior surface
of the calcaneus
(see following pages).

has two tuberosities
(medial and lateral),
which contact the
ground. At the lateral,
more anterior surface
of the calcaneus
is a bony eminence,
the trochlear process,
which separates the
peroneus tendons.

tuberosity

SNINVIOIVO ® SNIVL
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[ MEDIAL VIEW FROM BACK ]

The posterior surface of talus
constitutes the back of its

trochlea. Inferiorly, there are
two lateral tubercles, which are
separated by a groove where
the flexor hallucis longus tendon

passes.

tubercles

NN\ ) “‘ —

= N\ INE
% calcaneus \\7/ \\\\\

% > \\\\\\\\\\\\\\\\\=

\ /)

. i

sustentaculum tali

groove IK 2 /

insertion
area

On calcaneus, we see a prominent projection
called the sustentaculum tali (helps support
talus), a groove for passage of various tendons,
blood vessels and nerves, and alarge
insertion area for the Achilles tendon.
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Subtalar (talocalcaneal) joint

Talus sits slightly obliquely on calcaneus, since the long axes of the two bones
are oriented (respectively) somewhat medially and laterally.

Anteriorly,

a convex surface

of talus fits against
a concave surface

of calcaneus

.. .while posteriorly, (and partly on the
sustenaculumtali)...

a concave surface

of talus fits against
a convex surface
of calcaneus.

The sinus tarsi is a groove .

between the two bones
which contains the strong sinus tarsi
interosseous talocalcaneal ligament

and blood vessels. ‘ \
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M obility of subtalar joint

The subtalar joint sits below the ankle, at avertical angle.
This gives it greater ROM than the ankle, but its ROM is still limited.
We will look at possible movements in three different planes, with and without support.

Frontal plane (back view, with support): calcaneous is tilting sideways below the talus

g%

position)
pronation

supination

plantar flexion dorsiflexion

Transverse plane (view from above): calcaneous is moving while turning under the talus

J
& W,

abduction adduction
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Actually, because of the structure of the articul ating surfaces, these movements tend

to be combined around an imaginary line called the axis of Henke (a German anatomist).

This axis enters
the posterolateral tuberosity

axis of Henke

of calcaneus,
P
T—-\i!
my A
...runs
anterosuperomedially,
o
W {,/

...and exits through
the medial neck of talus.

D 7 I

occurs around this axis,

The opposite movement, eversion,
is a combination of abduction,
pronation, and dorsiflexion.

The movement called inversion

[ and is a combination of adduction,
j\‘ supination, and plantar flexion.

Thisaxis

therefore
runsobliquely
from back to front,
bottom to top,
lateral to medial.
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The long axes of the two articulating surfaces

and the sinus tarsi are directed anterolaterally.

[In this see-through view, the two bones

are superimposed, with their articulating surfaces
shown by the dotted outline.]

Capsule and ligaments of subtalar joint

The surfaces are held together by
¢ two capsules:

— posteriorly, a capsule which attaches

to the circumference of the surfaces

anteriorly, a capsule shared
with the transverse tarsal joint.

Because the surfaces (on the talus)
and the capsules are continuous,
the movements of the anterior subtalar

and the transverse tarsal joints are inseparable.

¢ ligaments:

- The inter osseous talocalcaneal ligament
forms a double row of ligaments
passing along the tarsal tunnel.
- There is aso an anterior

and a posterior ligament.
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talus & calcaneus Anterior tarsal bones

. i Between the talus and calcaneus,
ant tarsa .
PHeTior ars and the metatarsals, are five
small bones collectively

called the anterior tarsals.
metatarsals

They correspond to the
portion of the external
foot called the "instep."

instep

Navicular articulateswith talus. Medially,
it has an externally palpable tubercle for
insertion of tibialis posterior (see p. 290).

P rocess tu bf re lf

navicular

Cuboid d all i
uboid does not actually \

bear much resemblance

to a cube.

It has facets for articulation with It is concave on the proximal end and convex

calcaneus(proximally), lateral on the distal end, where there are three facets

cuneiform and navicular (medially), for articulation with the cuneiforms.

and metatarsals IV and V (distally). '
A proximal process fits under calcaneus 'A

and helps maintain the lateral arch

of the foot. A lateral notch continues

as a groove on the inferior surface \J/_

and accommodates the tendon

of peroneus longus (see p. 288). mneifbrms

The cuneiforms are three small wedge-shaped bones

with the sharp edges directed inferiorly. They articulate

proximally with navicular and distally with metatarsals III.
Together with cuboid and the metatarsals, they constitute

The anterior tarsals, the transverse arch of the foot.

and their many
glidingjoints, ¥

allow areasonable

~ I
I
degree of flexibility, mr
though less than that
of the corresponding
wrist bones.

metatarsals

LATERAL < ........................................... > MEDIAL
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Transverse tarsal joint (Chopart's joint)

This joint is located between the posterior and medial foot.
It comprises the articulation of the calcaneous
and cuboid bones laterally,

and the articulation of the talus

and the navicular bones medially.

The medial part is
higher and involves
a convex surface of the

The lateral part is talar head fitting against

lower and involves a concave surface

an S-shaped surface of navicular.

of calcaneus (concave
medially, convex laterally)
fitting against a corresponding
surface of cuboid.

navicular

cuboid

This shows the tarsal region from the front.

The two posterior bones are shown in anatomical position.
The two anterior bones, cuboid and navicular,

are tilted 90° to the back to show their posterior surface.

Seen from above,
the transverse tarsal joint
is curved rather than straight.

Midtarsal joint mobility

The basic movements here are inversion and eversion.
The dominant movement in this joint is abduction-adduction.
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Capsules and ligaments of transver se tarsal joint

Superiorly, the joint is reinforced by the talonavicular

and calcaneocuboidal ligaments. A medial capsule unites
with the capsule of the anterior subtalar joint (see p. 269).

A lateral capsule unites the calcaneous with the cuboid bone.

These capsules are reinforced by many ligaments.

Laterally, the bifurcate ligament runs from cal caneus and
spreads out vertically on navicular and horizontally on cuboid
(the surfaces of these two bones are roughly perpendicular at this junction).

calcaneus  cuboid

Inferiorly, the transverse tarsal joint

is reinforced by three ligaments. The two layers

of plantar calcaneocuboid (short plantar) ligament
run from the calcaneus to the proximal cuboid,

and to the base of the metatarsals.

The long plantar ligament (located
superficial to the short plantar ligament)

runs from calcaneus to a ridge on cuboid,
passes over the groove (thereby forming

a groove for the peroneus longus tendon),
and continues on to attach to the bases

of metatarsals 11-V. The long plantar ligament
is quite strong and helps support

the arches of the foot.

Inferomedially, the plantar calcaneonavicular ligament
runs from the sustentaculum tall to navicular,
and helps support the talar head.
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Metatarsals and phalanges

metatarsals
These arefive parallel "spokes" made crarars :
|

of small bones, which flare out anteriorly.
Every spoke consists of a metatar sal,

as well as phalanges, which form

the skeleton of the toe.

base body head

Each metatarsal consists of a proximal base,
a body, and a distal head.

The base is roughly
quadrangular, with
facets for articulation
with the tarsals and
adjacent metatarsals.

The head is convexly rounded,

with a cartilaginous surface for articulation

@ with the proximal phalanx,
and atiny tubercle

The body is triangular in cross section, on each side.

like most long bones.

The proximal phalanx of each toe has a concavely rounded base
~—— for articulation with the metatarsal, and a pulley-shaped head.

L T The base of the middle phalanx is concave
: but with a median crest to match the shape
of the head of the proximal phalanx.

The head of the distal phalanx
is flared to support the toenail

proximal b : superiorly, and has an inferior

phalanx tubercle to support the fleshy
' part of the toe.

middle
phalanx
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Tarsometatarsal joints

This group consists of the joints formed
between the tarsal and metatarsal bones.

This "articular line" joins the distal cuneiform
and cuboid bones with the proximal bases

of the metatarsal bones.

Collectively, the junction is irregular, not straight.

/ The articular surfaces make small gliding

movements between the bones pos-

sible. As a group, the joints
have some mobility,
but it is quite

Plantar

flexion and

dorsiflexion are the %

possible movements at % % \'%

these joints. ROM isin the % @% v

increasing order 11, 111, I, 1V, V. Qj Q’) ) 111 The second spoke has very little
I mobility. It represents the axis

of movement for pronation
and supination of the foot.

These joints
are supported by capsules,
each of which is connected

The capsules in turn

are reinforced by many small ligaments,
dorsal (shown at left)

and plantar (not shown),

which serve to connect the bones

to one another.

to neighboring capsules.
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M etatar sophalangeal joints

At each metatarsophalangeal joint the head of the metatarsal articulates with the base of the
proximal phalanx at each of the five "spokes' of the forefoot. The articular surfaces have the shape
of asmall condyle, which allows movement in all three planes, as described on pages 8-10.

Dorsiflexion has greater ROM than

plantar flexion (the cartilage of the
metatarsal is more developed on
the dorsal side), and the associated

dorsiflexion/plantar flexion
muscles are stronger.

abduction/adduction

medial/ lateral rotation . . . .
For going uphill, or

th inl i
(these are mainly passive) up the stairs, strong

dorsiflexion is needed.
Interphalangeal joints

The proximal interphalangeal The distal interphalangeal

joint is also a hinge...

\

joint is a hinge.

\,\ It allows plantar
Here, the head of the flexion but not ...but
proximal phalanx dorsiflexion. allows both
articulates with the base plantar and

of the middle phalanx. dorsiflexion.
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Particularities of 1st and 5 th " gpokes'

In the first spoke (metatarsal 1), which includes the big toe,
the metatarsal and phalanges are larger than in toes I1-V,
and there are two phalanges instead of three.

The big toe plays an important role in walking or running,
especially in the digitigrade phase (i.e., when the toes \
are in contact with the ground).

The disproportionate size of metatarsal |
can lead to instability or
medial pain when

on tiptoe or during
prolonged walks.

Two small sesamoid bones are located
in the plantar cartilage on the head of
metatarsal 1. They act as shock-absorbers
during weightbearing.

In the fifth spoke, there is an externally-palpable
tubercle (for muscle attachment) on the
lateral base of metatarsal V.

Joint capsules and ligaments

Ligaments of the metatarsophalangeal and interphalangeal joints have the same general plan.
Thejoints are held by a capsule, which is attached to the neighboring structures
and reinforced by ligaments:

* two collateral ligaments, inserting » afan-shaped "deltoid" ligament, running
on proximal tubercles of the distal bone from the tubercle to the glenoid ligament.

e aplantar "glenoid" ligament, which

folds onto itself during plantar flexion

glenoid

ligament

deltoid
collateral ligament ligament
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Ankle and foot muscles with their many bony attachments

Femur:

medial and lateral gastrocnemius

Fibula:

extensor hallucis longus

extensor digitorum longus
peroneus tertius
peroneus longus
peroneus brevis

Calcaneus;

triceps surae

extensor digitorum brevis
quadratus plantae

flexor digitorum brevis
adductor hallucis

R Tibia:
abductor digiti minimi
tibialis anterior

extensor digitorum longus
tibialis posterior

soleus

Talus:

no muscle attaches to this bone

Other bones of the foot:

All extrinsic muscles of the foot (except the triceps surae muscles)
and all the intrinsic muscles of the foot.

The extrinsic muscles of the foot originate on the femur, tibia, or fibula, and insert on the
bones of the foot via long tendons. They are all polyarticular, acting on the ankle and foot

(or on the knee, in the case of the gastrocnemius muscle). As they course down the leg, their
tendons run anterior or posterior to the ankle. The intrinsic muscles are short muscles which
run between nearby foot bones. They are mostly on the plantar side of the bones,

and comprise the fleshy mass of the sole.
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Intrinsic muscles of the foot

Extensor digitorum brevis
is the only dorsal intrinsic muscle.

It arises from the
anterosuperolateral calcaneus
and divides into four bodies.

The media tendon

inserts on proximal phalanx I,

while the other three merge laterally with
the tendons of extensor digitorum longus,
inserting on toes II-1V.

Actions; dorsiflexion of toes -1V,
especially at the level of the proximal phalanx;
reinforces the action of extensor digitorum longus

Innervation: deep peronea nerve (S1-S2)
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Middle group

On the sole of the foot, the intrinsic muscles can be subdivided into three groups:
middle, medial, and lateral. These first two pages describe the middle group.
Collectively, these muscles occupy several layers, but each of the following illustrations
shows each muscle layer separately.

The interossei form the fourth (deepest) layer,
and occupy the spaces between the metatarsals,
where they originate.

There are four
dorsal interossei
(i.e., arising closer
to the dorsal surface
of the foot)...

.. .and three plantar interossei
(closer to the plantar surface).

They insert at the base of the proximal phalanges (plantar side) and at the
extensor digitorum longus tendon (dorsal side, as shown in simplified drawing above).

Action: principally,
plantar flexion
of proximal

phalanges...
...which is important

in the propulsion phase

of walking
s

Innervation: lateral plantar nerve (S1-S2) B
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By contracting on one side

The interossei are

or the other, the interossei
' covered by the tendons

also help spread the toes of flexor digitorum longus.

apart or pull them back At the hindfoot, a muscle

together. Their origins attaches to these tendons:
(proximal attachments)
help prevent the metatarsals
from spreading apart, and =
maintain the transverse
arch of the foot. \ \ Quadratus plantae
(alsocalled flexor
digitorum accessorius)
arises from the body of
calcaneus, and inserts
on the posterolateral
border of the flexor
The lumbricals digitorum longus

are four small tendon near its

muscles (in the division into four

second layer) running parts. It belongs to

from the flexor digitorum the second layer.

longus tendons to the dorsal

parts of the extensor digitorum longus tendons. Actions: redirects the pull of the

flexor digitorum longus tendons

Action: minimal; they mostly "fine tune" to be more in line with the axes
the actions of other toes muscles of the toes
Innervation: medial andlateral plantar nerves (L 5-S2) I nnervation:

lateral plantar nerve (S1-S2)

Flexor digitorum It arises from the posteroinferior tuberosity

brevis is part of the first of calcaneus, splits into four parts, and inserts
(most superficial) layer. laterally on middle phalanges I1-V. Each
tendon is "perforated” to allow passage
of the flexor digitorum longus tendons

to the distal phalanges.

Action: plantar flexion
of middle and proximal
phalanges of toes 11-V; often
responsible for the condition

called "clawfoot," particularly when
action of the interossei is weak

Innervation: medial plantar nerve (L5-S1)



284 THE ANKLE & FOOT

Medial group

There are three muscles which insert on the proximal phalanx of the big toe and, in passing,
on the sesamoid bone.

Flexor hallucis brevis (third layer) originates from cuboid and the two lateral cuneiforms
and inserts via two tendons on either side of proximal phalanx I.

Action: plantar flexion
of proximal phalanx of big toe
Innervation: media 7 ,_)

plantar nerve
(L5-S1)

Adductor hallucis has two layers. The oblique adductor arises on the cuboid,
and the transverse adductor on the metatarsaophalangeal joints I11-V.
Both layers merge in a tendon, which inserts on the lateral base of proximal phalanx I.

This is the muscle that is primarily responsible for "hallux valgus,"” a malformation
in which metatarsal | is permanently adducted and prosimal phalanx | abducted,
such that the big toe overlaps the second toe.

Action: adducts
the big toe*

Innervation: medial
plantar nerve (s1-s2)

& ——
al~ LA
transverse head  oblique head

Abductor hallucis is the most superficial of the three muscles.

It originates at the medial tuberosity on the medial surface of the calcaneous
and inserts on the medial base of the proximal phalanx I.

This muscle actively supports the medial arch and assists in keeping the big toe
properly aligned by opposing "hallux valgus."

Actions. abducts
the big toe; assists

in plantar flexion of the
metatarsophal angeal
joint

Innervation: |atera

E‘ plantar nerve

(L5-S1)

*Note: When we speak of adduction or abduction of toes, the reference
isthe axis of the 2 N D toe, not the median plane of the body.
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Lateral group

There are three small muscles on the lateral side of the foot.

Flexor digiti minimi brevis
(third layer) arises from

the base of metatarsal V

and inserts on the base

of proximal phalanx V.

Action: plantar flexion of little toe

Innervation: lateral plantar nerve (S1-S2)

Abductor digiti minimi

(first layer) originates from

the posteroinferior calcaneus
and inserts laterally on the base
of proximal phalanx V.

Actions: abduction and plantar flexion of little toe;
supports lateral arch

Innervation: lateral plantar nerve (S1-S2)

Opponens digiti minimi
originates from cuboid and
inserts on the lateral side
of metatarsal V.

Actions. orients metatarsal V
toward the other metatarsals and resists
the spreading of the anterior portion of the foot

Innervation: lateral plantar nerve (S1-S2)
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Extrinsic anterior muscles

On the anterior surface of the leg are three long muscles whose tendons run anterior
to the ankle, where they are held in place by the extensor retinaculum.

Tibialis anterior originates from the lateral condyle
and superolateral shaft of tibia, passes under the
extensor retinaculum, and inserts on the medial cuneiform
(inferomedial surface) and base of metatarsal |.
This muscle is the strongest dorsiflexor.

Actions: dorsiflexion

of foot; also supination

(lifts medial edge of foot
by pulling on anterior
tarsals)

Innervation:
\Q deep peroned nerve (L4-S1)

Extensor hallucis longus arises
from the central medial fibula
and interosseous membrane,

extensor passes under the extensor

retinaculum retinaculum, and inserts
dorsally on distal phalanx I.

Actions. dorsiflexion
of big toe and foot;
also supination
(lifts medial edge of foot)

Innervation: deep
peronea nerve (L4-S1)
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Extensor digitorum longus originates from
the lateral tibial condyle, most of the anterior fibular shaft,
and interosseous membrane. Its tendon passes under the
extensor retinaculum, splits into four parts, and inserts
on toes I1-V. Each of the four tendons further splits
into two slips attaching to the sides of the middle phalanx,
and a central slip attaching to the base of the distal phalanx.

Action: dorsiflexion of toes I1-V,
foot, and ankle; it mainly acts on
the proximal phalanx and is one

of the muscles responsible for the
clawing" action of the toes

Innervation:
deep peroneal nerve (L4-S1)

Short muscles of the foot that insert

on the tendon of extensor digitorum longus,
complementing its action:

« extensor digitorum brevis (p. 281)

* interossei (p. 282)

Peroneus tertius
isan insignificant muscle,

absent in some individuals.

It arises from the anteroinferior fibula
and inserts on metatarsal V.

Actions: dorsiflexion
and eversion of foot

Innervation: deep peronea
nerve (L5-S1)

N
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Extrinsic lateral muscles
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There are two muscles on the lateral side of the leg that attach to the fibula:

the peroneus muscles.

Peroneus longus arises from the head
and superolateral shaft of fibula.

Its tendon follows a complicated path
behind the lateral malleolus, under the
peroneal retinaculum, inferior to the
peroneal tubercle of calcaneus, along
the groove of the plantar (inferior)
cuboid, andfinally inserts inferiorly
on the base of the medial cuneiform
and base of metatarsal |.

peraneus

longus

peroneal
tubercle

Actions: pronator
(lifts lateral edge of foot
and lowers medial edge);

plantar flexesankle

Innervation:

peroneal nerve (L5-S1)

superficial

Peroneus brevis arises

from the inferolateral fibular shaft,
where it is covered by
peroneus longus.

Its tendon passes

behind the lateral malleolus,
under the peroneal retinaculum,
superior to the peroneal tubercle,
and inserts on the lateral tubercle
of metatarsal V.

peroneus
brevis

Actions; pronator
(lifts lateral edge of foot);
assists in plantar flexion
and abduction of foot

Innervation:  superficial
peroneal nerve (L5-S1)
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EXTRINSIC LATERAL MUSCLES

...form a"sling"
under the middle part
of the foot which is
crucial in supporting
the arches.

The tendons

of tibialis posterior
and peroneus longus,
coming from
opposite sides...

peroneus longus

tibialis posterior

Peroneus longus and brevis
both strengthen and support

the lateral arch, stabilizing the
ankle and preventing loss of
balance laterally, especially when
standing on one foot or on tiptoe.
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Extrinsic posterior muscles

The posterior group of leg muscles is the most important muscle group. It has two layers,

the deeper one consisting of three muscles located next to each other on the posterior surfaces

of the tibia and fibula.

\/
Flexor digitorum longus / Tibialis posterior is
originates from the the deepest calf muscle.
posteromedial tibial shaft, It arises from the
runs posterior to the posterosuperior tibial
medial malleolus and fibular shafts and

and sustentaculum tali, interosseous membrane,

along the plantar surface and passes posterior to
of the foot, and inserts the medial malleolus and
on distal phalanges I1-V. / anterior to sustentaculum

lm / / tali. Its primary insertion

is on a prominent medial
tubercle of navicular

(seep. 241), but it also
inserts on cuboid,

lateral cuneiform, and

metatarsals 1-1V.

Actions. plantar flexion of toes
I1-V and ankle, inversion of
foot, support of arches. This
is the most powerful flexor
of toes II-V. It also assists in
plantar flexion, supination,
and adduction of the foot,
the latter counteracted
by quadratus plantae.

Innervation: tibial
nerve (S1-S3)

Actions: plantar flexion,
inversion, support
of arches (see p. 295)

The role of tibialis
posterior, in conjunction
with peroneus longus,
in forming a "sling"
for the middle foot,
was noted on the
preceding page.

I nnervation:
tibial nerve
(L4-L5)
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Flexor hallucislongus
arises from the
posteroinferior fibula

and interosseous membrane,
runs posterior to the

medial malleolus, along a

groove on the posterior talus,
behind sustentaculum tali,
along the medial plantar
surface of the foot, and
inserts on distal phalanx I.

Actions: plantar flexion of
big toe and ankle, inversion,
support of medial arch;
assists in plantar flexion
and adduction of foot

Innervation: tibial
nerve (S1-S3)

POSTERIOR MUSCLES

291

/\"—'—-...___

Thismuscleis
important in the
propulsion phase
of walking.

It also has avery important role in
stabilizing the foot when standing
on tiptoe, since the pushing action
of the big toe offsets the anterior
loss of balance. It also helps
stabilize the ankle (see p. 295).
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The superficial group of posterior calf muscles is known collectively as the triceps surae.

This is the strongest muscle group of the leg.
It consists of three muscular heads,
all of which terminate on the Achilles tendon,
which then attaches to the posterior surface of the cal caneus.

Soleus is the
deepest head
of triceps surae.

Soleus is covered by the
two superficial heads of
gastrocnemius, which
originate at the distal
posterior femur from a

It arises from the
posterosuperior

tibiaand fibula.
tendon attaching to the

back of each condyle.

It crosses two joints: Gastrocnemius shapes the

the ankle and the outline of the posterior calf.
subtalar joint. It crosses three articulations:

the ankle, subtalar joint, and knee.

Innervation: common

tibial nerve (L5/S2) Innervation: common

tibial nerve (S1-S2)

Actions of triceps surae: Together, ...and indirectly pull the talus into

the three muscles pull the plantar flexion. This second action
calcaneus into plantar flexion is actually more important than
under the talus, with a the first because it gives the joint

tendency to inversion*... more mobility.

*Why inversion? It is linked to the articular surfaces of the subtalar joint.
Plantar flexion corresponds to adduction and supination (see p. 271).
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Since gastrocnemius crosses the knee, the position of the knee affects
its efficiency as a plantar flexor of the ankle.

293

For standing on tiptoe,

plantar flexion of the ankle
by the triceps surae is necessary,
but not sufficient by itself.

When the knee When the knee is extended

isvery flexed, the  — or only slightly flexed
gastrocnemius is slack - B (the position taken by the
and therefore inefficient propelling leg” at the start
as an ankle flexor of arace), the gastrocnemius

is more taut and more efficient

Dorsiflexion
at the ankle
stretches
the soleus.

as an ankle flexor.

Interestingly, when the knee is flexed and the
leg and foot are bearing the weight of the body...

.. .the gastrocnemius and
hamstrings combine their
forces to become extensors

of the knee, i.e., returning
it to anatomical position.

%AE e

» f‘c

N 4 ,
X When the foot is

not bearing the
body's weight,
these muscles

To stretch the
gastrocnemius,

we must add act as flexors

of the knee.

extension
of the knee.
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Actions of extrinsic foot muscles on the ankle

The tendons passing anterior to the

bimalleolar axis perform dorsiflexion:

(2) tibialis anterior
(2) extensor hallucis longus
(3) extensor digitorum longus

not shown: peroneus tertius

The tendons passing posterior
to it perform plantar flexion:

(1) peroneus longus

(2) peroneus brevis

(3) triceps surae

(4) flexor hallucislongus
(5) tibialis posterior

(6) flexor digitorum longus

The tendons passing medial to the
longitudinal axis of the foot

(axis through 2nd toe) perform
inver sion/adduction:

(1) extensor hallucis longus
(2) tibialis anterior

(3) tibialis posterior

(4) flexor digitorum longus

5) fl hallucis|

(5) flexor vcisiongus The tendons passing lateral
We could add triceps to the longitudinal axis
surae, whose action adds of the foot perform

an inversion (see p. 292). ever sion/abduction:

(1) peroneus longus
and brevis
(2) peroneus tertius
(3) extensor digitorum
longus (lateral part)

Notice that opposing actions are not "balanced.”
Plantar flexion is dominant over dorsiflexion, and
inversion/adduction is dominant over eversion/abduction.
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Stability of ankle joint

As explained on page 264, the talus fits more snugly into the "pincer"”
(formed by the distal tibia and fibula) during dorsiflexion than plantar flexion.

dorsiflexion

To compensate for the loss of
stability during plantar flexion,
the shape of the "pincer"

is modified by four muscles which
tend to pull down the fibula:

 peroneus longus

¢ peroneus brevis

« flexor hallucis longus
« tibialis posterior.

[}/ } 1 malleolus : | malleolus
A | raised A [ lowered

The fit of the pincer

on the plantar-flexed talus

is improved when

the lateral malleolusis lowered.

A related factor is the "tightening”
of the two sides of the "pincer,"
produced in part R
by flexor hallucis longus !
and tibialis posterior.

Also, when the fibula
islowered, the distal
tibiofibular ligaments
come under tension,
which automatically
tightens the "pincer."

2V L

These effects on the "pincer
by muscles and ligaments
stabilize the ankle
during plantar flexion,
e.g., standing on tiptoe.
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Arches of the foot

The foot has three arches (which could also be called "trusses"*).
They rest on three points of support. The arches therefore constitute aflexible slat,
which serves as a shock absorber and adapts the foot's shape to the ground.

When standing, the weight of the body
is essentially distributed among three points:

» The posteroinferior tuberosity of calcaneus

metatarsal V receives most of the weight.

» The secondary weight-bearing point
is the head of metatarsal 1,

arelatively massive bone.

calcaneus
e The third point, the head of metatarsal V,

metatarsal 1 supports the least weight.

The medial arch is formed primarily by five bones (calcaneus,
talus, navicular, medial cuneiform, metatarsal 1), four ligaments
(talocal caneal, calcaneonavicular, and small ligamentsjoining
the cuneiform to navicular and metatarsal), and four
muscles (abductor hallucis, tibialis posterior,
peroneus longus, flexor hallucislongus).

Flexor hallucis longus has three functions
with respect to the medial arch:

1. stretches the arch like the string of a bow
2. supports calcaneus by passing under the sustentaculum tali
3. supports talus by passing along its posterior groove.

* In architecture, a supporting

structure in the shape of

atriangle (atruss) has

the following stress

distribution: ! !

The weight on the top part causes compression stress (on the top) and stretching stress (on the
bottom). Due to the relative elasticity of the lower part, avery heavy weight can be supported.



ARCHES OF THE FOOT 297

The lateral arch is not as high as the medial one. Although it can
be plainly seen on the skeleton, it is not obvious on the whole foot
because the space under the arch is occupied by muscles.

The lateral arch is formed primarily by three bones

(calcaneus, cuboid, metatarsal V), three ligaments (short plantar
[calcaneocuboid] ligament, long plantar ligament,

plantar aponeurosis), and two muscles

(peroneus brevis, peroneus longus).

Peroneus longus has two functions here:

(‘@\ \\ « supports calcaneus by

W\\ D passing under the peroneal tubercle

¢ supports cuboid.

The transverse arch is most visible
around the middle of the metatarsals.
It is represented in this drawing as straps.

Asyou would expect,

it is higher on the medial (navicular) side
than the lateral (cuboid) side.

Its muscular support
comes primarily

from adductor hallucis
(transverse head),
peroneus longus,
tibialis posterior,

and the interossei.




foot hits the ground heel-
first, then rolls forward

Muscle actions of ankle and foot during walking

body’s weight on foor,
foot in full contact
with ground

heel leaves ground;
propulsion by
distal foot

toes leave
ground
(big toe last)

entire foot is off the
ground; foot moves
rapidly forward

contraction of dorsiflexors
during rolling movement

contraction of muscles
supporting the three
arches

contraction of triceps surae
and other plantar flexors;
contraction of intrinsic
plantar muscles

contraction of
flexor digitorum

Iongus, then
flexor hallucis

longus

brief moment of muscular
relaxation while foot is
off ground; contraction
of dorsiflexors to prevent
toes from touching
ground during forward

movement of foot
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A scapula, 114, 125
shoulder, 105, 107, 134

Abdominal cavity, in respiration, 99 subtalar joint, 270
Abdominal muscles, 72, 94-98 wrist, 161, 166
Abdominal region, 31 Adductor brevis, 245, 252, 253
Abduction Adductor hallucis, 280, 284

ankle, 294 Adductor longus, 245, 252, 253

arm, 108, 115 Adductor magnus, 246, 252, 253

defined, 9 Adductor pollicis, 188

foot, 261 Agonist, defined, 23

hip, 196, 252 Anal canal, 98

midtarsal joint, 274 Anatomical position, in movement, 7

pelvis, 53 Anatomical reference terms, 11

scapula, 114 Anconeus, 145, 148

shoulder, 105, 106, 134 Ankle, 257

subtalar joint, 270 Achilles tendon, 292

thumb, 185 actions of extrinsic foot muscles on, 294

wrist, 161, 166 anterior tarsal bones, 273
Abductor digiti minimi, 182, 280, 285 bone stability, 264
Abductor hallucis, 284 capsule and ligaments, 264
Abductor pollicis brevis, 189 dorsiflexion, 8, 23
Abductor pollicislongus, 171, 186 extension, 8
Acetabulum, 45, 201 extensor retinaculum, 286

labrum of, 203 joint, 263

lunate surface of, 201 landmarks, 258

transverse ligament, 203 mobility, 264
Achilles tendon, 193, 258, 292 movements
Acromioclavicular joint, 104, 113 dorsiflexion, 294

defined, 102 eversion/abduction, 294
Acromioclavicular ligaments, 113 inversion/adduction, 294
Acromion process, 103, 104, 110, 112, 113, 126 plantar flexion, 294
Actin, 19 muscle actions during walking, 298
Adduction muscles, 280

ankle, 294 sprains, 265

arm, 108 stabilization, 265

defined,9 subtalar joint, 269

foot, 261 Ankle bone. SeeTalus

hip, 195, 253 Ankle joint, 263

hip and knee, 245-249 stabilization, 295

midtarsal joint, 274 Annular ligament, 150, 163
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Annulusfibrosus, 42
defined, 37
Antagonist, defined, 23
Anterior, defined, 11
Anterior arch, adas, 68
Anterior cruciate ligament, 219
Anterior inferior iliac spine, 45
Anterior ligaments, wrist, 165
Anterior longitudinal ligament, 38
Anterior neck muscles, 75
Anterior sacral foramina, 50
Anterior superior iliac spine, 30, 31, 45, 192
in pelvic extension, 198
Anterior tarsal bones, 258, 273
Anterior tarsus, 259
Anterior tibial tuberosity, 213
Anteversion angle, between femoral neck and shaft,
205
Aponeurosis, 20
defined,19
Arches, of foot, 296-297
Arcuate ligaments, 91
Arm
abduction, 33, 115, 126, 129, 132
adduction, 129, 131
extension, 131, 132
flexion, 129, 132
lateral rotation, 109
medial rotation, 109, 131, 132
mobility and scapular movements, 115
movements, 108
Articular cartilage, 15
defined, 13
Articular disc, ulna, 151
Articular facets, 36, 37, 56
axis, 70
cervical vertebrae, 67
Atlas, 65, 68-69
articulations, 69
Auricular surfaces, sacrum, 51
Axilla, 104
Axis, 65, 68, 70-71
articulations, 70
dense of, 68
Axis of Henke, 271

_B

Back, intermediate muscles, 78-83
Ball-and-socket joints, defined, 14
Biceps brachii, 103, 119, 129, 138, 145, 147, 154
heads of, 20
shape, 21
Biceps femoris, 242, 252, 253, 254
actions, 251
long head, 193, 227
short head, 227, 254

stabilizing effects, 222
tendon, 192
Bifurcate ligament, 275
Bone marrow, 13
Bone tissue, composition, 12
Bones, 7
ankle, 266-267
of ankle and foot, 280
anterior tarsal, 273
calcaneus, 267
carpal, 159
clavicle, 110
cuboid, 259, 273
cuneiform, 259, 273
for elbow flexion and extension, 141, 144
femur, 200
surfaces of, 212
foot, 259
hand, 162
humerus, 116
leg, 262
metacarpals and phalanges, 159, 167
metatarsals and phalanges, 276
navicular, 259, 273
patella, 224-226
radius, 140
scaphoid, 162
shapes of, 12
structure of, 13
talus, 266
tibia, surfaces of, 213
trapezium, 162
ulna, 140
Bow-legs, 215
Brachialis, 145, 146
Brachioradialis, 145, 146, 153, 154
Bursa, of supraspinatus, 126

_C

Calcaneocuboidal ligament, 275
Calcaneofibular ligament, 264
Calcaneus, 258, 259, 264, 267, 268, 280
articulations, 267
lateral view, 267
medial view, 268
muscles affecting knee, 227
sustentaculum tali, 268
trochlear process, 267
Capitate bone, 162, 168
Carpal arch, 163
Carpal bones, 154, 159, 162
Carpal condyle, 164
Carpal joint, muscles, 171
Carpal tunnel, 163
Carpometacarpal joints, 168
Cartilage, 16

costal, 61
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Cervical spine, 65, 103 costal origin, 91
atlas, 68-69 muscle origins, 91
axis, 70-71 in respiration, 99
cervical vertebrae, 66-68 sternal origin, 92
concavity, 35 vertebral origin, 91

Cervical vertebrae, 34, 66-68 Diaphysis, defined, 13

Childbirth Diarthroses, defined, 14
pelvic abduction in, 53 Dislocation, 15
sacroiliac joint in, 52 Distal, defined, 11

Chopart s joint, 274 Distal phalanges, 167

Clavicles, 49, 103, 110 of foot, 276
muscles Dorsiflexion

deltoid, 119 ankle, 294
pectoralis major, 119 of ankle, 8
sternocleidomastoid, 119 of foot. 260, 265
subscapularis, 119 subtalar joint, 270

trapezius, 119 Downward rotation, scapula, 115, 125

Coccygeus, 98
Coccyx, 34, 43,51

muscles affecting hip, 227 E
Collateral ligaments, 279
elbow, 143 Elasticity

knee, 220-221
Coracoacromial ligament, 118
Coracobrachialis, 119, 129, 133
Coracohumeral ligament, 118
Coracoid ligament, 113
Coracoid process, 122, 126

in bones, 12
of muscles, 20
Elbow, 116, 137
bones and articulating surfaces for flexion and
extension, 141
bones for flexion and extension, 144
extension, 137, 139
extensor muscles, 145
flexion, 137, 139
flexor muscles, 145

scapula, 112
Coronal plane, 9. See also Frontal plane
Coronoid process, ulna, 141, 142
Costal cartilage, 61
Costo-iliac space, 30
Counternutation, 53
Coxavalga, 205
Coxavara, 205
Cranial bones, 72
Cruciate ligaments, 219
Cuboid bone, 259, 273
Cuneiform bone, 259, 273

joint capsule, 143

landmarks, 138

ligaments, 143

muscles, for flexion/extension, 145, 146-148
pronation, 137, 149-152

pronators and bony attachments, 153

radius and ulna, 140

supination, 137, 149-152

supinators and bony attachments, 154-155

D Elevation
scapula, 114, 125

Deep, defined, 11 shoulder, 105

Deep back muscles, 21 sternoclavicular joint, 111

Deep neck muscles, 72 Ellipsoid joints, defined, 14

Delto-pectoral groove, 30, 103 Enarthroidial joints, 14
Deltoid, 103, 104, 119,132, 133, 134, 138 Endomysium, 19
Deltoid ligament, 265, 279 Epimysium, 10
Dens, axis, 68, 70 Epiphysis, defined, 13
Depression Eversion
scapula, 114, 125 of ankle, 294
shoulder, 105 of foot, 261
sternoclavicular joint, 111 subtalar joint, 271
Diaphragm, 72, 90-91 Expiration
arcuate ligaments, 91 internal obliques in, 95

central tendon, 91 muscles in, 100



302 INDEX

quadratus lumborum in, 93

rib movements during, 63
Extension

anterior longitudinal ligament in, 38

arm, 108

in cervical vertebrae, 66

defined, 8

elbow, 139, 145

hip, 195, 252

interspinalis muscles, 73

intertransverse muscles, 73

joint capsule during, 17

knee, 209, 214, 217, 254

ligaments in, 18

lumbar vertebrae in, 55

pelvis, 198

rib movements during, 63
shoulder, 106, 133
spine, 79
sternoclavicular joint, 111
thumb, 184
trunk, 32, 33
vertebral movements in, 40
wrist, 160, 166
Extensor carpi radialis brevis, 145, 171, 174
Extensor carpi radialislongus, 145, 171, 174
Extensor carpi ulnaris, 145, 171, 175
Extensor digiti minimi, 145, 171, 179
Extensor digitorum brevis, 281
actions, 281
Extensor digitorum longus, 145, 178, 280, 287,
294
in ankle dorsiflexion, 23
Extensor hallucis longus, 280, 286, 294
in ankle dorsiflexion, 23
Extensor indicis, 171, 179
Extensor pollicis brevis, 171, 187
Extensor pollicislongus, 171, 187
Extensor retinaculum, 285
Extensor tendons, hand, 158
Extensors
offingers,178-179
of wrist, 174-175
External, defined, 11
External iliac fossa, 45, 47
External intercostals, 89
External oblique, 96
shape and function, 21
Extrinsic anterior muscles, of foot, 280, 286-287
Extrinsic lateral muscles, of foot, 288-289
Extrinsic posterior muscles, 290-293

_F

Facets
articular, 36, 55
in joints, 14
thoracic spine, 58

False pelvis, 44
Falseribs, 59, 61
Fascialata, 193, 248
Femoral head, 200, 202, 203
Femoral neck, 200
anatomical variations, 205
Femur, 280
abduction, 20
articulations of, 211
base, 211
composition of, 13
condyles of, 223
greater trochanter, 192, 200
head, 200
intercondylar fossa, 211
lateral condyle, 200, 212, 226
lateral epicondyle, 200
lateral rotation, 196
lesser trochanter, 200
linea aspera, 200
medial condyle, 200, 212, 226
medial epicondyle, 200
muscles, 72, 227
muscles affecting hip and knee, 227
neck, 200
patellar surface, 200
shaft, 200
superior and inferior ends, 11
surfaces of, 212
Fibrocartilagenous padding, 16
Fibula, 262
head, 193
muscles affecting hip and knee, 227
Fifth finger, intrinsic muscles, 182
Filaments, defined, 19
Fingers
abduction, 9
anatomical reference point, 9
distal phalanx, 167
extensor tendons, 20
extrinsic extensors, 178-179
extrinsicflexors, 176-177
intrinsic muscles moving, 180-181
middle phalanx, 167
mobility of, 154
proximal phalanx, 167
Flexion
arm, 108
defined,8
elbow, 139, 145
hip, 194, 252
joint capsule during, 17
knee, 208, 214, 217, 254
lateral, 9
ligaments in, 18
lumbar vertebrae in, 55
pelvis, 198

posterior longitudinal ligament in, 38



rib movements during, 63
shoulder, 106, 133
sternoclavicular joint, 111
thumb, 184
trunk, 32
vertebral movements in, 40
wrist, 160
Flexor carpi radialis, 145, 171, 173
Flexor carpi ulnaris, 145, 171, 172
Flexor digiti minimi, 182
Flexor digiti minimi brevis, 285
Flexor digitorum brevis, 280, 283
Flexor digitorum longus, 290, 294
Flexor digitorum profundus, 145, 176
Flexor digitorum superficialis, 171, 177
dual origins of, 20
Flexor hallucis brevis, 284
Flexor hallucis longus, 291, 294, 295
Flexor pollicis brevis, 188
Flexor pollicis longus, 171, 186
Flexors
fingers,176-177
of wrist, 172-173
Floating ribs, 59, 61
Foot, 257
arches, 296-297
arrangement of bones, 259
bones, 280
intrinsic muscles, 281
joint capsules and ligaments, 279
landmarks, 258
lateral arch, 297
medial arch, 296
metatarsophalangeal joints, 278
movements, 260-261
abduction, 261
adduction, 261
dorsiflexion, 260, 295
eversion, 261
inversion, 261, 292
plantar flexion, 260, 295
pronation, 260
supination, 260
muscle actions during walking, 298
muscles, 280
abductor digiti minimi, 280, 285
abductor hallucis, 284
actions of extrinsic on ankle, 294
adductor hallucis, 280, 284
extensor digitorum brevis, 280
extensor digitorum longus, 287
extensor hallucis longus, 286
extrinsic anterior, 280, 286-287
extrinsic lateral, 288-289
extrinsic posterior, 290-293
flexor digiti minimi brevis, 284
flexor digitorum brevis, 283
flexor hallucis brevis, 284

INDEX

interossei, 282
intrinsic, 280
lateral group, 285
lumbricals, 283
medial group, 284
middle group, 282-283
opponens digiti minimi, 285
peroneus tertius, 287
quadratus plantae, 280, 283
tibialis anterior, 286
triceps surae, 280
tarsometatarsal joints, 277
transverse arch, 297
transverse tarsal joint, 274
Foramen magnum, 69
Forearm

anterior and posterior surfaces, 11
pronation, 10
supination, 10

Frontal plane, defined, 9

_ G

Gastrocnemius, 193, 227, 251, 254, 258, 280, 292
Gemellus muscles, 227, 228, 233, 252, 253

gemellus inferior, 232
gemellus superior, 232
Genu recurvatum, 209
Genu valgum, 215
Genu varum, 215
Gerdy's tubercle, 213
Girdles
pelvic, 49
scapular, 49, 110
Glenohumeral joint, 117-118
defined, 102
Glenohumeral ligaments, 118
Glenoid cavity, 117
scapula, 112
Glenoid lab rum, 117
Glenoid ligament, 279

Gluteus maximus, 192, 193, 250, 252, 253

actions, 249, 250
in hip flexion, 23
superficial fascia, 227
in walking, 255
Gluteus medius, 192, 227, 252, 253
actions, 237
contraction of, 20
Gluteus minimus, 227, 252
actions, 236
Gracilis, 227, 246, 247, 253, 254
stabilizing effects, 222
Gravitational pressure, 12
Greater pelvis, 44
Greater sciatic notch, 46
Greater trochanter, femoral, 192, 200
Groin, 30, 31
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_H

Hamate bone, 162, 168
Hamstring muscles, 26, 193, 242. See also Biceps
femoris
actions, 243
in hip flexion, 194
stretching, 244
in walking, 255
Hand, 154
bones, 159
carpometacarpal joints, 168
interphalangeal joints, 170
intrinsic muscles, 180-182
landmarks, 158
metacarpals and phalanges, 167
metacarpophalangeal joints, 169
muscles, 171
thumb, 184-185
carpometacarpal articulation, 182
extrinsic muscles, 186-187
Head
contralateral rotation, 83
flexion, 87
front-to-back movements, 33
metatarsal, 276
Heads, of muscles, 20
Heel, 258
Herniated discs, 42
Hinge joints, defined, 14
Hip, 191
abduction, 196
acetabulum, 201
actions in walking, 255
adduction, 9, 195
anatomical variations, 206
articular surfaces, 201-204
ball-and-socket joint, 15
bones, 43, 44-48, 49
extension, 23, 195
flexion, 8, 23, 33, 194
flexors,22
landmarks, 192-193
lateral rotation, 197
medial rotation, 197
movements, 194-199
abduction, 252
adduction, 247, 253
extension, 252
flexion,252
lateral rotation, 253
medial rotation, 253
in tailors position, 10
muscle actions, 252-254
muscles, 227, 228-237
adductors, 227
affecting knee, 238-244
biceps femoris, long head, 227

gemellus, 227, 228
gluteus maximus, 227
gluteus medius, 227
gluteus minimus, 227
gracilis, 227
iliacus, 227
obturators, 227, 228
piriformis, 227, 228
psoas, 227
quadratus femoris, 227, 228
quadriceps, 227
rectus femoris, 227
sartorius, 227
semimembranosus, 227
semitendinosus, 227
tensor fasciae latae, 227
obturator foramen, 201
medial surface, 47
posterior border, 46
posterior view, 45-46
Hip joint
bony restrictions to movement, 205
capsule and ligaments, 206-207
in squatting motion, 26
view of joint capsule, 17
Hugging muscle, 130
Humerus, 116
back view, 116
bicipital, 116
capitulum, 141
cartilage of head, 16
coronoid fossa, 141
greater tubercle, 116
head, 116, 117, 118
interosseous membrane, 141
lateral epicondyle, 138, 141
lesser tubercle, 116
medial, lateral, anterior ridges, 116
medial and lateral surfaces, 11
medial epicondyle, 138, 141
muscles, 171
biceps brachii, 119
brachioradialis, 153
coracobrachialis, 119
deltoid, 119
latissimus dorsi, 119
pectoralis major, 119
pronator teres, 153
subscapularis, 119
supraspinatus, 119
teres major, 119
teres minor, 119
triceps, long head, 119
radial fossa, 141
rotation, 107
surfaces of, 116
trochlea, 141
Hyaline cartilage, defined, 13



Hyoid bone, muscles below and above, 87
Hyperextension

knee, 209

prevention of, 59
Hyperrotation, at T11/T12 joint, 64
Hypothenar eminence, 158, 171
Hypothenar muscles, 182

I

Illiac crest, 31,45, 192
Iliacus, 227, 252, 253
actions, 235

Iliocostals, 72

Iliocostalis cervicis, 78

Iliocostalis lumborum, 78, 79

Iliocostalis thoracis, 78

Iliofemoral ligament, 206
in movement, 207

Iliopectineal line, 47

Iliopsoas, 235

Ilium, 44

Inferior, defined, 11

Infrahyoid muscles, 87

Infraspinatus, 127, 128, 134

Inguinal crease, 192

Innervation
abductor digiti minimi, 182, 285
abductor hallucis, 284
abductor pollicis brevis, 189
abductor pollicis longus, 186
adductor brevis, 245
adductor hallucis, 284
adductor longus, 245
adductor magnus, 246
adductor pollicis, 188
anconeus, 148
biceps brachii, 147
biceps femoris, 242, 251
brachialis, 146
brachioradialis, 146
coccygeus, 98
coracobrachialis, 129
deltoid, 132
diaphragm, 91
extensor carpi radialis brevis, 174
extensor carpi radialis longus, 174
extensor carpi ulnaris, 175
extensor digiti minimi, 179
extensor digitorum, 178
extensor digitorum brevis, 281
extensor digitorum longus, 287
extensor hallucis longus, 286
extensor indicis, 179
extensor pollicis brevis, 187
extensor pollicis longus, 187
external obliques, 96

INDEX

flexor carpi radialis, 173

flexor carpi ulnaris, 172

flexor digiti minimi, 182
flexor digiti minimi brevis, 285
flexor digitorum brevis, 283
flexor digitorum longus, 290
flexor digitorum profundus, 176
flexor digitorum superficialis, 177
flexor hallucis brevis, 284
flexor hallucis longus, 291
flexor pollicis brevis, 188

flexor pollicislongus, 186
gastrocnemius, 292

gluteus medius, 237, 247
gluteus minimus, 236

gracilis, 246

iliacus, 235

infraspinatus, 127
intermediate back and neck muscles, 78
internal obliques, 95
interossei, 181

interossei of foot, 282
latissimus dorsi, 131

levator ani, 98

longissimus capitis, 79

longus capitis, 85

longus colli, 84

lumbricals, 181,283

obturator externus, 232
obturator internus, 231
opponens digiti minimi, 182, 285
opponens pollicis, 189
palmaris longus, 173

pectineus, 245

pectoralis major, 130

pectoralis minor, 122

peroneus brevis, 288

peroneus longus, 288

peroneus tertius, 287
piriformis, 229

popliteus, 251

posterior muscles of trunk/neck, 73
psoas major, 92, 234

quadratus femoris, 230
quadratus lumborum, 93
rectus abdominis, 97

rectus capitis anterior, 85
rectus femoris, 238

rhomboids, 123

sartorius, 241

serratus anterior, 120

soleus, 292

splenius muscles, 81
sternocleidomastoid (SCM), 88
subscapularis, 126

supinator, 155

supraspinatus, 126

teres major, 131
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teres minor, 127

tibialis anterior, 286

tibialis posterior, 290

transversospinalis muscles, 74

transversus abdominis, 94

transversus thoracis, 89

trapezius, 124

triceps brachii, 148
Insertion

deep neck muscles, 77

in muscle contraction, 19
Inspiration

diaphragm in, 91

muscles in, 100

pectoralis major in, 130

rib movements during, 63

role of scalenes in, 87
Instep, 273
Intercondylar eminence, of tibia, 192, 213
Intercostal muscles, 72, 89
Intergluteal crease, 31, 193
Internal, defined, 11
Internal intercostals, 89
Internal obliques, 95
Interossei, 180, 282

actions, 282-283
Interosseous membrane,

between radius and ulna, 151

Interosseous muscles, of hand, 171
Interosseous talocalcaneal ligament, 269
Interosseus membrane, 262
Interosseus talocalcaneal ligament, 272
Interphalangeal creases, 158
Interphalangeal joints, 185

distal, 11

of foot, 278

proximal, 11
Interspinalis muscles, 73
Intertransverse ligaments, 39
Intertransverse muscles, 73
Intervertebral discs, 16, 37

as shock absorbers, 42

thickness and ROM, 32
Intervertebral foramina, 36
Intrinsic muscles

fifthfinger, 182

for finger movement, 180-181

of foot, 280, 281

Inversion
of ankle, 294
of foot, 261

of subtalar joint, 271
Ischial spine, 46
Ischial tuberosity, 46

gap between, 48
Ischio-pubic ramus, 45
Ischiofemoral ligament, 206

Ischium, 44, 45
ligamentous connections, 18
muscles affecting hip and knee, 227
Isolations, 33
Isometric contraction, 27
defined, 25
Isotonic contraction, defined, 25

J

Joint capsule, 17
ankle, 264
elbow, 143
foot, 279
hip joint, 206-207
knee, 218-223
subtalar joint, 272

transverse tarsal joint, 275
wrist, 165

Joints, 7, 14-15
acromioclavicular, 113
ankle, 263
ball-and-socket, 14
carpometacarpal, 168
distal tibiofibular, 262
elbow, 116
ellipsoid, 14
hinge, 14
interphalangeal, 170

of foot, 276
knee, 211
surfaces of, 212

lumbosacral, 56
metacarpophalangeal, 158, 169
metatarsophalangeal, 278
midcarpal, 164
pivot, 14
proximal tibiofibular, 262
radiocarpal, 164
saddle, 15
subtalar, 269, 270-272
synovial, 14
tarsometatarsal, 277
thumb, 185
types, 14, 15
wrist, 164

Jugular notch, 103

_K

Knee, 191
actions in walking, 255
capsule and ligaments, 218-223
collateral ligaments, 220-221
cruciate ligaments, 219
extensors, 22



fibular collateral ligament of, 18
landmarks, 192-193
menisci, 216
functions, 217
movements of, 217
movements, 208-210
extension, 209, 214, 217, 222, 223, 254
flexion, 8, 208, 217,222, 223, 254
rolling and gliding mechanisms, 214
hyperextension, 209
lateral rotation, 210, 219, 239, 254

medial rotation, 210, 219, 239, 243, 254

rotation, 217
muscles, 227, 238-244, 251
biceps femoris
long head, 227
short head, 227, 251
gastrocnemius, 251
gluteus maximus, 227
gracilis, 227
popliteus, 227, 251
quadriceps, 227
rectus femoris, 227
sartorius, 227
semimembranosus, 227
semitendinosus, 227
tensor fasciae latae, 227
vastus intermedius, 227
vastus lateralis, 227
vastus medialis, 227
patella, 224-226
strength mechanisms, 211
Knee joint, 211
in squatting motion, 26
surfaces of, 212
Kneecap. See Patella
Knock knees, 215
Kyphosis, defined, 35

_L

Labrum, of acetabulum, 203
Lamina, 36

thoracic spine, 59
Landmarks

ankle and foot, 258

elbow, 138

hip, 192-193

knee, 192-193

shoulder, 103-104

trunk, 30-31

wrist and hand, 158
Lateral, defined, 11
Lateral arch, of foot, 297
Lateral collateral ligament, 220
Lateral condyle

of femur, 200, 212

of tibia, 213
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Lateral flexion

defined,9

pelvis, 198

trunk, 32, 33

vertebral movements in, 41
Lateral ligaments, wrist, 165
Lateral malleolus, 258, 263

ankle joint stability and, 295
Lateral mass

atlas, 68
Lateral rotation

arm, 109

defined, 10

hip, 197, 205, 253

knee, 210, 219, 254

limits on, 222

pelvis, 199

shoulder, 105, 107, 134
Lateral sacral crests, 51

L atissimus dorsi, 72, 82, 103, 119, 131, 133, 134,

135
Lesser pelvis, 44
L esser sciatic notch, 46
Lesser trochanter, femoral, 200
Levator ani, 98
Levator scapulae, 72, 119, 123, 125
Levatores costarum, 72, 89
Lifting, recommended movements, 42
Ligamentum flavum, 39
Ligaments, 18
acromioclavicular, 113
ankle, 264
annular, 150, 163
anterior cruciate, 219
anterior longitudinal, 38
atlas, 69
bifurcate, 275
calcaneocuboidal, 275
calcaneofibular, 264
collateral of knee, 220-221
coracoacromial, 118
coracohumeral, 118
coracoid, 113
cruciate, of knee, 219
defined, 17
elbow, 143
foot, 279
glenohumeral, 118
hip joint, 206-207
iliofemoral, 206
interosseous talocalcaneal, 269, 272
interspinous, 39
intertransverse, 39
ischiofemoral, 206
knee, 218-223
actions in movement, 222
lateral collateral, 220
ligamentaflava, 39
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ligamentum teres, 201, 202
long plantar, 275
medial collateral, 216, 220, 265
meniscopatellar, 216
palmar, 169
patellar, 218, 224
plantar calcaneocuboid, 275
plantar calcaneonavicular, 275
posterior cruciate, 219
posterior longitudinal, 38
pubofemoral, 206
quadrate, 150
ribs, 61
sacroiliac, 53
spinal column, 38-39
subtalar, 272
supraspinous, 38
talofibular, 264
talonavicular, 275
transverse carpal. See Annular ligament
transverse acetabular, 203
trapezoid, 113
wrist, 163, 165
Ligamentum teres, 201, 202
Linea alba, 30
Linea aspera, 239
femoral, 200
L oaded vertebral flexion, 42
Long plantar ligament, 275
Longissimus capitis, 78, 79
Longissimus cervicis, 78
Longissimus thoracis, 72, 78
Longus capitis, 85
Longus colli, 72, 84
Lordosis
defined, 35
and hip extension, 195
increased with pelvic flexion, 198
Lower cervical spine, 65
Lower limb, three axes of, 215
Lumbar plexus, 93
Lumbar spine, 54
concavity, 35
effects of tight hamstrings on, 244
Lumbar vertebrae, 34, 54-55
mobility, 55
muscles, latissimus dorsi, 119
psoas muscle, 227
Lumbosacral joint, 56
Lumbrical muscles, 171, 181, 283
Lunate bone, 162

M

Mammary region, 30
Manubrium, 110
Mechanical strain, 12

Medial, defined, 11
Medial arch, of foot, 258, 296
Medial collateral ligament, 220, 265
Medial condyle
of femur, 200, 212
of tibia, 213
Medial flexion, pelvis, 199
Medial malleolus, 258, 263
Medial rotation
arm, 198
hip, 197, 253
knee, 210, 219, 254
limits on, 222
pelvis, 199
shoulder, 10, 105, 107, 135
Median plane, defined, 8
M edian sacral crest, 51
Menisci, 16
Meniscopatellar ligament, 216
Metacarpals, 159, 167
muscles, 171
Metacarpophalangeal joints, 158, 185
Metatarsals, 258, 259, 276
Metatarsophalangeal joints, 258, 278
Midcarpal joint, 164
Middle phalanges, 167
of foot, 276
Midfoot, 259
Midtarsal joint, mobility, 274
Monoarticular muscles, defined, 22
Motor neurons, 18
Movements
anatomical positionsin, 7-11
complex, in three planes, 10
of foot, 260-261
dorsiflexion, 295
plantar flexion, 295
in frontal plane, 9
of hip, 194-199, 252-254
by joint type, 14-15
of knee, 208-210
lumbar vertebrae, 55
as mechanical strain on bones, 12
menisci of knee, 217
of pelvis, 198-199
planes of, 8-10
of ribs, 62-63
role of cartilage in, 16
in sagittal plane, 8
of scapula, 125
shoulder, 106-109, 133-135
shoulder girdle on ribcage, 114-115
of subtalar joint, 270-271
in transverse plane, 10
transversospinalis muscles, 74
of trunk, 32-33
variations in joints, 14
vertebral, 407i2
ofwrist, 160-161, 166



Multifidus, 73
Multiple insertions, 20
Muscle contraction, 23-27
concentric, 25
eccentric, 26
isometric, 27
isotonic, 27
Muscle elasticity, 20
Muscle fibers, 19
Muscle filaments, 19
Muscle shapes, 20-22
Muscles, 7, 19-20. See also Specific anatomical
region
abdominal, 72, 94-100
coccygeus, 98
external obliques, 96
internal obliques, 95
pelvic diaphragm, 98
rectus abdominis, 97
in respiration, 99
transversus abdominis, 94
ankle
abductor digiti minimi, 280
adductor hallucis, 280
extensor digitorum brevis, 280
extensor digitorum longus, 280
extensor hallucis longus, 280
flexor digitorum brevis, 280
flexor digitorum longus, 290
flexor hallucis longus, 291
gastrocnemius, 280, 292
peroneus brevis, 280, 288
peroneus longus, 280, 288
peroneus tertius, 280
quadratus plantae, 280
soleus, 280, 292
tibialis anterior, 280
tibialis posterior, 280, 290
triceps surae, 280, 292
back and neck {See also Muscles, neck)
anterior and lateral, 84-88
deep neck, 76
deep spinal, 75
iliocostalis, 72
iliocostalis cervicis, 78
iliocostalis thoracis, 78
intercostal, 72
intermediate, 78-83
interspinalis, 73
intertransverse, 73
latissimus dorsi, 72, 82
levator scapulae, 72, 81
levatores costarum, 72
longissimus capitis, 78
longissimus cervicis, 79
longissimus thoracis, 72, 78
longus colli, 72
lumbar spinal, 72
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monoarticular, 22
multifidus, 73
obliquus capitis inferior, 76
obliquus capitis superior, 76
pelvic floor, 72
polyarticular, 22
posterior, 73
posterior trunk, 92-93
pre-cervical, 72
psoas, 72
quadratus lumborum, 72
rectus capitis posterior major, 76
rectus capitis posterior minor, 76
rhomboid, 72, 82
rotatores, 73
scalenes, 72
semispinalis and longissimus, 72, 73
semispinalis capitis, 80
serratus posterior, 72, 82
spinalis capitis, 80
spinalis thoracis, 80
splenius, 72
splenius capitis, 72, 81
splenius cervicis, 81
sternocleidomastoid, 72
suboccipital, 72
thoracic, 89
transversospinalis, 73
transversus thoracis, 72
trapezius, 72, 83
contraction, 23-27
diaphragm, 72, 90-91
elbow
flexion and extension, 145
pronation/supination, 149-152
elbow extensors, 145
elbow flexors, 145
elbow pronators and bony attachments, 153
elbow supinators and bony attachments, 154-
155
foot, 280
abductor digiti minimi, 285
abductor hallucis, 284
adductor hallucis, 284
extensor digitorum brevis, 281
extensor digitorum longus, 287
extensor hallucis longus, 286
extrinsic anterior, 286-287
extrinsic lateral, 288-289
extrinsic posterior, 290-293
flexor digiti minimi brevis, 285
flexor digitorum brevis, 283
flexor digitorum longus, 290
flexor hallucis brevis, 284
flexor hallucis longus, 291
interossei, 282
intrinsic, 281
lateral group, 285
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lumbricals, 283 rectus femoris, 227
medial group, 284 sartorius, 227

middle group, 282-283 semimembranosus, 227
opponens digiti minimi, 285 semitendinosus, 227
peroneus brevis, 288 tensor fasciae latae, 227
peroneus longus, 288 vastus intermedius, 227
peroneus tertius, 287 vastus lateralis, 227
quadratus plantae, 283 vastus medialis, 227
tibialis anterior, 286 neck

tibialis posterior, 290 anterior and lateral, 84-85
triceps surae, 292 longus capitis, 85

hand
interosseous, 171

longus colli, 84

rectus capitis anterior, 85
lumbricals, 171

hip, 227, 228-237
adductors, 227
biceps femoris, long head, 227

rectus capitis lateralis, 85
scalenes, 86
sternocleidomastoid (SCM), 88

gemellus muscles, 227 poplit?us, 216
gluteus maximus, 227 posterior trunk, 92
gracilis, 227 psoas major, 92
obturator muscles, 227 quadratus lumborum, 93
piriformis, 227 scapulothoracic, 120-124
semimembranosus, 216

shoulder, with bony attachments, 119
skeletal, 19
spinal, 72, 80
thoracic, 89
thumb
extrinsic, 186-187

psoas, 227

quadratus femoris, 227
rectus femoris, 227
sartorius, 227
semimembranosus, 227
semitendinosus, 227
tensor fasciae latae, 227

hip and knee, 238-244 intrinsic, 188-189
adductor brevis, 245 trunk, 72
adductor longus, 245 posterior, 73
adductor magnus, 246 Myofibrils, defined, 19
adductors, 245-247, 245-249 Myosin, 19

biceps femoris, 193, 242

gastrocnemius, 193

gluteus maximus, 192, 193, 249-250 N
gluteus medius, 192 -

gracilis, 227, 246 Navel, 30
hamstrings, 242-244 Navicular bone, 259, 273
Neck

pectineus, 245

quadriceps femoris, 227, 238 anterior and lateral muscles, 84-88

rectus femoris, 238, 240 extension, 8, 83

sartorius, 241 flexors of, 20

semimembranosus, 227, 242 intermediate muscles, 78-83

semitendinosus, 193, 242 muscles, posterior, 73-74
tensor fasciae latae, 192, 193, 248 rotation, 10

vastus intermedius, 238 Nucleus pulposus, defined, 37
vastus lateralis, 192, 238, 239 Nutation, 52

vastus medialis, 238, 239
knee, 227, 251

biceps femoris O

long head, 227 _—

short head, 227, 251 Obliquus capitis inferior, 76
gastrocnemius, 227, 251 Obliquus capitis superior, 76, 77
gluteus maximus, 227 Obturator externus, 228, 233
gracilis, 227 actions, 232

popliteus, 227, 251 Obturator foramen, 45, 201



Obturator internus, 228, 231, 233
actions, 231
Obturator muscles, 227, 252, 253
Occipital bone, 69, 103
Occipital condyles, 68, 69
Odontoid process, 70
Olecranon, 142
Olecranon folds, 138
Opponens digiti minimi, 182, 285
Opponens pollicis, 189
Opposable thumbs, 154, 183
Origin
diaphragm, 91
in muscle contraction, 19
proximal attachment as, 20
Osteoarthritis, 16

I

Palmar depression, 158
Palmar ligament, 169
Palmarislongus, 145, 171, 173
Patella, 192, 218, 224-226
attachments, 224
lateral instability, 225-226
muscles affecting hip and knee, 227
strains on, 225
Patellar ligament, 218, 224
Patellar tendon, 192
Pectineus, 245, 253
Pectoral region, 30
Pectoralis major, 103, 130, 133, 134, 135
Pectoralis minor, 119, 122
Pedicles, in vertebral arch, 36
Pelvic "deltoid" muscle, 250
Pelvic diaphragm, 98
Pelvic girdle, 49
muscles and bony attachments, 72
Pelvic inlet, 44, 52
Pelvic outlet, 44, 53
Pelvis, 43-44
coccyx, 51
in females, 48
hip bones of, 44-48
lateral rotation, 199
in males, 48
medial rotation, 199
movements, 198-199
abduction, 53
adduction, 52

extension, 194, 198, 229, 230, 237, 243,

244, 249
flexion, 198,236, 247, 248
front-to-back, 33
lateral flexion, 198, 236, 237
medial flexion, 199
medial rotation, 229

INDEX
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role of obturator and gemellus muscles, 233

sacroiliac joint in, 52-53
sacroiliac ligaments in, 53
sacrum in, 50-51
shape and proportions, 48

Perimysium, 19

Periosteum, defined, 13

Peroneus brevis, 280, 288, 294, 295
actions, 288-289

Peroneus longus, 280, 288, 294, 295
actions, 288-289

Peroneus tertius, 280, 287, 294

Phalanges, 159, 167
of foot, 276
muscles, 171

Piriformis, 227, 228, 252, 253
actions, 229

Pisiform bone, 162

Pivot joints, defined, 14

Planes of movement, 8-10

frontal, 9
median, 8
sagittal, 8

transverse, 10
Plantar calcaneocuboid ligament, 275
Plantar calcaneonavicular ligament, 275
Plantar flexion, 8

of foot, 260, 264

subtalar joint, 270
Polyarticular muscles, defined, 22
Popliteal fossa, 193, 243
Popliteus, 216, 227, 254

actions, 251
Posterior, defined, 11
Posterior arch, atlas, 68
Posterior cruciate ligament, 219
Posterior inferior iliac spine, 46
Posterior ligaments, wrist, 165
Posterior longitudinal ligament, 38
Posterior sacral foramina, 51
Posterior sacroiliac ligaments, 53
Posterior superior iliac spine, 46, 48
Pre-cervical muscles, 72
Pronation

defined,10

elbow, 149-152

foot, 260

subtalar joint, 270

two types of, 152
Pronator quadratus, 153
Pronator teres, 145, 153
Proprioceptive sense, defined, 18
Protraction, scapula, 114
Proximal, defined, 11
Proximal insertion, of muscles, 20
Proximal phalanges, 167

of foot, 276
Psoas major, 72, 92, 227, 252, 253
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actions, 234 Rectus abdominis, 97

in hip flexion, 23 fiber orientation, 21

origin and insertion, 20 muscle contraction, 25
Pubic region, 30, 31, 192 Rectus capitis lateralis, 85
Pubic symphysis, 47, 52, 98 Rectus capitis posterior major, 76
Pubic tubercle, 45 Rectus capitis posterior minor, 76
Pubis, 44 Rectus femoris, 26, 227, 238, 252
Pubofemoral ligament, 206 actions, 240

articulations of, 22
effect of hip joint position on, 208
Q in walking, 255
_ Recurvation, 139
Quadrate ligament, 150 Red marrow, 13
Quadratus femoris, 227, 228, 253 Residual volume, 100
actions, 230 Resistance, defined, 24
Quadratus lumborum, 20, 72, 93 Respiration
Quadratus plantae, 280 abdominal cavity in, 99
Quadriceps femoris, 224, 227, 238, 241, 254 diaphragm and abdominal muscles in, 99
actions, 239 expiration, 100
heads of, 20

protection by patella, 225

inspiration, 100
Retraction, scapula, 114
Rhomboids, 23, 72, 82, 119, 123, 125
Ribcage

elevation by pectoralis minor, 122

stabilizing effects, 222
in walking, 255

muscles
R latissimus dorsi, 119
pectoralis major, 119

Radial deviation, wrist, 161 pectoralis minor, 119

Radial notch, 150
Radialismuscles, 174-175
Radiocarpal joint, 164

serratus anterior, 119
subscapularis, 119
shoulder girdle movements on, 114-115
Ribs, 30

in wrist flexion, 166 ] .
articulations, 61

Radius, 12, 20, 140
collateral ligament, 143

attachments, 59

elevation during inspiration, 100
false, 59, 61

floating, 59, 61

movement of, 62-63

concavity, 152

fovea, 141

muscles, 171
brachioradialis, 153
pronator quadratus, 153

muscles and bony attachments, 72
thoracic, 60

pronator teres, 153 thoracic vertebral articulations, 32

styloid process, 138, 140 true, 61
ulnar notch, 140 Rigidity, in bones, 12
Range of motion (ROM) Rotation

ankle joint, 264 axis, 71

hip, 191 cervical vertebrae, 67
abduction, 196 knee, 217
extension, 195 lateral, 10
flexion, 194 rib movements during, 63
lateral rotation, 197 scapula, 114
medial rotation, 197 spine, 79

knee sternoclavicular joint, 111
extension, 209 thoracic spine, 58
flexion,208 trunk, 32, 33

knee capsule mechanics and, 218 vertebral movements in, 41

subtalar joint, 270 Rotator cuff muscles, 128

tarsometatarsal joints, 277 Rotatores, 73

thoracic spine, 58 stabilizing effects, 222

trunk, 32 Ruptured discs, 42
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Sacral ala, 50
Sacral base, tilt of, 56

Sacral canal, 50, 51
Sacral crest, 48
Sacral dimple, 31, 193
Sacral promontory, 50
Sacroiliac joint, 52-53
Sacroiliac ligaments, 53
Sacrospinous ligaments, 53
Sacrotuberous ligaments, 53, 249
Sacrum, 34, 43, 49, 50-51
articulations, 50
convexity, 35
ligamentous connections, 18
muscles affecting hip and knee, 227
Saddle joints
defined, 15
thumb, 183
Sagittal plane
defined, 8
subtalar joint movement in, 270
Sarcostyle, 19
Sartorius, 227, 252, 254
actions, 241
stabilizing effects, 222
Scalene muscles, 72, 86
Scalenus anterior, 86
Scalenus medius, 86
Scalenus posterior, 86
Scaphoid bone, 162, 184
Scapula, 12, 104, 110, 112-113
abduction, 125
adduction by rhomboids, 123, 125
adduction by trapezius, 124, 125
anatomy, 112-113
anterior surface, 112
coracoid process, 112
depression, 114, 125
downward rotation, 114, 123, 125
elevation, 114, 124
fixation of, 23
free movement of, 115
glenoid cavity, 112
infraspinus fossa, 112
lateral border, 112
medial border, 103, 112
muscles
biceps brachii, 119
coracobrachialis, 119
latissimus dorsi, 119
levator scapulae, 119
pectoralis minor, 119
rhomboids, 119
serratus anterior, 119
subscapularis, 119
supraspinatus, 119

INDEX

teres minor, 119
triceps, long head, 119
muscles for specific movements, 125
protraction, 114
retraction, 114
rotation, 114
spine, 12
stabilization mechanisms, 121, 124
superior angle, 112
supraspinous fossa, 112
upward rotation, 115, 125
Scapular spine, 103
Scapulohumeral area, 102
Scapulohumeral muscles, 129-132
biceps brachii, 129
coracobrachialis, 129
deltoid, 132
infraspinatus, 127
latissimus dorsi, 131
pectoralis major, 130
of shoulder joint, 126-127
subscapularis, 126
supraspinatus, 126
teres major, 131
teres minor, 127
triceps brachii, 129
Scapulothoracic area, 102
muscles, 120
levator scapulae, 123
pectoralis minor, 122
rhomboids, 123
serratus anterior, 120, 121
sternocleidomastoid, 122
subclavius, 122
trapezius, 124
Scoliosis, 35
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Semimembranosus, 216, 227, 242, 252, 254

Semispinalis, 73
Semispinalis capitis, 80

Semitendinosus, 193, 227, 242, 252, 254

stabilizing effects, 222
Sensory nerve cells, in ligaments, 18

Serratus anterior, 23, 115, 119, 120, 125

Serratus posterior, 72, 82
Shoulder, 102
abduction, 9, 105, 106, 134
acromioclavicular joint, 113
adduction, 105, 107, 134
ball-and-socket joint, 15
capsuloligamentary structure, 118
depression, 105
elevation, 105
extension, 8, 106, 133
flexion, 106, 133
girdle, 49
glenohumeral joint, 117-118
global movements, 105-109
humerus, 116
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landmarks, 103-104
lateral rotation, 105, 107, 134
medial rotation, 10, 105, 107, 135
muscles, 119
with bony attachments, 119
deep scapulohumeral, 126-127
rotator cuff, 128
scapulohumeral, 129-132
scapulothoracic, 120-124
for specific scapular movements, 125
for specific shoulder movements, 133-135
scapula, 112-113
scapulothoracic muscles, 120-124
stabilizing forces, 128
sternoclavicular joint, 111
Shoulder girdle, 110. See also Girdles
movements on ribcage, 114-115
muscles and bony attachments, 72
Sidebending, 9. See also Lateral flexion
cervical restrictions, 66, 67
cervical spine, 87
external obliques in, 96
intertransverse ligaments in, 39
lumbar vertebrae, 55
rib movements during, 63
spine, 79
trunk, 32
vertebral movements in, 41
Sinus tarsi, 269
Skeletal muscle, 19
Skeleton, 12
Soleus, 292
Spheroidal joints, 14
Spinal column
extension, 79
ligaments, 38-39
Spinal cord, 36
defined, 29
Spinal muscles, 31, 72, 80
Spinalis capitis, 80
Spinalis thoracis, 80
Spine
cervical, 65-71
lumbar, 54
thoracic, 58-59
Spinous processes, 31, 36
cervical vertebrae, 66
Splenius, 72
Splenius capitis, 72, 81
Splenius cervicis, 81
Sprained ankle, 265
Squatting movements, 26
strain on patella during, 225
Sternoclavicular joint, 111
defined, 102
Sternocleidomastoid (SCM), 72, 88, 103, 119, 122
Sternum, 30, 49, 60, 103, 110

Stretching movements
gastrocnemius, 293
hamstrings, 244
for rectus femoris and vasti, 240
soleus, 293
strain on patella, 225

Subclavius, 122

Subgluteal crease, 31, 193

Subluxation, 15

Suboccipital cervical spine, 65, 68

Suboccipital muscles, 72

Subscapularis, 20, 115, 119, 126, 128, 135

Subtalar joint, 269
abduction, 270
adduction, 270
capsule and ligaments, 273
dorsiflexion, 270
eversion, 271
inversion, 271
mobility, 270-272
plantar flexion, 270
pronation, 270
supination, 270

Superficial, defined, 11

Superior, defined, 11

Superior articular process, sacrum, 50

Superior trapezius, 31

Supination
defined,10
elbow, 149-152
foot, 260
forearm, 10
subtalar joint, 270

Supinator, 154, 155

Suprahyoid muscles, 87

Supraspinatus, 119, 126, 128, 134

Supraspinous ligament, 38

Suprasternal notch, 30

Synergetic muscles, defined, 23

Synovial capsule, role of cartilage in, 16

Synovial cavity, 15

Synovial fluid, 16, 17

Synovial joints, defined, 14

Synovial membrane, defined, 17

_T

Tailors position, 10
Talofibular ligaments, 264

in sprained ankle, 265
Talonavicular ligament, 275
Talus, 12, 259, 264, 266, 268, 280

articulations, 266

head, 267

lateral view, 267

medial view, 268

neck, 267

trochlea of. 267
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Tarsal bones, anterior, 273 Transverse plane, defined, 10
Tarsometatarsal joints, 277 Transverse processes, 36, 54
Tendons cervical vertebrae, 67
defined, 19 thoracic spine, 59
of fingers, 154 Transverse ridges, sacrum, 50
Tensor fasciae latae, 192, 227, 250, 252, 253, 254 Transverse tarsal joint, 274
actions, 248 capsules and ligaments, 275
stabilizing effects, 222 Transversospinalis muscles, 73, 74, 75
Teres major, 131, 133, 134 Transversus abdominis, 94
Teres minor, 119,127, 128, 134 Transversus thoracis, 72, 89
Thigh Trapezius, 21, 72, 83, 103, 104, 119, 124, 125
extension, 243 Trapezius tubercle, 113
flexion,27 Trapezoid bone, 162, 168
Thoracic cage, 60-61 Trapezoid ligament, 113
muscles Trauma
latissimus dorsi, 119 cartilage damage from, 16
rhomboids, 119 ligament sprain/rupture during, 18
trapezius, 119 Triceps brachii, 103, 104, 129, 138, 145,148
Thoracic muscles, 89 heads of, 20
Thoracic region, convexity, 35 long head, 119

Thoracic spine, 58-59, 103
Thoracic vertebrae, 34

Triceps surae, 280, 294

Triquetrum bone, 162
Thoracolumbar junction, 64

Thumb, 184-185
abduction, 185
adduction, 185
carpometacarpal articulation, 183

Trochanteric fossa, 231
Trochlear notch, ulna, 142
True ribs, 61

Trunk, 29

. back view, 31
extension, 184

bony attachments, 72

extrinsic muscles, 186-187 ] .
cervical spine, 65-71

flexion, 184 )

L deep spinal muscles, 75
intrinsic muscles, 188-189 i

. front view, 30

joints, 185

landmarks, 30-31

opposable, 154
movements, 32-33

Tibia, 262, 280

anterior surface, 192 muscles, 72

posterior, 73-74, 92-93
pelvisin, 43—49
right lateral flexion, 9

anterior tuberosity, 213
condyles of, 223
Gerdy's tubercle, 213

intercondylar eminence, 192, 213 rotation, 10

lateral and medial condyles, 213 side view, 31

medial surface, 216 thoracic cage, 60-61

muscles affecting hip and knee, 227 thoracolumbar junction, 64

shaft of, 211 vertebral column, 34—35
surfaces of, 213-215 vertebral structure, 36-37
Tibial plateau, 213 Trunk flexion, 25
Tibial tuberosity, in knee rotation, 210 gravity in, 26
Tibialis anterior, 20, 286, 294 Twisting forces, 12

in ankle dorsiflexion, 23
Tibialis posterior, 290, 294, 295

Tibiofibular joints, 262 U
Toes, 258 —_—

anatomical reference point, 9 Ulna, 12, 20, 140
Translation movements, 33 collateral ligament, 143
Transverse acetabular ligament, 203 concavity, 152
Transverse arch, of foot, 297 head, 140
Transverse carpal ligament. See Annular ligament muscles, 153, 171
Transverse foramen notch, 151

atlas, 68 olecranon process, 138

cervical vertebrae, 67 proximal end, 142
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radial notch, 142
styloid process, 138, 140, 158
trochlear notch, 142
Ulnar deviation, wrist, 161
Umbilicus, 31
Urogenital diaphragm, 98

_V

Vastus intermedius, 227, 238
Vastus lateralis, 192, 227, 238
actions, 239
Vastus medialis, 192, 227, 238
actions, 239
stabilizing effects, 222
Vertebrae
articular facets, 55
articular processes, 55
cervical, 34, 66-68
coccyx, 34
inferior articular processes, 55
lumbar, 34, 54-55
movement of, 40—42
muscles and bony attachments, 72
sacrum, 34
spinous processes, 31
superior articular processes, 55
thoracic, 34
Vertebral arch, defined, 36
Vertebral artery, 67
Vertebral body, 54
cervical spine, 66
defined, 36
thoracic spine, 58
Vertebral canal, 36
Vertebral column, 34-35
attachments, 35
defined, 29

Vertebral flexion, avoiding loaded, 42
Vertebral foramen, atlas, 68
Vertebral structure, 36-37

_w

Walking
hip and knee actions in, 255

muscle actions of ankle and foot during, 298

Wrist, 154
abduction, 161, 166
adduction, 161, 166
anterior ligaments, 165
bones, 159
carpal bones, 162
crease, 138, 158
extension, 160, 166
extensors, 138, 174-175
flexion, 7, 160, 166
flexors, 138, 172-173
joint capsules, 165
joints, 164
landmarks, 158
lateral ligaments, 165
ligaments, 165
movements, 160-161, 166
muscles, 171
posterior ligaments, 165

_X

Xiphoid notch, 30

_Y

Yellow marrow, 13
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