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Preface

This book has been ten years in preparation. It began as a set of
mimeographed lectures prepared at the requests of graduate students,
interns, and resident physicians in Doctor Arthur Steindler’s Department
of Orthopedic Surgery at the State University of Iowa. Seminars, given
throughout the year, emphasized the correlation of pathologic anatomy
with the associated roentgenologic and clinical findings. Since no text-
book of the pathology of bones and joints was in existence, it occurred
to Doctor Steindler and Mr. Charles C Thomas that I should prepare
such a book. Impressed by the great need for a book on this subject and
having a large store of the needed materials from which to draw, I agreed
to undertake this arduous task. The preparation of the manuscript took
ten years in place of two as planned; and while it was laborious and
protracted it was never monotonous or uninteresting. Four years in
military service delayed completion of the manuscript but at the same
time led me to the Army Institute of Pathology and an opportunity
to study its magnificent collection of bone and joint specimens and
histologic sections.

In the study of bone and joint diseases there is an urgent need for
further correlation of the reflections of these diseases in pathologic
anatomy, roentgenograms, and clinical symptoms. This book has been
written with this need ever in mind. A constant effort has been made
to help bridge the chasm that has existed between the laboratory and
the clinical practice of medicine. Emphasis has been placed upon the
“dynamic quality of pathologic events” and upon the fact that “disease
is not a thing but a process.”

The study of surgical pathology is not limited to the examination
of dead tissues. It is, of course, essential to study the characteristics of
the various entities as portrayed by surgical and autopsy specimens,
but our goal is to visualize and understand the abnormal physiological
functions that terminated in the changes observed in the specimen.
No one claims that this is an easy task. The explanation of so many
living processes ever eludes us, but this does not excuse us when we
lose sight of the fact that the structural organization of the body is a
living process.

Many physicians have excused themselves from learning more about
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viii BONE AND JOINT DISEASES

bone and joint pathology by the erroneous belief that our knowledge
of this subject is hopelessly cloaked in uncertainty and controversy.
This view, and the complacency it breeds, needs to be uprooted. Even
in the most controversial of subjects there is much that is understood.
For example, the subject of bone tumors is little understood in the
realm of the etiology. Yet the pathologic anatomy and much of the
pathogenesis are well defined and a clear knowledge of them is of real
practical value to the clinician.

An orthopedic surgeon lifts himself above the technician class by
his knowledge of physiology and pathology. As Joseph Nash stated so
well; “Operative technique is only the apex of the great pyramid of
surgical knowledge; it is the broad and heavy base that is most needed
and most difficult to construct.” The roentgenologist rises above seeing
mere shadows on his roentgenograms when his knowledge of physiology
and pathology enable him to visualize the shadows unfolding before
him as living tissue undergoing their kaleidoscope of changes.

It was formerly considered ideal for clinicians to acquire a knowledge
of pathology but was not looked upon as either essential or entirely
practicable. A knowledge of pathology is now deemed a practical
necessity, and in becoming so, the practice of medicine has stepped
upward on its ladder of achievement. Even in the field of fracture
therapy, so often viewed as being entirely mechanical, Sir Reginald
Watson-Jones stated: “The surgeon who attempts to treat fractures
without a full knowledge of the pathology of bones and joints is faced
with insuperable difficulties.”

One cannot engage in a long and detailed study of the pathology of
bones and joints without acquiring a profound admiration for the
magnificent manner in which the skeleton frequently carries on its
functions in the face of seemingly insurmountable obstacles. For
example, to watch an entire diaphysis of a long bone succumb to the
ravages of a pyogenic osteomyelitis and then be rebuilt without ever
an interruption in continuity of the bone is so impressive. We do
well, in our study of living pathology, when we attempt to determine
what nature is seeking to achieve in her defensive responses to the
onslaughts of disease processes. Arthrodecing operations for tuberculous
arthritis were founded upon the observation that nature was striving
to fuse the involved joint and was in need of help. Nature was attempting
to fuse the joint for the good reason that bony fusion would bring
the complete immobilization necessary for an arrest of the infection.

Obviously it is impossible to present a comprehensive dissertation
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on so vast a subject in so few pages. It is not often that the earnest student
will find all that he seeks within these covers. A textbook style of
presentation has been necessary, and, although didactic, it is not
intended to be dogmatic and certainly not judicial. I have felt no obli-
gation to supply a theory to explain each of numerous unanswered
questions in the field of bone and joint pathology. The old chinese
proverb comes to mind: “To be uncertain is to be uncomfortable, but
to be certain is to be ridiculous.”
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CHAPTER 1

The Normal Skeletal System

Contents

Introduction Negative and Positive Calcium Balance
Embryology of the Skeleton Calcium Fractions
Histology of Bones and Joints Heterotopic Calcification
Cementing Lines Phosphatase
Periosteum Vitamin D
Endosteum Parathormone
Bone Marrow Theories of Bone Formation
Cartilage The Cellular Theory
Fribrocartilage The Humoral Theory
Elastic Cartilage Factors Influencing Bone Density
Joint Capsule Etiologic Factors in the Reduction of Bone
Synovial Fluid Density
Histogenesis of Bone Bone Resorption
Intramembranous Ossification Theories of Bone Resorption
Enchondral (Endochondral) Ossification Physiochemical Resorption
Circulation of Bones Vascular Resorption
Epiphyses Osteosclerosis
Metaphyses Physical Properties of Bone
Diaphyses Trabecular Systems (Trajectories)
The Intervertebral Disk Types of Stresses
Chemistry of Bone Changes in Bone Architecture
Composition of Bone References
Calcium Metabolism Articular Cartilage
Absorption of Calcium from Intestinal Synovialis
Tract Bone
INTRODUCTION

The skeleton is far more than the articulated framework for the body.
It is the “great storehouse” of calcium, the center for the production
of red blood cells and granulocytes, and an armor for the brain and
thoracic viscera. Bone and cartilage, the principal tissues through
which these purposes are so well achieved, are low in metabolism but
very much alive, and remarkably sensitive to internal and external
influences.

Bone isa connective tissue modified for the special function of forming
a rigid framework; hyaline articular cartilage is a connective tissue
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modified to form articular surfaces. The rigidity of bone is attained
through the deposition of calcium salts in a dense network of collagenous
fibrils; the lime salts serving the dual purpose of conferring rigidity
and offering a readily available store of calcium and phosphorus for
bodily needs.

Its inert appearance and its hardness long led investigators into the
error of believing bone to be a nonviable, inorganic structure. Even
Virchow is said by McCrudden to have looked upon bone as “a finished
product.” Cohnheim, in his classical report in 1889, refuted the previous
teachings and demonstrated anabolism and catabolism in bone. This
pioneer work touched off innumerable investigations into the character
of bone in health and disease, but it is only in recent years that the
subject has received the widespread interest and attention it justly
deserves.

EMBRYOLOGY OF THE SKELETON

At the fifth week of embryonic development, the first evidence of
what is destined to become a skeletal system appears in the form of
axis condensation of the mesenchyme in the extremity anlagen. The
mesenchyme forming the anlagen is a part of the mesoderm growing
between the ectoderm and endoderm. Mesenchymal cells, creating the
skeleton, differentiate first into precartilage and then into hyaline
cartilage. At the periphery of the cartilaginous core a connective tissue
sheath forms and serves as a perichondrium. There are mother cells
in the deep layers of the perichondrium, and through these more
cartilage is deposited, layer upon layer, increasing the dimensions of
the cartilaginous core by appositional growth. In the beginning the
cartilaginous cells have an angular shape and large nuclei, and are
closely packed; with increasing maturity the cells lose their angular
shape, become rounded and develop capsules. During the sixth week
of embryonic life, transverse segmentation appears in the cartilaginous
cores, these zones of segmentation representing sites of future joints
(Fig. 1).

Differentiation of the upper extremities proceeds ahead of the lower
extremities, and the proximal aspect of the extremities precedes the
differentiation in the distal aspect. This embryonic process, in which
proximal aspects of the skeleton and of other parts of the body differ-
entiate prior to the distal aspects, is known as the law of proximo-distal
differentiation.

By the ninth week of embryonic life, the perichondrium in the middle
one-third of the future diaphyses transforms to periosteum and forms
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a thin sleeve of bone. This sleeve of periosteal bone advances proximally
and distally toward the transverse zones of demarcation which are
being transformed into joints. At this same time a nucleus of calcification
appears in the center of the cartilaginous core. Blood vessels are
attracted to the nucleus and erode their way to it from the periphery
passing through the periosteum and the sleeve of periosteal bone.
Having reached the nucleus, a process of enchondral ossification is
established in which the calcified cartilage is absorbed and a primitive,
spongy type of bone is laid down. A nucleus of ossification thus forms,
gradually enlarges in all directions, fuses with the sleeve of periosteal
bone at the periphery, and extends proximally and distally to ossify
the diaphysis.

During the third and fourth months, joint cavities appear in the
transverse zones of demarcation. Periosteum and perichondrium,
crossing the joint sites, differentiate into joint capsules and peripheral
ligaments. Such ligaments as the anterior and posterior cruciates of
the knee move into the joint from the periphery after the joint has
formed, explaining the presence of their synovial covering. While the
major portion of the skeleton ossifies by enchondral ossification in the
manner described, the bones of the cranial vault, the face, and the
major portion of the clavicles ossify by intramembranous ossification.
By this method the preosseous membrane structure, which forms the
original skeleton, becomes ossified by direct ossification of the primitive
fibrous tissues forming the membrane. Ossification of the membrane
bones appears between the sixth and eighth weeks of embryonic life.
The processes of enchondral and intramembranous ossification will be
described in detail later in this chapter under Histogenesis.

Many congenital abnormalities develop during the first month of
embryonic life. Such conditions as polydactylism, lobster-claw hand
and complete loss of parts or entire extremities develop during this
time. Such deformities as club feet usually appear considerably later,
occurring in most instances during the second trimester of pregnancy.

HISTOLOGY OF BONES AND JOINTS
BoNE

Bone, a dense calcified tissue, contains cells termed osteocytes which
lie in microscopic cavities called lacunae. Fine processes project in all
directions from the cells through minute canals, termed canaliculae.
There is a free branching and anastomosis of the canaliculae as well
as the processes that pass through them. Bone differs from other types



