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ORTHOPEDIC PATHOLOGY

This set of slides has been compiled to illustrate the more
corrmon lesions of bones, muscles, tendons, Jjoints and related
structures.

The plan has been, in so far as possible, to include typical
exarmles of various diseases. Duplicate cases have been included
in a few instances to illustrate different features of similar
jathologic processes. Although obscure and questionable cases
nave been purposely omitted, a few atypical cases have been in-
cluied to illustrate some of the problems of differential diag-
nosis.

In each case the essential data from the clinical history,
an X-ray if avaeilable, as well as & photomicrograph, have been
included. A sufficient number of roentgenograms have been in-
cluded so that in most instances it is possible to correlate the
pathologic anatomy with the X-ray.

. One or more specific references are given in most instances.
They have been carefully selected to include comprehensive
articles. It is suggested that the attached bibliography be used
for collateral reading.

This Atlas was prepared to provide a convenient opportunity
for review of the essential pathology of orthopedics for those who
may not be able to study the slide sets. It is meant not only for
those preparing for the Board examinations, but for the practitioner
as such, but not as an entirely satisfactory substitute for the study
of gross specimens and the slide set, especially if this is possible
under the guidance of a pathologist. It may be difficult for the
clinician to develop an interest in the basic sciences of his special-
ty, but the effort expended on them, and particularly on pathology,
will be found very much worthwhile. There is no question that the
insistence of the special boards on a kmowledge of pathology of the
respective specialties has been a big factor in raising the pro-

fessional standards in this country.

It is hoped that the Atlas will stimulate an interest in the

Registry of Orthopedic Pathology sponsored by the Academy at the
Army Medical Museum and that the surgeons will register their cases
so that eventually importent definitive studies will be possible.
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EMBRYOLOGY AND ORGANOGENESIS OF THE SKELETAL SYSTEM

After gastrulation and formation of the mesoderm the three germ layers
of the embryo begin to differentiate and produce the anlage or primordia of
the most important organic systems.

Differentiation of Mesoderm: The mammalian mesoderm grows rapidly
between the ecto- and endoderm. At first it is a single sheet but soon
eplits into two layers, one associated with the ectoderm (somatic meso-
derm) and the other with the endoderm (splanchnic mesoderm).

Comnective tissue, cartilage, and bone all differentiate from dif-
fuse mesoderm known as mesenchyme. It is a spongy meshwork composed of
branching cells between which are spaces filled with coagulable fluid.

The mesenchymal cells become fibroblasts, flattened, irregularly
branched cells with large nuclei. They are non-phagocytic. The
characteristic connective tissue fibers arise in the intercellular spaces
rather than within the fibroblasts as formerly supposed.

The argyrophil fibers are the first to appear and remain as such in
the reticulum of certain organs (esp. spleen, liver and lymph nodes).

Development of the Skeleton

The mesoderm is considerably thicker at the junction of somatic and
splanchnic layers than elsewhere. This thicker dorsal and median meso-
derm becomes divided transversely into a number of more or less cuboidal,
usually solid masses, the somites.

The segmentation of the dorsal mesoderm proceeds caudad until 38 pairs
have developed in the neck and trunk regions of the body.

Each somite becomes differentiated into 3 distinct portions: the
sclerotome, myotome and dermatome.

1. Sclerotome: The cells of the somite adjacent to the notochord
grow inward toward the midline to surround the notochord and lateral walls
of the neural tube. They will form the body of the vertebrae and the ver-

tebral arches.

2. Myotome: The middle portion of the somite will give rise to a part
of the skeletal (voluntary) musculature of the body.

3. Dermatome: The outer or lateral part‘of the somite is probably
transformed into the derma of the skin.

The skeleton is composed of two distinct parts: the axial and appen-
dicular.

The AXIAL skeleton is comprised of the vertebral columm, ribs, sternum
and skull.



omitThe vertebral colum and ribs originate from the sclerotomes of the
8 es. /

The ribs arise from the costal processes of the vertebrae, the site
of their original union with the vertebra is replaced by a Joint which
receives the head of the rib. The transverse process of the vertebra ex-
tends outward and articulates with the growing tubercle of the rib.

There is a single center of ossification for each ribd.

The sternum arises from paired stermal bars which unite the upper
eight or nine cartilaginous thoracic ribs of each side. The two bars
fuse together at an early period and then ossification takes place.

Most of the bones of the gkull arise from the chondrocranium, a mass
of cartilage extending from the occipitel to the ethmoidal region. The
flat bones of the vault and face are purely membranous.

The APPENDICULAR skeleton is derived from the somatic mesenchyme
which forms the core of the 1limb bud and becomes converted into cartilage.
Ossification of this cartilage produces all the bones of the limbs with
the possible exception of the clavicle.

Development of the Limbs: At the 5th week the limbs are merely
lateral swellings. The upper limb buds arise first.

The distal end of the limb bud flattens and a constriction separates
it from the proximal cylindrical segment. The flattened part becomes the
hand or the foot respectively. The digits are indicated by radial ridges.

A second constriction separates the proximal region into two segments,
the arm and forearm and the thigh and leg respectively.

The 1limbs undergo changes in position during development. At first
they point caudad but soon project at right angles to the body wall. Later
the palmar and plantar surfaces face the body. Further rotation brings
them into the position of the adult.

Anomalies are frequent and range from complete or almost complete ab-
gence of the limbs (amelus) to a partial duplication of the hand or foot
(dichirus).

Development of Joints: The Joint cavity arises in the fourth month
from clefts in the loose mesenchyme, located between the prospective bones;
the capsule is derived from the demser external tissue continuous with the
periosteum. The cells on the immer surface of Joint cavity flatten into a
false epithelium called the synovial membrane. A Joint cavity may be
divided by an articular disc which is merely a fibro-cartilaginous plate.
Ligaments or tendons that apparently pass through the adult Joint cavities
actually represent secondary invasions. They are covered with synovial mem-
brane and hence are really extermal to the cavity.

Collagen fibers arise through chemical transformation of argyrophil
fibers. They appear as bundles of fine fibrils held together by a cement
substance. They vary in size and anastamose freely. They yleld gelatin
when boiled in water.
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Elaestic fibers are homogeneous branched fibers anastomosed into a
loose network. They are highly refractive and thinner than collagen
fibers. ILittle is known of their development; they are laid down among
the collagen fibrils.

These fibers are enclosed or contained in a ground substance that 1s
believed to be a system of thin membranes delimiting irregular spaces
filled with fluid.

Most of the structures concerned with the support of the body are
composed of fibroblasts, collagen or elastic fibers in varying propor-
tions. The intercellular spaces are not conspicuous.

Tendons, ligaments, aponeuroses and fasclae are composed largely of
collagen end for this reason are white in color.

a) In tendons and ligaments the collagen bundles are thick, closely
placed and parallel. Fibroblasts appear as rows between the bundles and
are very much compressed. There is a less regular arrangement in the
ligaments.

b) In apoheuroses and fasciae the bundles are woven into a very com-
pact meshwork containing elastic fibers.

The ligamenta flava of the vertebrae and the ligamentum nuchae are
composed largely of elastic fibers and are yellow in color. The fibers
are arranged in parallel strands with frequent anastomoses.
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CARTTLAGE

Cartilage is a specialized form of connective tissue composed of a firm
resilient matrix and cells called chondroblacts. There are three kinds of
cartilage: (1) Hyaline; (2) Fibro-cartilage; (3) Elastic cartilage.

HYATLINE CARTILAGE

Byaline cartilage rrovides the basis for the ossification of the greater
part of the skeleton. It is freely sprinkled with cells (A) which are usually
scattered feirly uniformly throughout the matrix (B). Except over articular
surfaces, hyaline cartilage is enclosed in a connective tissue sheath, the
perichondrium. In the matrix the cells are commonly arranged in discrete
groups of 2, 3 or 4 which have arisen from the division of a single chondro-
blast. Each group is enclosed in a capsule of more recently deposited matrix
(C) which shows up by its deeper staining.

The matrix of hyaline cartilage conglsts of a translucent substance which
is particularly resistant to pressure forces and also possesses considerable
elasticity. Embedded in it is an extremely fine meshwork of collagenous
fibrils. The mesenchymal cells (chondrocytes) retract their processes and be-
come more rounded, while an intracellular matrix of clear mucinoid fluid is
deposited between them. This transitional stage is termed precartilage.
Around each individual cell, now termed a chondroblast, true cartilage is de-
posited as a thin film of basophilic hyaline substance. The tissue thus takes
on a honeycomb appearance that rapidly changes to more mature cartilags dy a
thickening of the intracellular septa. In the adult new cartilage may be form-
ed in the same manner by a metaplasia of connective tissue cells. Structures
normally composed of hyaline cartilage have a tendency to calcify and ossify
in old age. For example, the laryngeal and costal cartilages usually show a
partial conversion into bone in later life, commenelng with the deposition of
calcified plaques on the surface.

FIBRO-CARTTLAGE

Fibro-cartilage consists of islands of cartilage cells (D) scattered
through dense white fibrous tissue (E). This is a transitional type of
cartilage and may in some instances resemble hyaline cartilage and in others
have the appearance of fibrous tissue. Fibro-cartilage is found in diarthro-
dial Joints between membranous bone. It 1s also a usual component of tendons
where they are exposed to frictlonal pressure or where they are inserted into
bone.

ELASTIC CARTILAGE

The matrix is permeated with a network of elastic fibers (F) which pro-
vide the tissue with considerable resilience. The cartilage cells are sur-
rounded by an unusually dense capsule (G). In man it is found only in a few
isolated regions; for example, the external ear and the epiglottis. It normal-
1y shows no tendency to calcify or ossify with advanced age.
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BONE

A long bone is a tubular structure with walls of dense compact or
cortical bone and a central marrow-containing cavity. The extremities of
the bone are filled with a spongework of bony trabeculae. This open tra-
becular tissue is termed cancellous bone. There is every gradation be-
tween widely meshed cancellous bone and compact bone. Inorganic bone salts
are deposited in and impregnate fibrillar collagenous tissue. The calcified
matrix forms the interstitial substance which is arranged imn thin lamellae
(A), 1is perforated by fine canals containing blood vessels and nerves, and
is also richly permeated with bone cells or osteocytes. On the surface the
lamellae are disposed in flat layers immediately beneath the peiiosteal
tissues. In the substance of the shaft they are arranged in concentric
rings around the fine canals which penetrate the bone everywhere, usually
in a longitudinal direction. These are the Haversian canals (B). They are
about 50 micra in diameter. Each contains a minute artery and vein accom-
vanied by fine nerve fibers loosely enmeshed in reticular tissue. The canals
branch and anastomose with each other and provide essential channels for
carrying blood into the bone substance. They open at the surface of the bone
and communicate with the marrow cavity. ZEach canal and its series of en-
circling lamellae comprise an Haversian system. Between the lamellse are
minute oval cavities (lacumse) (C) from which extend fine branching canal-
iculi (D). Each lacuna is completely occupied by an osteocyte. These cells
are derived from bone forming cells (osteoblasts) and probably retain the
capacity to take on osteoblastic functions.

Periosteum: ZEach bone is ensheathed in a tough membrane, the periosteum, .
which consists mainly of white fibrous tissue and a small element of elastic
fibers. It arises from the perichondrium. Beneath this layer is looser con-
nective tissue which is highly vascular and contains cells capable of becoming
osteoblasts.

Ossification: Ossification of bone takes place by (1) endochondral, and
(2) intramembranous ossification. In the former transformation of cartilage
into bone takes place at the zone of provisional calcification. The exact
nature of this transformation is not clear. In intramembranous ossification
bone is laid down directly in connective tissue.

In a simple long bone such as the tibia, the shaft is ossified from a
single primary center. Before the 8th week of fetal 1ife it 1s composed en-
tirely of hyaline cartilage and enclosed in a membranous sheathgfwhich stage
is called the perichondrium. The first indication of ossification i1s a change
in the cartilage cells in the middle of the shaft. They become large and
vacuolated and tend to arrange themselves in rows. Coincidentally, calcium
salts are deposited in the cartilaginous matrix which apparently cuts off the
nutrient supply to many of the enclosed cartilage cells so that they undergo
rapid degeneration. Meanwhile, the perichondrium at the middle of the shaft
becomes active and true bone is laid down as a thin shell on the surface by
the process of intramembranous ossification. This is the subperiosteal bone
of the shaft (for the perichondrium must now be called periosteum). The two
important cell types are osteoblasts (E) and osteoclasts (F). The former
cells are concerned chiefly with the formation of hone and they are rounded
or oval with a large nucleus which stains deeply. They are arranged in rows
on the surface of mewly deposited bone and are not apparent in regions where
there is no active osteogenesis or where bone is being absorbed. Osteoclasts
are large multinucleated cells of irregular shape. Wherever absorption is
teking place these cells are characteristically seen directly applied to the
bony tissue, and appear to be eroding it.
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STUDY OF BONE

In any study of diseases of bone it is essential to consider
morbid snatomy only as an adjunct to the establishment of a diagnosis.
In other words, the microscopic anatomy should be considered in rela-
tion to the history, clinical symptoms, X-ray findings and the course
of the disease.

Whenever feasible it is highly desirable to take X-ray photo-
graphs of specimens of bone before they are sectioned. In this nanner
it is possible to obtain a clearer picture of the detailed structure of
the specimen. It is essential that information of this nature be oo~
tained so that one may have a clearer correlation between the roent-
genologic and histologic structure of bohe.

Bacteriologic studies are usually neglected and in certain cases
should be done.

Pieces of bone somewhat larger than desired for study are sawed
from the specimen. Special attention should be given to the plane of
the section which should be taken so that it will show both transverse
and longitudinal structure of cortical bone. The tissues are now
placed in 10% formalin or Zenker formol for fixation. Following
fixation they are decalcified in 10% nitric or formic acid.

The bone must be watched closely and decalcification stopped as
gsoon as the process is complete. When the bone salts are removed the
gection is carefully trimmed with a sharp knife to the desired size
and thoroughly washed. The tissues are then treated in the same manner
as other tissues, that is, they are dehydrated, cleared, embedded,
sectioned and stained.

In examining bone sections with the microscope it is desirable to
follow some regular sequence; for example, first the periosteum, next
cortical bone and finally bone marrow.

One should examine each of the following:

(1) Thickness of the periosteum.

(2) Subperiosteal proliferation of bone.

(%) The architecture of cortical bone with special
attention to alterations in the Haversian system.

(1) Size and structure of trabeculae of spongy bone.

(5) The number of osteoblasts and osteoclasts.

(6) The number and cheracteristics of osteocytes.

(7) The deposition of bone as indicated by lemination
of the trabeculae.

(8) The presence of osteoid about bone trabeculae.

(9) Bone marrow.






INFLAMMATION

Important to the understanding of pathologic processes, no matter
in what field you wish to study them, is a thorough knowledge of
inflammation, a continuous process that occurs in three stages:

hyperemia, exudation, and resolution or repair. Between these
stages'there are no‘pauses and much overlapping. In the stage
of hyperemia the blodd vessels (A) are dilated and the endothe-
lial lining cells are prominent and perhaps slightly swollen.

The increased rapidity of blood flow plus vascular dilatation

results in increased local heat and color. With a later decreased
rapidity of flow, the leucocytes move from the center to the

periphery of the stream and adhere to the walls, — the so-called
"margination of leucocytes". Bilobed and trilobed polymorphonu-
clear %eucocytes are easily distinguished (see also "Inflammatory
Cells").

The stage of exudation, in which there is increased permeabilit
of the capillaries, is manifested by migration of leucocytes (Bg
.through the vessel walls into the surrounding stroma. Serum has
already escaped and the resulting edema is indistinctly shown.
Macrophages, large mononuclear cells, may appear in the exudate
after two or three days. Fibrin (C) appears in varying amounts
according to the character of the etiologic agent. The little
thickenings occurring at the points of intersection of the fibers,
called nodal points (D), are useful in differentiating fibrin
from connective tissue fibrils. As inflammation becomes subacute
more large mononuclears and fibroblasts (E) appear, active exuda-
tion and repair proceeding concomitantly.

Chronic inflammation is characterized by: the formation of fi-
brous tissue through the proliferation of spindle shaped fibro-
blasts (E); the budding of new capillaries (F) resulting in a
very vascular structure, granulation tissue; an abundance of
lymphocytes and plasma cells; a variable number of eosinophiles,
both monomuclear and polynuclear, and a few polynuclear leueo-
cytes. Giant cells may be found also, particularly in the pre-
sence- of foreign bodies.~

Primarily exudative are the foregoing reactions, which typically
result from pyogenic infections or by physical agents. Decidedly
different is the primarily productive granulomatous type of in-
flammation which is characterized by the presence of epitheli-
oid cells, Langhans' giant cells, and necrosis. The typical

example of infectious granuloma is tuberculosis. Other examples
are syphilis, sympathetic ophthalmia, typhoid fever, lymphopa-
thia venerea, tularemia, and some fungus infections.
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INFLAMMATORY CELLS

The type cells of inflammation are shown, all at the same mag-
nification.

A Polymorphonuclear neutrophil

B  Polymorphonuclear eosinophil

€ Lymphocyte

D Plasma cell

E' Macrophage with phagocytosed
cell fragments.

Macrophage

Langhans' giant-cell
Tumor giant-cell

o=l P Rc, W e

Neutrophiles (A), polys, Metchnikoff's microphages, are the
characteristic (pus) cells of an acute inflammatory exudate.
Eosinophiles (B), which are discerned by their uniformly sized,
moderately large granules, are common in allergic and same para-
sitic reactions and are also seen in chronic inflammations,
particularly of the upper respiratory tract. They may be mono-
nuclear ("tissue eosinophiles") or polymorphonuclear. Lympho-
cytes (C), small round cells, are the characteristic cells of
a chronic inflammatory exudate. They probably are derived both
from the blood and from the fixed tissues. Plasma cells (D),
recognized by their pear-shaped bluish cytoplasm and eccentric
nuclei with peripheral (so-called "spoke" or "wheel nuclei™)
arrangement of chromatin, also are characteristically present
in & chronic inflammatory cell exudate and are particularly
prominent in syphilis. They are thought to be derived from
lymphocytes, Reticulo-endothelial macrophages (E) variously
called large mononuclears, monocytes, histiocytes, clasmato-
cytes, polyblasts, reticulum cells, and wandering cells, have
been described by Aschoff as originating in the reticulo-endo=-
thelial system, a concept more physiologic than anatomic., Fraom
those cells arise also the epithelioid (called by some "endo~
thelioid") cells (K) which are characteristic of infectious
granulomata. Langhans' giant-cells are thought to be formed
usually by the fusion of epithelioid cells. Foreign bodies,
such as injected paraffin, various missiles, penetrating debris
incident to trauma, or as metabolic crystals like cholesterol
or urates, are usually phagocytosed by foreign-body giant-cells
(F). Tumor giant—cells (H, from a case of osteogenic sarcoma)
usually have centrally placed nuclei in contrast to the peri-
pheral nuclear arrangement of most inflammatory giant-cells.

Foreign-body giant-cell

References: 1. Aschoff, Ludwig. Lectures on Pathology. New York,

Paul B. Hoeber, Inc., 192k.

o. Adami, J. G. JInflammation: An Introduction to the Study
of Pathology. Being the reprint (revised and enlarged)
of an article in Professor Allbutt's 'System of Medicine'.

London, MacMillan & Co., 1907.
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Accession 8134% Registered by
Army Medical Museum
Washington, D. C.

EXOSTOSIS - TIBIA

CLINICAL NOTE: The patient is a white man, 26 years of age, who was
admitted to the hospital with melanosarcoma. During the physical
examination & number of exostoses were felt about the end of several
long bones. This finding was confirmed by X-ray exemination. He
died six months after admission. An autopsy was performed and
geveral of the exostoses were removed and sectioned.

X-RAY: Several exostoses were noted along the shafts of both humeri.
Similar growths were observed about both tibiae and fibulae.

MICROSCOPIC: There is an outgrowth of cortical bone (A) covered by
veriosteum (B). The main structure of this exostosis 1is composed of
spongy trabeculated bone (C) throughout which is interspersed fatty
bone marrow (D). The bone varies considerably in thickness. At the
end of the protuberance there is a considerable amount of hyaline
cartilage (E).

SHltnidie ol al:
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Accession 80331 Registered by

Army Medical Museum
Washington, D. C.

HETEROPLASTIC BONE FORMATION

CLINICAL NOTE: The patient is a colored man, 23 years of age, who
was killed in an automobile accident.

PATHOLOGY: A scar was present in the mesocolon in the region of the
hepatic flexure. A similar scar was found in the mesentery of the
large intestine. Both measure about 1.5 cm. across. There is no
mention of any lesion in the gastrointestinal tract. A section of
the scar from the mesentery of the large intestine shows a lymph node
with a moderate amount of hyperplasia and adjacent to it there is a
fairly extensive area of fibrosis (A). Through this 1s scattered
occasional muscle fibers. In the center of the scar there are
numerous densely eosinophilic bone trabeculae which apparently re-
present fibrous bone (B) and are non-laminated. In some of these
spicules there is an attempt to form bone marrow (C).

Reference: The formation of bone under the influence of epithelium
of the urinary tract. Huggins, C. B., Archives of Surgery
22371, 3931,

Slidies Noi =2
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Accession TT74LO Registered by
Army Medical Museum
Washington, D. C.

OSTEOGENESTIS IMPERFECTA

CLINICAL NOTE: The child was a breech delivery and. weighed 1840 grams
At birth it was noted that the baby was markedly deformed and that
there were multiple fractures and a hydrocephalus. The child was
cyanotic, had labored respirations and died three days after birth.

X-RAY: All the bones show evidence of imperfect bone formation
characterized by decreased density. There are both old and recent
fractures. There is a large callus in the mid-part of the right
radius and a recent fracture of the bones of the left tibia.

PATHOLOGY: At autopsy the sclerae were blue and there were multiple
fracture deformities of the extremities. A microscopic examination
of bone shows the bone marrow to be entirely out of proportion to the
supporting bone structure. The bone spicules (A) are imperfectly
formed and have more of the characteristics of cartilage than bone.
Within the bony spicules one frequently sees rather large vacuolated
spaces. Osteoblasts (B) are rarely seen and there is a very thin
border of pink-staining osteoid (C) about a few of the bone tra-
beculae. The parathyroids were described as normal.

References: 1. Weber, M. Osteogenesis Imperfecta Congenita. Arch.
Path. 9: 984, 1930.

2, Riesenman, F. R. & Yater, F. M. Osteogenesis TImperfecta:

Tts Incidence and Manifestations in Seven Families. Arch.
Int. Med. 67: 950, 19Ll. -

St deiNie i@
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Accession 87277 Registered by
Dr. Sidney Farber,
Childrens' Hospital
Boston, Mass.

SCURVY

CLINICAL NOTE: A female infant O months of age admitted because of
tenderness of the chest and extremities of one month's duration.
Orange Julce started at 3 months. An adequate amount of cod liver
oil was offered. Development had been slow.

One month before entry there was anorexia, failure to gain and
resentfulness to handling. There was swelling of the eyelids 3 weeks
prior to admission. Three days before entry the arms and legs were
tender and the child lay in a frog position. The urine became dark,
there were scattered areas of ecchymosis and vomiting occurred.

Blood ascorbic acid was less than 0.1 to 0.6 mg. % (normal 0.8
o 1.0 Mo %),

X-RAY: There is irregularity and thickening of the epiphyseal lines

ol fiemoraliSclbiasand s fibulibes

PATHOLOGY: A longitudinal section through the costochondral junction
of a rib shows an irrsguler line in the zone of provisional calcifica-
tion (A). There is an excess of calcified cartilage (B) that is ap-
parently being transformed into poorly developed bone trabeculae (C).
There is a moderate amount of pink staining osteoid about some of the
trabeculae. There are a considerable number of osteoclasts present.
The bone marrow 1s replaced by fibrous connective tissue in several
areas, There is a moderate amount of hemorrhage (D) in the marrow
spaces and a considerable number of cells that contain blood pigment.

Reference: Scurvy, past and present. Hess, A. F., Lippincott, 1920.
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Accession 87279 Registered by
Dr. Sidney Farber
Childrens' Hospital
Boston, Mass.

RICKETS

CLINICAL NOTE: A three and one-half month old infant who was born
with an omphalocele. This was repaired a few days after birth. The
child began to vomit one month after operation and was admitted to
hospital with signs of intestinal obstruction. A laparotomy was
performed and an accessory lobe of the liver was found obstructing
the duodenum. The obstruction was relieved but the child developed
post-operative hemorrhage and died.

X-RAY: There is enlargement and considerable irregularity of the
costochondral junctions.

PATHOLOGY: A longitudinal section through the costochondral junction
of a rib shows a number of conspicuous features. The hyaline carti-
lage cells (A) are very irregular in their arrangement. There is no
sharp line of demarcation between cartilage and bone (zone of pro-
visional calcification). The bone trabeculae are not normal. They
are composed of irregular clumws of calcified cartilage (B) covered
by irregular bands of pink staining material usually termed osteoid
(C). The marrow spaces in this region are composed largely of fibrous
connective tissue (D). There are large numbers of osteoblasts about
most of the trabeculae.

Reference: Observations on the Pathology of Rickets with particuvlar
reference to the changes at the cartilasge-shaft junctions
off “the growing bonesl. " Parlk, w5 &AM Haeveyiilecburett
Williams © Wilkins, 34: 157, 1939.
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Accession 80407 Registered by
Army Medical Museum
Washington, D. C.

FRACTURE (OF RADIUS - 3 DAYS

CLINICAL NOTE: Patient is a male, white, 28 years of age. Fell
from horse and fractured the right arm, dislocating the head of
the radius and locking the Joint. Three days later a simple
surgical excision was done to remove the head of the radius.
Blood clots were present in the Joint space.

X-RAY: There is a transverse fracture of the head of the radius.

PATHOLOGY: Specimen consists of the head of the radius. Micro-
scopic examination reveals hyaline cartilage bone. There is a
fracture extending through bone and cartilage. Near the site of
the fracture there is some hemorrhage (A) in the bone marrow
spaces and there is extensive comminution (B) of several bony
trabeculae. There is little evidence of degeneration of bone and
there is no evidence of osteoclasis at this time. There is no
evidence of callus formation in the sections.
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Accession 79848 Registered by
Army Medical Museum
Washington, D. C.

FRACTURE QF RADIUS
(2 months)

CLINICAL NOTE: Patient is a white male 25 years of age who fell on
the forearm and fractured head of the radius two months previously.
X-ray showed dislocation of fragment. There was pain associated
with movement and considerable restriction of pronation and supina-
tion. The head of the radius was removed surglically.

X-RAY: There is an irregular transverse fracture involving the head
of the radius.

PATHOLOGY: The specimen consists of the head of the radius. There

is an old fracture with separation of the fragments separated by
fibrous comnective tissue so that there has not been complete heal-
ing. On microscopic examination there is radial cartilage and at-
tached bone. The bony fragments are separated by fairly dense fibrous
cormective tissue (A), fibrocartilage and some fairly well developed
hyaline cartilage (B). There are a considerable number of blood
vessels throughout the fibrous connective tissue; however, there is
no evidence of normal bone being laid down in this callus.

Reference: Calcification and Ossification, Urist, M. R. and MclLean,
F. C. Jour. Bone and Joint Surg. 23: 1, 1941.
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THE PATHOGENESIS OF OSTEOMYELITIS

This disease is caused by the hemolytic staphylococcus aureus in about
90 per cent of cases. The infection usually arises from & focus such as &
furuncle, blister, burn, impetigo or omphalitis, such a focus or portal of
entry is demonstrable in only 25 per cent of cases. Trauma is considered
to be an important factor in the causation. The disease is twice as common
in boys as in girls.

The infection occasionally occurs by direct extension as in the mastoid
cells and in the terminal phalanx of the finger secondary to infection in
the pulp. Infection is also frequently implanted into the bone following
compound fractures.

It is most probable that the primary localization of bacteria occurs
in the metaphysis near the epiphyseal line.

The ensuing pathological changes that teke place are similar to those
in acute infections elsewhere. However, the picture is considerably modi-
fied by the fact that the involved tissue is contained within ea rigid
compartment of bone. The process spreads from within outwards and follows
the line of least resistance. When it begins in the metaphysis near the
epiphyseal line it does not invade the cartilaginous plate but spreads
laterally through the cortical bone and appears beneath the periosteum.
The periosteum is then elevated by the inflammatory exudate, it becomes
purulent and the pressure of the abscess strips the periosteum along the
shaft of the bone. It may also completely encircle the shaft.

The disease may follow one of several courses: a large number of
bacteria may reach the blood stream causing death or the infection may be
modified by the resistance of the patient so that it is walled off as an
abscess and surrounded by a wall of chronic inflemmatory tissue and later
by eburnated bone.

During and after the acute phase of the disease certain importent
phenomena occur the most important of which are absorption and necrosis
of bone, separation of sequestra and the new bone formetion.

In acute osteomyelitis there is absorption of living bone. The nature
of the process is not well understood. However, it probably can be attri-
buted to proteolytic enzymes in the inflammatory exudate although this is
a controversial point. Absorption is apparent first in cancellous bone and
then extends to cortical bone. The Haversian canals are enlarged, the
cortex gradually eroded and finally perforated. Necrosis of bone is
probably caused by an interference with the circulation of bone and also
by the necrotizing toxins elaborated by the etiologic agent, especially in
infections due to the staphylococcus aureus. A piece of unabsorbed dead
bone is known as a sequestrum. Dead bone is frequently covered by new bone
and eventually may become incorporated in the latter. Most infections of
bone stimulate osteoblastic formation and consequently new bone is formed.
This is especially so in the case of the periosteum which carries osteoblasts
with it when stripped away from the shaft. Occasionally the entire periosteal
covering is separated and an outer sheath of new bone is formed. This is
termed an involucrum.

|



Accession 77242 Registered by
Army Medical Museum
Washington, D. C.

SINUS TRACT IN OSTEOMYEL'TTIS

CLINICAL NOTE: The patient is a white malel, 18 years of age, with
recurrent osteomyelitis of the left tibia.. The patient had a
persistent draining sinus which was removed surgically.

PATHOLOGY: The section is composed largely of skin, subcutaneous
tissue and muscle. There is a considerable loss in continuity
of the epithelium. In some areas the epithelium is necrotic and
infected but it has not been completely destroyed. There is an
extensive inflammatory exudate (A) extending through the sub-
cutaneous tissues and into the muscle. This veries from focal
abscesses composed largely of polymorphonuclear leukocytes to
areas of fibrosis with a few scattered lymphocytes. There are
numerous areas of both recent and old hemorrhage. In a few areas
monocytes are collected in the form of giant cells. At the
central part of the section necrosis is most extensive and there
is a sinus tract that extends for a considerable distance into the
inflammatory tissue.
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Accession 56883 Registered by
Army Medical Museum
Washington, D. C.

CHRONIC OSTEOMYELITIS

CLINICAL NOTE: Patient is a white man, 19 years of age, who had had

osteomyelitis of the right leg for 11 years. A sequestrectony was
done.

PATHOLOGY: The specimen consists of an irregular spongy piece of
bone that measures 4 x 2 x 2 cm. Microscopic examination reveals
scattered bony trabeculae (A) between which there is an inflamma-
tory reaction (B) that consists largely of polymorphonuclear leuko-
cytes and a moderate number of mononuclear cells. There is no frank
abscess formation and in some areas there is beginning fibrosis.

The edges of the most of the trabeculae are irregular (C) and in
gsome instances the trabeculae have undergone complete disintegration.
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Accession 70581 Registered by
Army Medical Museum
Washington, D. C.

CHRONIC OSTEOMYELITIS

CLINICAL NOTE: Negro male, 50 years of age. In 1929 he struck his
right leg against a wheelbarrow rupturing a varicose vein just above
the ankle. A superficial ulcer developed at this site and did not
heal during a period of 10 years. Physical examination was essen-
tially negative except for the draining varicose ulcer. There were
three positive Kaln tests. The patient received extensive anti-
luetic treatment while in the hospital and the ulcer healed satis-
fectorily for a time, but never completely.

X-RAY: There is extensive increase in density over most of the
tibia and fibula and there is considerable periosteal thickening
over the surface of both bones. The leg was finally amputated.

PATHOLOGY: Section through the tibia shows very dense bone tra-
beculae (A) with little fibrous connective tissue (B) occupying the
spaces between. There is no normal marrow in the section but in a
few areas there is fatty marrow (C). Although there is little evi-
dence of inflarmation in the bone there are scattered collections
of lymphocytes between the bone trabeculae. The periosteum is
considerasbly thickened and is replaced with hyalin fibrous con-
nective tissue and superficially there is the base of a chronic
icen,
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Accession 40258 Registered by
Army Medical Museum
Washington, D. C.

CHRONIC OSTEOMYELITIS
e's Abecess

CLINICAL NOTE: The patient is a white male, 45 years of age, with a
history of chronic cough for many years, considered to be chronic
bronchitis and bronchiectasis. During his stay in the hospital a
diagnosis of Brodie's abscess of the distal end of the right femur,
cause undetermined, was made.

X-RAY: In the antero-posterior view Just above the lateral condyle
there is a sharply circumscribed area of decreased density surrounded
by denser bone. In the lateral view there is an area of decreased
density in the femur just proximal to the epiphyseal line and in

this area one can make out a few areas of lesser density.

PATHOLOGY: At autopsy the diagnosis of bronchiectasis was confirmed.
A section through the lower end of the femur just above the epiphy-
sis showed a small circumscribed area that contained semi-fluid
exudate. This area is surrounded by & dense wall. A section through
this area is composed for the most part of dense fibrous connective
tissue throughout which are scattered occasional blood vessels.

At the periphery there is a bony wall and the bone is composed of
unusually dense trabeculae. In a few areas there are collections

of osteoblasts at the junction of the fibrous connective tissue (A)
and bone (B) suggesting new bone formation. In the central part of
this area there is a dense collection of cells (C) composed for the
most part of plasma cells (D) and lymphocytes (E). There are also
large numbers of large vacuolated macrophages apparently containing
fat (F). A moderate number of small endothelial lined vascular
spaces are scattered throughout the granulation tissue.
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Accession 77770 Registered by
Army Medicel Museum
Washington, D. C.

CHRONIC OSTEOMYELITIS
(Brodie's Abscess)

CLINICAL NOTE: A white male, 25 years of age, with an old abscess
in the femur. No more history available.

X-RAY: There is & circumscribed area of rarefaction a few centi-
meters above the distal head of the femur. There is a rather
regular increase in density throughout the shaft of the femur.

PATHOLCGY: ©Several bony fragments were removed at operation. On
microscopic examinetion of a piece of bone adjacent to the in-
fected site there is & very definite increase in the size of the
bony trabeculae (A). The bone marrow is aplastic and there are
circumscribed ereas of chronic granulation tissue (B) in which

the predominant cell is the plasma cell. In numerous areas
cholesterol crystals have apparently been present in the section
(C). In one or two areas there is an attempt at new bone formation
cheracterized by proliferation of osteoblasts. There is no evidence
of bone destruction.
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Accession 81324 Registered by

Dr. Hewitt Ragsdale
Sumter, S. C.

CHRONIC OSSIFYING PERIOSTITIS

CLINICAL NOTE: The patient 1s a white male 34 years of age who
suffered a laceration of his finger 6 months ago following which
a piece of glass was buried in the periosteum. This was sup-
posedly removed but a hard knot gradually eppeared at the site
of the injury. There was gradual development of a bony tumor

over which the skin was tighter than usual. The clinical diag-
nosis was exostosis.

PATHOLOGY: Specimen consists of a small piece of bone covered by
dense fibrous connective tissue. Microscopic examination reveals
a spherical nodule of bone composed largely of laminated bony
trabeculae (A). Between the trabeculae there is considerable
fibrosis, the nodule is surrounded by fibrocartilage (B) and
fibrous connective tissue (C).
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Accession 87238 Registered by
Dr. Henry L. Jaffe
Hospital for Joint Diseases
New York, N. Y.

OSTEOID OSTEOMA

CLINICAL NOTE: Patient is a girl, 12 years of age, whose first
symptom was a dull pain on the medial aspect of the upper part of
her right leg. The pain was not severe; it usually occurred in the
morning and was occasionally noted in the evening after an active
day. There was no limitation of motion. There was a slight local
swelling. DPalpation revealed a local diffuse fullness on the
antero-medial aspect of the right tibia Jjust below the condyle.

X-RAY: There is an irregular area of rarefaction on the inner sur-
face of the epiphyseal plate. The adjacent bone cortex was somewhat
thickened.

PATHOLOGY: The area of rarefaction was removed. A transverse
section through the bone reveals a circumscribed circular area (A)
about 1 cm. across surrounded by a narrow clear zone of fibrous
marrow. The rest of the cortical bone shows no conspicuous lesion,
however. At the periphery of the involved area there are a lerge
number of osteoblasts (B) surrounding bone trabeculae. In the cen-
tral part there is considerable calcified bone (C) surrounded by
pink staining osteoid (D). There are large numbers of osteoclasts
(E) in the section. There is much intertrabecular fibrosis (F).

Reference: Jaffe, H., L. Osteoid Osteoma. J. Bone & Joint Surg. 22:
645, 1940.
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Accession 81126 Registered by
U. S. Soldier's Home
Washington, D. C.

MILIARY TUBERCULOSIS OF VERTEBRA

CLINICAL NOTE: This patient was en elderly men with chronic pul-
monary tuberculosis in whom there was a terminal miliary spread.

PATHOLOGY: At autopsy there was extensive fibro-caseous pul-
monary tuberculosis with miliary tubercles in the spleen, liver,
pancreas and gastrointestinal tract. There was a tuberculous
pyelonephrosis of the right kidney and miliary tuberculosis of the
left. Osteomyelitis of the lumbar spine with psoas abscess was
found.

Microscopic examination through one of the lumber vertebra
shows cortical and spongy bone. Between the bony trabeculae
there is considerable fibrosis (C) of the bone marrow with a
moderate lymphocytic infiltration. In some areas the trabeculae
have undergone considerable disintegration and are replaced by
caseous material through which is interspersed scattered frag-
ments of calcified bone (A). One sees several osteoclasts in the
neighborhood of the disintegrating bone. There are also several
minute focal collections of epithelial cells that represent
miliary tubercles (B).
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Accession 55558 Registered by
Dr. W. G. Lewis
Winslow Indian Senitarium
Winslow, Arizonsa.

SYPHILITIC OSTEOMYELITIS

CLINICAL NOTE: The patient is an Indian girl, 13 years of age who
injured her left elbow 5 years previously. Since then there has
been pain and swelling of the lower half of the humerus. Examina-
tions for evidence of tuberculosis have been negative, as has been
the Wassermamnn. Because of the great swelling of the humerus the
bone was amputated at the surgical neck.

X-RAY: This shows widening and sclerosis of the lower half of the

humerus with secondary areas of erosion and there is little evi-
dence of periosteal reaction.

PATHOLOGY: Microscopic examination reveals rather large compact
bone trabeculae (A) throughout which are interspersed areas of
fibrous connective tissue (B), in many places loose in texture, in
others there are minimal collections of inflammatory cells, largely
lymphocytes. In some areas the cellular infiltration is somewhat
more extensive and there is a tendency for the fibrous connective
tissue to undergo degeneration and in some areas definite ne-
crosis (C).

COMMENT: This case has been reviewed by numerous competent
pathologists and there has been considerable difference of opinion.
Although the diagnosis is not entirely clear, the histopathology is
consistent with a diagnosis of syphilis.
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Accession 80526 Registered by
Army Medical Museum
Washington, D. C.

BOECK SARCOID OF BONE

CLINICAL NOTE: The patient is a colored male, 17 years of age. He
injured his thumb in December 1931 and was admitted to the hospital
with swelling and ulceration. He states that this ulceration had
been present for two years and that one year ago there was marked
swelling in the region of the wrist associated with pain. A similar
condition developed in the right hand somewhat later. On physical
examination most of the fingers were enlarged and seemed to be due
to an increase in bone.

X-RAY: Both hands show widespread lesions on the phalanges and
metacarpals caused by the present of cysts and polycystic con-
figurations. The cortex was broken in some areas. Differential
diegnosis lay between tuberculous dactylitis and sarcoid, the
former being favored. Similar lesions were seen throughout the
appendicular skeleton. However, the axial skeleton was almost

entirely spared.

PATHOLOGY: A lymph node was removed and a dlagnosis of Boeck's
sarcoid was made. Later a finger was removed and on section the
bone was soft and the subcutaneous tissues flabby. On microscopic
examination in the region of the knee Jjoint there is an extensive
granulomatous process infiltrating the subcutaneous tissue and bone.
The nature of the granuloma is fairly uwniform. It is composed
largely of epithelioid cells (A) which have a tendency to clump in
the form of multinucleated giant cells. In turn these clusters have
a tendency to form larger somewhat isolated groups. In addition to
this type of cell there is a moderate amount of fibrosis and a
moderate number of lymphocytes (B) through the section. The walls
of the blood vessels are greatly thickened. Note absence of caseation
necrosis.

Reference: Sarcoidosis or Besnier-Boeck-Schaumann Disease. Longcope,
W. T., Jour. Amer. Med. Assoc., 117: 1321, 19hl.
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Accession 62152 Registered by
Army Medical Museum
Washington, D. C.

ACTINOMYCOSIS OF VERTEBRA

CLINICAL NOTE: Patient is a white man, 28 years of age, who was dis-
charged from the Army with a diagnosis of tuberculosis of the right
eye in 1935. He was well until 1938 when he had severe pain in the
lower back which was present for six months prior to admission to the
hospital. There was limitation of motion in the spine. However, the
X-rays were negative. Ten days after admission he developed broncho-
pneumonia following which several deep seated muscular abscesses
appeared in all parts of the body. They developed slowly, were
rather painful and there was little reaction about them. No causa-
tive agent was isolated. The white blood count was in the neighbor-
hood of 15,000, and gradually declined to 4,100. The pain in the
back increased and X-ray showed considerable damage of the 9th to the
12th dorsal and the lst lumbar vertebra associated with considerable
depression. This lesion was suggestive of tuberculosis but not con-
gidered characteristic. No X-ray available.

PATHOLOGY: An autopsy was performed and there were multiple abscesses
in the lungs. There was a fibrinous pericarditis and a large abscess
of the right kidney. There is an acute angular kyphosis at the 12th
dorsal spine with practically complete destruction of two vertebrae.
Section of the last lumbar vertebra shows scattered spicules of bone
that show considerable evidence of disintegration. In some areas
there 1s moderate fibrosis of the bone marrow. However, the most
conspicuous feature is the presence of multiple abscesses composed
largely of polymorphonuclear leukocytes. In a few of these abscesses
there are eosinophilic staining bodies with radiating strands that are
fairly characteristic of ray fungi.
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Accession 78078 Registered by
Army Medical Museum
Washington, D. C.

COCCIDIOIDAL OSTEOMYELITIS

(Coccidioides immitis)

CLINICAL NOTE: The patient is a white male, 35 years of age, born
in Mississippi but located in Tuscon, Arizona prior to his illness.
About August 1931, he bumped his left shin bone on a truck. This
was followed by swelling in the region of the blow. He reported
sick the next morning. Local therapy was not effective so that he
was hospitalized for a veriod of one week. X-rays were negative.
He was discharged and re-admitted after 3 weeks because of pain in
his knee. A diagnosis of periostitis of the left tibia was made.
He ran a low grade fever up to 101 and after a month a productive
cough developed. An X-ray diagnosis of miliary tuberculosis was
made.

X-RAY: There is a large area of bone destruction of the proximal
third of the tibia. There is a moderate amount of periosteal pro-
liferation along the lateral aspect of this region and there is
soft tissue swelling of this area. The knee Jjoint is uninvolved.
A diagnosis of chronic osteomyelitis was made.

LABORATORY: On November 1, pus was aspirated from the knee. This
was a mucoid, brownish fluid which contained round orgenisms with
a double contour varying in size. The organisms were grown cul-
turally and a diagnosis made of coccldioides immitis. On November
14 similar orgenisms were obtained by culture from the sputum.

The patient died on November 17 and an autopsy was performed.
Orgenisms were found in the lungs, spleen, liver, uvper end of
left tibia, right ring finger, left ulna and the meninges.

PATHOLOGY: Sections from the tibia show an extensive osteomyelitis.
This is characterized in some areas by extensive necrosis (A)
agssociated with some destruction of the bone as shown by the presence
of osteoclasts. In these areas there are large numbers of glant

cells (B), many of which contain spherical bodies with a double con-
tour. In many of them one can discern endospores. In addition to the
necrosis there are beginning focal abscesses composed largely of dis-
integrating leucocytes (C).

Reference: Coccidioidomycosis: The Preliminary Acute Infectlion with
Fungus Coccidioides. Dickson, E. C., Jour. Amer. Med.
iz Fefololn ALILILC =i ioE 2
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Accession 87278 Registered by
Dr. Sidney Farber
Childrens' Hospital
Boston, Mass.

HAND-SCHULLER-CHRISTIAN SYNDROME

CLINICAL NOTE: The patient is a male 2% years of age who was ad-
mitted to the hospital with polydipsia, polyuria stomatitis and
loss of weight of six months' duration. Marked exophthalmos later
developed. Histologic examination of a cervical lymph node re-
vealed a large number of eosinophiles and numerous pale lipid-laden
cells. Eleven years after the onset of symptoms, the patient was

a blind, feeble-minded dwarf who exhibited marked spasticity.

X-RAY: There are numerous circumscribed areas of bone destruction
in the skull.

PATHOLOGY: A section from the skull shows closely packed trabeculae
of laminated bone (A). In some areas they stain intensely with
basophilic dye, whereas in others they have apparently undergone
fairly complete disintegration (B). The marrow spaces are composed
largely of fibrous tissue (C). It seems probable that this section
ceme from a site that had been irradiated. There are a number of
osteoclasts (D) in the section. One sees an occasional macrophage
containing lipid material.

A section from another case, A.M.M. Accession 61097, is in-
cluded to demonstrate macrophages (E) filled with lipoid material.

Reference: Thannhauser, S. J. Lipidoses: Diseases of the Cellular Lipid
Metabolism. London, Oxford Univ. Pr., 1940.
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Accession 85492 Registered by
Army Medical Museum
Washington, D. C.

EOSINOPHILIC GRANULOMA OF BONE

CLINICAL HISTORY: Patient is a white male 29 years of age who first
complained of pain in the left chest after a fall against a 155 mm.
gun. There was a bruise over the chest at the time.

X-RAY: The first plate showed thickened pleura over the 6th and 7th
ribs, and subsequently destruction of the rib with pathologic frac-
ture. There was no bone in the area of the defect. The last X-ray
on the opposite page shows periosteal new bone formation about an
expanded soft tissue mass. X-rays of the skull, pelvis and long
bones were negative.

PATHOLOGY: The specimen was a resected portion of the 6th rib
measuring 7.5 x 2.0 x 1.0 cm. There is a fusiform swelling of the
central 4 cm. The periosteum is thickened. Microscopic examination
revealed areas of pale mononuclesr cells throughout which are scatter-
ed collections of eosinophiles. Numerous macrophages contain eosino-
philes and golden brown pigment. There is no bone tissue in the
section.

COMMENT: This case has been included to demonstrate a condition that
has become of considerable interest. The nature or significance of
the lesion 1s not clear. Some writers consider it to be a stage in
the Hand-Schuller-Christian syndrome.

References: 1. Lichtenstein, L. & Jaffe, H. L. Eosinophilic Granuloma
of Bone. Am. J. Path. 16: 595, 1940.

2. Green, W. T. & Farber, Sidney. 'Eosinophilic or Solitary
Granuloma" of Bone. J. Bone & Joint Surg. 24: 499, 1942,
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