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Foreword

Medical education, with its traditional
three-fold commitment to patient care, re-
search, and continuing education, presents a
difficult challenge. The complexity of medical
education requires a new set of values to be
placed upon the selection of subjects which
are considered essential for all physicians. The
term ‘‘core curriculum” has been used widely,
but seldom has it been defined. It would now
appear that the problems in definition and
implementation have come from an awkward-
ness in selecting and integrating the essential
information into an appropriate and effective
method of study of the various body systems,
their physiology and pathology, and the overali
impact of their disorders upon the patient as
a unit in society. A doctrinaire or discipline-
oriented experience for the student falls short
of the objective if emphasis is upon the disci-
pline rather than the subject material. It is
with the prospect of solving these problems
that Dr. Salter’s new textbook on the musculo-
skeletal system has been written.

Medical students, for whom this book is
created, have come to their schools superbly
endowed with intellect, a proven capability of
assimilating large amounts of information, and
a willingness to serve mankind. Today’s stu-
dent expects his institution and its teachers
to provide a basis for study and experience,
and he understands that he must continue to
study to keep up with new developments.
While there are no simple answers to the prob-
lems of medical education, there is no ques-
tion that an excellent medical textbook re-
mains one of the essentials required by the
student.

A good medical textbook provides not only
information but also a philosophy or approach
which makes the knowledge relevant. Ask the
student and he will tell you that he is not in-
terésted in brief handbooks which summarize
the favorite prejudices of a traditional disci-
pline. He shuns the textbook which fails to
provide a link between the body of scientific
information and the bedside of the patient. The
task of producing a new and forceful text for
medical students in these times is formidable
indeed. The author must have experience,
ability, empathy, and dedication to the mis-
sion of teaching. He should be scientifically
accurate and capable of projecting his per-
sonalized approach.

An exciting example of the new approach
in medical textbook writing is Dr. Robert
Salter’s Disorders and Injuries of the Musculo-

skeletal System. In a superbly organized man-
ner a vast amount of information is presented
on the basic nature of the musculoskeletal sys-
tem as well as on its disorders and injuries
from infancy through old age. The biologic and
physiologic relationships are fully developed
and presented in a pattern which makes for
coherence; the illustrations are both abundant
and clear. The interesting and graphic man-
ner of presentation, a native gift possessed by
the author, comes through in clear style.
Throughout, there shines through the scien-
tific and clinical details a wholesome reasser-
tion of the human element in medicine, an es-
sence whick ranks in importance with the most
elegant molecular concept.

This book may mark a turning point in text-
book writing for clinical subjects, and we
would hope that other areas of medical educa-
tion may follow with the production of books
which will be equally effective in meeting the
needs of medical students today. Although the
text is addressed to medical students spe-
cifically, there is little question that it will be
studied extensively by residents and their
teachers. It may also prove to be of great value
in the education of paramedical personnel who
will be involved in the care of patients with
disabilities of the musculoskeletal system.

Dr. Salter is respected throughout the world
as one of the leaders in medical education and
as a major contributor to Orthopaedic Surgery.
He has been recognized intemationally for his
fundamental scientific investigations of muscu-
loskeletal disorders and injuries in his labora-
tories, and he has advanced the orthopaedic
care of children through the development of
new and imaginative methods of treatment. He
is an exemplary physician, and his patients as
well as his students have come from sll con-
tinents. His ability to inspire students what-
ever their age or setting, has become legend-
ary. It was natural that many of his colleagues
urged him to undertake the production of this
book. The writing of the text, which is his
work alone, has been carried on with the same
attention to detail that has distinguished all
his scientific efforts.

I join Dr. Salter’s host of admiring col-
leagues in expressing appreciation for a serv-
ice to patients through tomorrow’s physi-
cians—a task in which he has no peer.

J. William Hillman, M.D.,
Professor of Orthopaedic Surgery,
Vanderbilt University,

Nashville, Tennessee.



DEDICATION

To You—
a Medical Student of the present, a Medical Doctor of the future—
this textbook is cheerfully and respectfully dedicated

An Open Letter to a Medical Student

I have written this textbook expressly for a select group of readers,
namely, you and your fellow medical students. A textbook that is written to
meet the comhjined and varied needs of medical students, surgical residents,
general practitioners and specialists frequently fails to meet the specific
needs of each group, and in particular, the specific needs of the medical
student. By writing this textbook solely for you, I have endeavored to fulfil
your specific needs as a medical student in relation to the tremendously
exciting and fascinating subject of clinical disorders and injuries of the
musculoskeletal system.

Your specific needs as a medical student, in relation to the musculoskeletal
system are to acquire the following: First, a general knowledge of the normal
and abnormal reactions of the various tissues of the musculoskeletal system
in order that you may come to understand the clinical manifestations and
natural course of the more common conditions; second, a knowledge of
eliciting and correlating clinical information including the pertinent history,
physical signs, radiographic features and laboratory data in order that you
may recognize the various clinical conditions when you encounter them in
patients; third, a knowledge—in a general way at least—of the principles and
methods of treatment of the more common clinical conditions.

An explanation of the title of this book may help to clarify its purpose
and its scope. It is generally understood among teachers and publishers that
a ‘“Textbook™ is a book written for undergraduate students. A “Textbook”
as defined by Webster is ‘“‘a book containing the principles of a subject,. used
as a basis for instruction”. A Textbook is, therefore, quite different from a
Reference Book which must be encyclopaedic in nature; it is different from
a Monograph which must include virtually all available knowledge in a very
limited field; it is different from an Atlas of Operative Technique; it is even
different from a Synopsis, an Outline, a Manual or a Handbook. Thus, a Text-
book, as suggested by its definition, should serve as the broad base and

V1



DEDICATION—AN OPEN LETTER vii

framework upon which you may build the additional knowledge that you will
gain from your own clinical teachers as well as from the patients whom you
will be privileged to see in the out-patient clinics and on the wards of your
own teaching hospitals.

As medical students, and also as practitioners of medicine, you should
think of clinical problems in your patients in relation to the major systems
of the human body rather than in relation to the various medical or surgical
specialties. For this reason I have chosen the title “Disorders and Injuries of
the Musculoskeletal System” and have included a review of the preclinical
sciences pertaining to the musculoskeletal system as a background for your
understanding of the clinical conditions—both “medical” and “surgical”.
Thus, the scope of this textbook embodies the “medical” subjects of rheu-
matology, metabolic bone disease and rehabilitation as well as the “surgical”
subjects of orthopaedics and fractures.

In the subtitle you will notice that I have referred to this textbook as an
Introduction (intro—into; ducere—to lead). Indeed, this is exactly what I
have tried to do—to lead you into the subject material. A good teacher is a
leader to his students—one who leads them into a way of knowledge and into
a way of thinking. While the teacher of medical students carries the heavy
responsibility of teaching, the responsibility of active learning rests with
you—the medical student. I urge you therefore to accept the responsibility
of active learning, not only from this textbook but also from your own clini-
cal teachers and from the observation of your own patients in order that you
may be better prepared to serve the needs of patients who will seek your ad-
vice in the years to come. As Amiel has written “The highest function of the
teacher is not so much in imparting knowledge as in stimulating the pupil in
its love and pursuit”.

I wish you well in your pursuit of knowledge, not only as a Medical Stu-
dent of today but also as a Medical Doctor of tomorrow—and as a continuing
student throughout your professional life.

Yours sincerely,

AR Pl 5S

Robert B. Salter.
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Introduction

BRIEF HISTORICAL BACKGROUND

As a medical student in the second half
of the twentieth century, you live in a
tremendously exciting era! As you pursue
your studies of the basic sciences and of
modemn clinical medicine and surgery you
will come to realize how much of what
you are currently learning has been de-
veloped since you were borm. This is
simply an indication of the recently ac-
celerated acquisition of scientific knowl-
edge. However, as Cicero has said—'‘Not
to know what happened before one was
born is to remain a child.” The history of
medicine and surgery deserves your atten-
tion, not only because it is fascinating and
inspiring, but also because it places your
present knowledge in perspective and may
even stimulate original thought concerning
possible developments of the future. Fol-
lowing graduation, if you should choose to
study one particular field of medicine or
surgery in depth, you should delve into
the histoyy of that particular field in or-
der that you may avoid repeating the er-
rors of the past.

The bones of prehistoric men provide
mute testimony of disorders and injuries
of the musculoskeletal system, and from
the beginning, man has sought ways to

alleviate the crippling conditions of his

fellow man. As early as 9000 B.C., in the
Paleolithic Age, superstitions were being
replaced by rational thinking and man was
beginning to use splints for weak limbs
and broken bones. In the Neolithic Age,
around 5000 B.C., man had already begun
to perform crude amputations of diseased
or damaged limbs. The Egyptians had de-

veloped the concept of the crutch by 2000
B.C. Greece replaced Egypt as the center
of culture by the fifth century B.C. and
Hippocrates, through his teaching and
through his students, had become the
Father of Medicine. In the second century
A.D. Galen, a Greek physician who moved
to Rome, became the founder of experi-
mental investigation.

The first nineteen centuries A.D. saw
slow but progressive advance of knowledge
in medicine and surgery, but progress in
the twentieth century, and more particu-
larly in the past two decades, has been
staggering in its rapidity. The care of pa-
tients with disorders of the musculoskeletal
system has evolved through several phases
in the present century. First was the “‘strap
and buckle” phase in which various braces
and other types of mechanical apparatus
predominated. Next came the phase of ex-
cessive surgical operations, not all of which
were based on sound surgical principles.
There followed the present phase which
combines critical evaluation of the results
of various forms of treatment and experi-
mental research aimed at gaining a better
understanding of the physiology and pa-
thology of the musculoskeletal system.
The present phase has made the study of
clinical problems of the musculoskeletal
system much more attractive and mean-
ingful. The care of patients remains an
art—but the art must be based on science.

You will gain much knowledge from
those who have gone before you, both re-
cently and in the distant past, but you
may be assured that there is very much
more that remains to be discovered and to
be understood.
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THE SCOPE OF ORTHOPAEDICS

While the history of disorders and in-
juries of the musculoskeletal system dates
back to antiquity, the specialty of ortho-
paedics, as a branch of medicine and sur-
gery, is relatively young. In 1741; Nicolas
Andry, then Professor of Medicine in Paris,
published a book, the English translation
of which is “Orthopaedia, or the Art of
Preventing and Correcting Deformities in
Children.” He coined the term “ortho-
paedia” from the words “orthos” (straight,
or free from deformity) and “pais” (child),
and expressed the view that most deform-
ities in adults have their origin in child-
hood. While the term “orthopaedics” is
not entirely satisfactory, it has persisted
for over two centuries and is -unlikely to
be replaced in your academic lifetime.

The present scope of -orthopaedics has
come to include all ages and is considered
to consist of the art and science of the pre-
vention, investigation, diagnosis and treat-
ment of disorders and injuries of the mus-
culoskeletal system by medical, surgical
and physical means and, in addition, the
study of musculoskeletal physiology, pa-
thology and other related basic sciences.

CURRENT TRENDS IN CLINICAL
CONDITIONS OF THE MUSCULO-
SKELETAL SYSTEM

Our environment is the scene of con-
tinual change and from decade to decade
we see many changes in the nature and
the frequency of the musculoskeletal dis-
orders and injuries that confront us. While
certain musculoskeletal conditions, such
as congenital deformities and bone neo-
plasms, have remained with us always,
others have gradually become less com-
mon; in their place have arisen new prob-
lems which must receive increasing at-
tention. Thus if you had been a medical
student in the early decades of the pres-
ent century, you would have been taught
much about bone and joint tuberculosis,
vitamin deficiencies of bone and paralytic
poliomyelitis. Today, these conditions
have been largely brought under control
by prevention and therefore they merit
less emphasis in your teaching. Other con-
ditions, such as acute bone and joint in-
fections, have been partially controlled,

but only by the application of intensive
modern treatment at the very onset of the
disease. Thus, the present emphasis in
teaching of these conditions must be on
early recognition, or diagnosis, of the clini-
cal picture, and on early treatment.

Severe cerebral palsy and extensive
spina bifida with their associated paralytic
problems are even more common than be-
fore because some infants with these con-
ditions, who previously died in early life,
now survive and grow up with their prob-
lems. The age span of man has become
progressively longer and, as a result, the
various degenerative conditions, such as
degenerative arthritis, are assuming greater
clinical - importance. Likewise, senile
weakening of bone, osteoporosis, with its
complication of fractures in the elderly,
has become an increasingly important
problem. Certain conditions, such as rheu-
matoid arthritis, which in previous dec-
ades were treated by medical means alone,
have become partially amenable to sur.
gical treatment. The vast increase in the
numbers of automobiles combined with
their increasing speed has been responsi-
ble in part for the great increase in the
number and severity of musculoskeletal
injuries—fractures and associated trauma—
and in particular the increasing number
of patients who sustain multiple serious
injuries involving several major systems
of the body.

It is my hope that these current trends
in the changing scene of musculoskeletal
disorders and injuries will be reflected in
a changing emphasis of teaching in this
textbook, which is written for you—a
medical student of the present.

SUGGESTED ADDITIONAL READING

ANDRY, NiCHOLAs: Orthopaedia, Volumes I and n,
Facsimile Reproduction of First Edition in Eng-
lish, London, 1743. Philadelphia, J. B. Lippin-
cott Co., 1961.

Bick, Epcar M.: Source Book of Orthopaedics, 2nd
ed., Baltimore, The Williams & Wilkins Co.,
1948,

KertH, Sir ARTHUR: Menders of the Maimed, London,
Froude, 1919. Limited edition, Philadelphia,
d. B. Lippincott Co.

RaNG, MEercer: Anthology of Orthopaedics, Edin-
burgh and London, E. & S. Livingstone Ltd.,
1966; Baltimore, The Williams & Wilkins Co.
(U.S. Agents).
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Normal Structure and Function of
the Musculoskeletal Tissues

Bones as Structures and Bone as an Organ
Embryonic Development of Bones
Bone Growth and Remodeling
Anatomy and Histology of Bones as Struc-
tures '
Biochemistry and Physiology of Bone as
an Organ
Joints and Articular Cartilage
Classification of the Types of Joints

Embryonic Development of Synovial
Joints
Anatomy and Histology of Synovial Joints
Skeletal Muscles
Anatomy and Histology of Skeletal Muscle
Biochemistry and Physiology of Skeletal
Muscle
Tendons and Ligaments

Having completed the preclinical phase
of your undergraduate course in medicine,
you will have learned much about the
embryology, anatomy, histology, biochem-
istry and physiology of the musculoskele-
tal tissues in man. This is extremely im-
portant, because in order to understand
the abnormal, you must have an under-
standing of the normal; indeed, your
knowledge of the normal will serve as a
broad base upon which you can build a
knowledge of the abnormal. Some of the
more important aspects of this broad base
will now be reviewed to refresh your mem-
ory and to prepare you for subsequent
study of the abnormal clinical conditions
of the musculoskeletal system.

BONES AS STRUCTURES AND BONE
AS AN ORGAN

Bones as structures serve three fune-
tions in that (1) they provide the rigid
framework for the body; (2) they serve as

levers for skeletal muscles; (3) they af-
ford protection for vulnerable viscera in-
cluding brain and spinal cord, heart and
lungs.

Bone as an organ serves two additional
functions in that it (4) contains hemo-
poetic tissue of the myeloid type for the
production of erythrocytes, granular leu-
cocytes and platelets and (5) it is the or-
gan of storage for calcium, phosphorus,
magnesium and sodium.

Embryonic Development of Bones

In the initial stages of development, the
tube shaped embryo contains three pri-
mary germ layers of cells: the ectoderm or
covering layer, the endoderm or lining
layer and the mesoderm or middle layer.
From the mesoderm is derived the mes-
enchyme, a diffuse cellular tissue which
is pluripotential in the sense that its un-
differentiated cells are capable of differ-



4 MUSCULOSKELETAL SYSTEM

PERICHONDRIUM

5th WEEK A
MESENCHYMAL 6 th WEEK
MODEL CARTILAGE MODEL

BONE
(PRIMARY CENTER)

Fic. 2.1. Embryonic development of a long bone during the first six months

entiating into any one of several types of
connective tissue such as bone, cartilage,
ligaments, muscle, tendon and fascia. Bone
and cartilage, being able to support
weight, may be thought of as supporting
connective tissues.

During the 5th week of embryonic de-
velopment, the limb buds appear and in
the central axis of each limb bud the mes-
enchymal cells become condensed in the
form of a short cylinder. This cylinder is
segmented by less densely cellular areas at
the sites of future joints and each segment
represents a tiny mesenchymal model of
the future long bone that will develop
from it (Fig. 2.1). By the 6th week, the
undifferentiated mesenchymal cells of each
model begin to differentiate by manufac-
turing cartilage matrix thereby forming a
cartilaginous model of the future bone.
The cartilaginous model grows partly from
within (interstitial growth) and partly by
the apposition of new cells on its surface
(appositional growth) from the deeper
layers of the perichondrium (Fig. 2.1).

After the 7th week the cartilage cells in
the center of the model hypertrophy and
form longitudinal rows following which
the intercellular substance, or matrix, cal-
cifies with resultant death of the cells.
Vascular connective tissue then grows into
the central area of dead cartilage bringing
osteoblasts which secrete collagen and
mucopolysaccharide matrix; the matrix is
then impregnated with calcium salts and
becomes immature bone on the calcified
cartilage matrix thereby forming the pri-
mary center of ossification. This process of

replacement of cartilage by bone is called
endochondral ossification. The endochon-
dral ossification advances toward each end
of the cartilage model which, in tum, is
continuing to grow in length at its carti-
laginous ends by interstitial growth. The
perichondrium by this time has become
periosteum and in its deeper layer, the
mesenchymal cells, which have differenti-
ated into osteoblasts, lay down bone di-
rectly by the process of intramembranous
ossification, there being no intermediate
cartilaginous phase (Fig. 2.1).

By the 6th month resorption of the cen-
tral part of the long bone results in the
formation of a medullary cavity—the
process of tubulation. At the time of birth
the largest epiphysis in the body (distal
femoral epiphysis) has developed a second-
ary center of ossification by the process
of endochondral ossification within it (Fig.
2.2). Secondary centers of ossification ap-
pear in the other cartilaginous epiphyses
at varying ages after birth. Each such
center, or ossific nucleus, is separated from
the metaphysis by a special plate of grow-
ing cartilage—the epiphyseal plate—which
provides growth in length of the bone by
interstitial growth of cartilage cells.

The short bones (such as the carpal
bones) are developed by endochondral os-
sification in the same manner as the
epiphyses. By contrast, the clavicle and
most of the skull develop bone directly in
the mesenchymal model by the process of
intramembranous ossification from the
periosteum without going through a carti-
laginous phase.
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MEDULLARY
CAVITY
PERIOSTEUM MEDULLAR
JOMPACT BONE
CANCELLOUS ance
BON 0
€ METAPHYS!IS
th EPIPHYSEAL
6 MONTH SECONDARY CENTER ATe
OF OSSIFICATION mowvsis
oth MONTH
FiG. 2.2 {at birth} Fic. 2.3

ARTICULAR

Fic. 2.2. Development of a long bone from six to nine months
Fic. 2.3. Bone growth during childhood

During the early weeks of intrauterine
3, the developing embryo is particularly
liceptible to noxious environmental fac-

- 8y that arrive via the placental circula-
t‘n For example, if the mother develops
tiQubella infection, or takes a harmful
8,g such as thalidomide, during this crit-
dn period, the embryonic development
icgikely to be seriously affected. The ex-
1.:lt of the resultant abnormality will
vend on the exact phase of embryonic
‘elopment at the time; in general, the
eai ier the stage of development, the more
ex¢onsive will be the resultant abnormal-
ity. When you consider the remarkable
speed and complexity of the embryonic
development of the human, it is hardly
surprising that some children are born with
an obvious congenital abnormality; indeed,
what is surprising is that the vast majority
of children are completely normal at birth.

Bone Growth and Remodeling

Bones grow in length by one process (in-
volving endochondral ossification) while
they grow in width by another process (in-
volving intramembranous ossification).

Growth in Length

Since interstitial growth within bone is
not possible, a bone can grow in length
only by the process of interstitial growth
within cartilage followed by endochondral
ossification. Thus, there are two possible
sites for cartilaginous growth in a long
bone—articular cartilage and epiphyseal
plate cartilage (Fig. 2.3).

Articular Cartilage. In a long bone the
articular cartilage is the only growth plate
for growth of its epiphysis. In a short bone
the articular cartilage provides the only
growth plate for the whole bone.

Epiphyseal Plate Cartilage. The epi-
physeal plate provides growth in length of
the metaphysis and diaphysis of a long
bone. In this site of growth a constant bal-
ance is maintained between two separate
processes; (1) interstitial growth of the
cartilage cells of the plate which are mak-
ing it thicker, thereby moving the epiphy-
sis farther away from the metaphysis and
(2) calcification, death and replacement of
cartilage on the metaphyseal surface by
bone through the process of endochondral
ossification.
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Fi. 2.4. Histology of an epiphyseal plate (from the upper end of tibia of a child). a) Low power. b) Higl

power.

Four zones of the epiphyseal plate can
be distinguished (Fig. 2.4): (1) The zone of
resting cartilage anchors the epiphyseal
plate to the epiphysis and contains im-
mature chondrocytes, as well as delicate
vessels which penetrate it from the epiphy-
sis and which bring nourishment to the
entire plate.

(2) The zone of young proliferating car-
tilage is the site of most active interstitial
growth of the cartilage cells which are ar-
ranged in vertical columns.

(3) The zone ‘of maturing cartilage re-
veals a progressive enlargement and mat-
uration of the cartilage cells as they
approach the metaphysis. These chondro-
cytes accumulate glycogen in their cyto-
plasm and produce phosphatase which
may be involved in the calcification of
their surrounding matrix.

(4) The zone of calcifying cartilage is
thin and its chondrocytes have died as a
result of calcification of the matrix. This
i1s structurally the weakest zone of the
epiphyseal plate. Bone deposition is very
active on the metaphyseal side of this
zone and as new bone is added to the cal-
cified cores of cartilage matrix, the meta-
physis becomes correspondingly longer.

EPIPHYSIS

1.RESTING
CARTILAGE

2 PROLIFERATING
CARTILAGE

3. MATURING
CARTILAGE

4. CALCIFYING :
.C ARTILAGE \

A ————— METAPHYSIS

4

Growth in Width

Bones grow in width by means of ap! ;.
sitional growth from the osteoblasts in i {he
deeper layers of the periosteum, the pr oc-
ess being one of intramembranous ossif. jca-
tion. Simultaneously, the medullary ca vity
becomes larger by osteoclastic resorp-tion
of bone on the inner surface of the cc rtex
which is lined by endosteum.

Remodeling of Bone

During longitudinal growth of bone, the
flared metaphyseal regions of bone mjust
be continually remodeled as the epiph ysis
moves progressively farther away from the
shaft. This is accomplished by simultane-
ous osteoblastic deposition of bgne on one
surface and osteoclastic resorption on the
opposite surface.

However, remodeling of bone continues
throughout life since some haversian sys-
tems, or osteons, are being eroded contin-
ually through cell death as well as through
factors that demand removal of calcium
from bone; therefore, deposition of bone
must also continue in order to maintain
bone balance. During the growing years,
bone deposition exceeds bone resorption
and the child is in a state of positive bone
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balance. By contrast, in old age, bone dep-
osition cannot keep pace with bone re-
sorption and the elderly person is in a state
of hegative bone balance.

Remodeling of bone also occurs in re-
sponse to physical stresses—or to the lack
of them—in that bone is deposited in sites
subjected to stress and is resorbed from
sites where there is little stress. This
phenomenon is generally referred to as
Wolff’s Law, and is exemplified by marked
cortical thickening on the concave side of
a curved bone (Fig. 2.5) as well as by the
alignment of trabecular systems along the
lines of weight-bearing stress in the inter-
nal architecture of the upper end of the
femur (Fig. 2.6).

Anatomy and Histology of Bones as
Structures

Anatomical Structure

Bones, from the viewpoint of their gross
structure, are classified as (1) long bones
(e.g. femur), (2) short bones (e.g. carpal
bones) and (3) flat bones (e.g. scapula).
Furthermore, each bone consists of dense
cortical bone (compacta) on the outside
and a sponge-like arrangement of trabecu-
lar bone (spongiosa) on the inside. In chil-
dren the covering periosteum is thick,
loosely attached to the cortex and produces
new bone readily; in adults, by contrast,
the periosteum becomes progressively
thinner, more adherent to the cortex and
produces new bone less readily. This fun-
damental difference explains, in part, why
fractures heal more rapidly in young chil-
dren than in adults.

Histological Structure

From the viewpoint of its microscopic
structure, bone is classified in the follow-
ing way (the commonly used synonyms are
included in brackets):

(1) Immature bone (non-lamellar bone,
woven bone, fiber bone).

(2) Mature bone (lamellar bone). (a).
Cortical bone (dense bone, compacta).
(b). Cancellous bone (trabecular bone,
spongiosa).

-

:

i
i
i

Fic. 2.5 (left). An example of Wolff’s Law is seen
in the tibia of a 2-year-old child with a bow leg de-
formity. Note the marked thickening of the medial
cortex which is on the concave side of the deformity
and which is subjected to the most stress on weight
bearing.

FiG. 2.6 (right) An example of Wolff’s Law is seen
in the internal architecture of this dried specimen of
the upper end of a femur of an adult. Note the align-
ment of the trabecular systems of cancellous bone
along the lines of weight bearing stresses.

The two major histological types of bone
demonstrate significant differences in their
relative content of cells, collagen and
mucopolysaccharides.

Immature Bone. The first bone that is
formed by endochondral ossification during
embryonic development is of the immature
type; subsequently, it is gradually re-
placed by mature bone so that by the age
of one year, immature bone is no longer
seen under normal conditions. Neverthe-
less, throughout life, under any abnormal
condition in which new bone is formed
rapidly (such as in the healing of a frac-
ture), the first bone that is formed is of the
immature type. Here again, the rapidly
formed immature bone is subsequently
replaced by mature bone.

Immature bone, also called fiber bone,
or woven bone, because of its large pro-
portion of irregularly “woven” collagen
fibers, is very cellular and contains less



8 MUSCULOSKELETAL SYSTEM

i Sy

FiG. 2.7 (left). Immature bone (fiber bone, woven
bone) in the human. This very cellular type of bone
is laid down in an irregular, “woven’” pattern.

k16. 2.8 (middle). Cross section of the dense cortex
of mature bone in the human. Note the concentric
arrangement of the layers, or lamellae, around a cen-
tral vessel thereby forming haversian systems, or
osteons.

F1c. 2.9 (right). Trabeculae of mature cancellous
bone in the human. The thin trabeculae are nour-
ished by surrounding vessels in the marrow spaces.

cement substance as well as less mineral
than mature bone (Fig. 2.7).

Mature Bone. In the dense cortex, ma-
ture bone is characterized by the concen-
tric arrangement of its microscopic layers
or lamellae and also by the complex forma-
tion of haversian systems or osteons which
are well designed to permit circulation of
blood within the thick mass of cortical
bone (Fig. 2.8). As in the structure of ply-
wood, the collagen fibrils in any given
concentric layer of an haversian system
course in a different direction from those
of adjoining layers—an arrangement which
adds strength to bone.

In cancellous bone the arrangement of
lamellae is somewhat less complex be-
cause the trabeculae are thin and can
therefore be nourished by surrounding
vessels in the marrow spaces (Fig. 2.9).

Mature bone is less cellular and contains
more cement substance as well as more
mineral than immature bone.

Bone Cells and Their Function. The
osteoblasts, which represent one type of
differentiated mesenchymal cell, are es-
sential for the process of osteogenesis or
ossification, since they alone can produce
the organic intercellular substance, or
matrix, in which calcification can occur
later. The uncalcified tissue, because of
its microscopic similarity to bone (in de-
calcified preparations), is called osteoid;
once calcification occurs in the matrix, the
tissue is bone. Thus, you will appreciate
that ossification and calcification are not
synonymous. As soon as an osteoblast has
surrounded itself by organic intercellular
substance, it lies in a lacuna and is hence-
forth known as an osteocyte.

The large, multinucleated cells which
lie on the naked or uncovered bone sur-
faces and which are capable of resorbing
or removing bone are called osteoclasts.
Ham believes that osteoclasts are derived
from the fusion of many stem cells or osteo-
genic cells that cover or line bone surfaces
and that the osteoclasts are, in effect, a
type of foreign body giant cell. Calcium
can be removed from bone only by osteo-
clastic activity (osteoclasis), which re-
moves the organic matrix and the calcium
simultaneously, a process that is more ac-
curately described as deossification than
as ‘“‘decalcification”.

Biochemistry and Physiology of Bone as
an Organ

While the gross appearance of bones as
structures changes only slowly, particu-
larly after the period of skeletal growth,
there is much microscopic change taking
place within the bones as a result of the
very active physiology of bone as an or-
gan. The main biochemical function of
bone concerns calcium and phosphorus
metabolism.

Biochemistry of Bone

The biochemical composition of bone is
as follows:

Organic Substances 35%
Inorganic Substances 45%
Water 209%

Organic Substances. The organic com-
ponent of bone includes the bone cells as



